I*I Innovation, Sciences et Innovation, Science and CA 2914761 C 2023/04/04

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 9 1 4 76 1
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2014/06/06 (51 ClLint./Int.Cl. C72M 1/107(2006.01)
(87) Date publication PCT/PCT Publication Date: 2014/12/18 | (72) Inventeur/Inventor:
(45) Date de délivranceflssue Date: 2023/04/04 KIENTZ, HANS-PETER, DE
(85) Entrée phase nationale/National Entry: 2015/12/08 (73) Propriétaire/Owner:

HITACHI ZOSEN INOVA AG, CH

(86) N° demande PCT/PCT Application No.: EP 2014/061841
(74) Agent: GOWLING WLG (CANADA) LLP

(87) N° publication PCT/PCT Publication No.: 2014/198667
(30) Priorité/Priority: 2013/06/10 (CH01092/2013)

(54) Titre : PROCEDE DE MONTAGE D'UN FERMENTATEUR POUR UNE INSTALLATION DE BIOGAZ
(54) Title: CONSTRUCTION METHOD OF A FERMENTER FOR A BIOGAS PLANT

(57) Abrégé/Abstract:

The invention relates to a construction method of a fermenter, which has a fermenter cage (1) and a fermenter shell made of metal,
for use in a biogas plant, wherein the fermenter shell surrounds the fermenter cage (1) in such a way that the fermenter shell is
closed gas-tight. The problem addressed by the invention is that of creating said construction method in such a way that a
significantly reduced construction time is achieved, using a reduced number of special devices and fewer factory production steps.
This problem is solved in that the fermenter cage (1) is formed by a plurality of cage rings (10 to 10x), wherein each cage ring (10 to
10x) is supported on at least one cage-retaining device (2) comprising at least one rolling device (200) in such a way that the entire
fermenter cage (1) is rotatably supported about a longitudinal axis (L), wherein the fermenter cage (1) is lined with a plurality of rows
of shell plates (30 to 30n) by means of rotation about the longitudinal axis (L) and the shell plates (30 to 30n) are permanently
fastened to the inner surfaces of the plurality of cage rings (10 to 10x) and thus the fermenter shell (3) is formed.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2014/198667 A1 |11 N0F V0O O 0 00O

CA 02914761 2015-12-08

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges
Eigentum
Internationales Biiro

~.
-~
~

=

\

(43) Internationales
Veroffentlichungsdatum

(10) Internationale Veroffentlichungsnummer

WO 2014/198667 Al

18. Dezember 2014 (18.12.2014) WIPOIPCT
(51) Internationale Patentklassifikation: BY, BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK,
CI2M 1/107 (2006.01) DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
. . ) GT, HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP,
(21) Internationales Aktenzeichen: PCT/EP2014/061841 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(22) Internationales Anmeldedatum:
6. Juni 2014 (06.06.2014)

(25) Einreichungssprache: Deutsch
(26) Veroffentlichungssprache: Deutsch
(30) Angaben zur Prioritit:

01092/2013 10. Juni 2013 (10.06.2013) CH

(71) Anmelder: AXPO KOMPOGAS ENGINEERING AG
[CH/CH]; Flughofstrasse 54, CH-8152 Glattbrugg (CH).

(72) Erfinder: KIENTZ, Hans-Peter; Widerholdstrasse 13,
78224 Singen (DE).

(74) Anwalt: SCHNEIDER FELDMANN AG, PATENT-
UND MARKENANWALTE; Beethovenstrasse 49,
Postfach 2792, CH-8022 Ziirich (CH).

(81) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare nationale Schutzrechtsart): AE, AG, AL,
AM, AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW,

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiighare regionale Schutzrechtsart): ARIPO (BW,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ,
TZ, UG, ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ,
RU, TJ, TM), europdisches (AL, AT, BE, BG, CH, CY,
CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT,
LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Veroffentlicht:

mit internationalem Recherchenbericht (Artikel 21 Absatz

3

(54) Title: CONSTRUCTION METHOD OF A FERMENTER FOR A BIOGAS PLANT
(54) Bezeichnung : AUFBAUVERFAHREN EINES FERMENTERS FUR EINE BIOGASANLAGE

1 FIG. 6b
10 10 107 \ 0x
=2
CEpHRRY
30 \ éx\z

(57) Abstract: The invention relates to a construction method of a fermenter, which has a fermenter cage (1) and a fermenter shell
made of metal, for use in a biogas plant, wherein the fermenter shell surrounds the fermenter cage (1) in such a way that the
fermenter shell is closed gas-tight. The problem addressed by the invention is that of creating said construction method in such a way
that a significantly reduced construction time is achieved, using a reduced number of special devices and fewer factory production
steps. This problem is solved in that the fermenter cage (1) is formed by a plurality of cage rings (10 to 10x), wherein each cage ring
(10 to 10x) is supported on at least one cage-retaining device (2) comprising at least one rolling device (200) in such a way that the
entire fermenter cage (1) is rotatably supported about a longitudinal axis (L), wherein the fermenter cage (1) is lined with a plurality
of rows of shell plates (30 to 30n) by means of rotation about the longitudinal axis (L) and the shell plates (30 to 30n) are
permanently fastened to the inner surfaces of the plurality of cage rings (10 to 10x) and thus the fermenter shell (3) is formed.

(57) Zusammenfassung:

[Fortsetzung auf der ndchsten Seite]
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Es soll ein Autbauverfahren eines Fermenters mit einem Fermenterkéfig (1) und einer Fermenterhiille aus Metall, zum Einsatz in
einer Biogasanlage, wobei die Fermenterhiille den Fermenterkéfig (1) gasdicht verschlossen umbhiillt, derart geschaffen werden,
dass eine erheblich reduzierte Bauzeit, unter verringertem FEinsatz von Spezialgerdten und Verwendung weniger
Werkfertigungsschritte erreicht wird. Dies wird dadurch erreicht, dass der Fermenterkéfig (1) von einer Mehrzahl von Kéfigringen
(10 bis 10x) gebildet wird, wobei jeweils ein Katigring (10 bis 10x) auf mindestens einer Kéafighaltevorrichtung (2), umfassend
mindestens eine Abrollvorrichtung (200) derart gelagert ist, dass der gesamte Fermenterkéfig (1) um eine Langsachse (L) rotierbar
gelagert ist, wobei der Fermenterkéfig (1) durch eine Rotation um die Langsachse (L) mit einer Mehrzahl Reihen von Hiillblechen
(30 bis 30n) ausgekleidet wird und die Hiillbleche (30 bis 30n) an den Innenflachen der Mehrzahl von Kéfigringen (10 bis 10x)
unldsbar befestigt werden und damit die Fermenterhiille (3) ausgebildet wird.
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CONSTRUCTION METHOD OF A FERMENTER FOR A BIOGAS PLANT

Technical Field

The present invention describes a construction method
of a fermenter having a fermenter cage and a fermenter
shell made of metal, for use in a biogas plant, as well

as a fermenter.

Prior Art

A fermenter from the applicant for biogas plants having
a fermenter interior of about eighteen hundred cubic
meters and made from a steel structure is already
known. This fermenter comprises a fermenter cage with
several metal cage rings. With the known manufacturing
method the cage rings are in a first step set up
vertically on cage-retaining devices and fixed with
pendulum supports. The cage rings form a fermenter
cage, 1in the interior of which are arranged and fixed
several shell plates. The shell plates are each welded
to the adjoining shell plates so that a cylindrical,
gas-tightly closed fermenter shell is formed around the

fermenter cage.

Constructing a fermenter of this kind requires about
four months of construction time, whereby a high amount
of preliminary production work has to be undertaken.
Setting up the cage rings requires a large portal
crane, which can combine individual ring segments on
site into retaining rings. A portal crane of this kind
is not available at every construction site so that it
has to be supplied separately. Furthermore, setting up
and dismantling a portal crane of this kind is also

laborious and time-comsuming.

Once the cage rings are fixed on the cage-retaining

devices, one can then start with placing and fixing the
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pre-curved shell plates. The shell plates used up until
now were pre-curved in factory production to match the
curvature of the cage rings and then transported to the
construction site. Apart from the laborious bending of
the shell plates there is also a problem with conveying
the factory-made components. Transporting the shell
plates, which are about 8 meters long and 3 meters
wide, requires an appropriate vehicle, as well as
supporting devices on the vehicle. This can involve
high costs depending on how far the journey route is to

the construction site.

The shell plates are introduced into the fermenter cage
interior adjacent to one another and then welded firmly
there. The shell plates are then fixed to the interior
faces of the cage rings and on 1longitudinal welding
seams running between adjacent shell plates. Welding
must be carried out carefully so that a gas-tight
fermenter is later obtained. The shell plates are for
this purpose welded to surround the entire fermenter
cage and line the entire fermenter cage in a laborious
manner, in part overhead. Welding that can be
satisfactorily reproduced is difficult, very time-
censuming and can usually only be carried out by
specially trained ©personnel. Gas-tight welding is

however essential.

After lining the fermenter cage with the shell plates
in a gas-tight manner, wall structures could be
fastened on the inlet side and outlet side to the
fermenter cage. In order to place a required agitator
unit in the fermenter cage, however, the end wall
structures, as well as the shell plates in the region
of the fermenter cage cover, had to be removed once
again in order to let the agitator unit pass through
the cover region into the interior of the fermenter
cage. This ©process has severely complicated and

lengthened the construction time of known fermenters
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that are provided with fermenter cages and fermenter
shells of this kind.

From the document WO 2009/134857 Al, a composter 1is
known, which is formed from several partial cylinders.
These partial cylinders consist in turn of pre-curved
panels, which are brought together in a first step.
Only after combining the partial c¢ylinders is the
resulting composter provided with a rolling device. The
rolling device 1s mounted such that the entire
composter is rotated about a longitudinal axis during
operation. During the construction of the composter
from WO 2009/134857 Al, the panels are laboriously
welded to one another by means of an additional welding
table.

The composter known from WO 2009/134857 Al thus has the
drawback that the construction 1is very complicated.
Pre-curved panels are used, which have to be supplied
to the construction site. A further drawback is that
additional special equipment, such as the welding

table, is necessary during construction.

Presentation of the Invention

The object of the present invention is to provide a
construction method of fermenters in steel
construction, which can Dbe carried out with a
considerably reduced construction time, with reduced
use of special equipment, and with few factory
construction steps, so that fermenters can be erected
in considerably shorter construction times than is

known from the prior art.

The aim is to significantly reduce the transport costs
and the transport effort and to provide possibilities

for local sourcing of semi-finished products.
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This problem is solved through the implementation of
the method according to the present invention having
the features of patent claim 1. By means of the method
according to the present invention, it is possible to
achieve a significantly more cost-effective

construction of fermenters of this kind.

When carrying out the present construction method,
standard materials, such as by way of example simple
unbent sheet steel plates as shell plates, are

extensively used.

Brief Description of the Drawings

A preferred exemplary embodiment of the subject of the
present invention will now be described in connection

with the accompanying drawings, in which

Figure 1 shows a perspective view of a finished
operationally-ready fermenter in the
operating position supported on stabilizing

supports;

Figure 2 shows a perspective view of a cage-
retaining device, comprising two holders,

which each have a rolling device;

Figure 3 a) shows a perspective view of three ring
segments that form a closed cage ring

according to Figure 3b);

Figure 4a shows a perspective view of a first cage
ring, which is mounted vertically wupright
on an associated cage-retaining device;

while

Figure 4b shows the connection of two adjacent cage

rings by means of connecting braces; and
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Figure 4c

Figure 5

Figures 6

Figure 7

Figure 8

Figure 9

Figures 10

Description

shows a perspective view of a finished

fermenter cage, comprising x cage rings;

shows a perspective detailed view of a
holder, on which a cage ring is rotatably

mounted by means of a rolling device;

show the stepwise insertion and fastening
of n rows of shell plates in perspective
views, whereby after insertion and
fastening of each row, the fermenter cage
is rotated and a closed fermenter shell is

created step by step;

shows a perspective view of a fermenter
cage with a wall structure attached on the

output side; while

shows a perspective view of the interior of
the fermenter with the agitator unit fitted

therein;

shows the gas-tightly closed fermenter cage
with fermenter shell, wall structure on the
input side, agitator wunit, and heating
system; and

schemtically show illustrations of the
fermenter cage during the assembly of an
insulation shell with several rows of
insulation elements, wherein the fermenter
cage 1s rotated step by step after assembly

of each row.
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Figure 1 shows a finished gas-tight fermenter 0
oriented in the position of use, which can be part of a
biogas plant. The fermenter 0 extends in a roughly
horizontal direction from an input side E along its
longitudinal axis L to an output side A. The input side
E is closed off by a wall structure on the input side,
whilst the output side A is closed off by a wall
structure 31 on the output side, as shown more clearly
in Figure 7. A plurality of x cage rings 10 forms a
fermenter cage as the basic framework for the fermenter
0. The fermenter cage is described in detail below, but
in Figure 1, it is covered by an insulation shell 4
that comprises several insulation elements 40. An
agitator unit 33 as well as a heating system 32 are
housed in this fermenter cage. The cage rings 10 are
each mounted on a cage-retaining device 2, wherein here
each two holders 20 hold one cage ring 10. In the
operationally-ready state of the fermenter 0,
additional stabilizing supports 5 are fixed to the cage
rings 10 in the lower half and on the sides, so that a
secured stable position of the fermenter 0 can be

reached.

In order to carry out the construction method according
to the present invention, the cage rings 10 are mounted
on cage-retaining devices 2, such as shown by way of
example in Figure 2. Each two holders 20 are connected
by a retaining brace 202. Each of the holders 20 has a
rolling device 200 and a support surface 203. The
support surface 203 is here matched to the curvature of
the cage rings 10. To avoid that the cage rings 10
slide down from the support surface 203 or from the
rolling device 200, a guideway 201 is provided, which
is here shaped in the manner of a fork. The rolling
device 200 and the guideway 201 are detachably fastened
to each holder 20. All the components are preferably

made from steel.
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A cage-retaining device 2 can optionally be provided
with only one holder 20 that has to be correspondingly
formed so that the cage ring 10 stands stable.

In order to achieve a simple transport of the
components for the fermenter construction, the already
introduced cage rings 10 are designed in several parts.
Here, three ring segments 100, 1007, 1007’ are
provided, which are pre-curved correspondingly in order
to form a closed cage ring 10. The ring segments 100,
100", 100’’ used are double T-supports and consist of
an IPB240 standard support according to DIN 1025-2 and
were bent cold. A flange plate is welded to the ends of
each ring segment 100, 100’, 100’’, thus in the region
of the connecting spots 1000. After being brought
together, adjacent ring segments 100, 100’, 100’’ can
be connected semi-detachably to one another by several
retaining ring bolts. Other connecting methods are
likewise possible, but preferably the connection is by
means of retaining ring bolts, since a simple and rapid
connection is necessary without checking a welding seam

or the torque of, for example, screws.

Figures 4a to 4c now show the stepwise construction of
the fermenter cage 1. The plurality of cage-retaining
devices 2 1is disposed horizontally on a plane with
fixed distances. After being assembled from several
ring segments 100, 1007, 100’'’, a first cage ring 10 is
set up on a first cage-retaining device 2 wvertically
and thus perpendicularly to the subsequent longitudinal
axis L. The outside surface of the cage ring 10 is in
active connection with the rolling device 200, the
guideway 201, and the support surface 203 of each
holder 20. During the assembly process, the outside
surface of the cage ring 10 rolls on the rolling device
200 such that the cage ring 10 is mounted rotatably
about the subsequent longitudinal axis L of the
fermenter 0. After the completed assembly, the finished
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fermenter cage 1 and the individual cage rings 10,
respectively, are lowered onto the support surfaces 203
and thus held 1locally fixed and secured against
rotation.

After setting up a first cage ring 10, a further cage
ring 10’ is set up vertically in active connection and
rotatable on a further cage-retaining device 2, as
shown in Figure 4b. A plurality of connecting braces 11
is fixed to run between the directly adjoining cage
rings 10, 10’ so that the cage rings 10, 10’ are
prevented from falling over. As shown in Figure 4c, the
process of placing further cage rings 10’’ to 10x and
connecting braces 11 is carried out until the fermenter
cage 1 has the desired fermenter cage length. An
arrangement of cage rings 10 to 10x in rows and
connection to one another by means of connecting braces
11 is carried out. In total, the fermenter cage 1 shown
here is formed by x = 11 cage rings 10 to 10x. By way
of example, nine connecting braces 11 are arranged
along the periphery of the fermenter cage 1 between two
adjacent cage rings 10 to 10x. The connecting braces 11
are for this purpose fastened detachably, but more
particularly permanently by welding to each adjoining
cage ring 10 to 10x. The connecting braces 11 serve as
a backup welding bar retainer for the subsequent blunt

seam welding of adjacent shell plates.

Figure 5 shows the support of a cage ring 10 in detail.
The outside surface of the cage ring 10 is mounted
movably on the holder 20 spaced from the support
surface 203. The cage ring 10 can be rotated through
interaction with the rolling device 200, which is here
designed as a roller. The rolling device 200 spaces the
outside surface of the cage ring 10 slightly away from
the support surface 203, such that a rotation of the
cage ring 10 is possible. The guideway 201 prevents the
outside of the cage ring 10 from slipping laterally
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away from the rolling device 200 and the support

surface 203.

After finishing the fermenter cage 1, the fermenter
shell 3 is produced, which is formed from a plurality
of n rows of shell plates 30 to 30n. The fermenter
shell 3 forms a cylindrical sleeve face, wherein the
fermenter shell 3 here lies inside the fermenter cage
1. In a first rotational position of the fermenter cage
1, shell plates 30 are introduced into the interior of
the fermenter cage 1 in a first row in the longitudinal
direction, thus parallel to the longitudinal axis L.
The shell plates 30 are pre-curved through their
inherent weight. However, an active bending of the
first shell plates 30 corresponding to the path of the
interior faces of the cage rings 10 must take place,
for which an assembly aid is used. Good results could
be achieved with shell plates 30, the thickness of
which was smaller or equal to eight millimeters. Pre-
curving can thereby be achieved, and the active bending
on site can be carried out more easily. As soon as the
desired curvature is reached the first shell plates 30
are fastened permanently, preferably by means of a
welding process, to the interior faces of the cage
rings 10 to 10x facing the interior of the fermenter

cage.

The shell plates 30 can be connected to the interior
face of the cage rings 10 to 10x by means of plug
welding. The assembly aid can be released again after
fastening the shell plates 30, while the shell plate 30
retains its <curved form and a certain pretension
results. The fermenter cage 1 is lined gas-tightly by
the plurality of shell plates 30.

When the first row of shell plates 30 is fastened, the
fermenter cage 1 is rotated, which is indicated by an

arrow 1in Figure 6a. Subsequently, the insertion,
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bending, and fastening of a further row of shell plates
30’ can take place, as shown in Figure 6b. The shell
plates 30’ are each welded to the cage rings 10 to 10x
following transverse welding seams along the periphery
of the cage rings 10 to 10x. Adjacent rows of shell
plates 30, 30’ are welded gas-tight to one another
along a longitudinal welding seam S running 1in the
direction o©of +the longitudinal axis L. Since the
fermenter cage 1 is rotatable, the longitudinal welding
seam S can preferably be formed in the lower region of
the cage rings 10 to 10x, facing the cage-retaining
devices 2. It is thus possible to use a welding robot,

which creates the longitudinal welding seams S.

As a result of the fermenter cage 1 being able to
rotate, in order to simplify the welding processes the
fermenter cage 1 can always be previously rotated into
such a welding position that the longitudinal welding
seam S between adjacent rows of shell plates 30 to 30n
is welded in a position facing the cage-retaining
devices 2 and thus in the region of each lowest point
of the cylindrical fermenter cage 1. Overhead welding

can thus be avoided.

In order to facilitate the fastening of the shell
plates 30 to 30n of different rows to the cage rings 10
to 10x, a plurality of transverse slits Q can be
provided in the shell plates 30 to 30n. These
transverse slits Q are arranged in such a way that they
come to rest on the internal faces of the cage rings 10
to 10x when the shell plates 30 to 30n are inserted in
the fermenter cage 1. Fastening the shell plates 30 on
the cage rings 10 to 10x can then take place by welding

in the peripheral direction.

A further possibility for fastening the inserted shell
plates 30 to 30n consists in a welding process, which

takes place from outside of the fermenter cage 1. After
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bending the shell plates 30 to 30n, the shell plates
are welded in the transverse direction from outside of

the fermenter cage 1.

After welding on each row of shell plates 30, 30’, the
fermenter cage 1 will be rotated further, as shown in
Figure 6b. The rotation and the subsequent insertion,
bending and fastening of further rows of shell plates
30 to 30n 1s repeated until a fermenter shell 3 1is
reached that 1lines the entire cylindrical fermenter

cage 1 completely gas-tight, as shown in Figure 6c.

After finishing the fermenter cage 1 with the fermenter
shell 3, the fermenter cage 1 can be closed off on the
output side A with a wall structure 31 on the output
side. This wall structure 31 on the output side 1is
welded onto the last cage ring 10x or the shell plates
30n.

By utilizing the ability of the fermenter cage 1 to
rotate, a heating system 32 comprising several heating
lances can also be inserted and fastened projecting
into the interior of the fermenter cage. The path of
the heating system 32 inside the fermenter cage can be
seen 1in Figure 8. The concentration of the heating
lances 1is greater in the region of the input site E
than in the region of the output side A. After suitable
rotation of the fermenter cage 1 about the longitudinal

axis L, the heating lances can be easily inserted.

Likewise after finishing the fermenter shell 3, an
agitator unit 33 can be inserted into the interior of
the fermenter cage and fastened there. The agitator
unit 33 1is here designed as a shaft, on which a
plurality of agitator blades 1is arranged projecting
radially outwards. The agitator unit 33 1is inserted
into the fermenter cage 1 from the input side E

linearly in the direction of the longitudinal axis 1L,
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as indicated by the dotted arrow, and fastened. The
input side E of the fermenter cage 1 is then closed in
a gas-tight manner by a wall structure 34 on the input

side, which is fastened to the first cage ring 10.

The fermenter cage 1, which is still rotatable and is
lined with the fermenter shell 3 comprising n rows of
shell plates 30 to 30n, 1is then rotated about the
longitudinal axis L by means of a stepwise rotation of
the fermenter cage 1 and is thereby provided with an
insulation shell 4. This insulation shell 4 can be
formed from several insulation elements 40, which are
flexible or rigid and pre-formed. The use of
prefabricated insulation elements 40 of foam or
polystyrene is possible. Alternatively, the insulation
shell 4 can be formed by directly spraying on a foam

during rotation of the lined fermenter cage 1.

Rows of insulation elements 40 to 40n are attached to
the fermenter shell 3 in a similar manner to when
lining the fermenter cage 1 with shell plates 30 to
30n. After fastening a row of insulation elements 40’
to the outside surface of the fermenter shell 3, the
fermenter cage 1 undergoes a stepwise rotation about
the longitudinal axis L, as shown by means of the arrow
in Figure 10a. A further row of insulation elements
40’’ can then be attached. The insulation elements 40
to 40n adapt to the outside surface of the fermenter
shell 3. Attaching the insulation elements 40 to 40n
and subsequently rotating the fermenter cage 1 is
repeated until all the insulation elements 40 to 40n
are arranged and fastened on the cylindrical sleeve

face of the fermenter shell 3.

Individual insulation elements 40 to 40n could
optionally also already be attached during finishing of
the fermenter shell 3 after fastening the shell plates
30 to 30n. Preferably, however, the insulation shell 4
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is only produced after completing the fermenter shell 3
and closing with the wall structure 31 on the output
side and the wall structure 34 on the input side, by
attaching individual rows of the insulation elements 40
and intermediate rotation of the fermenter about the

longitudinal axis L.

After finishing the insulation shell 4, the fermenter 0
can be fastened in its operating position, as shown in
Figure 1. For this purpose, the rolling devices 200 of
the cage-retaining devices 2 are removed and the
outside faces of the cage rings 10 are lowered onto the

support faces 203 and welded there. The fermenter cage

‘1 is then resting firmly on the cage-retaining devices

2. For further stabilization, the stabilizing supports
5 are fastened to the cage rings 10. Since the rolling
devices 200 are no longer required once the fermenter
shell 3 and the finished fermenter 0 have been fully
constructed, they can be fastened detachably to the
cage-retaining devices 2 and then removed again once

the fermenter 0 is completely finished.
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LIST OF REFERENCE NUMERALS

0 Fermenter
1 Fermenter cage
10 cage rings {(x pieces, 10 to 10x)
100, 100’,100’’ ring segment
1000 connecting spot

11 connecting braces

2 Cage-retaining device (x pieces)
20 holders each with a rolling device
200 rolling device
2000 wheel
201 guideway
202 retaining brace

203 support surface

3 Fermenter shell

30 to 30n shell plate (n shell plate rows)
300 transverse slits (recessed for welding)
301 longitudinal seams (between directly
adjacent shell plates)

31 wall structure on output side

32 heating system (heating lances in the edge

region of the fermenter cage)

33 agitator unit

34 wall structure on input side

4 TInsulation shell
40 to 40n insulation elements (n rows of
insulation elements)

Stabilizing supports

Longitudinal axis

Input side

Output side

Transverse slit

n O P E Bu

Longitudinal welding seam
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PATENT CLAIMS

1. A construction method of a fermenter with a fermenter
cage and a fermenter shell of metal, for use in a
biogas plant, wherein:
the fermenter cage is formed by a plurality of cage
rings wherein each one cage ring is supported on at
least one cage-retaining device, comprising at least
one rolling device, so that the entire fermenter cage
is mounted rotatably about a longitudinal axis, and
a plurality of connecting braces is fixed to run
between the directly adjoining cage, wherein the
fermenter cage is lined with a plurality of rows of
shell plates by means of rotation about the
longitudinal axis, and the shell ©plates are
permanently fastened to the plurality of cage rings
and thus a gas-tight closed fermenter shell is formed

step by step.

2. The construction method of a fermenter as claimed in

claim 1, comprising:

I) introducing a first row of first shell
plates into the fermenter cage parallel to
the longitudinal axis,

I11) bending the first shell plates
corresponding to a path of inner faces of
the cage rings,

I1I) permanently fastening the first shell
plates to the inner faces of the cage rings
facing an interior of the fermenter cage,
and then

Iv) rotating the fermenter cage about the
longitudinal axis so that an adjacent row
of further shell plates can be placed in
the fermenter cage next to the previously

arranged shell plates and

Date Regue/Date Received 2022-03-18
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V) repeating steps I) to IV) until the n*® row
of shell plates 1is fastened and the
fermenter cage is 1lined completely gas-
tight by the fermenter shell, comprising n

rows of shell plates.

3. The construction method of a fermenter as claimed in
claim 2, wherein the manufacture of the fermenter
cage is carried out by

a) vertically placing several cage rings on
cage-retaining devices with the rolling
device such that the cage rings are
arranged parallel to one another and are in
active connection with the at 1least one
rolling device so that a rotatable bearing
of each cage ring is achieved and

b) fastening several connecting braces
between adjacent cage rings parallel to
the longitudinal axis of a resulting
fermenter cage and repeating the steps a)
and b) until a desired fermenter cage

length is reached.

4. The construction method of a fermenter as claimed in
any one of claims 1 to 3, wherein before or after
finishing the fermenter shell a heating system
projecting into an interior of the fermenter cage is
arranged through rotation of the fermenter cage about

the longitudinal axis.

5. The construction method of a fermenter as claimed in
any one of claims 1 to 4, wherein following the
finishing of the fermenter shell an agitator unit is
inserted into an interior of the fermenter cage and is
fastened there through rotation of the fermenter cage

about the longitudinal axis.

6. The construction method of a fermenter as claimed in

claim 5, wherein the agitator unit is introduced into

Date Regue/Date Received 2022-03-18
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the fermenter cage from an input side linearly in the

direction of the longitudinal axis.

. The construction method of a fermenter as claimed in

any one of claims 1 to 6, wherein directly following
the finishing of the fermenter shell a wall structure
on an output side is permanently welded gas-tight onto
the last cage ring and a wall structure on an input
side is permanently welded gas-tight onto the first

cage ring.

. The construction method of a fermenter as claimed in

any one of claims 1 to 7, wherein prior to positioning,
the cage rings are assembled together from a plurality

of ring segments and connected to one another.

. The construction method of a fermenter as claimed in

claim 8, wherein the ring segments have at their ends
flange plates, which are detachably connected to one

another by means of retaining ring bolts.

The construction method of a fermenter as claimed in
claim 8 or 9, wherein the cage rings are assembled

from three similar-sized ring segments.

The construction method of a fermenter as claimed in
any one of claims 1 to 10, wherein the cage rings are

formed from double-T supports, which can be bent cold.

The construction method of a fermenter as claimed in
any one of claims 1 to 11, wherein prior to positioning
the cage rings , a plurality of cage-retaining devices

are arranged with rolling devices 1in one row.

The construction method of a fermenter as claimed in
any one of claims 1 to 12, wherein the shell plates

do not exceed a thickness of eight millimeters.

Date Regue/Date Received 2022-03-18
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14. The construction method of a fermenter as claimed in
claim 1, wherein the fermenter cage is rotated into
a welding position so that a longitudinal welding
seam is welded between adjacent rows of shell plates

in a position facing the cage-retaining devices.

15. The construction method of a fermenter as claimed in
claim 14, wherein the welding of the rows of shell

plates is carried out by a welding robot.

16. The construction method of a fermenter as claimed in
claim 14, wherein several transverse slits are
arranged in the shell plates so that the transverse
slits each come to lie on interior faces of the cage
rings when the shell plates are inserted in the

fermenter cage.

17. The construction method of a fermenter as claimed in
claim 14, wherein after fixing the shell plates on
the cage rings, the longitudinal welding seam between
directly adjacent rows of shell plates is welded gas-
tight.

18. The construction method of a fermenter as claimed in
any one of claims 1 to 17, wherein after closing the
fermenter shell, an insulation shell is attached and
fastened on the fermenter shell through rotation of

the fermenter cage about the longitudinal axis.

19. The construction method of a fermenter as claimed in
claim 18, wherein the insulation shell is formed by
a plurality of rigid or flexible insulation elements

or by a foam.

Date Regue/Date Received 2022-03-18
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