1 PROCESS FOR COMBUSTI NG FUELS, | N PARTI CULAR WASTE The
invention relates to a process for conbusting fuels, in
particul ar waste, in which underfire conbustion gas is
i ntroduced into the fuel bed from bel ow and overfire
conmbustion gas is introduced into the flue gas fl ow
above the fuel bed. Underfi-r® conbustion gas is
usually anbient air or anmbient air enriched with
oxygen that is often warnmed before it is introduced
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correspondi ngly uneconomi cal design of the induced
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guadieased flue gas flow and this requires not only a

| arger induced draught fan but also | arger downstream
flue gas cleaning systens. 2

Changes in fuel composition, i.e. changes also in the heating

value of the waste, result inevitably in fluctuations both in the
compoesition 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 flue gas cleaning systems.



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 mx, an increased reaction rate, i.e. greater
conbustion intensity and heat release per unit of
time, a decrease in excess ai2,- and an increase in gas
tenperature. These produce unstable conditions. This
effect is particularly pronounced if anbient air
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process déspite 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.



3 Reduci ng the oxygen content while substantially

mai ntaining the sane mass flow of the underfire
conmbustion gas prevents overly rapid ignition and
consequently an increased reaction rate and heat

rel ease per unit of time in the event of tenporary
feeding of fuel mxtures with3a high heating val ue. As
a result of the reduced supply of oxygen in the
underfire conbustion gas, the fuel burning rate is
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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.



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 tenperature,
t enperature, oxygen content, CO2 content, CO content
in the flue gas - is neasured and the val ues neasured

are used to reqgulate the oxygen mass flowin the
underfire conmbustion gas and in the overfire conbustion
gas. The tenperature of the fuel bed is neasured
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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 1s 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



overfire conmbustion air, internally recirculated flue
gas 5 extracted at a point in the furnace where there
is still a high oxygen content, recirculated flue gas
extracted at the outlet of the boiler or further
downstream at the outlet of the flue gas cleaning
systenms, or mxtures of the-r@amed conponents. In a
further configuration of the invention it is expedi ent
to introduce cleaned recirculated flue gas into the
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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 lccation of increased combustion intensity 1s 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
inventive measure that consists of measuring at least one of
the following parameters - direct fuel bed temperature,
temperature, oxygen content, CO: 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




above the fuel bed - to establish the |Iocation and
extent of increased conbustion intensity, and of using
the values neasured to regulate the oxygen mass fl ow
in the underfire 6 conbustion gas and in the overfire
conmbustion gas. Measurenents should be nade at severa
points to establish the |ocagi-on of increased
conmbustion intensity as accurately as possible.
According to the fundanmental idea on which the
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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




therefore oxygen is extracted if the internally
recirculated flue gas flow increases in the primary
conmbustion zone. The oxygen mass flow in the overfire
conmbustion gas is increased advantageously in an area
of increased turbulence. This is particularly

advant ageous not only when Ldfal oxygen 7 balancing is
not possi ble due to design features but al so when
oxygen mass flows are bal anced directly in the area

b &ﬁ%ingn&{ %P&te%o%ogmét&ee t(IS‘th@ssllg:rV fésvﬁlree%ulaeg%%en

ereto ensured t i cul ar gas vel nNs
OBHBAG PRSS b&)owﬁ]aaf@cb@danméi od/lerrefqthé tBnbhst iaieyayhere

1r'1§ré3.z[%@r@@%ﬂbughroqﬁliﬁ@@n'sniﬁ Ve laiRa pEchhed %re'}%C?oo it is
wher e ﬁeased t ur bu] ence 'é achi eved b means of
t

€ REMTG 8t tiRe parrﬁ%élaru Qangéisso"% %d\%ﬂ%@éod%ass by
umﬂf@&f@ﬂuce the various parts of the overtire

conmbustion gas at different heights above the fuel bed
because specific changes can then be achi eved. For
T@ealmﬁeeffnid ¢ smddyatitagepus iso prefeodisde fherdderdalihyo an

recir I que ffe ocat h t
EFEahEd Y Mangitl Mhe? Rl BB PR 5 3o HiRGed by
nmoean ai of Aunbukercag nénmﬂifuhaacto regul ate the oxygen

mass flow The internally recirculated flue gas is

preferably introduced at a higher point than the
Iclceamerilod dee pdvantageesssdpyintind eae bhe ganives parts of

tﬁédgéemréh@ohmﬁg@ﬁm A8Ciy @qt@r%%tf h‘é“i‘ a@§ aEla%e the fuel

I nvention i s explal ned n nor e det ail g ans 8
bse Peraststat .Sm%fl%nCElﬁéxﬁﬂSaryaamé Fﬁ*en cofaghieved. For

eRQMPERE | ot plsantidvEierdyubi ot e intrbBAeidd | uster aﬁh@@rnauy
-SR0S PTLE Larous of o esteLor et oy, ol an) WD e
fliud | gescithg tunderihitt ed cemlistd oacisvand caereainr eurbulence
r@gﬁgﬁ:ﬂl%ﬁ paﬁgg%@tgm@hénogcgegelrf lrlrjlsétsrsatfic())vr}’. Phe 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




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 rans 4 that can be noved to
and fro are provided to convey the fuel arriving from
the feed chute onto a conbustion grate 5 on which
conbustion of the fuel takes & -place. Wether the grate
is sloping or is horizontally arranged and which
principle is applied is immterial. The process
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cén theso be divided transversally so that the wunderfire
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 1is 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




rear part of the conbustion grate 5 there is only

bur ned-out fuel, or bottom ash, and underfire
conmbustion gas is introduced into this area via the
chanbers 10 and 11 primarily to cool the bottom ash
For this reason, the flue gas in the rear area of the
furnace has a hi gher oxygen.entent than the flue gas
in the front area so that this flue gas can be used as
9 internally recirculated flue gas for secondary
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conmbustion nozzles 19 and 20 that are arranged
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and connected to the fan 24 serves to extract cleaned

recircul ated flue gas which is added to the anbient
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2R BTV gytrans rlé?i%gbydevice 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
recircalated flue gas. This recirculated flue gas serves
primarily to generate sufficient turbulence to improve
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 from a central and
combined control and computer unit 34 whose task is
explained in more detail below. Branch ducts 31a to 3le that
are monitored by the valves 35a to 35e and that are also



a conveying and distribution apparatus 30 to a duct 31
for mxing with the underfire conbustion gas and to a
duct 32 for mxing, with the overfire conbustion gas.
The corresponding control command arrives via a line
33 froma central and conbined control and conputer
unit 34 whose task is expl-al®ed in nore detail bel ow
Branch ducts 3la to 3le that are nonitored by the

val ves 35a to 35e and that are also -10 influenced by
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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, 1.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




conmands are indicated by dashed |ines. The regul ation
process according to the invention is explained below
When, in a specific area of the conmbustion grate 5,
there is an increase in conbustion intensity due to
the presence of particularly inflammable fuel with a
hi gh heating val ue, and theitther nography canera 41
detects an increased tenperature - 11 at the fuel bed
surface 42 and at the sane tine a reduction in the
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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 is
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




the d-act 32 is regulated by neans of the valves 36 and

is added to the internally recirculated flue gas that

is introduced via the nozzles 19 and 20, or is

regul ated by neans of the valves 39 and is added to

the overfire conbustion gas that is available in the

formof anbient air or in the&2fermof a mxture of

anbient air and cleaned flue gas. Dependi ng on the

arrangenent of the conbustion plant, the overfire
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1. Process for conbusting fuels, in particular waste,
in which underfire conbustion gas is introduced into
the fuel bed from below and overfire conbustion gas is
introduced into the flue gas flow above the fuel bed,
characterized in that in the event of an increase in
the reaction rate or conbustd@n- intensity the oxygen
mass flow of the underfire conbustion gas is reduced
and the oxygen mass flow of the overfire conbustion

P%QFENSP'@EAngSd 2. Process according to claima1,
that a tenporary increase in the
oxygen nass flow in the overfire conbustion gas
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than 21 @6 5. Process according to one of the clains 1
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3. Process according to claim 1 or 2, characterized in
that at least one of the following parameters - fuel bed
temperature, temperature, oxygen content, CO2 content, CO
content in the flue gas - is measured to establish the increase
in the combustion intensity and the values measured are used
to regulate the oxygen mass flow in the underfire combustion
gas and in the overfire combustion gas.

4. Process according to one of the claims 1 to 3,
characterized in that the oxygen content in the underfire
combustion gas is greater than 21 %.

5. Process according to one of the claims 1 to 4,
characterized in that the overfire combustion gas comprises
ambient air,

6. Process according to one of the claims 1 to 4,
characterized in that the overfire combustion gas comprises




characterized in that the overfire conbustion gas
conprises cleaned recirculated flue gas. 8. Process
according to one of the claims 1 to 4, <characterized
in that the overfire conbustion gas conprises in part
anbient air, in part cleaned recircul ated flue gas, and
in part internally recircul-algqd-flue gas. 9. Process
according to one of the claims 1 to 8, characterized
in that cleaned recirculated flue gas is introduced
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10. Process according to one of the claims 1 to 9,
characterized in that ambient air or internally flue
recirculated gas is introduced at an injection level
approximately 6 to 9 meters above the grate.

11. Process according to claim 1 or 2, characterized in
that the oxygen mass flow in the underfire combustion gas is
reduced at the location of increased reaction rate or
combustion intensity and the oxygen mass flow in the overfire
combustion gas directly above the location of increased

reaction rate or combustion intensity is increased.

12. Process according to claim 11, characterized in
that at lcast one of the following parameters — direct fuel bed
temperature, temperature, oxygen content, CO: content, CO
content in the flue gas in a primary combustion zone forming
directly above the fuel bed - is measured to establish the
location and extent of increased combustion intensity, and the
values measured are used to regulate the oxygen mass flow in




conbustion gas and the overfire conbustion gas is

achi eved by reducing the underfire conbustion gas fl ow
and increasing the overfire conbustion gas flow 14.
Process according to one of the clains 1 to 12,
characterized in that oxygen bal anci ng between the
underfire conbustion gas and® khe overfire conbustion
gas is achieved by reducing the oxygen content in the
underfire conbustion gas and increasing the oxygen
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reducing the oxygen content in the underfire combustion gas
and increasing the oxygen content in at least one component of

the overfire combustion gas.

13. Process according to one of the claims 1 to 14,
characterized in that oxygen balancing between the underfire
combustion gas and the overfire combustion gas is achieved by
regulating the flow of internally recirculated flue gas supplied.

16. Process according to one of the claims 1 to 153,
characterized in that the increase in the oxygen flow in the
overfire combustion gas occurs in an area of increased
turbulence.

17. Process according to one of the claims 1 to 16,
characterized in that that the overfire combustion gas 1is
introduced in an area of the furnace where increased
turbulence is achieved by means of a narrowing of the furnace.

18, Process according to one of the claims 1 to 17,
characterized in that the various parts of the overfire
combustion gas are introduced at various heights above the
fuel bed.




