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(54) INCINERATION APPARATUS AND METHOD

(57) The invention relates to an incineration appara-
tus, comprising a fluidized bed combustor (1) having
- a combustion chamber (3) with particulate matter,
- a fluidized bottom with at least one oxidizer inlet (4) for

a gas to fluidize the particulate matter and
- an ignition device (5) embodied to at least locally raise
the temperature.
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Description

[0001] The present invention relates to an incineration
apparatus, in particular to a so-called Circulating Fluid-
ized Bed Apparatus (CFBA). Hereinafter terms like "up-
per", "lower", "horizontal", "vertical", "inner" etc. always
refer to a regular use position of the incineration appa-
ratus.
[0002] A CFBA typically comprises a circulating fluid-
ized bed apparatus, designed as a combustor, incinera-
tion reactor, boiler, gasifier, steam generator etc., here-
inafter called fluidized bed combustor.
[0003] The combustor walls are made of tubes,
through which water runs, wherein said tubes are either
welded directly to each other to provide a wall structure
or with fins/ribs between parallel running tube sections.
[0004] As most of corresponding fossil fuels like coal,
timber etc. contain sulphur and/or harmful substances it
is necessary to clean the gases leaving the combustor,
in a suitable way.
[0005] Typically, the fluidized bed combustor has at
least one outlet port at its upper end, wherein said outlet
port allows a mixture of combustion gases and solid par-
ticles (hereinafter also called particulate matter) exhaust-
ed from the combustor chamber, to flow into at least one
associated separator.
[0006] The separator serves to disengage the flue gas-
es and solids. Thereafter the separated flue gases and
solids are treated separately. The solids are either direct-
ly returned into the combustor and/or may be fed into an
after treatment apparatus such as an intermediate heat
exchanger, in particular into at least one Fluidized Bed
Heat Exchanger.
[0007] The general design of such CFBA and its com-
ponents is disclosed in EP 0 495 296 A2.
[0008] The general process engineering of this type of
a fluidized bed apparatus is more or less defined and
includes:

- providing the particulate matter via an inlet opening,
- fluidizing the particulate matter by a gas, introduced

under pressure via corresponding nozzles and/or a
grate in the bottom area of the respective chamber
(fluidized bottom),

- transferring the energy (heat), produced in the fluid-
ized bed, via heat transfer elements (in particular
tubes, through which a heat transfer fluid like water
or steam flows), arranged in or adjacent to the cham-
ber, into said fluid.

[0009] Depending on the velocity of the provided gas
the fluidized bed can be embodied as stationary, bubbling
or circulating fluidized bed.
[0010] While the overall functionality and reliability of
such incinerators has proven successful over years there
is a continuous demand for improvements. In particular,
the incinerator have usually been operated by carbon
based fossil fuels, which comprise contamination, so that

the resulting combustion gases have to be treated after
leaving the combustion chamber, which is elaborate.
[0011] Against this background, it is an object of the
invention to provide an incinerator apparatus and a meth-
od to operate such incinerator apparatus, with which the
treatment of combustion gases can be reduced.
[0012] This object is achieved with an incineration ap-
paratus and a method for operating the incineration ap-
paratus according to the features of the respective inde-
pendent claims. Preferred embodiments of the incinera-
tion apparatus and the method are subject matter of the
dependent claims and the description, wherein single
features of the preferred embodiments can be combined
with each other in a technically meaningful manner.
[0013] The object is in particular solved with an incin-
eration apparatus, comprising a fluidized bed combustor
having

- a combustion chamber with particulate matter com-
prising particulate metal,

- a fluidized bottom with at least one oxidizer inlet for
an oxygen containing gas to fluidize the particulate
matter and

- an ignition device embodied to at least locally raise
the temperature to cause an exothermic combustion
reaction of the particulate metal with the oxygen con-
taining gas.

[0014] The object is also solved with a method for op-
erating an incineration apparatus, comprising the follow-
ing steps:

- Providing particulate metal to a combustion chamber
of a fluidized bed combustor,

- Providing an oxygen containing gas to a fluidized
bottom of the fluidized bed combustor such that par-
ticulate matter comprising the particulate metal is flu-
idized, and

- Raising at least locally the temperature to cause an
exothermic combustion reaction of the particulate
metal with the oxygen containing gas.

[0015] Accordingly, the invention suggests that partic-
ulate (elementary) metal as a fuel is used in a fluidized
bed combustor, so that the thermal energy (heat) of the
combustion process can be withdrawn by respective heat
exchange means (for example tubes with heat exchange
medium) for further use. By using a fluidized bed to com-
bust the particulate metal the contact between the parti-
cles (particulate metal) and the oxygen containing gas is
greatly enhanced, whereby the reaction and heat transfer
is enhanced. By using metal as a fuel, it can be avoided
that contaminations within the combustion process such
as sulphur are involved, so that an elaborate combustion
gas treatment can be avoided.
[0016] In addition to the particulate metal the particu-
late matter within the combustion chamber may comprise
(inert) carrier material, which does not react with the ox-
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ygen, so that the combustion process can be controlled
by the ratio of particulate metal and particulate carrier
material. In particular, the particulate carrier material is
made of metal oxide, which is initially provided and/or
which is produced by the combustion process of the par-
ticulate metal with the oxygen containing gas. The par-
ticulate matter may be provided as loose filling within the
chamber.
[0017] For example, the particulate matter initially pro-
vided to the combustion chamber may comprise 60% -
90%, preferably 70% - 80% of particulate (elementary)
metal and 10% - 40%, preferably 20% - 30% of particulate
carrier material, wherein the particulate carrier material
may comprise further particulate material in addition to
or instead of particulate metal oxide. During the combus-
tion the ratio of the particulate carrier material may raise,
due to the combustion process, in particular if no further
particulate metal is added to the combustion chamber.
[0018] The oxygen containing gas is introduced at the
bottom of the fluidized bed combustor under such con-
ditions that the particulate matter is fluidized, wherein
depending on the velocity of the provided oxygen con-
taining gas the fluidized bed can be embodied as station-
ary, bubbling or circulating fluidized bed.
[0019] The oxygen containing gas may be a mixture
of gases containing oxygen. Preferably, the oxygen con-
taining gas is air. When using air as an oxygen containing
gas nitrogen oxides may be produced during the com-
bustion process, which can be removed in a conventional
manner by a selective catalytic reaction (SCR) in the after
treatment of the combustion gases.
[0020] In an alternative embodiment, pure oxygen may
be provided as the oxygen containing gas. In this case
the provided gas has only unavoidable contamination in
addition to the oxygen (O2). If pure oxygen is used in the
combustion process with the metal, even the need for a
SCR after treatment of the combustion process can be
avoided.
[0021] The ignition device is embodied to provide tem-
peratures at which an exothermic reaction between the
particulate metal and the oxygen is started. The ignition
device is in particular embodied to provided temperatures
above 1.400°C. The ignition device may be embodied as
electrical operated heater or as a burner operated with
gas.
[0022] In a preferred embodiment, the incineration ap-
paratus comprises a fluidized bed redox reactor having

- a reaction chamber with particulate matter compris-
ing particulate metal oxide and

- a fluidized bottom with at least one reducing agent
inlet for an reducing agent containing gas to fluidize
the particulate matter, wherein

- in the resulting fluidized bed the particulate metal
oxide react with the reducing agent to particulate
metal and a reaction gas.

[0023] In this regard it is preferred that the method com-

prises the following steps:

- Providing particulate metal oxide to a reaction cham-
ber of a fluidized bed redox reactor,

- Providing a reducing agent containing gas to a flu-
idized bottom of the fluidized bed redox reactor such
that particulate matter comprising the particulate
metal oxide is fluidized, wherein the particulate metal
oxide react with the reducing agent to particulate
metal and a reaction gas.

[0024] By providing a fluidized bed redox reactor the
particulate metal oxide produced by the combustion of
the particulate metal in the fluidized bed combustor can
be converted back to particulate metal. This redox reac-
tion in the fluidized bed redox reactor is highly efficient
due to the enhanced contact between the particulate met-
al oxide and the reducing agent within the fluidized bed
of the fluidized bed redox reactor.
[0025] The particulate matter (loose filling) within the
reaction chamber may comprise further particulate solids
in addition to the particulate metal oxide. In particular,
the further particulate solids may be particulate metal.
[0026] Reducing agent containing gas is introduced in-
to the fluidized bed redox reactor under such conditions
that the particulate matter is fluidized, wherein the fluid-
ized bed may be embodied as stationary, bubbling or
circulating fluidized bed.
[0027] Hydrogen (H2) or carbon monoxide (CO) may
be provided as reducing agent. This reducing agent may
also be provided in a mixture with other gases. When
carbon monoxide is used as reducing agent, the redox
reaction will result in particulate metal and carbon dioxide
as reaction gas. When hydrogen is used as reducing
agent the redox reaction will result in particulate metal
and water (H2O) in particular as water steam. In partic-
ular, in the latter case a climate neutral reaction gas is
released.
[0028] In order to provide a closed loop incineration
apparatus

- the combustion chamber has an combustion cham-
ber outlet for combustion gases and particulate mat-
ter,

- the reaction chamber has an reaction chamber inlet
for particulate matter,

- the reaction chamber has an reaction chamber outlet
for the reaction gas and particulate matter and

- the combustion chamber has an combustion cham-
ber inlet for particulate matter, wherein

the combustion chamber outlet is connected to the reac-
tion chamber inlet and/or wherein the reaction chamber
outlet is connected to the combustion chamber inlet.
[0029] This way particulate metal oxide produced by
the combustion in the combustion chamber of the fluid-
ized bed combustor is provided to the reaction chamber
of the fluidized bed redox reactor and/or particulate metal
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produced in the reaction chamber of the fluidized bed
redox reactor is provided to the combustion chamber of
the fluidized bed combustor.
[0030] Accordingly, the particulate combustion prod-
ucts of the fluidized bed combustor can be supplied to
the fluidized bed redox reactor, whereas the particulate
reaction products of the fluidized bed redox reactor can
in turn be provided to the fluidized bed combustor. In
particular, the particulate combustion products of the flu-
idized bed combustor may comprise particulate metal
(with a content between 60% and 90%) and particulate
metal oxide (with a content between 10% and 40%). The
particulate reaction products of the fluidized bed redox
reactor may comprise particulate metal oxide (with a con-
tent between 60% and 90%) and particulate metal (with
a content between 10% and 40%). Of course, further
particulate contaminations may be included.
[0031] Preferably, a respective particulate matter sep-
arator is associated with the reaction chamber outlet
and/or a with the combustion chamber outlet, so that par-
ticulate matter comprising particulate metal oxide pro-
duced by the combustion reaction in the combustion
chamber is separated from gaseous combustion gases
and/or so that particulate matter comprising particulate
metal produced in the reaction chamber of the fluidized
bed redox reactor is separated from the reaction gas of
the redox reaction. Accordingly, at least one separator
may be assigned to the fluidized bed combustor and at
least one separator may be assigned to the at least one
fluidized bed redox reactor. For example, the separators
may be embodied as cyclone or filter.
[0032] According to a further embodiment the inciner-
ation apparatus comprises an electrolysis unit for pro-
ducing hydrogen and oxygen having a hydrogen outlet
for the produced hydrogen, wherein the hydrogen outlet
is connected to the reducing agent inlet of the fluidized
bed redox reactor.
[0033] The electrolysis unit for producing hydrogen
and oxygen may have an oxygen outlet for the produced
oxygen, wherein the oxygen outlet is connected to the
oxidizer inlet of the fluidized bed combustor.
[0034] This way the electrolysis unit may be operated
to produce oxygen and hydrogen, wherein the produced
hydrogen may be provided as the hydrogen containing
gas to the reaction chamber of the fluidized bed redox
reactor and/or the produced oxygen may be provided as
the oxygen containing gas to the combustion chamber
of the fluidized bed combustor.
[0035] If the electrolysis unit is solely operated by elec-
trical energy generated by renewable energy the process
gases (H2 an O2) can be produced climate neutral.
[0036] In this regard it is also suggested that at least
one respective storage vessel is provided for at least one
of the following:

- particulate matter comprising predominantly partic-
ulate metal produced in the fluidized bed redox re-
actor,

- particulate matter comprising predominantly partic-
ulate metal oxide produced in the fluidized bed com-
bustor,

- oxygen produced by the electrolysis unit,
- hydrogen produced by the electrolysis unit.

[0037] This way, at least one of the following is stored
in a respective vessel:

- particulate matter comprising particulate metal pro-
duced in the fluidized bed redox reactor, preferably
under an inert atmosphere (i.e. nitrogen atmo
sphere)

- particulate matter comprising particulate metal oxide
produced in the fluidized bed combustor,

- oxygen produced by the electrolysis unit,
- hydrogen produced by the electrolysis unit.

[0038] Accordingly, the produced substances can be
stored independent of each other. This has the advan-
tage, that the fluidized bed combustor and the fluidized
bed redox reactor can be operated independently of each
other. For example, in case there is a surplus of renew-
able energy, the fluidized bed redox reactor is operated
by suppling hydrogen of the electrolysis unit and by pro-
viding particulate matter comprising particulate metal ox-
ide stored in the respective vessel. The particulate matter
produced by the redox reaction in the fluidized bed redox
reactor comprising predominantly particulate metal can
then be stored in a further vessel. In case of a shortage
of renewable energy the fluidized bed combustor can be
operated by suppling particulate matter from the respec-
tive vessel, which contains particulate matter comprising
predominantly particulate metal produced by the fluid-
ized bed redox reactor, and by supplying pure oxygen
stored in a respective vessel, which was previously pro-
duced by the electrolysis unit. The particulate matter pro-
duced by the fluidized bed combustor comprising pre-
dominantly particulate metal oxide could then be stored
in the respective vessel again.
[0039] Preferably the metal of the particulate metal is
of the following group:

- Iron (Fe), in particular elementary Iron,
- Zinc (Zn), in particular elementary Zinc,
- Alkali metal, in particular Magnesium (Mg), prefera-

bly elementary Magnesium.

[0040] Accordingly, the particulate metal oxide is Iron
oxide, such as FeO, Fe2O, Fe3O4 and Fe2O3, zinc oxide,
such as ZnO, or Magnesium oxide, such as MgO, re-
spectively.
[0041] The invention and the technical background will
now be explained with regard to the figure, which shows
an exemplary embodiment of the invention.
[0042] The figure depicts an incineration apparatus,
comprising a fluidized bed combustor 1, a fluidized bed
redox reactor 2 and an electrolysis unit 13.
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[0043] The fluidized bed combustor 1 comprises a
combustion chamber 3, an oxidizer inlet 4, a combustion
chamber inlet 7 and a combustion chamber outlet 6. An
ignition device 5 is arranged within the combustion cham-
ber 3. A particulate matter separator 12a is arranged next
to the combustion chamber outlet 6.
[0044] The fluidized bed redox reactor 2 comprises a
reaction chamber 8, a reducing agent inlet 9, a reaction
chamber inlet 10 and a reaction chamber outlet 11. A
particulate matter separator 12b is arranged next to the
reactor chamber outlet 11.
[0045] The electrolysis unit 13 for producing oxygen
and hydrogen comprises a hydrogen outlet 14 and an
oxygen outlet 15. The electrolysis unit 13 is preferably
operated by renewable energy. The produced oxygen
can be directly supplied to the oxidizer inlet 4 or can be
stored in storage vessel 16b. The produced hydrogen
can be either supplied directly to the reducing agent inlet
9 or can be stored in storage vessel 16d.
[0046] In storage vessel 16a particulate matter com-
prising predominantly particulate metal and particulate
metal oxide as carrier material is stored. This particulate
matter can be supplied to the combustion chamber 3.
For operating the fluidized bed combustor 1 oxygen is
supplied to the oxidizer inlet 4 so that the particulate mat-
ter within the combustion chamber 3 is fluidized. In ad-
dition to the pure oxygen air or another gas may be sup-
plied to the oxidizer inlet 4. In order to start an exothermic
combustion reaction, the temperature within the combus-
tion chamber 3 is locally raised by the ignition device 5
so that the particulate metal reacts with the provided ox-
ygen.
[0047] Particulate matter leaving the combustion
chamber 3 through combustion chamber outlet 6 is sep-
arated from gaseous components within the particulate
matter separator 12a, which is embodied as a cyclone.
The particulate matter leaving the combustion chamber
3 comprises mainly particulate metal oxide and particu-
late metal as a minor component. The particulate matter
separated in the particulate matter separator 12a is then
either returned into the combustion chamber 3 or is fur-
ther supplied to storage vessel 16c or to the fluidized bed
redox reactor 2.
[0048] The fluidized bed redox reactor 2 is operated
by supplying hydrogen to the reducing agent inlet 9. By
supplying hydrogen, the particulate matter within the re-
action chamber 8 is fluidized, wherein at least initially the
particulate matter comprises mainly particulate metal ox-
ide as main component and particulate metal as second-
ary (minor) components. The particulate metal oxide per-
forms a redox reaction with the hydrogen, so that partic-
ulate metal and water steam is produced. The particulate
matter leaving the reaction chamber 8 through the reac-
tion chamber outlet 11 is separated in particulate matter
separator 12b from the gaseous components (water
steam). The separated particulate matter can be stored
in storage vessel 16a or can be directly further supplied
to the fluidized bed combustor 1.

[0049] The shown exemplary embodiment has the ad-
vantage that particulate matter comprising mainly partic-
ulate metal oxide (stored in vessel 16c) can be trans-
ferred to particulate matter comprising mainly particulate
metal by reaction with hydrogen in the fluidized bed redox
reactor, when there is a surplus of renewable energy (and
the hydrogen is produced by the electrolysis unit 13). The
thus derived particulate matter can be stored in storage
vessel 16a. In turn, if there is a shortage of renewable
energy, the stored particulate matter (comprising mainly
particulate metal) can be supplied to the fluidized bed
combustor 1 and combusted with the oxygen stored in
storage vessel 16b, wherein the thereby produced ther-
mal energy can be transferred to electrical energy. This
way, it is possible to store energy in form of particulate
matter comprising mainly particulate metal.

List of reference number

[0050]

1 fluidized bed combustor
2 fluidized bed redox reactor
3 combustion chamber
4 oxidizer inlet
5 ignition device
6 combustion chamber outlet
7 combustion chamber inlet
8 reaction chamber
9 reducing agent inlet
10 reaction chamber inlet
11 reaction chamber outlet
12a, b particulate matter separator
13 electrolysis unit
14 hydrogen outlet
15 oxygen outlet
16a, b, c, d storage vessel

Claims

1. Incineration apparatus, comprising a fluidized bed
combustor (1) having

- a combustion chamber (3) with particulate mat-
ter comprising particulate metal,
- a fluidized bottom with at least one oxidizer
inlet (4) for an oxygen containing gas to fluidize
the particulate matter and
- an ignition device (5) embodied to at least lo-
cally raise the temperature to cause an exother-
mic combustion reaction of the particulate metal
with the oxygen containing gas.

2. Incineration apparatus according to claim 1, com-
prising a fluidized bed redox reactor (2) having

- a reaction chamber (8) with particulate matter
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comprising particulate metal oxide and
- a fluidized bottom with at least one reducing
agent inlet (9) for an reducing agent containing
gas to fluidize the particulate matter, wherein
- in the resulting fluidized bed the particulate
metal oxide react with the reducing agent to par-
ticulate metal and a reaction gas.

3. Incineration apparatus according to claim 1 and 2,

- the combustion chamber (3) having a combus-
tion chamber outlet (6) for combustion gases
and particulate matter,
- the combustion chamber (3) having a combus-
tion chamber inlet (7) for particulate matter,
- the reaction chamber (8) having a reaction
chamber inlet (10) for particulate matter and/or
- the reaction chamber (8) having a reaction
chamber outlet (11) for the reaction gas and par-
ticulate matter, wherein

the combustion chamber outlet (6) is connected to
the reaction chamber inlet (10) and/or wherein the
reaction chamber outlet (11) is connected to the
combustion chamber inlet (7).

4. Incineration apparatus according to one of the pre-
ceding claims, wherein a respective particulate mat-
ter separator (12a, 12b) is associated with a reaction
chamber outlet (11) and/or a with a combustion
chamber outlet (6).

5. Incineration apparatus according to one of the pre-
ceding claims, comprising an electrolysis (13) unit
for producing hydrogen and oxygen having a hydro-
gen outlet (14) for the produced hydrogen, wherein
the hydrogen outlet (14) is connected to the reducing
agent inlet (9) of the fluidized bed redox reactor (2).

6. Incineration apparatus according to one of the pre-
ceding claims, comprising an electrolysis unit (13)
for producing hydrogen and oxygen having an oxy-
gen outlet (15) for the produced oxygen, wherein the
oxygen outlet (15) is connected to the oxidizer inlet
(4) of the fluidized bed combustor (1).

7. Incineration apparatus according to one of the pre-
ceding claims, wherein at least one respective stor-
age vessel (16) is provided for at least one of the
following:

- particulate matter comprising predominantly
particulate metal produced in the fluidized bed
redox reactor,
- particulate matter comprising predominantly
particulate metal oxide produced in the fluidized
bed combustor,
- oxygen produced by the electrolysis unit,

- hydrogen produced by the electrolysis unit.

8. Incineration bed apparatus according to one of the
preceding claims, wherein the metal is of the follow-
ing group:

- Iron (Fe),
- Zinc (Zn),
- Alkali metal, in particular Magnesium (Mg).

9. Method for operating an incineration apparatus,
comprising the following steps:

- Providing particulate metal to a combustion
chamber (3) of a fluidized bed combustor (1),
- Providing an oxygen containing gas to a fluid-
ized bottom of the fluidized bed combustor (1)
such that particulate matter comprising the par-
ticulate metal is fluidized, and
- Raising at least locally the temperature to
cause an exothermic combustion reaction of the
particulate metal with the oxygen containing
gas.

10. Method for operating an incineration apparatus ac-
cording to claim 9, comprising the following steps:

- Providing particulate metal oxide to a reaction
chamber (8) of a fluidized bed redox reactor (2),
- Providing a reducing agent containing gas to
a fluidized bottom of the fluidized bed redox re-
actor (2) such that particulate matter comprising
the particulate metal oxide is fluidized, wherein
the particulate metal oxide react with the reduc-
ing agent to particulate metal and a reaction gas.

11. Method according to claim 9 and 10, wherein partic-
ulate metal oxide produced by the combustion in the
combustion chamber (3) of the fluidized bed com-
bustor (1) is provided to the reaction chamber (8) of
the fluidized bed redox reactor (2) and/or wherein
particulate metal produced in the reaction chamber
(8) of the fluidized bed redox reactor (2) is provided
to the combustion chamber (3) of the fluidized bed
combustor (1).

12. Method according to one of claims 9 to 11, wherein
particulate metal oxide produced by the combustion
reaction in the combustion chamber (3) of the fluid-
ized bed combustor (1) is separated from gaseous
combustion gases and/or wherein particulate metal
produced in the reaction chamber (8) of the fluidized
bed redox reactor (2) is separated from the reaction
gas of the redox reaction.

13. Method according to one of claims 9 to 12, compris-
ing the following steps:
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- Operating an electrolysis unit (13) to produce
oxygen and hydrogen,
- Providing the produced hydrogen as the hy-
drogen containing gas to the reaction chamber
(8) of the fluidized bed redox reactor (2).

14. Method according to one of claims 9 to 13, compris-
ing the following steps:

- Operating an electrolysis unit (13) to produce
oxygen and hydrogen,
- Providing the produced oxygen as the oxygen
containing gas to the combustion chamber (3)
of the fluidized bed combustor (1).

15. Method according to one of claims 9 to 14, wherein
at least one of the following is stored in a respective
storage vessel (16):

- particulate matter comprising particulate metal
produced in the fluidized bed redox reactor (2),
- particulate matter comprising particulate metal
oxide produced in the fluidized bed combustor
(1),
- oxygen produced by the electrolysis unit (13),
- hydrogen produced by the electrolysis unit
(13).
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