EP 4 030 099 B1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(45) Date of publication and mention
of the grant of the patent:
01.05.2024 Bulletin 2024/18

(21) Application number: 21216208.5

(22) Date of filing: 21.12.2021

(11) EP 4 030 099 B1

EUROPEAN PATENT SPECIFICATION

(51) International Patent Classification (IPC):
F22B 1/18(2006.01) F22G 7/14 (2006.0)
F22B 35/00 (200607

(52) Cooperative Patent Classification (CPC):
F22B 1/1869; F22B 35/00; F22G 7/14

(54) METHOD AND DEVICE FOR ENERGY RECOVERY AFTER COMBUSTION OF SOLID

COMBUSTIBLE MATERIAL

VERFAHREN UND VORRICHTUNG ZUR ENERGIERUCKGEWINNUNG NACH VERBRENNUNG

EINES FESTEN BRENNBAREN MATERIALS

PROCEDE ET DISPOSITIF DE RECUPERATION D’ENERGIE APRES LA COMBUSTION DE

MATERIAU COMBUSTIBLE SOLIDE

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 22.12.2020 BE 202005962

(43) Date of publication of application:
20.07.2022 Bulletin 2022/29

(73) Proprietor: Indaver nv
9130 Beveren (BE)

(72) Inventors:
¢ ALDERWEIRELDT, Nick
9130 Beveren (BE)
¢« OOMS, Wim
9130 Beveren (BE)

(74) Representative: Brantsandpatents bv
Pauline Van Pottelsberghelaan 24
9051 Ghent (BE)

(56) References cited:
US-A-4 479 355
US-A1-2010 077 943

US-A- 5 950 574

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 030 099 B1 2

Description
TECHNICAL FIELD

[0001] The invention relates to a method and a device
forenergy recovery after combustion of solid combustible
material.

PRIOR ART

[0002] Hot flue gas is obtained by burning solid com-
bustible material, for example combustible waste mate-
rial. The flue gas must subsequently be purified to comply
with emission guidelines. The energy represented by the
hot flue gas does not have to be lost. By performing cer-
tain actions, this energy can be recovered to carry out
other processes. One of these operations is the gener-
ation of steam which can be used further as such or which
can be used, for example, for the production of electricity.
[0003] For example, US4882903A discloses a com-
bined cycle waste-to-energy plant used to thermally con-
vert municipal and industrial solid waste into substantially
complete combustion products and use the heat of com-
bustion to produce steam and/or electrical energy. The
plant comprises a building envelope with a waste receiv-
ing area, a waste fuel separation and processing area,
an incinerator and an area for heat recovery and power
generation. Processed waste fuel is delivered to a series
of incinerators by an automated conveyor and hopper
system, and the waste fuel is burned in the incinerators
by hot exhaust gas delivered thereto from one or more
combustion turbines located outside the building and
drivingly connected to electrical generators. Inlet air to
the turbines is drawn in along with the building to maintain
the interior at a negative pressure, thereby preventing
waste odors and pathogens from escaping from the build-
ing. The hot exhaust gas from the combustion turbine
delivered to the incinerators is passed through a super-
heater, and a portion of the exhaust gas exiting the su-
perheater is passed through a waste heat boiler. Hot
combustion gas discharged from each of the incinerators
is passed through an associated combustion heat recov-
ery boiler. Gas heat recovered in the superheater and
the various boilers is used to produce steam which drives
a steam turbine which is drivingly connected to an elec-
trical generator. A portion of the steam generated may
also be used for process purposes. US4882903A shows
the problem that the utilization of the heat of combustion
for the production of steam and/or electric power can be
further improved. Document US5950574 discloses a
process of generating electric energy using a solid fuel
fired boiler known in the art.

[0004] The present invention aims to find a solution to
at least the above-mentioned problem.

SUMMARY OF THE INVENTION

[0005] In afirst aspect, the invention relates to a meth-
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od for energy recovery after combustion of solid combus-
tible material, forexample solid waste material, according
to claim 1. Preferred embodiments of the method are set
outin claims 2to 7.

[0006] In a second aspect, the invention relates to a
device for energy recovery after combustion of solid com-
bustible material, for example solid waste material, ac-
cording to claim 8. Preferred embodiments of the device
are set out in claims 9 to 13.

DESCRIPTION OF THE FIGURES
[0007]

Fig. 1 is a schematic representation of flue gas side
components of a steam boiler according to preferred
embodiments of the invention.

Fig. 2 is a schematic representation of water/steam
side components of a steam boiler according to pre-
ferred embodiments of the invention.

Fig. 3 shows a schematic representation of a device
for energy recovery after combustion of solid com-
bustible material according to preferred embodi-
ments of the invention.

DETAILED DESCRIPTION

[0008] Quoting numerical intervals by endpoints com-
prises allintegers, fractions and/or realnumbers between
the endpoints, these endpoints included.

[0009] Inafirstaspect, the invention relates to a meth-
od for energy recovery after combustion of solid combus-
tible material, forexample solid waste material, according
to claim 1.

[0010] The specific cooling of the flue gas in the two
steps according to claim 1 ensures an efficient and
smooth cooling of the flue gas and at the same time pro-
vides energy in an optimum manner for heating water to
saturated steam and subsequently to superheated
steam.

[0011] Preferably, the flue gas obtained by combustion
of the solid combustible material initially has a tempera-
ture of at least 850°C. According to preferred embodi-
ments of the method according to the first aspect of the
invention, in the first step the flue gas is cooled via radiant
heat transfer to a temperature of from 630 to 670°C, more
preferably from 640 to 660°C and most preferably from
645 to 655°C.

[0012] According to a preferred embodiment, the cool-
ing of the flue gas via radiant heat transfer is carried out
by means of one or more evaporator panels.

[0013] Preferably, a flue gas cooled in this way is dis-
charged to a flue gas cleaning device for cleaning the
flue gas.

[0014] Preferred embodiments of the method are set
outin claims 2to 7.
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[0015] The preferred embodimentofthe method as de-
scribed in claim 2 has the effect that such temperatures
are very suitable for discharging the flue gas and for pre-
senting the flue gas to a flue gas cleaning device. In a
more preferred embodiment of the method according to
claim 2, the flue gas is cooled to a temperature of from
220 to 240°C and even more preferably from 225 to
235°C.

[0016] The preferred embodimentofthe method as de-
scribed in claim 3 has the effect that superheated steam
with such temperature and pressure values is optimally
suited to be used as such or to be used for electricity
production. In a more preferred embodiment of the meth-
od as set forth in claim 3, the saturated steam is heated
to superheated steam having a temperature of 390 to
410°C, and more preferably from 395 to 405°C, and with
an absolute pressure of 33 bar to 47 bar, more preferably
from 36 bar to 44 bar and even more preferably from 38
bar to 40 bar.

[0017] The preferred embodimentof the method as de-
scribed in claim 4 has the effect that, via a space-saving
arrangement of the radiant heat transfer means, the flue
gas can still cool over a large surface area of the radiant
heat transfer means in a specific space.

[0018] The preferred embodiment of the method as de-
scribed in claim 5 has the effect of thus further cooling
the flue gas optimally since the flue gas sequentially
passes each of the adjacent convection heat transfer
means. Preferably, in said convection heat transfer
means, water is used as coolant.

[0019] The preferred embodiment of the method as de-
scribed in claim 6 has the effect that a gradual heating
of the water to saturated steam and subsequently to su-
perheated steam can thus take place.

[0020] The preferred embodiment ofthe method as de-
scribed in claim 7 has the effect of thus avoiding accu-
mulation of ash, since an accumulation of ash has a neg-
ative effect on cooling of the flue gas by radiant or con-
vection heat transfer over time.

[0021] In a second aspect, the invention relates to a
device for energy recovery after combustion of solid com-
bustible material, for example solid waste material, ac-
cording to claim 8.

[0022] The arrangement of the evaporator panels,
economizers, evaporators and superheaters according
to claim 8 allows the flue gas to give off a maximum of
its heat to heat water to saturated steam and then to
superheated steam, wherein a compact arrangement of
the steam boiler is also made possible.

[0023] Preferably,inuse,the steam boileris connected
at the level of the radiant heat transfer means to an in-
cinerator in which solid combustible material is burned
in use.

[0024] Preferred embodiments of the device are set
out in claims 9 to 13.

[0025] The preferred embodiment of the device as de-
scribed in claim 9 has the effect that the steam consumer,
e.g., an industrial processing plant that at least partly
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obtains energy from steam, can immediately use the su-
perheated steam to perform work.

[0026] The preferred embodiment of the device as de-
scribed in claim 10 has the effect that the steam condi-
tioning stations can condition the superheated steam as
desired and subsequently use the conditioned steam for
certain desired applications.

[0027] The preferred embodiment of the device as de-
scribed in claim 11 has the effect that the superheated
steam can lose its energy via the steam turbine bypass
valve when the steam turbine is not in operation or sud-
denly breaks down. This is of great importance because
of safety considerations.

[0028] The preferred embodiment of the device as de-
scribed in claim 12 has the effect that any excess super-
heated steam can thus be expanded.

[0029] The preferred embodiment of the device as de-
scribed in claim 13 has the effect that the steam can thus
be post-treated in an optimum manner.

[0030] In what follows, the invention is described by
way of non limiting drawings illustrating the invention,
and which are not intended to and should not be inter-
preted as limiting the scope of the invention.

DETAILED DESCRIPTION OF THE FIGURES

[0031] Fig. 1is a schematic representation of flue gas
side components of a steam boiler according to preferred
embodiments of the invention. Fig. 2 is a schematic rep-
resentation of water/steam side components of a steam
boiler according to preferred embodiments of the inven-
tion. Fig. 3 shows a schematic representation of a device
for energy recovery after combustion of solid combustible
material according to preferred embodiments of the in-
vention. For advantages and technical effects of ele-
ments described below in the detailed description of the
drawings, reference is made to the advantages and tech-
nical effects of corresponding elements described above
in the detailed description.

[0032] Theflue gas side components of the steam boil-
er 1 as shown in Fig. 1 comprises radiant heat transfer
means 2 and convection heat transfer means 3 arranged
inside the steam boiler 1. The radiant heat transfer means
2 are connected to an incinerator 4, and the convection
heat transfer means 3 are in turn connected to the radiant
heat transfer means 2. The radiant heat transfer means
2 are thus arranged to receive hot flue gases, which hot
flue gases are obtained by combustion of solid combus-
tible material, preferably solid waste material, in the in-
cinerator 4.

[0033] The radiant heat transfer means 2 comprise
walls 5 constructed from evaporator panels 5. These
walls 5 are arranged such that three standing radiation
chambers 6-8 are formed, and in particular in the direction
from the incinerator 4 to the convection heat transfer
means 3, afirst 6, second 7 and a third standing radiation
chamber 8. When the hot flue gases leave the incinerator
4, they have a high temperature of at least 800°C and
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preferably of at least 850°C. By successively flowing
through said first 6, second 7 and third standing radiation
chambers 8, which can also be called a vertical draft, the
gases are cooled by radiant heat transfer with the walls
5 to a temperature of 645 to 655°C.

[0034] The convection heattransfer means 3 comprise
convection screens 10-15, arranged in a row, hanging
from an upper wall 9 of the steam boiler 1. Starting from
theradiantheat transfer means 2, the convection screens
10 to 15 thus suspended comprise successively a first
evaporator 10, a second superheater 11, a first super-
heater 12, a second evaporator 13, a first economizer 14
and a second economizer 15. The reason for the mutual
arrangement of the convection screens 10-15 is eluci-
dated below in the discussion of Fig. 2. After flowing past
the successive convection screens 10-15, which is also
called a horizontal draft, the flue gases are cooled to a
temperature of 210 to 250°C. The flue gases are subse-
quently collected by a flue gas cleaning device 25 for
cleaning the flue gases.

[0035] Asdiscussed above in the description of Fig. 1,
the hot flue gases entering the steam boiler 1 are forced
to pass through four so-called drafts along which they
are cooled. Part of the dust that is entrained with the flue
gases will precipitate out of the flue gases due to the
many bends. However, some of the dust sticks to parts
of the radiant heat transfer means 2 and convection heat
transfermeans 3. The cooling capacity of the steam boiler
1 hereby decreases because an insulating layer is
formed on said parts, as it were. For this reason, the exit
temperature of steam (see further in the description of
Fig. 2) at start-up is 210°C but can gradually increase to
250°C. Means can be provided for cleaning the dust so
that the accumulation of dust on said parts is avoided.
[0036] Dustfalling onthe bottom 16 of the steam boiler
1 is also called "boiler dust". Boiler dust falling on the
bottom 16 under the radiant heat transfer means 2 is
collected and discharged by screw conveyors 17, 18.
Boiler dust falling under the convection heat transfer
means 3 to the bottom 16 is collected and discharged by
chain conveyors 19-21. The resulting boiler dust streams
are therefore preferably discharged together over a
crusher (not shown in Fig. 1) to boiler dust storage silos
(not shown in Fig. 1).

[0037] In Fig. 2 flows of water/steam through the var-
ious convection screens 10-15 (see Fig. 1) are shown.
For simplicity of presentation, in Fig. 2 certain parts of
the steam boiler 1 are not or only partly shown. The wa-
ter/steam flows are indicated by arrows. Fig. 2 further
shows a boiler drum 22 as an additional water/steam side
component. In the second 15 and first economizers 14,
water or condensate is preheated before going to the
boiler drum 22. At the same time, these economizers 14,
15 on the flue gas side ensure a final cooling of the flue
gases. In the second 13 and first 10 evaporators, pre-
heated condensate from the boiler drum 22 is converted
to saturated steam which flows back to the boiler drum
22. The saturated steam from the boiler drum 22 is then
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passed through the first 12 and second 11 superheaters
which convert the saturated steam to superheated
steam. In order to control the temperature of the super-
heated steam from 395 to 405°C, a water injector is pro-
vided between the first 12 and second superheater 11
for injecting water. The superheated steam (absolute
pressure from 38 bar to 40 bar, 395 to 405°C) is collected
in a steam header 24 which carries the steam to a steam
turbine 28 and a steam consumer 29 (see Fig. 3).
[0038] Fig. 3, in particular, shows a schematic repre-
sentation of a device for energy recovery after combus-
tion of solid combustible material according to preferred
embodiments of the invention, wherein three such steam
boilers as discussed above for Figs. 1-2 are arranged.
The water/steam flows are indicated in Fig. 3 by arrows.
The superheated steam from three steam boilers 1, 26,
27, for example a combined produced 160 to 170
tons/hour of superheated steam of 40 bar absolute pres-
sure and 400°C, comes together in a joint steam header
24 which is substantially a pipeline. The steam is distrib-
uted to various consumers via the steam header. Accord-
ing to the embodiment shown in Fig. 3, these consumers
are:

- asteam turbine 28 (e.g., about 90 tons/hr. of super-
heated steam);

- steam export to a steam consumer 29 for use of the
superheated steam as such (e.g., 45 tons/hour of
superheated steam);

- first 30 and second steam conditioning stations 31
(e.g., 10 tons/hour of superheated steam); and

- the remaining superheated steam is expanded in a
bypass valve 32.

[0039] For example, the steam turbine 28 produces
about 21.5 MW of electrical power. After the steam tur-
bine 28, obtained expanded steam is condensed in a first
air-cooled condenser 33.

[0040] If the steam turbine 28 is not in operation or
suddenly fails, the steam has to lose its energy in some
other way. In that case, the steam is passed over a steam
turbine bypass valve 34, which is connected to the steam
turbine 28, which ensures a reduction of the pressure to,
forexample, 0.3 bar absolute pressure. Atthe same time,
the steam is cooled by means of condensate injection.
After the steam turbine bypass valve 34, the steam is fed
into the first air-cooled condenser 33.

[0041] The second steam conditioning station 31 is
constructed as a medium pressure (MP) station: the re-
quired pressure (e.g., 15 bar absolute pressure) is con-
trolled by a reducing valve 49, the required temperature
(e.g., 210°C) by injection with water from boiler feedwater
pumps (not shown in Fig. 3). The second steam condi-
tioning station 30 is constructed as a low pressure (LP)
station: the required pressure (e.g., 5 bar absolute pres-
sure) is controlled by a reducing valve 48, the required
temperature (e.g., 160°C) by injection with condensate
from condensate pumps and/or condensate injection
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pumps (not shown in Fig. 3). The remaining superheated
steam is expanded in the bypass valve 32 and is then
fed to a second air-cooled condenser 33.

[0042] The air-cooled condensers 33, 35 cool the
steam from the steam turbine 28 and the steam turbine
bypass valve 34 in the case of the first air-cooled con-
denser 33 and from the bypass valve 32 in the case of
the second air-cooled condenser 35, whereby the steam
condenses and condensate is formed which flows to the
first condensate tank 36 and the second condensate tank
37, respectively, by the action of gravity.

[0043] The temperature of condensate (for example
46°C) determines the underpressure (for example 0.1
bar absolute pressure) in the first air-cooled condenser
33. For the second air-cooled condenser 35 these pa-
rameters are, for example, 70°C and 0.3 bar absolute
pressure.

[0044] The first air-cooled condenser 33 comprises a
first condensate separator 38 and a first air cooler 39.
The steam to be condensed from the steam turbine 28
first enters the first condensate separator 38. The first
condensate separator 38 functions as the lowest point,
collecting point for the condensate formed, this in partic-
ular to protect the steam turbine 28 (low-pressure sec-
tion) against backflowing liquid. This condensate is dis-
charged by the action of gravity to the first condensate
tank 36. From the first condensate separator 38 the
steam goes to the first air cooler 39, the latter can be
installed on a building’s roof for practical reasons and for
cooling reasons. Just after the first condensate separator
38, the steam from the steam turbine bypass valve 34
enters a main line and there is a balancing line (not shown
in Fig. 3) from the first air cooler 39 to the first condensate
tank 36. The first air cooler 39 consists of two main parts
42, 43. It is possible to take a part out of service at low
capacity. Each part preferably consists of two identical
modules, each provided with an adjustable fan (not
shown in Fig. 3). The regulation of the first air cooler 39
takes into account the exit temperature of the various
modules, the pressure at the entrance, temperature of
the non-condensable gases and the outside tempera-
ture. In a similar manner, the second air-cooled condens-
er 35 comprises a second condensate separator 40 and
a second air cooler 41. The second air cooler 41 com-
prises only one compartment and preferably comprises
two or three controllable fans (not shown in Fig. 3).
[0045] The first 36 and second condensate tanks 37
collect all condensate flows from the steam circuit. The
most important condensate flows are, of course, those
from the air coolers 39, 41. The other streams come from
the condensate separators 38, 40, but also from ejector
condensers (not shown in Fig. 3), and condensate pre-
heaters 46, 47. Condensate from the first 36 and second
condensate tanks 37 is pumped to first 44 and second
degassers 45, respectively, by condensate pumps (not
shown in Fig. 3). Two desuperheating stations (not
shown in Fig. 3) are also fed from the condensate tanks
36, 37 by means of condensate injection pumps (not
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shown in Fig. 3) which serve to desuperheat LP steam
(for example with an absolute pressure of 5 bar) in a LP
reducing valve 48 and vacuum steam (for example with
an absolute pressure of 100 to 600 mbar) in the steam
turbine bypass valve 34.

[0046] Between the first condensate tank 36 and the
first degasser 44, two condensate preheaters 46, 47 are
arranged in series. Condensate preheating thus takes
place in the formed cascade of two condensate preheat-
ers 46, 47, which are substantially heat exchangers,
where steam is condensed from the steam turbine’s high-
er pressure tap and lower pressure tap (not shown in Fig.
3). The preheating is necessary to enable the degassing
in the first degasser 44, since this requires the feedwater
to boil. The feedwater should preferably be preheated to
140°C, so that a wall temperature in an economizer re-
mains above the acid dewpoint. Thisis to avoid corrosion.
The formed condensate flows stepwise from highest
pressure to lowest pressure through a built-in supercool-
er (notshown in Fig. 3) to reduce flash steam generation.
[0047] Steam feeding to each condensate preheater
46, 47 is preferably constant. The temperature is prefer-
ably controlled by a level control of the condensate in
each condensate preheater 46, 47. The level determines
the heat transfer. The set point of the level control is ad-
justed according to the temperature of the feedwater. As
the level rises, the temperature falls (and vice versa). At
lower capacity (from 15% output) or with steam turbine
bypass, the taps can nolonger be used. These then close
themselves. Only supersaturated steam is then used in
the condensate preheater 47 which is connected to the
first condensate tank 36.

[0048] Since the condensate preheaters 46, 47 con-
nect to the steam turbine 28 (not shown in Fig. 3), meas-
ures are preferably taken to prevent the condensate from
going to the steam turbine 28 in case of failure of the
condensate preheaters 46, 47. For this purpose, the as-
sociated tap of the steam turbine 28 is closed in one of
the condensate preheaters 46, 47 at a high level.

Claims

1. A method for energy recovery after combustion of
solid combustible material, for example solid waste
material, in which flue gas obtained by combustion
of the solid combustible material with a temperature
of atleast 800 °C is converted into steam for use as
such or for electricity production, by performing the
following steps:

- cooling the flue gas to a temperature not ex-
ceeding 250 °C by heat exchange with water,
wherein the water is first heated to saturated
steam and then the saturated steam is further
heated to superheated steam, after which the
flue gas is discharged;

- using the superheated steam as such for en-
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ergy-demanding processes and/or converting
the superheated steam into electricity,

characterized in that the cooling of the flue gas is
carried out in two steps, in which in a first step the
flue gas is cooled to a temperature of 620 to 680 °C
via radiant heat transfer and in a second step the
flue gas is further cooled by convection heat transfer
with waterto atemperature of at most250°C, through
which convection heat transfer the heating of water
to saturated steam and subsequently to superheated
steam is also carried out.

The method according to claim 1, wherein the flue
gas is cooled to a temperature of 210 to 245°C.

The method according to claim 1 or 2, wherein the
saturated steam is heated to superheated steam
having a temperature of 380 to 420°C and an abso-
lute pressure of 30 bar to 50 bar.

The method according to any of claims 1 to 3, where-
in, during radiant heat transfer, the flue gas is forced
into a vertical flow by an arrangement of radiant heat
transfer means (2), wherein said arrangement is
such that the vertical flow is changed in its direction
one or more times.

The method according to any of claims 1 to 4, where-
in, during convection heat transfer, the flue gas is
forced into a horizontal flow along convection heat
transfer means (3) arranged side by side.

The method according to any of claims 1 to 5, where-
in the heating of water by means of convection heat
transfer to saturated steam and subsequently to su-
perheated steam takes place at least partly in coun-
tercurrent to a flow of the flue gas.

The method according to any of claims 1 to 6, where-
in the flue gas comprises ash released during cooling
of the flue gas, and wherein the ash thus released
is collected and removed.

Adevice for energy recovery after combustion of sol-
id combustible material, for example of solid waste
material, comprising a steam boiler (1), steam head-
er (24) and a steam turbine (28), wherein in use with-
in the steam boiler (1) radiant heat transfer means
(2), convection heat transfer means (3) and a boiler
drum (22) are provided, the radiant heat transfer
means (2) comprising a plurality of evaporator pan-
els (5) for cooling flue gas obtained through combus-
tion of solid combustible material, the convection
heat transfer means (3) comprising one or more
economizers (14, 15), one or more evaporators (10,
13), and one or more superheaters (11, 12)for further
cooling of the flue gas by convection heat transfer
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10.

1.

12.

13.

and for heating water from the boiler drum (22) to
saturated steam and then to superheated steam,
wherein the steam header (24) is arranged to dis-
tribute the superheated steam and is connected in
use to the steam turbine (28) which in use converts
the superheated steam into electricity, wherein the
plurality of evaporator panels (5) are arranged in use
so that they form two or more vertical walls that force
the flue gas into a vertical flow during radiant heat
transfer, and wherein in use the one or more econ-
omizers (14, 15), evaporators (10, 13) and super-
heaters (11, 12) are suspended side by side from an
upper wall (9) of the steam boiler (1), characterized
in that the device is configured such that the cooling
of the flue gas is carried out in two steps, in which in
a first step the flue gas is cooled in the radiant heat
transfer means (2) to a temperature of 620 to 680
°C via radiant heat transfer and in a second step the
flue gasis further cooled in the convection heat trans-
fer means (3) by convection heat transfer with water
to a temperature of at most 250°C, through which
convection heat transfer the heating of water to sat-
urated steam and subsequently to superheated
steam is also carried out.

The device according to claim 8, further comprising
a steam extractor (29) for direct use of steam as
such, wherein the steam header (24) is connected
to the steam extractor (29) in use.

The device according to claim 8 or 9, further com-
prising one or more steam conditioning stations (30,
31) connected in use to the steam header (24).

The device according to any of claims 8 to 10, further
comprising a steam turbine bypass valve (34) con-
nected in use to the steam turbine (28).

The device according to any of claims 8 to 11, com-
prising an additional separate bypass valve (32) con-
nected in use to the steam header (24).

The device according to any of claims 8 to 12, com-
prising one or more air-cooled condensers (33, 35),
condensate tanks (36, 37) and degassers (44, 45),
wherein in use, following said steam turbine bypass
valve (34) and/or additional separate bypass valve
(32) at least one air-cooled condenser (33, 35), con-
densate tank (36, 37) and degasser (44, 45) are se-
quentially arranged.

Patentanspriiche

1.

Verfahren zur Energiertiickgewinnung nach dem
Verbrennen eines Feststoff-Brennmaterials, zum
Beispiel Feststoff-Abfallmaterial, wobei Abgas, das
durch Verbrennen des Feststoff-Brennmaterials mit
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einer Temperatur von mindestens 800.°C gewonnen
wird, in Dampf verwandelt wird, um diesen selbst
oder zu Elektrizitatsproduktion zu verwenden, indem
die folgenden Schritte ausgefiihrt werden

- Kiihlen des Abgases auf eine Temperatur, die
250 °C nicht tbersteigt, durch Warmetausch mit
Wasser, wobei das Wasser zuerst auf gesattig-
ten Dampf erhitzt wird und der gesattigte Dampf
ferner auf HeiRdampf erhitzt wird, wonach das
Abgas abgelassen wird,

- Verwenden des Heillidampfes selbst flir ener-
gieintensive Prozesse und/oder Umwandeln
des HeilRdampfes in Elektrizitat,

dadurch gekennzeichnet, dass das Kiihlen des
Abgases in zwei Schritten ausgefiihrt wird, wobei
das Abgas in einem ersten Schritt durch Strahlungs-
warmeubertragung auf eine Temperatur von 620 bis
680 °C gekuhlt wird und das Abgas in einem zweiten
Schritt durch Konvektionswarmetbertragung mit
Wasser auf eine Temperatur von héchstens 250 °C
gekihlt wird, wobei durch die Konvektionswarme-
bertragung auch das Erhitzen von Wasser auf ge-
sattigten Dampf und danach auf HeiRdampf ausge-
fihrt wird.

Verfahren nach Anspruch 1, wobei das Abgas auf
eine Temperatur von 210 bis 245 °C gekihlt wird.

Verfahren nach Anspruch 1 oder 2, wobei der ge-
sattigte Dampf auf HeiRdampf mit einer Temperatur
von 380 bis 420 °C und einen absoluten Druck von
30 bar bis 50 bar erhitzt wird.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
das Abgas wahrend der Strahlungswarmeubertra-
gung durch eine Anordnung aus Strahlungswarme-
Ubertragungsmitteln (2) in einen vertikalen Strom
gezwungen wird, wobei die Anordnung derart ist,
dass der vertikale Strom ein oder mehrere Male sei-
ne Richtung éndert.

Verfahren nach einem der Anspriiche 1 bis 4, wobei
das Abgas wahrend der Konvektionswarmetubertra-
gung in einen horizontalen Strom entlang von ne-
beneinander angeordneten Konvektionswarme-
Ubertragungsmittel (3) gezwungen wird.

Verfahren nach einem der Anspriiche 1 bis 5, wobei
das Erhitzen von Wasser mittels Konvektionswar-
meubertragung auf gesattigten Dampf und danach
auf HeiRdampf zumindest teilweise im Gegenstrom
zu einem Strom des Abgases stattfindet.

Verfahren nach einem der Anspriiche 1 bis 6, wobei
das Abgas Asche umfasst, die wahrend des Kiihlens
des Abgases freigesetzt wird, und wobei die so frei-

10

15

20

25

30

35

40

45

50

55

10.

gesetzte Asche aufgefangen und entfernt wird.

Vorrichtung zur Energierlickgewinnung nach dem
Verbrennen eines Feststoff-Brennmaterials, zum
Beispiel Feststoff-Abfallmaterial, einen Dampfboiler
(1), einen Dampfsammler (24) und eine Dampftur-
bine (28) umfassend, wobei in Gebrauch in dem
Dampfboiler (1) Strahlungswarme-Ubertragungs-
mittel (2), Konvektionswarme-Ubertragungsmittel
(3) und eine Boilertrommel (22) bereitgestellt sind,
wobei die Strahlungswarme-Ubertragungsmittel (2)
mehrere Verdampferplatten (5) zum Kiihlen von Ab-
gas umfassen, das durch die Verbrennung von Fest-
stoff-Brennmaterial gewonnen wird, wobei die Kon-
vektionswarme-Ubertragungsmittel (3) einen oder
mehrere Vorwarmer (14, 15), einen oder mehrere
Verdampfer (10, 13) und einen oder mehrere Uber-
hitzer (11, 12) fir das weitere Kiihlen des Abgases
durch Konvektionswarmeubertragung und zum Er-
warmen von Wasser aus der Boilertrommel (22) auf
gesattigten Dampf und dann auf HeiRdampf umfas-
sen, wobei der Dampfsammler (24) dafiir angeord-
netist, den HeiRdampf zu verteilen, und in Gebrauch
mit der Dampfturbine (28) verbunden ist, die in Ge-
brauch den HeiRdampf in Elektrizitat umwandelt,
wobei die mehreren Verdampferplatten (5) in Ge-
brauch derart angeordnet sind, dass sie zwei oder
mehr vertikale Wande bilden, die das Abgas wah-
rend der Strahlungswarmedubertragung in einen ver-
tikalen Strom zwingen, und wobei in Gebrauch ein
oder mehrere Vorwarmer (14, 15), Verdampfer (10,
13) und Uberhitzer (11, 12) nebeneinander an einer
oberen Wandung (9) des Dampfboilers (1) aufge-
hangt sind, dadurch gekennzeichnet, dass die
Vorrichtung derart gestaltet ist, dass das Kuihlen des
Abgases in zwei Schritten ausgefiihrt wird, wobei
das Abgas in einem ersten Schrittin den Strahlungs-
warme-Ubertragungsmitteln (2) mittels Strahlungs-
warmeilbertragung auf eine Temperatur von 620 bis
680 °C gekuhlt wird und das Abgas in einem zweiten
Schritt in den Konvektionswarme-Ubertragungsmit-
teln (3) durch Konvektionswarmeubertragung mit
Wasser auf eine Temperatur von hochstens 250 °C
gekuhlt wird, wobei durch die Konvektionswarmedu-
bertragung auch das Erhitzen von Wasser auf ge-
sattigten Dampf und danach auf HeiRdampf ausge-
fuhrt wird.

Vorrichtung nach Anspruch 8, ferner einen Dampf-
abzug (29) fur die direkte Verwendung des Dampfes
selbst umfassend, wobei der Dampfsammler (24) in
Gebrauch mit dem Dampfabzug (29) verbunden ist.

Vorrichtung nach Anspruch 8 oder 9, ferner eine oder
mehrere Dampfkonditionierungsstationen (30, 31)
umfassend, die in Gebrauch mit dem Dampfsamm-
ler (24) verbunden sind.
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Vorrichtung nach einem der Anspriiche 8 bis 10, fer-
ner ein Dampfturbinen-Umgehungsventil (34) um-
fassend, das in Gebrauch mit der Dampfturbine (28)
verbunden ist.

Vorrichtung nach einem der Anspriiche 8 bis 11, ein
zusatzliches, separates Umgehungsventil (32) um-
fassend, das in Gebrauch mit dem Dampfsammler
(24) verbunden ist.

Vorrichtung nach einem der Anspriiche 8 bis 12, ei-
nen oder mehrere luftgekiihlte Kondensatoren (33,
35), Kondensattanks (36, 37) und Entgaser (44, 45)
umfassend, wobei in Gebrauch nach dem Dampf-
turbinen-Umgehungsventil (34) und/oder dem zu-
satzlichen, separaten Umgehungsventil (32) nach-
einander mindestens ein luftgekiihlter Kondensator
(33, 35), ein Kondensattank (36, 37) und en Entgaser
(44, 45) angeordnet sind.

Revendications

Procédé de récupération d’énergie aprés combus-
tion de matériau combustible solide, par exemple de
déchets solides, dans lequel gaz de combustion ob-
tenu par combustion du matériau combustible solide
a une température d’au moins 800 °C est converti
en vapeur pour une utilisation telle quelle ou pour la
production d’électricité, en effectuant les étapes sui-
vantes:

- refroidissement du gaz de combustion a une
température ne dépassant pas 250°C par
échange de chaleur avec de I'eau, dans lequel
'eau est tout d’abord chauffée en vapeur satu-
rée et ensuite la vapeur saturée est en outre
chauffée en vapeur surchauffée, apres quoi le
gaz de combustion est déchargé;

- utilisation de la vapeur surchauffée telle quelle
pour des procédés énergivores et/ou conver-
sion de la vapeur surchauffée en électricité,

caractérisé en ce que le refroidissement du gaz de
combustion est réalisé en deux étapes, dans lequel
dans une premiére étape le gaz de combustion est
refroidi a une température de 620 a 680 °C par trans-
fertde chaleur rayonnante et dans une seconde éta-
pe le gaz de combustion est en outre refroidi par
transfert de chaleur de convection avec de l'eau a
une température d’au plus 250 °C, transfert de cha-
leur de convection au travers duquel le chauffage de
I'eau en vapeur saturée et ensuite en vapeur sur-
chauffée est également réalisé.

Procédé selon la revendication 1, dans lequel le gaz
de combustion est refroidi a une température de 210
a 245 °C.
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Procédé selon la revendication 1 ou 2, dans lequel
la vapeur saturée est chauffée en vapeur surchauf-
fée ayant une température de 380 a 420 °C et une
pression absolue de 30 bar a 50 bar.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel, pendant le transfert de chaleur
rayonnante, le gaz de combustion est forcé dans un
écoulement vertical par un agencement de moyens
(2) de transfert de chaleur rayonnante, dans lequel
ledit agencement est tel que I'’écoulement vertical
est changé dans sa direction une ou plusieurs fois.

Procédé selon I'une quelconque des revendications
1 a 4, dans lequel, pendant le transfert de chaleur
de convection, le gaz de combustion est forcé dans
un écoulement horizontal le long de moyens (3) de
transfert de chaleur de convection agencés cote a
cote.

Procédé selon I'une quelconque des revendications
1 a 5, dans lequel le chauffage de I'eau au moyen
d’un transfert de chaleur de convection en vapeur
saturée et ensuite en vapeur surchauffée a lieu au
moins partiellement a contre-courant par rapport a
un écoulement du gaz de combustion.

Procédé selon I'une quelconque des revendications
1 a 6, dans lequel le gaz de combustion comprend
des cendres libérées pendant le refroidissement du
gaz de combustion, et dans lequel les cendres ainsi
libérées sont collectées et éliminées.

Dispositif de récupération d’énergie apres combus-
tion de matériau combustible solide, par exemple de
déchets solides, comprenant une chaudiére a va-
peur (1), un collecteur de vapeur (24) et une turbine
a vapeur (28), dans lequel en cours d’utilisation a
I'intérieur de la chaudiere a vapeur (1), des moyens
(2) de transfert de chaleur rayonnante, des moyens
(3) de transfert de chaleur de convection et un ballon
(22) de chaudiére sont fournis, les moyens (2) de
transfert de chaleur rayonnante comprenant une plu-
ralité de panneaux (5) d’évaporateur pour refroidir
le gaz de combustion obtenu par combustion de ma-
tériau combustible solide, les moyens (3) de transfert
de chaleur de convection comprenant un ou plu-
sieurs économiseurs (14, 15), un ou plusieurs éva-
porateurs (10, 13), et un ou plusieurs surchauffeurs
(11, 12) pour refroidir davantage le gaz de combus-
tion par transfert de chaleur de convection et pour
chauffer 'eau provenant du ballon (22) de chaudiére
en vapeur saturée et ensuite en vapeur surchauffée,
dans lequel le collecteur de vapeur (24) est agencé
pour distribuer la vapeur surchauffée et est relié en
cours d'utilisation a la turbine a vapeur (28) qui en
cours d’utilisation convertit la vapeur surchauffée en
électricité, dans lequel la pluralité de panneaux (5)



10.

1.

12.

13.

15 EP 4 030 099 B1

d’évaporateur sont agencés en cours d’utilisation de
sorte qu'’ils forment deux parois verticales ou plus
qui forcent le gaz de combustion dans un écoule-
ment vertical pendant le transfert de chaleur rayon-
nante, et dans lequel en cours d’utilisation les un ou
plusieurs économiseurs (14, 15), évaporateurs (10,
13) et surchauffeurs (11, 12) sont suspendus céte a
cbte a partir d’'une paroi supérieure (9) de la chau-
diere a vapeur (1), caractérisé en ce que le dispo-
sitif est configuré de telle maniére que le refroidis-
sement du gaz de combustion est réalisé en deux
étapes, dans lequel dans une premiére étape le gaz
de combustion est refroidi dans les moyens (2) de
transfert de chaleur rayonnante a une température
de 620 a 680 °C par transfert de chaleur rayonnante
et dans une seconde étape le gaz de combustion
est en outre refroidi dans les moyens (3) de transfert
de chaleur de convection par transfert de chaleur de
convection avec de I'eau a une température d’au
plus 250 °C, transfert de chaleur de convection au
travers duquel le chauffage de I'eau en vapeur sa-
turée et ensuite en vapeur surchauffée est égale-
ment réalisé.

Dispositif selon la revendication 8, comprenant en
outre un extracteur de vapeur (29) pour l'utilisation
directe de vapeur telle quelle, dans lequel le collec-
teur de vapeur (24) est relié a I'extracteur de vapeur
(29) en cours d'utilisation.

Dispositif selon la revendication 8 ou 9, comprenant
en outre une ou plusieurs stations (30, 31) de con-
ditionnement de vapeur reliées en cours d’utilisation
au collecteur de vapeur (24).

Dispositif selon 'une quelconque des revendications
8 a 10, comprenant en outre une soupape de déri-
vation (34) de turbine a vapeur reliée en cours d'uti-
lisation a la turbine a vapeur (28).

Dispositif selon 'une quelconque des revendications
8 a 11, comprenant une soupape de dérivation (32)
séparée additionnelle reliée en cours d'utilisation au
collecteur de vapeur (24).

Dispositif selon 'une quelconque des revendications
8 a 12, comprenant un ou plusieurs condenseurs
(33, 35) refroidis a I'air, des réservoirs (36, 37) de
condensat et des dégazeurs (44, 45), dans lequel
en cours d'utilisation, aprés ladite soupape de déri-
vation (34) de turbine a vapeur et/ou soupape de
dérivation (32) séparée additionnelle, au moins un
condenseur (33, 35) refroidi a I'air, réservoir (36, 37)
de condensat et dégazeur (44, 45) sont agencés sé-
quentiellement.
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