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(54) INCINERATION PLANT

(57) The present invention relates to an incineration
plant for solid material having
- a combustion chamber (1), in which solid material is
introduced and in which the solid material is combusted,
whereby flue gases are produced,
- at least three vertically aligned passes (2.1, 2.2a, 2.2b,
2.3) downstream of the combustion chamber (1), wherein
- at least one further pass (2.4) downstream of the at
least three vertically aligned passes, wherein the at least
three vertically aligned passes (2.1, 2.2a, 2.2b, 2.3) and
the at least one further pass (2.4) are arranged such that
the flue gases are advanced in a first horizontal direction
(3) from the at least three vertically aligned passes (2.1,
2.2a, 2.2b, 2.3) to the further pass (2.4).
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Description

[0001] The present invention relates to an incineration
plant for solid material (such as waste or biomass) having
a combustion chamber, in which the solid material is in-
troduced and in which the solid material is combusted,
whereby flue gases are produced. The incineration plant
further having at least three vertically aligned passes
downstream of the combustion chamber, wherein at least
one first vertically aligned pass is arranged downstream
of the combustion chamber, wherein the flue gases ad-
vance upwardly within the at least one first pass, at least
one second vertically aligned pass is arranged down-
stream of the first pass, wherein the flue gases advance
downwardly within the at least one second pass, and at
least one third vertically aligned pass is arranged down-
stream of the at least one second pass, wherein the flue
gases advance upwardly within the at least one third
pass, at least one further pass downstream of the at least
three vertically aligned passes, wherein the at least three
vertically aligned passes and the at least one further pass
are arranged such that the flue gases are advanced in a
first horizontal direction from the at least three vertically
aligned passes to the further pass.
[0002] The incineration plant may also comprise a
combustion material inlet and a feed shaft, in which feed
shaft the solid material is introduced through the com-
bustion material inlet and which feed shaft leads to the
combustion chamber.
[0003] The present invention preferably relates to an
incineration plant with a combustion grate in the combus-
tion chamber, with which combustion grate the solid ma-
terial and combusted solid material can be conveyed
through the combustion chamber (also called grate fir-
ing). Preferably, a primary air supply is arranged below
the top of the combustion grate.
[0004] The combustion grate is usually arranged within
a lower section of the combustion chamber. The solid
material (such as waste or biomass) and combusted solid
material (such as ash and/or slag) can be conveyed by
the combustion grate through the combustion chamber
from an end of the combustion material feed shaft to a
slag container. Primary air is supplied from below the
combustion grate to the solid material arranged on the
combustion grate, so that the solid material arranged on
the combustion grate is combusted with the primary air.
The main process steps on the grate (in the direction of
travel of the solid material) are: drying of the solid mate-
rial, devolatilization, combustion, afterburning of the solid
residues (mainly ash and slag). The solid material and
combusted solid material conveyed by the combustion
grate is also referred to as solid material bed.
[0005] The combustion grate is preferably embodied
as reciprocating grate, but it is also possible that the com-
bustion grate is embodied in a different way, for example
as vibrating grate, travelling grate or roller grate.
[0006] Additionally, nozzles may be arranged above
the combustion grate within the combustion chamber

and/or within the first pass, with which nozzle(s) second-
ary air, tertiary air for afterburning or an oxygen poor car-
rier gas can be provided to the combustion gases.
[0007] The first pass (in German: erster Zug) is to be
understood that part of the incineration plant, in which
the combustion gases from the combustion chamber ad-
vance upwards, wherein secondary air, tertiary air for
afterburning or other gases may be added to the com-
bustion gases in the first pass.
[0008] A second and a third pass are arranged down-
stream of the first pass, each of the second and third
pass extending vertically. The flue gases are deflected
by 180° when entering from the first pass into the second
pass and when entering from the second pass into the
third pass. Accordingly, the flue gases meander along
the first horizontal direction up and downwards from the
combustion chamber to the outlet of the third pass. In a
waste incineration plant the first horizontal direction is
parallel to the length direction of the combustion cham-
ber, which is measured in the main direction of travel of
the solid material bed. The first pass, the second pass
and the third pass are each preferably embodied as so-
called empty passes, meaning that the passes have a
free cross section without heat exchange means extend-
ing into the cross section.
[0009] Usually a horizontally aligned (in particular
fourth) pass is arranged directly downstream of the third
(empty) pass. The fourth (horizontal) pass usually com-
prises heat exchange tubes which extend through the
through flown cross section, so that the flue gases flow
around the heat exchange tubes within the fourth (hori-
zontal) pass. The first direction is preferably parallel to
the horizontal direction in which the fourth pass extends
and in which the flue gases flow within the fourth pass.
[0010] The walls of the combustion chamber, of the
first pass, of the second pass, of the third pass and of
the subsequent passes are usually equipped with heat
exchangers (i.e. tubes), wherein the heat exchange me-
dium (such as water) of the heat exchangers is in partic-
ular provided to one common boiler drum. The walls of
the combustion chamber are usually lined with refractory
products (for example the combustion chamber has a
cooled wall consisting of SIC masonry and an integrated
or underlying membrane wall), while the wall of the first,
second and third pass and further passes is usually di-
rectly formed by tubes, wherein adjacent tubes are inter-
connected by metallic sheets (also called fins). At least
an upstream part of the first pass may be lined with re-
fractory products.
[0011] A flue gas purification device downstream of the
passes may comprise elements for dedusting, scrubbing
and/or desulfurization (such as SCR) of the flue gas. A
chimney may be arranged downstream of the flue gas
purification device.
[0012] An incineration plant with the above described
features is known from WO 2020 / 187 637A1. As the
first, second and third passes are arranged behind each
other in the first direction, the incineration plant requires
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space within this first direction.
[0013] Accordingly, it is an object of the present inven-
tion to overcome the drawbacks of the prior art and in
particular to provide an incineration plant, which is formed
in a more compact manner.
[0014] This object may be achieved with an incinera-
tion plant with the features of the independent claim. Fur-
ther solutions and preferred embodiments are disclosed
in the subclaims and in the above and below description,
wherein single features of the preferred embodiments
can be combined with each other in a technical mean-
ingful manner.
[0015] The object is in particular achieved with an in-
cineration plant as described above, wherein at least two
of the vertically aligned passes are arranged adjacent to
each other in a second (horizontal) direction, the second
direction being perpendicular to the first direction.
[0016] With other words, the present invention sug-
gests that at least two (and preferably exactly two) of the
vertically aligned passes are arranged perpendicular (ob-
liquely) to the first direction, the first direction being in
particular parallel to the direction of travel of flue gases
within a horizontally aligned further pass downstream of
the at least three vertically aligned (free) passes. This
way the space covered by the at least three passes pro-
jected in a vertical direction can be reduced, as at least
two of the vertically aligned passes are arranged beside
each other with regard to the first direction (and not be-
hind each other in the first direction). Accordingly, the
flue gases are not only deflected upwards and down-
wards along the first direction but the flue gases are de-
flected perpendicular (orthogonal) to the first direction at
at least one transition from one pass to the subsequent
pass.
[0017] This arrangement also allows to form the tran-
sition from the third vertically aligned pass to the (fourth)
horizontally aligned pass without a flow constriction due
to both-sided backwards facing steps. For example, the
third vertically aligned pass and the fourth pass may have
the same width (orthogonal to the second direction). Al-
ternatively, the walls of the third vertically aligned pass
may be inclined towards the transition to the fourth pass.
This way, a smooth flow distribution is given at the be-
ginning of the fourth pass.
[0018] While it is principally possible that more than
three vertically aligned passes are arranged downstream
to each other, it is preferred that the incineration plant
comprises exactly three vertically aligned passes, where-
in a further (fourth) pass directly downstream of the third
vertically aligned pass is aligned horizontally. The three
vertically aligned passes are preferably free passes with
a free cross section and the (fourth) horizontally aligned
pass has heat exchange elements (such as heat ex-
change tubes) which extend through the cross section
of the horizontally aligned pass.
[0019] To reduce the effort to withdraw the heat from
the flue gases, it is suggested that directly adjacent ver-
tically aligned passes, which in particular are arranged

adjacent to each other in the second direction, have a
preferably water-cooled common wall.
[0020] To provide a smooth distribution of flue gas flow
at the transition from one pass to the subsequent pass
it is suggested that a common wall is inclined along the
first direction. This means, the common wall extending
in a vertically aligned plane is inclined with regard to the
first direction. For example the common wall may have
an inclination with regard to the first direction which is
less than 30° but more than 5°.
[0021] Preferably, exactly one third horizontally
aligned pass is embodied. The first and second horizon-
tally aligned pass may each comprise multiple passes.
[0022] While it is principally possible, that all of the
three vertically aligned passes are arranged adjacent to
each other in the second direction, it is preferred that the
at least one second vertically aligned pass and the at
least one third vertically aligned pass are displaced in
the first direction with regard to the preferably exactly one
first vertically aligned pass and are adjacent to each other
in the second direction. Accordingly, the second and third
vertically aligned passes are behind the first vertically
aligned pass in the first direction, while the second ver-
tically aligned pass and the third vertically aligned pass
are adjacent to each other in the second direction. This
way, the first vertically aligned pass can extend over the
whole widths (the width being in the second direction) of
combustion chamber, while the second and third verti-
cally aligned passes are arranged next to each other in
the width direction (second direction) of the combustion
chamber.
[0023] In order that the flow behavior of the flue gases
is preferably uniformly/smoothly distributed in the transi-
tion region from the third vertically aligned pass to the
horizontally aligned (fourth) pass a common wall be-
tween the at least one second vertically aligned pass and
the third vertically aligned pass is inclined along the first
direction. The common wall is preferably arranged in
such a way, that a downstream end of the common wall
is assigned to a side wall of the vertically aligned (fourth)
pass.
[0024] In order to provide a very compact design of the
incineration plant and in order to provide an even more
efficient heat transfer from the flue gases to the heat ex-
changers in the wall of the incineration plant it is suggest-
ed that exactly one third vertically aligned pass is ar-
ranged between two second vertically aligned passes,
wherein preferably the two second vertically aligned
passes and the one third vertically aligned pass are dis-
placed in the first direction with regard to the first vertically
aligned pass. This way the one third vertically aligned
pass is "sandwiched" between the two second vertically
aligned passes (in which the flue gases advance down-
wardly), so that the third vertically aligned pass has a
common wall with each of the two second vertically
aligned passes. Namely, the third vertically aligned pass
has a first common wall with the first second vertically
aligned pass and a second common wall with the second
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second vertically aligned pass. Furthermore, in this case
the third vertically aligned pass may have a common wall
with the first vertically aligned pass. Accordingly, three
of the usually four walls delimiting the third vertically
aligned pass are common walls which comprise heat ex-
change means.
[0025] During operation of such an incineration plant
the flue gases advance upwardly within the first vertically
aligned pass, wherein the flue gases are deflected
through a first transition into the first second vertically
aligned pass and through a second transition into the
second second vertically aligned pass. Accordingly, the
wall delimiting the first vertically aligned pass towards
the second vertically aligned passes and the third verti-
cally aligned pass has two openings at its upper end,
which openings form the transition to the second verti-
cally aligned passes. In between these openings the wall
is preferably a common wall with the third vertically
aligned pass.
[0026] In one configuration of the embodiment it is pre-
ferred that the common walls (namely the first common
wall and the second common wall) between the third ver-
tically aligned pass and the two second vertically aligned
passes are inclined towards each other so that the width
of the third pass along the first direction increases. Ac-
cordingly, the first and second common wall extend in a
vertically arranged plane, wherein the planes are inclined
to each other, wherein it was found that the best flow
behavior is given, if the width between the first and sec-
ond common wall increases along the first direction from
the side facing the first vertically aligned pass to the hor-
izontally aligned (fourth) pass. This way, the heat ex-
change tubes extending over the flown through cross
section of the fourth pass are optimally impinged by the
flue gas, thereby enhancing the heat transfer efficiency,
so that the length of the fourth pass may be reduced.
[0027] The invention and the technical background are
described with regard to an exemplary embodiment
shown in the figures. The figures show schematically

Figure 1: a perspective partly transparent view of an
incineration plant,

Figure 2: a top view on passes of the incineration plant
of figure 1.

[0028] The incineration plant depicted in the figures
comprises a combustion chamber 1. A first vertically
aligned pass 2.1 is arranged downstream and above the
combustion chamber 1. The first vertically aligned pass
2.1 has a first opening 6.1 and a second opening 6.2 in
its upper region.
[0029] The first opening 6.1 leads to a first second ver-
tically aligned pass 2.2a and the second opening 6.2
leads to a second second vertically aligned pass 2.2b.
The flue gases from the combustion chamber 1 advance
upwardly within the first vertically aligned pass 2.1,
wherein a part of the flue gases flow through the first

opening 6.1 into the first second vertically aligned pass
2.2a and the other part of the flue gases flow through the
second opening 6.2 into the second second vertically
aligned pass 2.2b. The flue gases advance downwardly
within the first and second second vertically aligned pass-
es 2.2a and 2.2b.
[0030] One vertically aligned third pass 2.3 is arranged
downstream of the two second vertically aligned passes
2.2a and 2.2b. The third vertically aligned pass 2.3 has
a first common wall 5.1 with the first second vertically
aligned pass 2.2a and a second common wall 5.2 with
the second second vertically aligned pass 2.2b. Further-
more, the third vertically aligned pass 2.3 has a common
wall with the first vertically aligned pass 2.1. The common
walls and also the other walls of the passes may comprise
tubes in order to withdraw the heat from the flue gases.
The flue gases advancing downwardly within the second
vertically aligned passes 2.2a and 2.2b are deflected
around the respective lower edge of the common walls
5.1 and 5.2 and advance jointly upwardly within the third
vertically aligned pass 2.3.
[0031] A horizontally aligned further (fourth) pass 2.4
is arranged downstream of the third vertically aligned
pass 2.3, wherein the flue gases advance in a first hori-
zontal direction 3 within the horizontally aligned pass 2.4.
[0032] As can be seen from the figures the third verti-
cally aligned pass 2.3 is arranged adjacent to the first
second vertically aligned pass 2.2a and to the second
second vertically 2.2b in a second direction 4, which sec-
ond direction 4 is perpendicular to the first direction 3.
By such an arrangement the foot print of the vertically
aligned passes (the cross section of the vertically aligned
passes projected in a vertical direction) and in particular
the overall lengths of the vertical aligned passes 2.1,
2.2a, 2.2b and 2.3 in the first direction 3 can be severely
decreased.
[0033] In order to provide a favorable flow behavior of
the flue gases and an efficient heat transfer within the
horizontally aligned (fourth) pass, the first common wall
5.1 and the second common wall 5.2 are inclined to each
other in such a manner, that the width between the first
common wall 5.1 and the second common wall 5.2 (and
therefore the widths of the third vertically aligned pass
2.3) in the second direction 4 increases along the first
direction 3 towards the horizontally aligned pass 2.4.

Reference signs

[0034]

1 combustion chamber
2.1 first vertically aligned pass
2.2a first second vertically aligned pass
2.2b second second vertically aligned pass
2.3 third vertically aligned pass
2.4 horizontally aligned pass
3 first horizontal direction
4 second horizontal direction
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5.1 first common wall
5.2 second common wall
6.1 first opening
6.2 second opening

Claims

1. Incineration plant for solid material having

- a combustion chamber (1), in which solid ma-
terial is introduced and in which the solid mate-
rial is combusted, whereby flue gases are pro-
duced,
- at least three vertically aligned passes (2.1,
2.2a, 2.2b, 2.3) downstream of the combustion
chamber (1), wherein

• at least one first vertically aligned pass
(2.1) is arranged downstream of the com-
bustion chamber (1), wherein the flue gases
advance upwardly within the at least one
first pass (2.1),
• at least one second vertically aligned pass
(2.2a, 2.2b) is arranged downstream of the
first pass (2.1), wherein the flue gases ad-
vance downwardly within the at least one
second pass (2.2a, 2.2b), and
• at least one third vertically aligned pass
(2.3) is arranged downstream of the at least
one second pass (2.2a, 2.2b), wherein the
flue gases advance upwardly within the at
least one third pass (2.3),

- at least one further pass (2.4) downstream of
the at least three vertically aligned passes,
wherein the at least three vertically aligned pass-
es (2.1, 2.2a, 2.2b, 2.3) and the at least one fur-
ther pass (2.4) are arranged such that the flue
gases are advanced in a first horizontal direction
(3) from the third vertically aligned pass (2.3) to
the further pass (2.4),

characterized in that
at least two of the vertically aligned passes (2.2a,
2.2b, 2.3) are arranged adjacent to each other in a
second horizontal direction (4), the second direction
(4) being perpendicular to the first direction (3).

2. Incineration plant according to claim 1, wherein a
further pass (2.4) directly downstream of the at least
three vertically aligned passes is a horizontally
aligned pass.

3. Incineration plant according to one of the preceding
claims, wherein directly adjacent vertically aligned
passes (2.2a, 2.2b, 2.3) have a common wall (5.1,
5.2).

4. Incineration plant according to claim 3, wherein the
common wall (5.1, 5.2) is water cooled.

5. Incineration plant according to claim 3 or 4, wherein
the common wall (5.1, 5.2) is inclined along the first
direction (3).

6. Incineration plant according to one of the preceding
claims, wherein the at least one second vertically
aligned pass (2.2a, 2.2b) and the third vertically
aligned pass (2.3) are displaced in the first direction
(3) with regard to the first vertically aligned pass (2.1)
and are adjacent to each other in the second direc-
tion (4).

7. Incineration plant according to claim 6, wherein a
common wall (5.1, 5.2) between the at least one sec-
ond vertically aligned pass (2.2a, 2.2b) and the third
vertically aligned pass (2.3) is inclined along the first
direction.

8. Incineration plant according to one of the preceding
claims, wherein one third vertically aligned pass (2.3)
is arranged in between two second vertically aligned
passes (2.2a, 2.2b).

9. Incineration plant according to claim 8, wherein the
third vertically aligned pass (2.3) has a common wall
(5.1, 5.2) with each of the two second vertically
aligned passes (2.2a, 2.2b).

10. Incineration plant according to claim 9, wherein the
common walls (5.1, 5.2) between the third vertically
aligned pass (2.3) and the two second vertically
aligned passes (2.2a, 2.2b) are inclined towards
each other, so that the width of the third pass (2.3)
along the first direction (3) increases.
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