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-1- PROCESS FOR COMBUSTI NG FUELS, I N PARTI CULAR WASTE The invention rel ates
to a process for conbusting fuels, in particular waste, in which underfire
conbustion gas is introduced into the fuel bed from bel ow and overfire
conbustion gas is introduced into the flue gas flow above the fuel bed.
Underfire conbustion gas is usually anbient air or anbient air enriched
Wi th oxygen that is often warnmed before it is introduced into the fuel bed.
Oxygen is added to anbient air to produck underfire conbustion gas in order
to increase conbustion intensity, reduce flue gas flow and, in particular,
to increase fuel bed tenperature and thus inprove bottomash quality.
Changes in RROCES®RFORCOMBUSTINGFUEIS,) IN PARTICULARWASTE t he
waste, result Tnevitably 1n fluctuations both in the conposition and fTow
of the flue gas during conbustion. Fluctuation of the flue gas flowis
undesi rabl e because the maxi num possible fluctuation nust be taken into
account in he design and_operati,on of _a conbustion plant, .and thiis .
requires a J%F?egﬁﬁﬁgpﬁﬁ}yr%ﬁ§€@n&ﬁ%é%|Pa8§Faﬁ PrtﬁgrPﬁ&U%QHg JP§Gaht”}an.
The consequemoelofildl ucvaatepn inn wHeidxygendeadinteentcombibsetibhueggas is
that, in the,exeahc@ly 3 LamPOLRLY djagrepsq | nbhe healdpo valde ofcfde, fuel
m xture fed, oxygen “deficiency occurs and this result{s In an1ncrease in CO
or in othecommbtudtignogaisntsmpl teoe wondusticoihion fthe ghaeflgas IQove pdaks) .
The pl ant nqﬁglt efore be designed for and operated w th high Ievels of
excess air it inhonogeneous fuels are used. However, high |levels of excess
air lead to increased flue gas flow and this requires not only a |arger

i nduced draughiietfite combustion gas is usually ambient air or ambient air
' enriched with oxygen that is often warmed before it is
introduced into the fuel bed. Oxygen is added to ambient air to

produce underfire combustion gas in order to increase

combustion intensity, reduce flue gas flow and, in particular,
to increase fuel bed temperature and thus improve bottom ash
guality.

Changes in fuel composition, it.e. changes also in the heating
value of the waste, result inevitably in fluctuations both in the
composition and flow of the flue gas during combustion.
Fluctuation of the flue gas flow is undesirable because the
maximum possible fluctuation must be taken into account in
the design and operation of a combustion plant, and this
requires a correspondingly uneconomical design of the induced
draught fan. The consequence of fluctuation in the oxygen
content in the flue gas is that, in the event of a temporary
increase in the heating value of the fuel mixture fed, oxygen
deficiency occurs and this results in an increase in CO or in
other products of incomplete combustion in the flue gas (CO
peaks). The plant must therefore be designed for and operated
with high levels of excess air if inhomogeneous fuels are used.
However, high levels of excess air lead to increased flue gas
flow and this requires not only a larger induced draught fan
but also larger downstream f{lue gas cleaning systems.
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but al so | arger downstream flue gas cl eaning systens. 2- A tenporary
increase in the heating value of the fuel mx fed intensifies the negative
effect of flue gas fluctuations and |eads to premature ignition of the fuel
m X, an increased reaction rate, i.e. greater conbustion intensity and heat
rel ease per wunit of tine, a decrease in excess air, and an increase in gas
tenperature. These produce unstable conditions. This effect is particularly
pronounced if anbient air enriched with-o2ygen is used as the underfire
conmbusti on gas. The increased oxygen content results in altogether nore

i ntensi ve conbustion and nore rapid ignition of the fuel after feeding. If,
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time, the heating value of the fuel mixture fed increases
temporarily, oxygen consumption can rise sharply due to the
intensive combustion reaction so that, despite oxygen

enrichment, oxygen-deficient combustion conditions arise, at
least locally. Such instabilities or fluctuations in the
combustion process are extremely undesirable because of the
effects described above.

The object of the invention is to stabilize the combustion
process despite fluctuating heating values due to differing fuel
compositions.

According to the invention, this object is achieved using a
process of the kind described above, in that the oxygen mass
flow of the underfire combustion gas is reduced and the
oxygen mass flow of the overfire combustion gas is increased
in the event of an increase in the combustion rate.

This regulation effect is achieved substantially by changing the
composition with regard to the oxygen content of the underfire
combustion gas and of the overfire combustion gas while
largely maintaining the mass flows of these combustion gases,
or by changing the mass flows of the underfire combustion gas
and of the overfire combustion gas, or by a combination of
both measures.
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| argely mai ntaining the mass fl ows of these conbustion gases, or by
changing the nmass flows of the underfire conbustion gas and of the overfire
conbustion gas, or by a conbination of both neasures. 3- Reducing the
oxygen content while substantially maintaining the sane mass flow of the
underfire conbustion gas prevents overly rapid ignition and consequently an
i ncreased reaction rate and heat release per unit of time in the event of
tenporary feeding of fuel mixtures with @ High heating value. As a result
of the reduced supply of oxygen in the underfire conmbustion gas, the fuel
burning rate is also limted so that predom nantly gasification reactions
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Primary combustion zone denotes the area between the grate
and the lowest overfire gas nozzle levels.

The corresponding increase in the oxygen content in the
overfire combustion gas with substantially unchanged overfire
combustion gas mass flow also facilitates reliable burnout of
the gasification products rising in the furnace.

Oxygen balancing between the underfire and the overfire
combustion gas as described herein results in total in a
lessening of the fluctuations in the flue gas composition
attributable to inhomogeneous fuel and enables the level of
excess air to be reduced. In this way, a combustion plant can
also be operated with inhomogeneous fuel and excess air of
less than 1.5 without the occurrence of CO peaks in the flue
gas due to the feeding of fuel compositions with at times a
higher heating value.

Preferably regulation takes place in such a manner that a
temporary increase in the oxygen mass flow in the overfire
combustion gas corresponds substantially to a temporary
decrease in the oxygen mass flow in the underfire combustion
gas. This is particularly advantageous in helping to maintain
unchanged flue gas flows.
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Preferably regul ation takes place in such a manner that a tenporary
increase in the oxygen mass flow in the overfire conbustion gas corresponds
substantially to a tenporary decrease in the oxygen nmass flow in the
underfire conbustion gas. This is particularly advantageous in helping to
mai ntain unchanged flue gas flows. -4- To establish the extent of the
increase in the reaction rate and conbustion intensity, at |east one of the
followi ng paraneters - fuel bed tenperatdire, tenperature, oxygen content,
CO2 content, COcontent in the flue gas - is nmeasured and the val ues
measured are used to regulate the oxygen mass flowin the underfire
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intensity.
{ that are, for example, based on the absorption of laser light,

and that enable rapid signals to be generated in the furnace.
Also suitable are optical cameras that permit measurement of
the temperature distribution in the furnace.

This kind of regulation according to the invention is based, of
course, on the capture of critical values of the underfire
combustion gas and of the overfire combustion gas relating to
mass flow composition and temperature. These values must
inevitably be captured during operation of a combustion plant
so that it is possible, on the basis of this information, to make
the appropriate changes in the underfire combustion gas and
in the overfire combustion gas as a function of the reaction
rate and combustion intensity.

In the process according to the invention, different
compositions can be selected with regard to the underfire
combustion gas and the overfire combustion gas.

As already known, it is possible to use ambient air or oxygen-
enriched ambient air, preheated in most cases, as the
underfire combustion gas. It is advantageous if the oxygen
content in the underfire combustion gas is greater than 21 %.

The overfire combustion gas may be ambient air, known as
overfire combustion air, internally recirculated flue gas



In the process according to the invention, different conpositions can be
selected with regard to the underfire conbustion gas and the overfire
conmbustion gas. As already known, it is possible to use anbient air or
oxygen- enriched anbient air, preheated in nost cases, as the wunderfire
conbustion gas. It is advantageous if the oxygen content in the underfire
conmbustion gas is greater than 21 % Thegqverfire conbustion gas may be
anbient air, known as overfire conbustion air, internally recirculated flue
gas -5- extracted at a point in the furnace where there is still a high
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internally recirculated flue gas at an injection |evel of approximately 6
to 9 meters_above the grate so that the residence tinmes of the flue gas
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bur nout of t;b@lﬁ;fg,pr oduced can still take place. According to the invention,
a particular sensitive and rapi d- response regul ation option derives from
the fact that the oxygen nmass flowin the underfire conbustion gas is
reduced Furthermore, it i1s expedient to introduce ambient air or

internally recirculated flue gas at an 1injection level of
approximately 6 to 9 meters above the grate so that the
residence times of the flue gas between the fuel bed and this
level is 1 to 3 seconds. In this way a time gain is achieved for
the regulation system that, according to the invention, reacts
for example to increased combustion intensity by increasing
the oxygen content in the overfire combustion gas so that
burnout of the CO produced can still take place.

According to the invention, a particular sensitive and rapid-
response regulation option derives from the fact that the
oxygen mass flow in the underfire combustion gas is reduced
{ at the location of increased combustion intensity and the
oxygen mass flow in the overfire combustion gas directly above
the location of increased combustion intensity is increased.
However, this kind of regulation that responds particularly
guickly to changes as they occur and therefore directly
suppresses the fluctuations described above requires a further
inventive measure that consists of measuring at least one of
the following parameters - direct fuel bed temperature,
temperature, oxygen content, CO2 content, CO content in the
flue gas in a primary combustion zone that forms directly
above the fuel bed - to establish the location and extent of
increased combustion intensity, and of using the values
measured to regulate the oxygen mass flow in the underfire



at the location of increased conbustion intensity and the oxygen nmass flow
in the overfire conbustion gas directly above the |ocation of increased
conbustion intensity is increased. However, this kind of regulation that
responds particularly quickly to changes as they occur and therefore
directly suppresses the fluctuations described above requires a further

i nventive neasure that consists of neasgréqg at |least one of the follow ng
paranmeters - direct fuel bed tenperature,” tenperature, oxygen content, CQO2
content, CO content in the flue gas in a primary conbustion zone that forns
directly above the fuel bed - to establish the |gcation and extent of
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and increasing the oxygen content one co nent o overfire
cormbust i on ogasfirgi chmhivstieasgrs {hevghschlows thenwixy gohsmarss blawt ke
{ changed by such increase or decrease, regardless of the
current oxygen content. Oxygen balancing between the

underfire combustion gas and the overfire combustion gas can
however also be achieved by reducing the oxygen content in
the underfire combustion gas and increasing the oxygen
content in at least one component of the overfire combustion
gas. With this measure the gas flows remain constant but the
oxygen content in the gas flows changes.

Oxygen balancing between the underfire combustion gas and
the overfire combustion gas can also be achieved by regulating
the flow of the internally recirculated flue gas introduced. This
measure causes underfire combustion gas to be extracted in
the primary combustion zone, thus reducing the oxygen mass
flow in this zone and therefore also the reaction rate.
Regulating the flow of the extracted internally recirculated flue
gas therefore has an indirect effect on the oxygen mass flow
that is made available in the primary combustion zone and
that is influenced by changing the internally recirculated flue
gas flow, to the extent that underfire combustion air and
therefore oxygen is extracted if the internally recirculated flue
gas flow increases in the primary combustion zone.

The oxygen mass flow in the overfire combustion gas is
increased advantageously in an area of increased turbulence.
This is particularly advantageous not only when local oxygen



oxygen content in the gas flows changes. Oxygen bal anci ng between the
underfire conmbustion gas and the overfire conbustion gas can al so be
achieved by regulating the flow of the internally recirculated flue gas

i ntroduced. This neasure causes underfire conbustion gas to be extracted in
the primary conbustion zone, thus reducing the oxygen mass flowin this
zone and therefore also the reaction rates Regul ating the flow of the
extracted internally recirculated flue gas therefore has an indirect effect
on the oxygen mass flow that is nade available in the primary conbustion
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bal anced di the area where increased conbustion intensity
devel ops, because here too it is ensured that in particular CO gas veins
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be achi eved. For exanple, it is advantageous to introduce the internally
( It can also be advantageous to introduce the various parts of

the overfire combustion gas at different heights above the fuel
bed because specific changes can then be achieved. For
example, 1t is advantageous to introduce the internally
recirculated flue gas at a different location than the cleaned
flue gas that is introduced to achieve a certain turbulence
rather than to regulate the oxygen mass flow. The internally
recirculated flue gas is preferably introduced at a higher point
than the cleaned flue gas. If necessary, ambient air can be
added to the internally recirculated flue gas.

The invention is explained in more detail below by means of an
illustration of an exemplary embodiment of a combustion
plant.

The only figure in the illustration shows the basic layout of a
waste-to-energy plant with reverse-acting grate and the
various means of influencing underfire combustion gas and
overfire combustion gas.

As shown in the illustration, a combustion plant for
conducting the process described has a feed hopper 1 followed
by a feed chute 2 for supplying the fuel to a feed table 3 on
which feed rams 4 that can be moved to and fro are provided
to convey the fuel arriving from the feed chute onto a
combustion grate 5 on which combustion of the fuel takes



recirculated flue gas at a different |ocation than the cleaned flue gas
that is introduced to achieve a certain turbulence rather than to regul ate
t he oxygen mass flow. The internally recirculated flue gas is preferably

i ntroduced at a higher point than the cleaned flue gas. |If necessary,
anbient air can be added to the internally recirculated flue gas. The
invention is explained in nore detail belgw by means of an illustration of
an exenpl ary enbodi nent of a combustion plant. The only figure in the
illustration shows the basic |ayout of a waste-to-energy plant with
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process desc¢hiebddubétaiwosan al so be used in, for exanple, a fluidized bed
conbustion plant that is however not shown in the illustration. Bel ow the
conbustion grate 5 is arranged a device, denoted in its totality by 6, that
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ntroduced Vi3 GaR' conslst ™ol *several “Chambers P 16" 11 into which
( underfire combustion gas in the form of ambient air is
introduced via a duct 13 by means of a fan 12. Through the
arrangement of the chambers 7 to 11, the combustion grate is
divided into several undergrate air zones so that the underfire
combustion gas can be adjusted to different settings according
to the requirements on the combustion grate. Depending on
the width of the combustion grate, these undergrate air zones
can also be divided transversally so that the underfire
combustion gas can be regulated in accordance with local
circumstances.

Above the combustion grate 5 is the furnace 14 whose upper
part leads into a flue gas pass 15 which is followed by
apparatuses that are not shown, such as an extraction stack
and a flue gas cleaning system.

Combustion of the fuel denoted by 16 takes place on the front
part of the combustion grate 5 above which the flue gas pass
15 is located. Most of the underfire combustion gas is
introduced into this area via the chambers 7, 8 and 9. On the
rear part of the combustion grate 5 there is only burned-out
fuel, or bottom ash, and underfire combustion gas is
introduced into this area via the chambers 10 and 11 primarily
to cool the bottom ash. For this reason, the flue gas in the rear
area of the furnace has a higher oxygen content than the flue
gas in the front area so that this flue gas can be used as



arrangenment of the chanbers 7 to 11, the conbustion grate is divided into
undergrate air zones so that the underfire conbustion gas can be
adjusted to different settings according to the requirenents on the
conbustion grate. Depending on the width of the conmbustion grate, these
undergrate air zones can also be divided transversally so that the
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ci rcunst ances. Above the conbustion grate™5 is the furnace 14 whose upper
part leads into a flue gas pass 15 which is followed by apparatuses that
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an extraction duct rovi ded

that | eads Raplagipnadicébedflaigkast pAsE8 that directs the internally
recirculated flue gas to the overfire conbustion nozzles 19 and 20 that are
arranged oppgsite each other or at interjacent positions in the flue gas

pass.
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The burned-out parts of the fuel then fall into a discharger 271
at the end of the combustion grate 5.

Further overfire combustion gas nozzles 22 and 23 are also
distributed in large number over the circumference of the flue
gas pass 15. Here overfire combustion gas can be introduced
in the form of ambient air conveyed by means of a fan 24. For
this purpose, an intake duct 25 is provided and a regulating
device 26 allows setting of the ambient air flow. A further duct
27 monitored by a regulating device 28 and connected to the
fan 24 serves to extract cleaned recirculated flue gas which is
added to the ambient air. After the flue gas has flowed through
the flue gas cleaning system, the cleaned recirculated flue gas
is extracted; it has a lower oxygen content than the internally
recirculated flue gas. This recirculated flue gas serves
primarily to generate sufficient turbulence to 1mprove
combustion in the secondary combustion area when the flue
gas flow in the flue gas pass 15 is too low.

From an air separation plant 29, pure oxygen is transported by
a conveying and distribution apparatus 30 to a duct 31 for
mixing with the underfire combustion gas and to a duct 32 for
mixing with the overfire combustion gas. The corresponding
control command arrives via a line 33 f{rom a central and
combined control and computer unit 34 whose task 1s
explained in more detail below. Branch ducts 31a to 31e that
are monitored by the valves 35a to 35e and that are also



The burned-out parts of the fuel then fall into a discharger 21 at the end
of the conbustion grate 5. Further overfire conbustion gas nozzles 22 and 23
are also distributed in | arge nunber over the circunference of the flue

gas pass 15. Here overfire conbustion gas can be introduced in the form of
anbient air conveyed by neans of a fan 24. For this purpose, an intake duct
25 is provided and a regulating device 3@ allows setting of the anbient air
flow. A further duct 27 nonitored by a regulating device 28 and connect ed
to the fan 24 serves to extract cleaned recirculated flue gas which is

added to the ient a ter the flue gas has flowed t the flue
Gas ol eani ngnEJEERFATRY EhEasan ol FEG St bty QR (Al CAe aeBaliad “has
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in the flue agaarpéslsa]:BtDsthe)orﬂcbmdﬁla@rmadeagrasemaurazonﬁsp’Vam 129, pure
oxygen is transported by a conveying and distribution apparatus 30 to a

duct 31 for mxing with the underfire conbustion gas and to a duct 32 for
m xi ng wi t hTthe seeehidr elwohbidt itdnratgasrlgil'ﬁnetcmflesquortdimgconanyring eorthand
arrives via r i ORRULEerq unit
34 whose tascﬁI Hl%ﬁ% aﬁﬁgr&%n%rgbde%] be o%}v%jB(?gﬁ](&: V%tqqe§1§%t (?{91
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branch of f fdshPidianciunBacs: Cbite fémfhﬁblﬁbﬁ(ﬁ& onEd tpRafvPrudre
unpergrate dontzonesalvkd 139, oxygen can be supplied to the overfire

combustion gas nozzles 22 and 23 to which overfire
combustion gas is supplied via the duct 40 by means of the fan
24, This gas can be either ambient air or ambient air mixed
with cleaned flue gas.

A thermography camera 41 observes the surface of the fuel bed
42 through the flue gases and transfers the values captured to
the central control and computer unit 34. Several sensors
denoted by 43 and 44 are arranged above the surface of the
fuel bed 42 and serve to measure the Oz, CO and CO2 content
in the flue gas above the fuel bed 42, i.e. in the primary
combustion zone.

To improve readability, all ducts and lines used to distribute
flow media or transfer captured data are indicated by
continuous lines whereas lines that transmit control
commands are indicated by dashed lines.

The regulation process according to the invention is explained
below.

When, in a specific area of the combustion grate 5, there is an
increase in combustion intensity due to the presence of
particularly inflammable fuel with a high heating value, and
the thermography camera 41 detects an increased temperature



The second duct 32 that originates fromthe conveying and distribution
apparatus 30 |l eads via the control valves 36 and the ducts 37 to the
overfire combustion gas nozzles 19 and 20 via which internally recircul ated
flue gas is introduced into the conbustion furnace. Via the branch ducts 38
nonitored by the control valves 39, oxygen can be supplied to the overfire
conbustion gas nozzles 22 and 23 to mhicg overfire conbustion gas is
supplied via the duct 40 by neans of the gaﬁ 24. This gas can be either
anbient air or anbient air mxed wth cleaned flue gas. A thernography
canera 41 observes the surface of the fuel bed 42 through the flue gases
and transfep§ e igluesdcaprined 49 andeateite famentiwie antedvapirerinunit
34. Several 1 §8NsRKFerianoh €h PYaAd /ANd A4 AlEr M saNged 12O0re) tdensehtage of
the fuel bed 42 and serve to neasure the 02, §I)ang_C§2 coq{ent in the
flue gas ab8¢&CtHedf RY bB§asS iole SERSPRE ptPmetYd cOfbustiion déne. o

i nprove reagpbhbiddredldo did scanerdli ke tweedahel ddhipbtde uhitow4redi s or
transfer ca tu?)ed data are indicat Gfg by onti.nuou‘g *i nes %reas i nes t hat
transmt coREFOYT S MENESarR2Pidi %We&’ag‘?%d FIWEST THY r BHAS L Sn
process accovdibgstiothgasnyent ithre oveefpleaicoedbubation. giserThis i3 dpeai fic

f th ' 5 thete i ' i nmbust |
“ntensi ty dbd e inePe g Bndfe | BaParN MR man eSS Th thehi g
heating val beanarid dubest h8rmigr difry. Tdmer aedlictet dites axy gowr eases flow
tenperature 'mlr%deét thBey el ped c%gﬁk%csecié% ga@ égn.tsri]&é%%rfe HBRA air,
RTO'he OXygen dont'ent” anaror an’in i’n°the GO cont

reduction i fease ntent '1s
The individual control devices in the branch ducts 13a to 13e
{ are denoted by the reference number 45 and are influenced by

the control lines 46 that branch off from the line 33 which is
embodied in practice as a bus. The output of the fan 12 for the
ambient air can also be reduced in total via the control line
47. Provided pure oxygen is supplied to the ambient air via the
ducts 3la to 3le, the supply of oxygen can be reduced by
means of the valves 35a to 35e. These control valves are
connected to the bus 33 and therefore to the central control
and computer unit 34 via control lines.

The reduction in the oxygen mass flow in the underfire
combustion gas is accompanied by corresponding oxygen
balancing achieved by increasing the oxygen mass flow in the
( overfire combustion gas area. For this purpose, oxygen
supplied from the conveying and distribution apparatus 30 via
the duct 32 is regulated by means of the valves 36 and 1is
added to the internally recirculated flue gas that is introduced
via the nozzles 19 und 20, or is regulated by means of the
valves 39 and is added to the overfire combustion gas that is
available in the form of ambient air or in the form of a mixture
of ambient air and cleaned flue gas. Depending on the
arrangement of the combustion plant, the overfire combustion
gas used to achieve oxygen balancing can be introduced either
at a few points in the flue gas pass or at a very large number
of individual points. If the overfire combustion gas, whose
composition is changed in order to change the oxygen mass



detected by neans of sensors 43 and 44, this data is transferred to the
central control and conputer unit 34 that perforns oxygen nmass fl ow

bal anci ng between the underfire conbustion gas and the overfire conbustion
gas. This is done by throttling the underfire gas flow via at |east one of
the branch ducts 13a to 13e. This reduces the oxygen mass flow provided
the underfire conbustion gas consists of pgbjent air. The individual
control devices in the branch ducts 13a to 13e are denoted by the reference
nunber 45 and are influenced by the control lines 46 that branch off from
the line 33 ich.is. Enbgdied in, pragtice as & bug..The output . of t?e fan
12 for the fbied? APFTR HcgldSOaBear Qe ddPih Yot al 'Y QXPEQISBrRt 81 58te
47. Provi dedcmate axhgenogsnsmpplorddme time thebflert gais paiss blyesugydiysngla
to 3le, the o] y can [ e s_of Fhe val a1 0
35e. These é%#%?%(jvgfgisggge?gcéﬁgg%ﬁgﬁﬁtgoPﬁ% §3§93§9§ﬁ§9$h§?g¥§?§ﬁ gnthe
central contga$ wadd donpuooekifiad to:32gemn aneas (Wl inddherTha tredustadvian
the oxygen mggs fﬁBHﬁd%e{L%ﬂ%eré hE, FP”R“%k?@dgé‘ﬁt' %vﬁ@ﬁoqﬁ%f’bﬁﬁcwfg
correspondi ng oxygen al ancing achi eved by increasing the oxygen mass fl ow
in the overiteanedibusesbivwad esr dduergas Hios durposal prygéd thapphned
fromthe co i di i } r i h t LShi

Fegul at od by rane aF Y e ) ver SR REE B e K R PR GuIaR Y Shigh
recircul at ed'PIREGEEIBhat T8E nt# TRRBEIMSAE t AE nIEFVes MGRENd PVETEHIE s

regul at ed bycorangsefort Neas V@h?@ﬁy?’ﬂoéﬂ%é shaddgde tadihatager thae 6RyBeation
gas that is avail.able the 1orm of anbient %Ié.l’ or, in the %Brmof a

|
mixture of LAY PakABCREanan 14 ke RIECe BdpeRtiNg &Y G hBE BPHARY&Fent
of ;the conbuBidaaoplsarit Wwhéchveldi i€ceeabesinhonongbsisused tiatankigyvewasygen

bal anci ng Ca&e?@b&ﬂir%QHSFQhﬁgtHﬁgde of operation the homogenization zone
generates additional homogeneity and therefore additional
combustion of CO because, even with a larger number of
supply nozzles for the overfire combustion gas, because it
cannot always be ruled out that individual CO gas veins will
form and rise unaffected by the first introduction of overfire
combustion gas.



at a few points in the flue gas pass or at a very |large nunber of

I ndi vidual points. If the overfire conbustion gas, whose conposition is
changed in order to change the oxygen nass - 12 flow, is introduced at a
few points, it is expedient to first create a honogenization zone in the
flue gas pass by supplying cleaned flue gas in turbulent form The overfire
conbustion gas with the nodified oxygen mass flow is then introduced via

t hi s honogeni zati on zone. It is expedient when introducing internally
recirculated flue gas to do so at pointstthat have particularly high
turbul ence and therefore particularly high honogeneity. The arrangenent of
very many ov&LAIM8: conbustion gas supply nozzles has the advantage that
oxygen mass flow bal ancing can take place directly above the points or

| ocations at qwhi ch ?‘”AP:%@ for cOmBATAYFidi Ha FUth&dtHhdvihg'Rfuel 864 85d §d- Wt h
this node of operation the honogenization zone generaties additional

honogenei ty #duelgaseowpbeee theduelibsdacomprisingibeistapsof: CO because, even with a
| arger nunber of supply nozzles for the overtire conbustion gas, because it

cannot always be rul infituciiddindefif biibidstioidad o Y2 sl tdd from bab and 1 se.

unaffected by the first 1 ntrdduction of overfire conbustion gas. - 1
CLAI MS: 1.5 Aapdocess for conbusting fuel in a furnace having a fuel bed and
a flue gas flow above the fuel bed, conprising the steps of: introducing

underfire comnbustion gﬁ"t?odd&Fr@ i@ﬁﬁ%}nbpagﬂg%%mtg Piie %ar%fﬁ:lw i ntroduci ng

overfire conbustion gas 1nto"t ue gas erein oxyden mass flow of

the underfire conbustion gas is ) _
wherein oxygen mass flow of the underfire combustion gas is

reduced and oxygen mass flow of the overfire combustion gas is increased when
there is an increase in reaction rate or combustion intensity in the furnace,

10 wherein the increase of the oxygen mass flow in the overfire
combustion gas substantially corresponds to the reduction of the oxygen mass
flow in the underfire combustion gas, and

wherein the underfire combustic;n gas and overfite combustion gas
are controlled so that the flue gas flow remains constant when the oxygen mass
15 flow of the underfire combustion gas is reduced and oxygen mass flow of the
overfire combustion gas is increased.

2. The process of claim 1, wherein at least one of fuel bed temperature,
flue gas temperature, flue gas oxygen content, flue gas CO; content, and flue gas
CO content is measured to regulate the oxygen mass flow in the underfire

20 combustion gas and in the overfire combustion gas.

3. The process of ciaim 1 or 2, wherein the underfire combustion gas
has an oxygen content of greater than about 21% by volume.

4. Tha process of any one of claims 1 to 3, wherein the overfire
combustion gas comprises ambient air,

25 5. The process of any one of claims 1 to 3, wherein the overfire
combustion gas comprises intemally re-circulated flue gas extracted at a point in
the furnace where the flue gas contains oxygen.



reduced and oxygen mass flow of the overfire conbustion gas is increased
when there is an increase in reaction rate or conbustion intensity in the
furnace, 10 wherein the increase of the oxygen nmass flowin the overtire
conbusti on gas substantially corresponds to the reduction of the oxygen mass
flowin the underfire conbustion gas, and wherein the underfire conbustion
gas and overfire conbustion gas are controlled so that the flue gas flow
remai ns constant when the oxygen nass 15 flow of the underfire conbustion
gas is reduced and oxygen mass flow of-tie - overfire conbustion gas is

i ncreased. 2. The process of claim1l1l, wherein at |east one of fuel bed
tenperature, 6. fl ue gasTHesprpesesataimay ohé vicigias D) amecsintrendverfireue gas CO2

content, and flge tg’?‘s CO contenIt i S measur ?%rﬁo regul ate the oxygen nass
flow in the GREEHFYONIASFOLMISES FieaneyscreHiaed U f8Sovertire conbustion gas.
3. The process of claiml or 2, wherein the underfire conmbustion gas has an

oxygen contert of grediesprobess dilelaih 42Whéfebythe olverfiee cambultion gas Gether of any
one of clains 1 to 3 ‘Ar@q?fei” thgedg erfire .(ionbhustion %gs ﬁo ri ses anbi ent
air. 25 5. THREMPRYRSUeansd rgrgreyiateddiue gagiand infemglire-glicualed Tyg@asoyer tire
conbustion gas conprises internally re-circulated flue gas extracted at a
poi nt in 4 h@, furnace Tegrecédseoficlaira 6gahemimthaifiraacxygemprimatd 6. The

process of an ne, of _cl ai, ms t wherein,the overtire, conbusti on gas
Conpr i ses. cf SHMBHSR.zere pbie e ehec 88 e ionga S Sty A58 Ga R 4 whor i n
the overfir eirfeidved intthedtiefgasflorrabooe ther privesy chmbostibnrzneifsrcul at ed 1 ue
gas and internal I% re-circul %d flue gas. 5 8. The process of claim§6,
wherei n the f@MogeRzation apdfqakagy  conbusti on zone above the fuel bed, and
the cleaned re-circulated flue gas is introduced into the flue gas flow

above the prigmary conbrisd prodessdfant ohe ohalgEenioz tereid itk fiARiceMgthe?. The
process of any one of claginms 1 tqo 8, erein the furnace further
10 has a grate on which the fuel bed is formed, and ambient air or the internally re-
circulated flue gas is introduced into the flue gas flow at an introduction level

approximately 6 to 9 meters above the grate.

10. The process of any one of claims 1 to 9, wherein the reduction of the
oxygen mass flow in the underfire combustion takes place where there is an

15 increase in the reaction rate or combustion intensity, and the increase of the
oxygen mass flow in the overfire combustion gas takes place above where there is
an increase in the reaction rate or combustion intensity.

11. The process of any one of claims 1 to 10, wherein the furnace
further has a primary combustion zone directly above the fuel bed, and further
20 comprising:

measuring at least one of fuel bed temperature, flue gas
temperature, flue gas oxygen content, flue gas CO, content, and flue gas CO
content in the primary combustion zone to establish a location and extent of an
increase in the reaction rate or combustion intensity, and

25 wherein the oxygen mass flow in the underfire combustion gas and
in the overfire combustion gas are regulated based upon the measured at least
one of fuel bed temperature, flue gas temperature, flue gas oxygen content, flue
gas CO; content, and flue gas CO content in the primary combustion zone.



to has a grate on which the fuel bed is fornmed, and anbient air or the
internally re- circulated flue gas is introduced into the flue gas flow at
an introduction level approximtely 6 to 9 nmeters above the grate. 10. The
process of any one of clainms 1 to 9, wherein the reduction of the oxygen
mass flow in the underfire conbustion takes place where there is an 15
increase in the reaction rate or conbustion intensity, and the increase of
the oxygen nass flow in the overtire conmbustion gas takes place above where
there is an increase in the reaction +age-or conbustion intensity. 11. The
process of any one of clains 1 to 10, wherein the furnace further has a

primary conbggtion zonmecﬁromloy’aﬁyborg@?ﬁdﬁﬂmﬁugb medhemrrdmiyge? :beranciﬂ@

conpri si ng: asuring a east one o ue e enper at yre, ue gas
Cenper at ure, PRGN HEu e er oA AT Jo5 FTHLNG Lo TRBAIEUAR 098 f oo gas CO
content in tBghigVddBY sedGEIRE ASWIoP theatidR fir® chbadlioh Yas anl B ahdreasig Whvext ent  of
an increase in the reaction rate or conbustion intensity, and wher ei n

the oxygen nftteroverfire pomRestioRdidEs i re conbustion gas and” in the overtire
conbustion gas are regul ated based upon the neasured at |east one of fuel

bed tenpersat yge, fl ue YRHréIERF ahybRe of didimsdas 1aXwBERITORGBAbalahting Jas
CO2 content, and flue gas_CO content in the primary conbustion zone. - 15

12. The procBeivegn thayndartire somhustionsgas and the ovegfiea @ambuskion as $al anci ng

bet ween t he b S i i i gas is

achi eved by rggﬂ%{:eifdnﬂ ?eﬁg%g? &*’E%g' %ﬁ?é? P\Iq P%U@g%ﬁ%gﬁr@ﬁ:sgg@'ﬁﬁghf i ncreasi ng
flow of theinsveasingraxygembontentan atleast aneis compengntookibe ovérfiny one of cl ai ns
| to 11, V\hea@lgﬁ%sﬁ@(‘%%ﬁ bal anci ng between the underfire conbustion gas and
the overtire i0n" gas is achieved by reduci ng oxygen content in the
underfire conbustion gas and by increasing oxygen content in at |east one
of conponent §4of the dherprocess of olain 6t whereipasxygerobdlancihbetmeendes of claim

5. wherein oy QGH DALY gRELNFRR dVBRire combustion gas is achieved by

regulating flow of the internally re-circulated flue gas.

15. The process of any one of claims 1 to 14, wherein the overfire
combustion gas with the increased oxygen mass flow is introduced info an area of
15 the flue gas flow with increased turbulence.

16. The process of any one of claims 1 to 14, wherein the overfire
combustion gas is introduced into an area where increased turbulence is achieved
by a narrowing of the furnace.

17. The process of any one of claims 1 to 14, wherein the overfire
20 combustion gas is introduced into the flue gas flow at a plurality of heights above
the fuel bed,

18. A process for combusting fuel in a furnace having a fuel bed and a
flue gas flow above the fuel bed, comprising the steps of:

introducing underfire combustion gas into the fuel bed from below;
25 and

introducing overfire combustion gas into the flue gas flow,



underre conbustion gas and the overfire conbustion gas is achi eved by
regulating flow of the internally re-circulated flue gas. 15. The process of
any one of claims 1 to 14, wherein the overtire conbustion gas with the

i ncreased oxygen nmass flowis introduced into an area of as the flue gas
floww th increased turbulence. 16. The process of any one of clains 1 to
14, wherein the overtire conbustion gas is introduced into an area where

i ncreased turbul ence is achieved by a narrowing of the furnace. 17. The
process of any one of clainms 1 to 14, whé$ein the overtire 20 conbusti on gas
is introduced into the flue gas flow at a plurality of heights above the
fugl be]gl. 18. A P[Oces‘ghémm @(ygbh ua’lcasaggwmthd underffrelcmﬁbestlma\gasgsa fuel bed
and a ue ow above the e e i si the.ste

M oduci ng. drdued 3 BSARR s A5G L MR BoPRuTp i BRRBSPLINOn 25 and
i ntroduci ng otiefefis b irpedesh reuttiontate BF corhbgstibh ety i theiurnacd Gandwher ei n
oxygen nmass flow of the underfire conbustion gas is reduced and oxygen mass

flow of the overfire c ust S crease whenp. . the an increase
in reaction rate or cowgg@ﬂ ‘bﬁq\"ﬁ ﬁ-ﬁﬂpﬁf Eﬁ?ﬂr@ ﬁl‘?@t‘h b\?ﬂe'?el n the
furnace fust ermémhana a8ibadrit afrior iemblly ﬂ%ecxrfcul@tedifﬁfé éja% i$ intre8 0&sd inRAe anbi ent

air or internally re-circulated flue gas is introduced into the flue gas
flow at an i ntuedhsdiowaH anéde&b?n @XP’r?d%PEQW“%tetycﬁ to Symetersaboysthe grate.gr at e.

19. The process according to claim 18, wherein the residence tine of the

flue gas between the fyed pRReseshordiRy ITVISIRAE WrBRH Bebsiiende firfe 3 Seconds.

the fiue gas between the fuel bed and the introduction level is 1 to 3 seconds.



