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Description

[0001] This invention relates to a solid fuel fired boiler
unit including gasifiers and pyrolisers, and methods and
apparatus for cooling and cleaning gas from such units.
The method and apparatus can be used in combination
with a fluid bed boiler or in combination with a grate style
combustion unit or any other solid fuel fired boiler com-
bustion, gasification or pyrolising system.
[0002] Boiler, gasifier and pyrolising units such as fluid
beds are well known. In such supply units a fluid bed
boiler is provided, the fluid bed boiler having a combus-
tion, gasification or pyrolising chamber and fuel is fed to
that chamber. Waste gases or syngas pass from the
chamber to a radiant chamber then pass to a convector
section or chamber to cool the gases. Gases exiting the
chamber are typically transferred to a separate cleaner
unit. Sorbent is injected into the gas flow prior to entry to
the cleaner unit. The cleaner unit typically comprises a
bag filter and a baffle system arranged to direct flow of
the waste gases into the bag filters. On exit from the
cleaning unit gases are transferred by pipes to a chimney.
[0003] FR2310530 discloses apparatus for using ex-
haust heat from burning refuse is described wherein a
heat exchanger constructed as a self-supporting unit is
mounted, inside an enclosure, directly on the combustion
chamber. The heat exchanger consists of at least two
co-axial, vertical, cylindrical, single-layer packs of helical
tubes with their convolutions in close contact with one
another and located so that they lie nearly perpendicular
to the direction of flow of the smoke and gases of com-
bustion. One or each of the packs consists of a plurality
of tubes with the convolutions of the respective tubes
arranged in repeated series along the length of the pack.
The packs of helical tubes may be connected in series
or in parallel for heating water. Alternatively, they may
be divided individually into sections for any one of a
number of alternative boiler configurations in which the
sections can provide preheaters, evaporators and super-
heaters. In each arrangement the hot smoke and gases
passes upwards inside the innermost pack heating it by
radiant heat, is deflected through 180 DEG to pass down-
wards between that pack and the next one to be deflected
again at the bottom through 180 DEG to pass upwards
past the said next one and any outer pack to surrender
further heat by radiation before being discharged from
the enclosure.
[0004] FR1276975 discloses improvements in com-
bustion stoves arranged to have a hearth or the like heat-
ing a boiler. The hearth is formed as a truncated cone
with a vertical axis diverging upwards, the angle of the
wall with the vertical being around 15° and the voluime
of the truncated cone being substantially equal, to within
2%, to that of the corresponding cone. The invention es-
sentially consists in the pooling of the surfaces of the
boiler and of the hearth, that is to say the frustoconical
surface characteristic of this type of hearth is constituted
by a part of the heating surface of the boiler. US4974411

discloses a gas and steam turbine power plant having a
gas turbine with a gas side, a waste heat steam generator
having a steam side and being connected downstream
of the gas side of the gas turbine, and a steam turbine
connected to the steam side of the waste heat steam
generator. A super-charged, coal-fired steam generator
has an exhaust gas vent line connected to the gas tur-
bine. The coal-fired steam generator includes at least
one sub stoichiometrically operated fluidized bed furnace
system, an integrated dust separator connected down-
stream of the at least one fluidized bed furnace system,
and a steam generator slag tap or wet tap furnace having
burners with a gas side connected downstream of the
dust separator.
[0005] There is a need for an improved boiler and gas
cleaning system.
[0006] According to a first aspect of the invention there
is provided an integrated unit having all of the features
of claim 1 of the appended claims.
[0007] Preferably the boiler is a fluid bed boiler. In other
embodiments the boiler may be a combustion grate boil-
er, gasifier or pyroliser. The boiler may comprise a com-
bustion fluid bed boiler. In other embodiments the boiler
may comprise a pyrolysis boiler or a gasification boiler.
A radiant zone and a convection zone are provided within
the integrated unit in fluid communication with gas clean-
ing apparatus within the integrated unit. The radiant zone
may be a radiant chamber. The convection zone may be
a convection chamber. Preferably the convection cham-
ber is contiguous with the radiant chamber.
[0008] Traditionally each section of plant: fluid bed boil-
er comprising a radiation chamber and a convection
chamber, sorbent injector, gas cleaner comprising a filter
chamber, and coolant chimney have been separately de-
signed and built. Each section is the responsibility of a
separate supplier and the gases are transferred from one
section to the next by pipework. Such an arrangement
lacks cohesiveness and prevents achievement of a com-
pact and efficient design.
[0009] The inventor has realised that designing an in-
tegrated unit combining and integrating a boiler unit and
gas cleaning apparatus can lead to significant improve-
ments in design and to a compact integrated unit that
provides all the functions previously supplied by a
number of separate components. The integrated unit
comprising a unitary boiler and gas cleaning apparatus
provides a single component instead of several separate
components and transfer of the gases from one section
to another is made efficiently and within a compact foot-
print. Further advantages and improvements are de-
scribed below. The integrated unit and improved design
provides an advantageous layout and increases the ef-
ficiency of extraction of heat energy and reuse of the heat
energy in the system or to generate heat energy. Further
the integrated unit can be installed on the power gener-
ation site as a single unit with a compact footprint, so
providing significant advantages over the existing multi-
section systems.
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[0010] The boiler comprises a reaction unit comprising
a chamber in which combustion, gasification or pyrolysis
occurs.
[0011] The reaction unit comprises a combustion zone
which may in come embodiments comprise a fluid bed
burner, which will be described in more detail below. Typ-
ically the fluid bed is arranged to combust or gasify solid
fuels such as landfill waste, biomass or coal. The reaction
unit is connected to a radiant zone which desirably is in
the form of a radiant chamber. Preferably the radiant zone
is positioned above the reaction unit. Desirably gases
can flow freely from a combustion zone of the reaction
unit to the radiant zone. Preferably the radiant zone com-
prises a radiant chamber acting as a cold black body and
absorbing heat from the reaction unit into the boiler fluid.
The radiant chamber is preferably arranged to facilitate
maintenance of a temperature of the reaction unit at a
desired temperature or in a desired temperature range.
[0012] Desirably the radiant chamber facilitates main-
tenance of the temperature in the fluid bed in a desired
temperature range by extracting heat into the boiler fluid.
In one embodiment the temperature in the fluid bed is
held between 600°C and 1200°C and more preferably
between 700°C and 1100°C and most preferably be-
tween 800°C and 1000°C.
[0013] Preferably the temperature in the radiant cham-
ber is between 800° C and 1000°C. Desirably gases
passing from the fluid bed are resident in the radiant
chamber for a period of time. The gases may be resident
in the radiant chamber for between 0.5 seconds and 5
seconds or between 1 and 4 seconds. Preferably the
gases are resident in the radiant chamber for at least 1
to 3 seconds. In a particularly preferred embodiment the
gases are held at a temperature of at least 850°C for at
least 2 seconds following injection of secondary combus-
tion air. A portion of the time at a temperature of greater
than 850° C may be in the fluid bed and a portion of the
time may be in the radiant chamber. Desirably the gases
are held at a temperature of greater than 850C for a pe-
riod of time long enough to combust products such as
hydrocarbons, dioxin and furans. Desirably the period of
time is sufficient to comply with legal requirements.
[0014] In desirably maintaining the gases at a temper-
ature of greater than 850° C for at least two seconds
overall the system complies with current legal require-
ments on treatment of waste and so may ensure that
waste products are fully combusted such that hydrocar-
bons, dioxins and furans are destroyed.
[0015] The radiant zone is fluidly connected to the con-
vection zone. Desirably the radiant chamber is located
above the reaction unit. Preferably the convection zone
is fluidly connected to the radiant zone and is desirably
distal from the reaction unit. The radiant zone and the
convection zone may be freely connected.
[0016] Preferably there is not a physical barrier be-
tween the radiant zone and the convection zone. In a
preferred embodiment the convection zone comprises a
convection chamber. In some embodiments the radiant

zone and the convection zone may be regarded as sep-
arate zones of a single chamber. The skilled person will
appreciate that the radiant zone and the convention zone
have separate functions that will be well known to and
understood by the person skilled in the art.
[0017] The radiant chamber comprises a chamber sur-
rounded by a heat exchange means. The heat exchange
means may comprise a helically wound heat exchange
coil.
[0018] In a preferred embodiment the convection
chamber comprises a chamber surrounded by a heat ex-
change means. Preferably the heat exchange means
comprises a helically wound heat exchange coil. The
heat exchange coil which extends around the convection
chamber may be fluidly connected to or continuous with
the heat exchange coil surrounding the radiant chamber.
[0019] Gases flowing from the fluid bed and into the
radiant chamber flow on to the convection chamber and
a directing means diverts the flow of the gases to flow
through the or each heat exchange means surrounding
the convection chamber and the radiant chamber. The
heat exchange means is provided in an annular heat ex-
change chamber which surrounds the radiant and the
convection chambers. In a preferred embodiment a di-
rection of flow of the gases through the heat exchange
chamber is substantially downward and substantially
parallel to a direction of flow of the gases from the fluid
bed to the radiant chamber and the convection chamber.
[0020] The gas cleaning means is provided around at
least part of the heat exchange means.
[0021] The gas cleaning means is provided in an an-
nular gas cleaning chamber surrounding the heat ex-
change chamber. Desirably gases flowing from the heat
exchange chamber are directed to flow around a U-turn
and into the gas cleaning chamber such that the gases
preferably flow upwardly through the gas cleaning cham-
ber parallel to gases flowing downwardly through the heat
exchange chamber.
[0022] In a preferred embodiment sorbents may be in-
jected into the gas flow as the gases exit from the heat
exchanger chamber and are directed into the gas clean-
ing means in the gas cleaning chamber.
[0023] The gas cleaning means comprises a number
of bag filters arranged in the gas cleaning chamber. De-
sirably the bag filters are arranged in groups around the
annular chamber. A number of bag filters may be provid-
ed in or along a notional radially extending line which
may be considered to be extending from a centre of the
convection chamber. Further bag filters may be arranged
along additional radially extending lines such that a seg-
ment of an arc around the gas cleaning chamber may
contain a number of bag filters spaced regularly around
an arc of the gas cleaning chamber. In a preferred em-
bodiment the gas cleaning chamber comprises a number
of sub-chambers. Each sub-chamber may comprise an
arc of the annular chamber. In some embodiments bag
filters are provided in each sub-chamber. In another em-
bodiment one or more sub-chambers may not have bag
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filters. Desirably each sub-chamber is provided with a
gas flow control means. In a preferred arrangement the
gas flow control means is provided downstream of the
bag filters. The gas flow control means may comprise a
baffle or alternatively a valve.
[0024] Desirably each bag filter comprises a fabric filter
fitted around a metal support and arranged to hang within
the annular gas cleaning chamber. Suitable bag cleaning
filters are well known in the art. In other embodiments
the bag filter may be formed from a ceramic material or
a metallic materiel for use with higher temperature gases.
In some embodiments the bag filter may comprise a metal
material. The metal material may be in the form of a metal
fibre or thread coiled in a random manner. The metal
support may be arranged downstream of the filter mate-
rial in order to prevent the fabric filter from collapsing.
The metal support may be formed from stainless steel.
Preferably the fabric filters are arranged to remove par-
ticulate material from the gases. The particulate material
may be ash. The particulate material may comprise other
solid materials. Preferably the filters are arranged to re-
move any particulate material having a diameter above
0.1 microns.
[0025] Desirably as the gas flows towards the bag fil-
ters sorbents, typically in powder form, are injected into
the gas flow and desirably the sorbents react with com-
ponents within the gases to remove sulphur, chlorine and
other pollutants from the gas flow.
[0026] Sorbents typically form compounds with the sul-
phur, chlorine etc. and these solid components are then
collected by the bag filters as the gases pass through the
filters. The sorbents may be any suitable sorbent. Typi-
cally the sorbent may be one of sodium bicarbonate, ac-
tivated carbon, or lime. Other suitable sorbents may be
used as is well known to the person skilled in the art. The
bag filters preferably also remove dust and any other
particulate material from the gasses as they pass through
the bag filter. There may be a significant amount of par-
ticulate material in the gases when the fuel is biomass
or landfill waste. The particulate material may typically
be ash.
[0027] It will be appreciated that as a sorbent is injected
into the gases the sorbent material is drawn towards the
bag filters. The sorbent material may react with pollutants
in the gases prior to reaching the bag filters. It has been
appreciated that the sorbent material can desirably col-
lect on the filter material of the bag filters and that the
gases can be drawn through the sorbent material and
then through the bag filter before passing downstream
towards a cooling chimney. It has therefore been appre-
ciated that an increased flow of gases through the sorbent
material may increase the amount of sorbent material
that is able to react with the pollutants in the gases and
desirably locks more pollutants into a solid compound
that preferably is not able to pass through the filter ma-
terial.
[0028] This is a particular advantage over existing bag
filters in which sorbent is injected prior to entry of the

gases into the filter chamber. In the prior art filter cham-
bers a complex series of deflectors have to be provided
in order to direct the flow of gases to the bag filters. In
such existing filter chamber units sorbent material that
does not react quickly with the pollutants in the gases
tends to fall to a base of the filter chamber and out of the
gas flow and so is no longer readily available for reaction
with pollutants in the gases.
[0029] It has been appreciated that the arrangement
of the heat exchange chamber and the gas cleaning
chamber are particularly advantageous. As described
before the heat exchange chamber is arranged as an
annular chamber around the radiant and/or convection
chamber or chambers. Desirably the gas cleaning means
is provided in an annular gas cleaning chamber. The gas
cleaning chamber surrounds the heat exchange cham-
ber. The gases exiting from the heat exchange chamber
may be directed by the U turn at the bottom of the heat
exchange chamber such that they may flow upwardly
around the annular chamber and the direction of flow is
desirably arranged to be directly towards the bag filters.
[0030] Further it has been appreciated that in the novel
apparatus the sorbent material may be directed toward
the flow of gases and towards the bag filters such that
the sorbent material may be held in the direct path of the
gases, in contrast to existing gas cleaning units in which
sorbent material tends to fall to the floor of the filter unit
due to the complex gas flow path.
[0031] It will be appreciated that over time particulate
material may build up on the upstream side of the bag
filters. This particulate material may be removed from the
bag filters using a pulse of compressed air applied to a
downstream side of the bag filter and which passes
through the bag filter. The compressed air may be ar-
ranged to push the bag filter in a reverse direction and
force the particulate material off the filter material of the
bag filter. The particulate material preferably falls from
the bag filters to a floor of the gas cleaning chamber and
desirably collects at a base of the gas cleaning chamber.
A means for removing the particulate material may be
provided and will be described in more detail below. The
means for removing the particulate material may com-
prise a moving floor as will be further described in more
detail. It will be appreciated that the described removal
means overcomes a particular difficulty with removing
particulate material from an annular floor of the chamber.
Traditional gas cleaning chambers typically utilise an
Archimedes screw arrangement to remove waste partic-
ulate material from a hopper and it will be appreciated
that such an arrangement cannot be used in an annular
chamber.
[0032] A downstream side of each of the bag filters is
preferably connected to an air pressure source which
can be arranged to supply pulse air jets to one or more
of the bag filters. A suitable solenoid valve and air supply
is preferably provided downstream from the bag filters.
The solenoid valve and air supply is desirably controlled
by control means which may be connected to a central
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control means. The bag filters may be cleaned in re-
sponse to a cleaning schedule or in response to signals
from a flow meter.
[0033] Desirably bag filters are arranged in groups
within the or each sub chamber forming an arc of the gas
cleaning chamber. Optionally the valve or baffle or other
flow control means may be provided downstream of the
or each sub-chamber. In a preferred embodiment pulse
air may be provided to a group of bag filters within each
sub-chamber of the gas cleaning chamber. Typically
pulse air may be supplied to a group of 1 to 50 bag filters,
or from 2 to 40 bag filters, or from 5 to 20 or most pref-
erably from 8 to 16 bag filters. The group of bag filters to
which air is supplied may be arranged in a radial line or
may comprise a number of radial lines such that a portion
of an arc is cleaned at a time. The pulsed air may be
supplied to all bag filters in a sub-chamber.
[0034] Advantageously pulsed air is applied to one
sub-chamber at a time. Optionally, the flow control means
may be closed before pulse air is supplied to the bag
filters. Desirably once the flow control means is closed
cooled exhaust air flows through the remaining sub-
chambers in gas cleaning chambers. Desirably the flow
of gas is diverted away from the closed sub-chamber. In
a preferred embodiment the pulsed air applied to the bag
filters dislodges the particulate material which readily falls
to the moving floor. An advantage of the arrangement is
that once the flow control means is closed the flow is
diverted away from the closed sub chamber and the air
upstream of the bag filter is stagnant. Accordingly the
pulsed air flows readily through the bag filters since there
is little or no gas flow counter to the pulsed air. Particulate
material is readily dislodged from the bag filters.
[0035] Gases which pass through the bag filters in nor-
mal operation may be deflected and directed to a central
outlet point. An induced draught fan is preferably provid-
ed in the outlet. The induced draught fan is preferably
arranged to draw gases through the bag filters. Desirably
the induced draught fan also controls flow of the gases
through the outlet and into a chimney.
[0036] Preferably the chimney is mounted directly
above the integrated unit. In one preferred embodiment
the chimney extends centrally above the outlet. It will be
appreciated that the overall footprint of the boiler, cleaner
and chimney is greatly reduced compared to the existing
designs. Furthermore, the flow of gases is controlled
within the unit and it is not necessary to transport the
gases from one section to another. Extraction of heat
energy from the system will be further described in more
detail below.
[0037] Desirably the exhaust gas is arranged to flow
through a measuring device.
[0038] In an alternative preferred embodiment the out-
let directs the exhaust gas flows through a duct and to a
measuring device. The measuring device may be used
to measure species in the exhaust gases. Regulations
relating to pollution control specify limits to pollution spe-
cies such as chlorides, hydrochlorides, sulphides, sul-

phur dioxides; nitrogen oxides and particulate material.
Other species may also be monitored.
[0039] Testing methods specify that gases should flow
a certain distance along a linear path before entering the
measuring device. Exhaust gases may enter a chimney
or vent that is laterally located or exhaust gases may be
returned to a central chimney.
[0040] As referred to above particulate material from
the upstream side of the bag can be removed from the
filter and deposited on the floor of the gas cleaning cham-
ber. Over a period of time particulate material may collect
on the floor of the gas cleaning chamber and it would be
desirable to remove the particulate material from the gas
cleaning chamber. Preferably at least a portion of the
floor is arranged to be rotatable. In some embodiments
at least a portion of the floor may be arranged to be open-
able. In a preferred embodiment a rotatable floor is pro-
vided which transports particular material to the openable
section of the floor. Particulate material can preferably
be removed from the floor of the gas cleaning chamber
by passing through the openable section of the floor and
into a waste hopper. Desirably when the waste hopper
is full the waste material can be transported away from
the gas cleaning chamber. Typically the waste material
may go to landfill.
[0041] The rotatable floor of the gas cleaning chamber
may comprise a radial conveyor. In one embodiment the
radial conveyor may comprise an inner steel plate and
an outer steel plate with spacing plates arranged there-
between. A device may be provided to rotate one or more
spacing plates at a specified location so allowing partic-
ulate material to fall into a waste hopper. A suitable device
for rotating the spacing plate back into position is prefer-
ably also provided. In a preferred embodiment a single
discharge point is provided but it will be appreciated that
multiple discharge point could also be utilised. In some
embodiments the openable section of the floor is ar-
ranged to be held in an open position. The inner and
outer steel plates may be arranged to rotate. Paddles
may be provided arranged between the inner and outer
steel plates. Desirably the paddles are adapted to move
particulate material around the rotatable floor and to-
wards opening.
[0042] The arrangement of the fluid bed will now be
described in more detail so that the invention may be
better understood. It will be appreciated that the fluid bed
and reaction unit are conventional and will be well un-
derstood by the person skilled in the art.
[0043] The reaction unit preferably comprises a fluid
bed. The bed may typically be formed of sand or mala-
chite and high pressure air may be supplied through
sparge tube tubes or nozzles in order to fluidise the bed.
Recycled flue gas may be used to support fluidisation of
the bed. Recycled flue gas may provide a limited supply
of oxygen for combustion but may be advantageous in
controlling the temperature of the fluid bed by controlling
a rate of combustion occurring in the fluid bed by con-
trolling the an amount of oxygen present in the fluid bed.
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[0044] Desirably the fluid bed reactor uses a solid fuel.
Solid fuel may enter the combustion zone of the reaction
unit through a feed chute. The fuel may typically be a
biomass fuel, waste material or may be coal. Other solid
fuels may be used as well or instead of biomass fuels
and waste material.
[0045] Combustion is typically in two stages and sec-
ondary air may be supplied through a secondary air man-
ifold at an intermediate part of the reaction unit. The sec-
ondary air supply may be controlled to provide a desirable
mixture of gases and in particular a desirable mix of ox-
ygen within the gas in order to provide complete com-
bustion.
[0046] In the case of a gasifier or pyrolyser secondary
air may not be introduce and the syngas is transferred
to the cleaning unit for combustion thereafter in an engine
or gas turbine.
[0047] A start-up burner is preferably also provided to
initiate combustion. Typically, on initiation of the start-up
burner, the bed will achieve a temperature of around
600°C. Once fuel is fed into the bed a working tempera-
ture of 800° C may be achieved. It will be appreciated
that other temperature ranges may be used for specific
fuels or generated by specific fuels.
[0048] In the case of a combustion unit, as previously
mentioned, it is desirable that the fuel has a residence
time of at least 2 seconds at approximately 800 - 850°C
after introduction of the secondary air for complete com-
bustion. This residence time is specified under current
standards in order to ensure that pollutants are fully com-
busted and removed from the waste gases. Typically pol-
lutants might comprise hydrocarbons, dioxins and
furans. It will be appreciated that the residence time may
be partially within the reaction unit and partially within the
radiant zone as discussed above.
[0049] It will be appreciated that the solid fuels may
typically comprise a solid material and that the fuel may
be contaminated with other components such as stones,
or tramp metal. Contaminants may comprise a material
that typically does not burn. The reaction unit is desirably
arranged such that contaminants will fall into the fluidised
bed and that they will gradually drop to the bottom of the
fluidised bed. It will be appreciated that over time a build-
up of such contaminants in the fluidised bed will prevent
fluidising of the bed. Desirably therefore the boiler is ar-
ranged to allow ash drawdown periodically which will re-
move the contaminant material with the ash. In some
arrangements an ash drawdown may be carried out on
each shift or once a day. In some embodiments fuel may
be fed to the reaction unit at a rate of approximately from
1 to 20 tonnes of fuel per hour.
[0050] It will be appreciated that typically approximate-
ly 40% combustion of fuel may occur in the fluidised bed
at a temperature of approximately 800 °C. Typically 60%
of the combustion may occur with the secondary air sup-
ply, usually above the fluidised bed. In the absence of a
radiant chamber the temperature of the secondary com-
bustion zone can reach 1200C to 1300°C. However, as

described above it is desirable that the temperature in
the combustion zone is maintained at approximately
900°C and as described above the radiant zone can act
as a cold black body drawing heat from the upper part of
the combustion zone.
[0051] In other embodiments the boiler may be config-
ured to operate without complete combustion and to op-
erate under pyrolytic conditions.
[0052] Alternatively the boiler may be configured to op-
erate in conditions of incomplete combustion such that
the boiler operates as a gasifier. The gasifier may be
arranged to produce synthetic gas. The synthetic gas
may be used as a fuel gas for a gas turbine.
[0053] The arrangement of the heat exchanger means
will now be described in more detail.
[0054] In a preferred embodiment the radiant and the
convection chambers are located above the fluidised bed
burner. In a particularly preferred embodiment the radiant
and the convection chambers extend axially from the flu-
idised bed burner. In one embodiment the radiant and
the convection chambers are defined by helically wound
heat exchange tubes. Desirably the heat exchange tubes
are water filled. Preferably water flowing in the heat ex-
change tubes is preheated to a temperature ranging from
100°C to 530°C or more preferably from 150°C to 300°C
or most preferably from 180°C to 270°C. Desirably water
flowing in the heat exchange tubes is also pressurised
to a pressure of from 1 to 150 bargauge or more prefer-
ably from 1 to 90 bargauge or most preferably from 5 to
70 bargauge.
[0055] Desirably an upper portion of the radiant cham-
ber merges with the convection chamber. In a preferred
embodiment an upper part of the convection chamber
extends to a ducting extending over the axially extending
radiant and convection chambers and the ducting pref-
erably directs gases from the convection chamber to-
wards the heat exchange chamber.
[0056] The heat exchange chamber is provided as an
annular chamber extending around the axially extending
radiant and convection chambers. An inner side of the
heat exchange chamber is defined by the heat exchange
tubes which extend around the radiant and convection
chambers and an outer side of the annular heat exchange
chamber is preferably defined by a second helically
wound heat exchange tube.
[0057] Desirably the heat exchange chamber further
includes an evaporator comprising a series of heat ex-
change tubes extending circumferentially around and
within the heat exchange chamber. In a particularly pre-
ferred embodiment the heat exchange chamber further
comprises an economiser comprising a further set of heat
exchange tubes which extend circumferentially around
and within the annular chamber.
[0058] Operation of the boiler and heat exchanger is
conventional and will not be further described. It will be
appreciated that the heat exchanger is controlled to en-
sure that the heat exchanger coils are maintained at a
temperature that is higher than the dew point. The skilled
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person will appreciate that the presence of sulphur con-
taminants in the exhaust gases risks production of sul-
phuric acid in the event that the exhaust gases move
below their dew point.
[0059] Water from the heat exchanger may be used to
provide hot water to heating systems. In some cases the
hot water may be used domestic or industrial or commer-
cial premises. Alternatively the heat exchanger may be
arranged to produce process steam. Process steam may
be used as an energy source in other industrial process-
es. In other cases superheated steam may be generated
which may be used to generate power.
[0060] In a preferred embodiment the heat exchange
chamber extends annually around the convection cham-
bers and the radiant heat chamber and gases travel ax-
ially upwards through the radiant chamber and then travel
downwardly through the convective heat exchange
chamber. Desirably as gases reach the bottom of the
heat exchange chamber they are deflected by a flow re-
verser formed by a base section or U section and the
direction of travel is reversed so that the gases flow up-
wardly uniformly from the base section and flow directly
towards the bag filters. Desirably sorbent is injected into
the gas flow in a zone close to the flow reverser.
[0061] A method of cleaning gas from a boiler compris-
es the steps of passing heated gases from the boiler to
a convection chamber and a radiation chamber provided
above the boiler; providing a heat exchange chamber
arranged around and encircling at least one of the radi-
ation chamber and convection chamber and gas cleaning
means being provided around at least a part of the heat
exchange means.
[0062] The gas cleaning apparatus may further com-
prise a moving floor.
[0063] In a preferred embodiment the moving floor is
rotatable. Desirably at least a portion of the floor is open-
able.
[0064] In some embodiments the moving floor may
comprise a radial conveyor. Optionally the rotating floor
comprises an inner steel plate and an outer steel plate.
Spacing plates may be arranged therebetween. Desira-
bly one or more spacing plates are provided between the
inner plate and the outer plate. In a preferred embodiment
at least one spacing plate is arranged to be openable,
preferably by rotating. In some embodiments one open-
able section is provided. In other embodiments a plurality
of openable sections are provided.
[0065] In a preferred embodiment the moving floor
comprises a rotating floor having at least one paddle ex-
tending between an inner band and an outer band and
wherein the or each paddle is arranged to move waste
particulate towards an open section.
[0066] The invention will now be described by way of
example only with reference to the accompanying figures
in which:

Figure 1 is a perspective view of an integrated boiler
and gas cleaning unit in accordance with the inven-

tions;
Figure 2 is a plan view of the unit of Figure 1;
Figure 3 is a sectional view along the line A-A of
Figure 2;
Figure 4 is a schematic view of a bag filter; and
Figure 5 is an enlarged view of the area in circle B
in Figure 2
Figure 6 is a schematic view of an alternative ar-
rangement;
Figure 7 is a plan view of the embodiment of Figure 6;
Figure 8 is a section across the upper portion of the
gas cleaning chamber; and
Figure 9 is a cross-section of a portion of the inte-
grated unit along the line A-A of Figure 6;

[0067] Figure 1 is a perspective view of an integrated
unit 1 comprising a boiler unit 2 and gas cleaning appa-
ratus in accordance with the present invention. The boiler
unit 2 comprises a fluid bed boiler 4 providing a reaction
unit having a combustion zone 6. A cylindrical assem-
blage 8 is provided above the fluid bed boiler and contains
therein a radiant zone 10 and a convection zone 12 en-
circled by a heat exchange means 14. A gas cleaning
means 16 is provided around the heat exchange means
14 and the whole assemblage is contained within a cy-
lindrical shell 18. An upper portion 20 of the shell tapers
inwardly to an outlet 22 which in use is connected to a
chimney 24.
[0068] A plan view of the integrated unit is shown in
Figure 2. The upper portion 20 of the shell can be seen
to be divided into segments 26. The outlet 28 from the
upper portion is located over the radiation and convection
chambers. Gases flowing into the upper portion of the
shell flow out of the outlet 22 into the chimney 24. A sub-
stantially even radial distribution of gases flows into the
chimney. An access door 30 is also provided in the upper
section of the shell.
[0069] The integrated unit will now be described further
in relation to a cross-section view along the line A-A in
Figure 2.
[0070] The integrated unit has a base 32 comprising a
fluid bed boiler. The fluid bed comprises a number of
sparge tubes 34 which are provided a bed of sand 36. A
primary air fan is connected to the sparge tubes. The
sparge tubes 36 are arranged to be spaced across the
fluidised bed and run substantially parallel to one anoth-
er. A waste outlet 38 is provided at the bottom of the
fluidised bed to allow ash and other waste products to
be removed from the fluidised bed periodically. A waste
hopper 40 or other means of removing waste material is
provided below the waste outlet. Waste is removed from
the fluidised bed periodically. The frequency of removal
is typically once a shift or once a day. The frequency may
be varied according to the quantity of fuel used and the
quality of fuel used.
[0071] As is the case in a typical fluidised bed burner
a burner 42 is provided for initiation of combustion. Typ-
ically combustion may be initiated at approximately 600°
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C and a working temperature of around 800°C to 900C
may be achieved.
[0072] A feed chute 44 is provided which delivers fuel
material to the fluidised bed. The fuel material may be
waste material such as landfill or may be a biomass. Al-
ternative fuels may be used such as, for example, coal.
[0073] The fuel material is delivered to the fluid bed
burner from an outlet 46 above the fluid bed. Fuel falls
from the feed chute towards the fluidised bed. Typically
around 40% combustion of fuel occurs in the fluidised
bed. Pollutants such as tramp metal or inert material that
are not combusted fall through the fluidised bed and can
be removed from the waste outlet as described above.
[0074] Secondary air is delivered to the combustion
zone of the reaction unit by means of an air supply con-
nected to a manifold 48. The manifold 48 delivers air to
a mid-to upper portion 50 of the combustion zone. The
air may comprise a mixture of oxygen and other gases.
A composition of the air may be controlled so that the
supply of oxygen in the air is optimised such that sub-
stantially complete combustion of fuel can occur in the
combustion zone. Typically up to 60% of the combustion
can occur around the manifold outlets. With significant
combustion of fuel occurring in the upper portion of the
combustion zone it has been found that the temperature
in the upper portion of the combustion zone can reach
between 1200°C and 1300°C. As described below this
temperature may be controlled in use to be lower than
1200°C. Typically the temperature in the upper portion
of the combustion zone is controlled to be about 900°C.
[0075] Gases from the combustion zone 6 of the reac-
tion unit pass upwardly into the cylindrical assemblage
8 which is located above the fluid bed boiler and is sealed
thereto. The cylindrical assemblage 8 comprises an ax-
ially extending radiant zone 10 and an aligned and axially
extending convection zone 12. The radiant zone and the
convection zone are mutually aligned and the radiant
zone 10 extends continuously into the convection zone
12. The radiant and convection zones are defined by hel-
ically wound heat exchange coils 52 which define a ra-
diant chamber and a convection chamber. Gases from
the combustion zone can pass freely into the radiant
chamber and thence into the convection chamber.
[0076] It will be appreciated that the boiler may be op-
erated under pyrolytic conditions. In other embodiments
the boiler can be arranged to produce synthetic gas. In
some embodiments the boiler may be arranged to oper-
ate in a gasification mode.
[0077] The radiant zone 10 acts as a cold black body
and draws heat from the upper part of the combustion
zone 6. The radiant zone controls the temperature in the
upper portion of the combustion zone 6. The radiant
chamber is defined by helically wound heat exchange
coils 52 through which water at a cooler temperature than
the gases is passed and heat energy is transferred be-
tween gases in the radiant chamber and water in the heat
exchange coils.
[0078] Gases from the combustion zone may typically

reside in the radiant zone 10 for a period of time which
is sufficient that the particles are held at a temperature
of greater than 850° C for at least two seconds. Accord-
ingly, the fuel supplied to the combustion zone of the
reaction unit is held at a temperature of greater than 850°
C for at least two seconds. The fuel is desirably com-
pletely combusted and unwanted pollutants such as hy-
drocarbons, dioxins and furans are preferably completely
combusted and destroyed. Accordingly, the fuel material
is completely combusted as required by the waste incin-
eration directive. Gases flow from the radiant chamber
into the convection chamber, which as referred to above,
is also defined by helically wound heat exchange tubes
52. Cooler water flowing through the heat exchange
tubes extracts further heat from the gases flowing
through the convection chamber. Typically gases exiting
from the convection chamber preferably have a temper-
ature which has been lowered to about 870°C.
[0079] An insulating cap 54 is provided across the top
of the convection chamber defining a radially extending
passage over an upper portion of the helically wound
heat exchange tubes. Gases from the convection cham-
ber are deflected by the insulating cap 54 and pass ra-
dially outwardly from the radiant chamber before being
deflected into the convective heat exchange means,
which comprises an annular heat exchange chamber 14
arranged around the radiant and convection chambers.
In this embodiment an inner wall 56 of the heat exchange
chamber is defined by the helically wound heat exchange
tubes 52 which surround the radiant and convection
chambers. An outer wall 58 of the annular heat exchange
chamber 14 is defined at least in part by further helically
wound heat exchange tubes.
[0080] The heat exchange chamber comprises an
evaporator section 60 and an economiser section 62.
The evaporator section 60 contains a number of circum-
ferentially extending heat exchange tubes 64 which con-
tain pressurised water at a pressure of about 22 bar-
gauge.
[0081] The economiser section 62 preferably contains
a further set of circumferentially extending heat exchange
tubes 66. The further set of circumferentially extending
heat exchange tubes 66 also contains pressurised water
which may typically be at a pressure of from 5 to 70 bar-
gauge.
[0082] The hot gases flow around the circumferentially
extending heat exchange tubes in the evaporator section
60 and the economiser section 62. The hot waste gases
flow downwardly through the heat exchange chamber
14. The hot waste gases typically enter the evaporator
section at around 850°C to 860°C. The waste gases lose
heat and energy in the heat exchanger chamber and exit
from the economiser section at a temperature of approx-
imately 150°C. Gases exiting from the heat exchange
chamber are deflected by a flow reverser 68 formed in a
base section such that a direction of flow of the gases is
reversed and the gases flow upwardly into a gas cleaning
chamber which is provided around the heat exchange
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means. The base section also comprises an injection
means (not shown) arranged to inject sorbent materials
into the gas flow. The sorbent material typically compris-
es at least one of sodium bicarbonate, activated carbon,
and lime. Other sorbent materials may be utilised by the
skilled person instead of or in addition to the sorbents
referred to above. The sorbent materials are used to re-
move unwanted pollutants such as sulphur and chlorine
from the gases. The sorbent materials are selected to
react with the unwanted pollutants and to remove pollut-
ants from the gas stream by binding sulphur and chlorine
into a powder form.
[0083] The base section comprises at least one waste
removal means. In this embodiment the waste removal
means comprises a rotating floor having an inner band
70 and an outer band 72 which are arranged to be rotat-
able around the radiant chamber. The inner and outer
bands are arranged to rotate around the circumference
of the base section. Floor spacing plates 74 are provided
between the inner and outer bands. These floor plates
can rotate on passing over a waste removal device (not
shown). As the floor plates rotate any waste material on
the floor plate passes through the operable section and
is deposited into a waste hopper located below the waste
removal device such as a rotary valve air lock. The waste
hopper can be transported from a location below the base
section in order to remove waste material via the rotary
valve air lock.
[0084] A paddle 73 is provided extending between the
inner and outer bands. The paddle is arranged to move
waste particulate material from below the filter bags and
into the openable section such that the waste particulate
material is deposition on the waste removal device.
[0085] As described above gases exiting from the heat
exchange chamber have the direction of flow reversed
and pass upwardly into the gas cleaning chamber which
is provided in an annular chamber extending around the
heat exchange chamber. Bag filters 76 are provided in
the gas cleaning chamber and these are arranged to
hang vertically in the annular chamber. The bag filters
76 are arranged to be substantially parallel with one an-
other and also arranged such that a number of bag filters
extend across from an inner side of the annular chamber
to the outer side. A number of bag filters are arranged
radially in each segment of the annular chamber. The
bag filters are arranged in the gas cleaning chamber such
that the flow of gases is directly towards and in line with
the bag filters. The gases flow substantially parallel to
the orientation of the bag filters.
[0086] Each bag filter 76 comprises a fabric material
is arranged over a steel cage. Typically each bag filter is
about 10 cm in diameter. This is the steel cage supports
the fabric material of the bag filter against the flow of
gases. Over time particulate material in the gases is re-
moved from the airflow by the bag filters. Such particulate
material may comprise ash as a combustion product from
the fuel. The particulate material may also comprise sorb-
ent material which has been injected into the gas flow

stream. The sorbent material is carried by the gas flow
towards the bag filters. As the sorbent material is carried
in the gas flow in the gas cleaning chamber sorbent ma-
terial is able to react with pollutants in the gases. Both
sorbent material which has reacted with pollutants and
the sorbent material which has not reacted with pollutants
is retained on an upstream side of the bag filters. Further
gases passing through the bag filters are forced to pass
through the sorbent material retained in the upstream
side and so further absorption of pollutants can occur.
[0087] It will be appreciated that the bag filter may com-
prise a ceramic fibre. In other embodiments filter can be
formed of a wire mesh. The wire mesh can be fine wires
meshed together. In some cases the metal may be plat-
inum. Platinum can have an additional benefit of acting
as catalyst for the removal of organic compounds from
the gas. The platinum wire may assist in the removal of
carbon monoxide from the exhaust gases.
[0088] Gases passing through the bag filter are clean
and do not contain pollutants such as sulphur and chlo-
rine, furans or dioxins etc. and have also been cleaned
of any ash or particulate material typically down to 1.0
microns. It has been found that the gasses meet the legal
requirements for clean air such as are specified in the
Integrated Pollution Prevention Control (IPPC) directive.
[0089] Gases exiting from the gas cleaning chamber
16 passed into a radial chamber 78 and are directed ra-
dially inwardly. The outlet 22 is placed at the centre of
the radial chamber 78 and an induced draught fan 80 is
provided in the outlet to draw gases from the radial cham-
ber and to direct them to the chimney 24. The chimney
is not shown but is a conventional chimney.
[0090] Bag filter cleaning means (not shown) are pro-
vided in the upper portion of the shell. The bag filter clean-
ing means typically comprises a pressurised air supply
and the manifold connecting the as supplied to each bag
filter. As required in the course of operation, pressurised
vessels can be pulsed into the bag filters in a reverse
direction, so dislodging any particulate material on the
upstream side of the bag filters. Typically the pressurised
air supply is at 2 to 5 bargauge and is pulsed in order to
dislodge the particulate material from the upstream side
of the bag filters. A control means also provided to control
the supply of air to the bag filters for cleaning purposes.
The pulse air is supplied to bag filters in a section of an
arc. Remaining sections of the gas cleaning chamber
operate in a normal fashion. Cleaning of the bag filters
may operate sporadically or continuously. The section of
the gas cleaning apparatus which is being cleaned is
rotated around the annulus. A pressurised air supply
manifold is provided in the upper portion. Solenoid valves
control supply of the pressurised air to the bag filters.
[0091] The access door 30 is provided in the upper
portion of the shell to allow access to the air supply man-
ifolds and valves and to allow the bag filters to be replaced
as required or to be serviced.
[0092] In an alternative embodiment illustrated in Fig-
ure 6 the boiler and heat exchange chambers are ar-
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ranged as before. The gases exit from the gas cleaning
chamber in a centrally located outlet 100 and are then
directed into a duct 102. The duct 102 is arranged per-
pendicular to the outlet duct 100. The duct 102 delivers
the exhaust gases to a testing and measuring device
located within the duct. The measuring device is ar-
ranged to measure species in the exhaust gases. Pollu-
tion species that may be measured include chlorides,
hydrochlorides, sulphides, sulphur dioxides; nitrogen ox-
ides and particulate material. Other species may also be
monitored. Regulations specify the amount of pollutant
that may be in the gases. According to present require-
ments the gases are arranged to travel in a straight line
in the duct for a specified distance before entering the
measuring device. It is understood that flow in a straight
line for the specified distance leads to linear flow.
[0093] Exhaust gases flow from the measuring device
flow to a return duct 105 and to a chimney 107. In alter-
native arrangements the exhaust gases may be returned
to a vent that is laterally located.
[0094] Figure 7 is a plan view of the embodiment of
Figure 6. The upper section 20 is arranged above the
bag cleaning chamber and the duct 102 extends from
the exhaust outlet 100 from the gas cleaning chamber.
[0095] As is best seen in Figure 8 in the alternative
arrangement the gas cleaning chambers 106 is divided
into sub-chambers 108. Each sub-chamber 108 compris-
es an section of the annular gas cleaning chamber 106.
Each sub chamber 108 comprises an arc of approximate-
ly 60° of the annular chamber 106. A first sub chamber
110 does not contain any bag filters. The remaining five
sub-chambers 112 each have a number of rows 114 of
bag filters 116. A baffle 118 is provided at a top end of
the five sub-chambers 112 and the baffle controls 118
flow of gas from the sub-chambers 112 to the first sub
chamber 110 towards the outlet 120 into the duct 102.
When the baffle 120 from a sub chamber 112 is closed
gases do not flow through the respective sub-chamber
112 and the gases in the respective sub-chamber 112
are stagnant.
[0096] Pressurised air is supplied to an outer manifold
122. The pressurised air is fluidly connected to a number
of inner manifolds 124 each of which is arranged to be
able to supply the pressurised air to the bag filters 116.
Valves are provided in each inner manifold to control a
flow of pressurised pulse air to the bag filters 116. A con-
troller is arranged to control the supply of air from the
outer manifold to the bag filters 116.
[0097] The baffle 118 controls a flow of air from an
upper chamber above the gas cleaning chamber towards
the measuring device and the chimney. Closing the baffle
stops flow from the upper portion of the sub chambers
towards the first sub chamber and into the outlet and duct
to the measuring device. Exhaust gases tend to follow
the course of least resistance and the flow of exhaust
gases moves to flow through the sub chambers in respect
of which the respective baffle remains open.
[0098] In the cleaning process one sub-chamber 112

is closed at a time. Once the respective baffle118 is
closed the gases are not drawn through the closed sub
chamber and gas flow on the immediately upstream side
of the bag filter becomes stagnant. A particular advan-
tage of the arrangement is that the boiler and gas clean-
ing apparatus can continue to be used while one of the
bag cleaning sub-chambers is closed and the bag filters
cleaned. The bag filters in the sub-chambers can be
cleaned on a sequential arrangement. This contrasts with
conventional boilers and gas cleaning arrangements in
which the boiler and gas cleaning apparatus have to be
suspended while cleaning of the bag filters is carried out.
[0099] In the cleaning process the pulsed air is con-
trolled to be suppled from the outer manifold 122 and into
the inner manifolds 114. A controller located remotely, is
arranged to apply the pulsed air to the bag filters 116.
Particulate material collected on the upstream side of the
bag filters is displaced by the pulsed air and falls from
the bag filter 116 and onto the rotatable floor located at
the base of the gas cleaning chamber to be removed.
[0100] Figure 9 is a cross section along the line A-A in
Figure 7. The boiler arrangement and the heat exchange
apparatus is the same as in Figure 3. In this embodiment
the gases flow from the boiler 130 and into the radiant
chamber 132 and then into the heat exchange chamber
134. Gases from the heat exchange chamber 134 flow
to the base 136 of the heat exchange chamber and then
upwardly into the annular gas cleaning chamber. Gases
flowing through the gas cleaning chamber pass through
the bag filters 116. Particulate material collects on the
upstream side of the bag filters. When the cleaning proc-
ess is carried out pulsed air passing through the bag fil-
ters dislodges the particulate material which falls to the
rotatable moving floor 138.
[0101] Downstream of the bag filters 116 the gases
flow through the respective baffle 118 into the first sub-
chamber 110 through the baffle and into the duct 102.
The side ducting 102 carries gases to a testing device
104 which is compatible with standard testing require-
ments. The testing device is arranged after a section of
straight ducting such that the gas flow is considered to
be laminar on entry to the testing device. Downstream
of the testing device the gases flow through a return valve
105 and is discharged into the chimney 107.
[0102] The controller is arranged to clean each of the
sub-chambers sequentially. An important aspect is that
the bag filters are cleaned while the boiler is operating
and that it is not necessary to stop or interrupt the oper-
ation of the boiler.

Claims

1. An integrated unit (1) comprising a boiler unit (2),
and gas cleaning apparatus having gas cleaning
means, the integrated unit having a reaction unit,
comprising a fluid bed boiler (4), gasifier or pyrolytic
chamber and wherein fuel is burned completely,
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burned under pyrolytic conditions or is gasified and
further comprising a radiant zone (10) connected to
the reaction unit, the radiant zone (10) being con-
nected to a convection zone (12), the integrated unit
(1) further comprising a heat exchange means en-
circling at least one of the radiant zone (10) and the
convection zone (12), and comprising an annular
heat exchange chamber (14; 134), characterized
in that the gas cleaning means is provided in an
annular gas cleaning chamber (16; 106) encircling
the heat exchange chamber and in that the gas
cleaning means (76) comprises an array of bag filters
(76) in the gas cleaning chamber (16; 106), wherein
the bag filter (76) comprises at least one of fabric,
ceramic and metal material.

2. An integrated unit (1) according to claim 1 wherein
the heat exchange chamber (14; 134) and the gas
cleaning chamber (16; 106) are arranged such that
the flow of the gases is directly towards and in line
with the bag filters (76) and wherein the gas cleaning
chamber (16; 106) comprises a number of sub cham-
bers (108) and wherein optionally the sub-chambers
(108) are fluidly separated.

3. An integrated unit (1) according to claim 2 wherein
a supply of pressurised air can be applied to a down-
stream side of the bag filters (76).

4. An integrated unit (1) according to claim 3 arranged
to apply pressurised air in a pulse and wherein the
pulse is applied to each sub-chamber (108) sequen-
tially and optionally the boiler (2) remains in opera-
tion.

5. An integrated unit (1) according to any one of claim
1 to 4 wherein an injection means is provided ar-
ranged to inject a sorbent into the gas cleaning cham-
ber (16; 106).

6. An integrated unit (1) according to any one of claim
1 to 5 wherein waste material can be removed from
a base of the gas cleaning chamber (16; 106).

7. An integrated unit (1) according to any preceding
claim wherein the gas cleaning chamber (16; 106)
comprises a moving floor (138).

8. An integrated unit (1) according to claim 7 wherein
the moving floor (138) comprises a rotating floor hav-
ing at least one paddle extending between an inner
band and an outer band and wherein the or each
paddle is arranged to move waste particulate to-
wards an open section.

9. An integrated unit (1) according to claim 1 wherein
the radiant zone (10) is positioned above the reaction
unit.

10. An integrated unit (1) according to claim 7 wherein
the convection zone (12) is in free fluid communica-
tion with the radiant zone (10).

11. An integrated unit according to claim 1 wherein at
least one wall of the annular heat exchange chamber
(14; 134) is formed by at least one helically wound
heat exchange tube (76) and optionally wherein the
at least one wall also defines at least a portion of the
radiant zone (10) and the convection zone (12).

12. An integrated unit (1) according to claim 1 wherein
the heat exchange chamber (14; 134) comprises an
economiser and an evaporator.

13. An integrated unit (1) according to any preceding
claim wherein a chimney is centrally located above
the radiant (10) and convection (12) zones.

14. An integrated unit (1) according to any preceding
claim having a footprint comprising that of a fluid bed
boiler.

Patentansprüche

1. Integrierte Einheit (1), die eine Kesseleinheit (2) und
eine Gasreinigungseinrichtung, die Gasreinigungs-
mittel aufweist, umfasst, wobei die integrierte Einheit
eine Reaktionseinheit aufweist, die einen Wirbel-
schichtkessel (4), einen Vergaser oder eine Pyroly-
sekammer umfasst, und wobei Brennstoff vollstän-
dig verbrannt, unter Pyrolysebedingungen verbrannt
oder vergast wird, und ferner umfassend eine Strah-
lungszone (10), die mit der Reaktionseinheit verbun-
den ist, wobei die Strahlungszone (10) mit einer Kon-
vektionszone (12) verbunden ist, wobei die integrier-
te Einheit (1) ferner ein Wärmetauschmittel umfasst,
das mindestens eine der Strahlungszone (10) und
der Konvektionszone (12) umgibt und eine ringför-
mige Wärmetauschkammer (14; 134) umfasst; da-
durch gekennzeichnet, dass das Gasreinigungs-
mittel in einer ringförmigen Gasreinigungskammer
(16; 106) bereitgestellt ist, die die Wärmetausch-
kammer umgibt, und dadurch, dass das Gasreini-
gungsmittel (76) eine Anordnung von Schlauchfiltern
(76) in der Gasreinigungskammer (16; 106) umfasst,
wobei das Schlauchfilter (76) mindestens eines von
Gewebe-, Keramik- und Metallmaterial umfasst.

2. Integrierte Einheit (1) nach Anspruch 1, wobei die
Wärmetauschkammer (14; 134) und die Gasreini-
gungskammer (16; 106) derart angeordnet sind,
dass die Strömung der Gase direkt hin zu und fluch-
tend mit den Schlauchfiltern (76) ist, und wobei die
Gasreinigungskammer (16; 106) eine Anzahl von
Teilkammern (108) umfasst, und wobei optional die
Teilkammern (108) strömungstechnisch getrennt
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sind.

3. Integrierte Einheit (1) nach Anspruch 2, wobei eine
Zufuhr von Druckluft auf eine stromabwärtige Seite
der Schlauchfilter (76) aufgebracht werden kann.

4. Integrierte Einheit (1) nach Anspruch 3, die dazu an-
geordnet ist, Druckluft in einem Impuls aufzubringen,
und wobei der Impuls auf jede Teilkammer (108)
nacheinander aufgebracht wird und optional der
Kessel (2) in Betrieb bleibt.

5. Integrierte Einheit (1) nach einem der Ansprüche 1
bis 4, wobei ein Einspritzmittel bereitgestellt ist, das
dazu angeordnet ist, ein Sorptionsmittel in die Gas-
reinigungskammer (16; 106) einzuspritzen.

6. Integrierte Einheit (1) nach einem der Ansprüche 1
bis 5, wobei Abfallmaterial aus einer Basis der Gas-
reinigungskammer (16; 106) entfernt werden kann.

7. Integrierte Einheit (1) nach einem der vorhergehen-
den Ansprüche, wobei die Gasreinigungskammer
(16; 106) einen beweglichen Boden (138) umfasst.

8. Integrierte Einheit (1) nach Anspruch 7, wobei der
bewegliche Boden (138) einen rotierenden Boden
umfasst, der mindestens eine Rührvorrichtung auf-
weist, die sich zwischen einem Innenband und ei-
nem Außenband erstreckt, und wobei die oder jede
Rührvorrichtung dazu angeordnet ist, Abfallpartikel
hin zu einem offenen Bereich zu bewegen.

9. Integrierte Einheit (1) nach Anspruch 1, wobei die
Strahlungszone (10) über der Reaktionseinheit po-
sitioniert ist.

10. Integrierte Einheit (1) nach Anspruch 7, wobei die
Konvektionszone (12) in freier strömungstechni-
scher Kommunikation mit der Strahlungszone (10)
ist.

11. Integrierte Einheit nach Anspruch 1, wobei mindes-
tens eine Wand der ringförmigen Wärmetauschkam-
mer (14; 134) durch mindestens ein spiralförmige
gewundenes Wärmetauschrohr (76) ausgebildet ist
und optional wobei die mindestens eine Wand auch
mindestens einen Abschnitt der Strahlungszone (10)
und der Konvektionszone (12) definiert.

12. Integrierte Einheit (1) nach Anspruch 1, wobei die
Wärmetauschkammer (14; 134) einen Vorwärmer
und einen Verdampfer umfasst.

13. Integrierte Einheit (1) nach einem der vorhergehen-
den Ansprüche, wobei ein Kamin mittig über den
Strahlungs(10)- und Konvektions(12)-Zonen ange-
ordnet ist.

14. Integrierte Einheit (1) nach einem der vorhergehen-
den Ansprüche, die eine Grundfläche aufweist, die
die eines Wirbelschichtkessels umfasst.

Revendications

1. Unité intégrée (1) comprenant une unité chaudière
(2), et un appareil de nettoyage de gaz ayant un
moyen de nettoyage de gaz, l’unité intégrée ayant
une unité de réaction, comprenant une chaudière à
lit fluidisé (4), un gazéifieur ou une chambre pyroly-
tique et le combustible étant brûlé complètement,
brûlé dans des conditions de pyrolyse, ou étant ga-
zéifié et comprenant en outre une zone rayonnante
(10) raccordée à l’unité de réaction, la zone rayon-
nante (10) étant raccordée à une zone de convection
(12), l’unité intégrée (1) comprenant en outre un
moyen d’échange de chaleur encerclant au moins
l’une de la zone rayonnante (10) et de la zone de
convection (12), et comprenant une chambre
d’échange de chaleur annulaire (14 ; 134), caracté-
risée en ce que

le moyen de nettoyage de gaz est situé dans
une chambre de nettoyage de gaz annulaire
(16 ; 106) encerclant la chambre d’échange de
chaleur et en ce que
le moyen de nettoyage de gaz (76) comprend
un réseau de filtres à sacs (76) dans la chambre
de nettoyage de gaz (16 ; 106),
le filtre à sacs (76) comprenant au moins un ma-
tériau parmi le tissu, la céramique et le métal.

2. Unité intégrée (1) selon la revendication 1, la cham-
bre d’échange de chaleur (14 ; 134) et la chambre
de nettoyage de gaz (16 ; 106) étant conçues de
sorte que le flux des gaz soit directement vers et en
ligne avec les filtres à sacs (76) et la chambre de
nettoyage de gaz (16 ; 106) comprenant plusieurs
sous-chambres (108) et, éventuellement, les sous-
chambres (108) étant séparées par un fluide.

3. Unité intégrée (1) selon la revendication 2, une ali-
mentation en air sous pression pouvant être appli-
quée à un côté aval des filtres à sacs (76).

4. Unité intégrée (1) selon la revendication 3, conçue
pour appliquer de l’air sous pression en une impul-
sion et l’impulsion étant appliquée à chaque sous-
chambre (108) de manière séquentielle et, éventuel-
lement, la chaudière (2) restant en fonctionnement.

5. Unité intégrée (1) selon l’une quelconque des reven-
dications 1 à 4, un moyen d’injection conçu pour in-
jecter un sortant dans la chambre de nettoyage de
gaz (16 ; 106) étant fourni.
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6. Unité intégrée (1) selon l’une quelconque des reven-
dications 1 à 5, des déchets pouvant être retirés
d’une base de la chambre de nettoyage de gaz (16 ;
106).

7. Unité intégrée (1) selon l’une quelconque des reven-
dications précédentes, la chambre de nettoyage de
gaz (16 ; 106) comprenant un plancher mobile (138).

8. Unité intégrée (1) selon la revendication 7, le plan-
cher mobile (138) comprenant un plancher rotatif
ayant au moins une pale s’étendant entre une bande
intérieure et une bande extérieure et la ou chaque
pale étant conçue pour déplacer des particules de
déchets vers une section ouverte.

9. Unité intégrée (1) selon la revendication 1, la zone
rayonnante (10) étant positionnée au-dessus de
l’unité de réaction.

10. Unité intégrée (1) selon la revendication 7, la zone
de convection (12) étant en communication fluidique
libre avec la zone rayonnante (10).

11. Unité intégrée selon la revendication 1, au moins
une paroi de la chambre d’échange de chaleur an-
nulaire (14 ; 134) étant formée par au moins un tube
d’échange de chaleur (76) enroulé en hélice et,
éventuellement, l’au moins une paroi définissant
également au moins une partie de la zone rayon-
nante (10) et de la zone de convection (12).

12. Unité intégrée (1) selon la revendication 1, la cham-
bre d’échange de chaleur (14 ; 134) comprenant un
économiseur et un évaporateur.

13. Unité intégrée (1) selon l’une quelconque des reven-
dications précédentes, une cheminée étant située
de manière centrale au-dessus des zones rayonnan-
te (10) et de convection (12).

14. Unité intégrée (1) selon l’une quelconque des reven-
dications précédentes ayant une empreinte compre-
nant celle d’une chaudière à lit fluidisé.
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