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METHOD FOR BURNING FUELS, PARTICULARLY
FOR INCINERATING GARBAGE

The invention relates to a method for burning fuels, particularly for incinerating
garbage, in incinerators with a grate firing, for which the primary air is supplied
into the fuel layer below the grate firing and the secondaty air 1s supphed above |
the fuel layer.

Methods of this general type have been known for a long time.

- Because of political objectives, garbage must be incinerated so that contamination

of the environment in largély avoided. The previously customary procedure for
achieving this objective is the optimization of the incinerating process on the |
grate firing by supplying combustion air selectively with respect to amount and

- distribution along the grate firing and also in the region of the secondary

combustion zone, as well as by the use of constantly more extensive and more
expensive facilities for downstream gas purification. Admittedly, this has already
led to drastic reductions in the emissions from such installations. However, it
also brings about a great increase in the disposal costs, which are associated with
the operation of these installations and an out-of-proportion expansion of the gas
purification section compared to the conventional part of the facility consisting
of the furnace and the energy utilization, such as the generation of steam. In
the meantime, a standard has been attained for waste gas purification
installations, which permits further improvements in the deposition performance
to be anticipated only if very high additional costs are’ accepted, since
purification efficiencies of 99% are being attained. Experience has shown that

there is an exponential relationship between expenditure and purification
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cofbustion plants with grate firing, i.-n which primary air is fed under the
Tgrateé into the fuel bed and secondary air is fed above the fuel bed.

Met hods of this general type have been known for sonme tine. On account of

political objectives, the conmbustion of waste nust be effected in such a

manner that environmental pollution is substantially avoided. The

hitherto coiutfstmdiieal soRhBOtkchhidl e&&idntnd Wng¥r!is §istiabld kdr Ricfedstng the
opt+ m se the conbustion process on the grate by controlling the quantity

and di stri lpurification teffcicogpufirther. ai With the presently known measures, the
technically justifiable limit of purifying waste gases has been reached.
Particularly in recent years, additional attempts have been made to achieve

further improvements by modifying the combustion process.

r

From the DE 39 15 992 Al, it is known how the formation of nitrogen oxides
can be prevented, in order to make possible therewith savings in the dow'nstream
purification installations. The basic principle of this known ‘method consists
primarily of modifying the oxygen content of the primary air by admixing
recycled waste gases from the combustion process, so that the combustion on the
grate proceeds in a damped form with the objective of keeping the temperature
in the tips of the flame below 1300°C, because it is known that the formation
of the nitrogen oxide sets in to a greater degree above this temperaturé. For
this known method, the secondary air is introduced in two'stages, one above thq
other. In the lower stage, essentially recycled waste gas is introduced, in order
to generate a turbulence, while air from the surroundings is supplied to the
second stage, in order to achieve the necessary combustion of the waste gases.
In the case of the selectively retarded combustion reactions, however, there is
a distinct deterioration m the ignition of solid garbage components on the
. incinerator grate. As a direct consequence, the proportion of uncombusted
- materials in the combustion residue increases and there is a greater possibility

that pollutants will be bound in the residue, that is, in the slag, because of the

lower combustion bed temperatures. Admittedly, the proportion of nitrogen

oxides is reduced by this method. However, the proportion of uncombusted

pollutants is increased because of the decrease in the oxidation potential.

For a different known method of DE 40 27 908 Al, the proportion of oxygen

in the primary combustion air as well as in the secondary combustion air is
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EN - .
fed in al ong the grate and also in the region of the secondary conbustion
zone and to use increasingly extensive and conplicated apparatus for the
subsequent gas purification. Although this has already led to a drastic
reduction in the emssions fromplants of this kind, it has also neant a

These bl ant s VARECHca YRRt sB0EMe 3RThuf JaRERE, B e Bragbudl L o
purificationapBparthhtoff HetsiitBuhinghfirc@eabireasd ibahe Hrogoeion! bxygen

consisting of firing and energy recovery, e.g. steamgeneration. In the

meant i me, sublow shamafithe susrobadingaaini dtordthishpurpose, thesoxygenf obtained in an
ed
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| to increase the proportion of oxygen in the combustion air by supplying oxygen
and to decrease the proportion of oxygen in the combustion air by supplying
nitrogen. This procedure can improve the course of the combustion in important
areas of the furnace or the combustion chamber. However, it does not.lead to
a decrease in the amount of waste gas flowing through the ‘installation as a

whole and espeéially also not in the amount of gas flowing through the waste gas

C purification installation.

Until now, the concentration of pollutants in the waste gas has generally been
the starting point for evaluating the relevance of garbage incinerators .to the
environment.  The presently valid emission guidelines, namely the 17.
Bundesimissionsschutzverordnung (17th Federal Emission Protection Regulation)
or the EC Guidelines for Incinerating Garbage, as well as the Provisional
Regulations hereto, govern the conditions imposed on such imstallations by
'limiting concentration values. This mode of consideration reflects the pollutants
emitted into the environmeﬁt only incompletely, since only relative and not actual
__ ( amounts, which leave an emission source, can be identified. On the other hand,
the evaluation of the pollutant loading describes the ecological significance of an

emission source more comprehensively.

Experience from operating modern waste gas purification installations show that
the attainable concentrations of pollutants and purified gas practically do not
depend any more on the concentrations of pollutants in the waste gas entering
the purification installation. Instead, the concentrations at the end of the waste

gas purification remain constant. This is explained by the exponential
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:cost§, ;s purification efficiency of 99 % has been achi eved. Experience has

-shown that there is an exponential rel ationship between expenditure and

purification efficiency, so that the technical input required to achieve a

-further increase in purification efficiency is no |longer justifiable. The
technically justifiable houndar r the purification,of wast ases ‘ha
_been ¥eac hgdJ victaHqmal -ﬁﬂr&g&lﬁ#ﬁ{?@rﬁ%ﬁeé’smﬂ%‘éﬁr’F q%rfﬁﬂg’é&ﬂn %irtge
attempts have alniBReiby oPofie ERtmsidhinl R UGrdde RS beMieRY eTent s by

-i nfluencing the“conbustion process.
. prevent the production of nitrogen oxides in order

B ——" i

Al scl oses how to

It is therefore an object of the invention to achieve a signiﬁcant decrease,
beyond the previously obtained findings with respect to the attainable purification
efficiencies, in the pollutant loading emitted to the environment, with a higher
technical efficiency and smaller dimensioning of the aggregates connected

downstream from the incineration..

Pursuant to the invention, this objective is accomplished, starting out from a
method of the initially mentioned type for combusting fuels, owing to the fact
that the combustion intensity of the fuel on the furnace grate is increased at
least partially by increasing the proportion of oxygen in the primary air and that
the combustion intensity in the secondary combustion zone is choiced by
decreasing the proportion of oxygen in the secohdary air. ' Preferably, waste gas
recycled from the combustion process is used to decrease the proportion of

oxygen in the secondary air.

The increase in the proportion of oxygen in the primary combustion air depends
on the reaction zones, tha.t is, on whether it is the warming-up zone, the main
combustion zone or the final combustion zone. Due to this partly significant
increase in the proportion of oxygen in the primary combustion air, the
proportion of nitrogen is necessarily decreased. As a result, the intensity of the
combustion is increased significantly and the volume of air required is decreased
greatly, since the nitrogen content, which acts only as a ballast, is decreased. -
With that, there are already significant savings in the volume of combustion air
required. These savings make it possible not only to reduce .the 'dimensioning
of the primary air blower and duéts, but also to decrease in size the downstream

aggregates, such as the steam generator, the waste gas purification facility, the
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to dllow for savings in the subsequent purification plants. The basic
principle of this known nethod consists principally in varying the oxygen
content of the primary air by adm xi ng recycl ed waste gases fromthe
conbustion process in such a manner that the conmbustion on the grate is

danped so that the maxi num tenperature achieved in the centre of the flane
~i's 1300] er r] C.inducqd-draft Ries¥ar arthe GRIMARYenThe SPPERTIRRIEJACTSASH N thg dptensity

of the primary combustion usually leads to an increase in the temperature of the

- combustion bed on the combustion grate and of the flame in the secondary
combustion zone. . The higher combustion bed temperatures have the
advantageour effect .of an improved total combustion of the solid parts of the

fuel and an improved tying up of the pollutants in the ash because of sintering.

On the other hand, the higher temperature of the secondary combustion results

in the increased formation of nitrogen oxides (thenﬁal NO,). In the casé of the

known method, which has been mentioned above, the combustion. process is

choked appreciably for this reason aiready on the furnace grate. The invention

' (-__'-' thus initially follows a path, which should be regarded as wrong according to
previous findings in that the combustion initially is fanned beyond the usual

extent on the firing grate, in order to achieve thereby a considerable reduction

in the amount of primary air, an improvement in the slag quality and a decrease
in the combustible, that is, oxidizable pollutants, and then corrects this path in
the secondary combustion zone, so that there is no increased formation of
nitrogen oxides, the removal of which would entail a considerable expense. The
further measure of the invention thus sets in here. Said measure consists of
choking the combustion process above the combustion layer at the start of the
secondary combustion zoné in such a manner, that the formation of nitrogen
oxides, which usually sets in, does not take place or takes place only to a greatly
reduced extent. This damping measure thus commences at a point in time, at
which the elimination of oxidizable pollutants is already largely concluded due
to the strongly fanned combustion process. Because the oxygen content of the
primary air has been increased greatly, this air still contains enough oxygeh after
passing through the combustion layer, so as to make the desired, throttled
combustion in the secondary combustion region possible.. Said throttled
combustion is to be controlled so that those temperatures, at which nitrogen

oxides are formed, do not arise. Pursuant to the invention, preferably waste gas
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2  bxides begi ns above this terrperature In this known nethod, the

secondary air

IS

from this combustion process is used to achieve the choking. Waste gas, the
oxygen content of which is greatly reduced, is used in the inventive method to
dampen the after-burning. Due to the use of waste gas, it is thus no longer -
necessary to supply additional, oxygen deficient gas or inert gas.  For this reason,
the amount of gas does not have to.be increased despite adequate combustion

in the secondary combustion region, whereas it does have to be increased in the

- case of the previously known method, for which additional combustion air, in the

form of air from the environment, was supplied over secondary air nozzles in the
region of the secondary combustion zone. Even in the case” of methods for
which no pure combustion air was supplied, the amount of gas was nevertheless
increased, because a mixture of the surrounding air and waste gas or an inert
gas, such as nitrogen, was supplied, which increased the total amount of gas.
The damping measures in the secondary combustion zone are thus produced for
the present invention preferably with the help of waste gases, which arise during
the primary combustion, that is, during the combustion of the combustion layer

on the furnace grate, so that additional amounts of gas either are no longer

required or are required to a lesser extent.

Modern garbage incinerators usually are operated with a division of the
combustion air into 65% p'rimary air and 35% secondary air. If, for example,
the whole of the secondary air is replaced by recycled waste gas, that is, by
recirculated gas, in order to achieved the aimed for damping process in the
secondary combustion zone, then 35% of the total amount of gas flowing through
the installation is saved by this measure. Together with the measure of
increasing the oxygen content of the primary air, the amount of gas flowing -
through the downstream aggregates can be reduced by these means by two
thirds. However, if, as noted above, the concentrations of the pollutants at the
end ‘of the waste gas puriﬁéation are independent of the pollutant concentrations .

before the waste gas is purified, the amount of pollutants arising, that is, the

_
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_inttoduced in two superinposed stages, substantially recycled waste gas
"being introduced in the |lower stage in order to generate turbul ence,
whereas anbient air is fed in in the second stage in order to obtain the
necessary conbustion of the waste gases. However, in this controlled
sl ow ng down of the conbustion reactions, there is a marked deterioration

in the ignition of solid waste canstituents on the conbustiqgn grate., T
proporti on ofmevesaf Re/buank: eqiftad; KOM (ABE sITWRS &Pdﬁ% aﬁ‘?%@ﬁ s L

di rect conse 0 | S fﬁﬁcpﬁﬂfs j tiﬁ‘e%%?@
bei ng int egr%ﬁt%‘%%@gi urﬁl:ﬁdg.b*ﬁ’tﬁ%_“tshe sl ag, égﬁlgm;ggsg#t of th
| over fuel bggeiReBlaht! BSa thankéy tharewis ot tpossibieoby medrishof gire ttasditional

proportion of " nitrogen oxjdes is . .
mode of operating incinerators because of the exponential increase in costs

mentioned above.

Starting out from the general, basic teachings explained above, a special further

~ development of the invention consists therein that the oxygen content. of the

primary air is increased locally, above the oxygen content of the surrounding air,

_ as a function of the combustion behavior or the burning intensity of the fuel

G- layer on the furnace grate, that the oxygen content of the secondary air is

decreased below the oxygen content of the surrounding air by admixing recycled

waste gas, and that the secondary air is adjusted locally with respect to the

' composition, the amount, the supplying site and a high turbulence in the

secondary combustion zone, so that the formation of nitrogen oxides above the -

fuel layer is largely avoided. By adaptation to the local circumstances, that s,

by taking into consideration the different states of the fuel along the furnace

grate, the primary air can be adapted to the particular circumstances and

. adjusted so that the desired, intensified combustion effect and, with that, the

combustion of oxidizable pollutants sets in. For this purpose, for example,

(. known thermocouple elements are used to measure the temperature or infrared

cameras are used to determine the solid-state radiation, which is emitted directly

from the combustion layer and permits conclusions to be drawn concerning the

temperature of the combustion bed, that is, the temperature of the fuel mass

in the process of combustion, in order to adjust'the oxygen percentage, which

is necessary to bring about a greater combustion intensity, at the particular site

in the combustion grate, which is possible, for example, by appropriately

subdfviding the underblast guiding system for the combustion grate. For this

purpose, the DE 38 25 931 C2 already makes a relevant proposal. In this
[
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_ reduced, the proportion of conbustible harnful substances is increased as a
result of the reduction in the oxidation potential. |In another known

met hod according to DE 40 27 908 Al, the oxygen content of both the primary

~conbustion air and the secondary conbustion air is varied, this variation
ranging froman increase in the oxygen content relative to the anbient air

to a-.reducti onchinddtion WA is OOt detisivel ahpuranee tihendinithe knov - faéhithas ahe

- purpose of this variation of the oxygen content of both.the prinmary
conbusti on ai r persentage Qéc@qsanybwa%us@arbrbeamnﬁrgmda buy mather rtbatythat oxygen

of oxygen requ{)éx%%niacge %Olrxrxbc%ésatsieﬁnmaﬁ'net Bse of the present invention to such an extent,
that a combustion intenSity and .' the decrease in oxidizable pollutants associated
therewith is attained, which previously was not pursued because of the
anticipated disadvantages. These disadvantages; which are to be seen, for
example, in the thermal formation of nitrogen oxides and in the overheating of
the protective lining of the combustion chamber, ére, however, avoide& in the
case of the present invention owing to the fact that selective-daniping measures
with respect to the temperature development and the adjustment of other

conditions are initiated over the combustion layer, so that the anticipated

disadvantages do not occur. These damping measures include basically the
reduction in the oxygen percentage, as was already explained further above. In
this connection, the amounts of secondary air and the place in relation to the . .
~ combustion layer or the combustion chamber and the turbulence, with which the
amount of gas referred‘ to as secondary air is supplied over the seéondary air
nozzles, are of great importance. The generation of a high turbulence has a
particularly advantageous effect, since a frequently nonuniform distribution of
oxygen is levelled out by these means and the oxygen that is present can be
utilized better, as a result of which the desired course of the combustion can be
achieved at relatively low temperatures in the secondary combustion region. It
is possible to adjust the conditions in the secondary combustion region with the
help of temperature measurements and observations by means of infrared
. _ cameras or of flame monitors in such a manner, that temperatures harmful for
‘ the lining of the combustion chamber as well as for the formation of nitrogen
| oxides are prevented, since it is known, for example, that a temperature of
1,300°C represents a limiting fralue, above which increased formation of nitrogen

oxides must be expected.

-
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i ndi vi dual points of the conbustion plant as precisely as possible. This

shoul d resul t

in good burn-out and the residual oxygen quantity should not

fall below the prescribed value. The oxygen recovered in an air-separation
pl ant and the nitrogen al so recovered there are used in order to increase
t he oxygen content by feeding in oxygen and to reduce the oxygen content in

the conbustio
i nprove the c

air {Jﬁe e | trﬁﬂ%gg% Thi s tha;jito roc%ﬂ%rn can
hﬁ&eé‘ o)

furnace or fuRAessCtid G gen UoriHOSE derﬁ th e ﬁ:diﬁ%ﬁiﬂtﬂﬁoh'lohée

volunetric fl

ow rate of t'ffe waste gas t oughi.the e t|re pl ant, nor above

all in the waef ethg agrape: firing; cbecause| that fuel in other regions initially is preheated or

already has too low a calorific value, as is the case, for example, in the final

combustion zone.

The oxygen content of the primary air, which can be adjusted locally differently
in relation to the length of the combustion segment on the furnace gr.ate, can
be adjusted to a value of 25 to 50% by volume and preferably of 35% by
volume. By these means, the amount of primary air can be reduced in
accordance with the diagram, which is explained in greater detail below and is

referred to as Figure 2.

Since the combustion intensity on the furnace grate within the pnmary
combustion zone can be increased particularly greatly pursuant to the present
invention, sufficient oxygen for the secondary combustion still remains in the air
that has passed through the combustion layer, so that, pursuant to a further
development of the invention, the waste gases, in the secondary combustion zone,
constitute 20% to 65% and preferably 35% of the total amount of air and gas
supplied to the combustion process. For example, the total amount of gas,
which is introduced through the secondary air nozzles, may consist of recycled
waste gas if it is assumed the'preferably 35% of the total amount of air and gas
is used as recycled waste gas and that the secondary air constitutes 35% of the
total amount of gas. Since it is a question of recycled gas, more than a third
of the total amount of gas is saved by this method.

Preferred parameters for controiling the oxygen content are, in relation to the
primary combustion air, the surface temperature of the material being combusted

and, in relation to the secondary air, the temperature existing in the secondary

9 I —
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;{The‘recycl I ng of waste gas via secondary air nozzles is known from Pat ent
Abstracts of Japan, Vol. 8, No:. 148 (M 308) (1585). July 11, 1984. However,
in this known conbustion process, the primary conbustion air is throttled

.in order to accelerate
“air combustion zone or the length of the flame in the vertical direction in the -

combustion chamber.

The reéycled waste gas is preferably exhausted after it has passed through the
hoiler.  As a result, the decrease in the volume of gas, arising out of the
recyciing of the waste gas, becomes noticeable only in the waste gas purification
installation. In particularly placed cases, it may also be possible to exhaust the
recycled waste gas directly above the combustion léyer. |

The adjustment of the oxygen content of the primary air and, with that, the
& deliberate increase in the combustion intensity in the primary combustion zone
can be advanced so far without regard to the later consequences, which are
eliminated by the inventive damping 'measures, that the combustion process on
the furnace grate is limited essentially by conditions, which arise out of the
operating ability of the combustion grate. An increase in the temperature of the
combustion layer by up to 300°C above that of conventional combustion
processes is possible. Since the combustion bed temperature can be up to 300°C
higher than in the case of a combustion with normal outside air, the pollutants
are bound into the slag to a higher degree. The hereby decreased leachability
of the pollutants improves .the possibility of using the slag as a building material

G or lowers the requirements that a residue garbage dump must meet.

Basically, various important advantages arise out of enriching the oxygen content
of the primary combustion air. It has already been emphasized in detail that the
total amount of gas volume can be reduced up to two thirds, as a result of
which a smaller dimensioning of the installation as a whole and, with that, a
considerabie reduction in costs arise. Due to the increase in the oxygen content
in the primary air, there necessarily is a drastic reduction in the percentage of

nitrogen supplied. This nitrogen is to be regarded merely as ballast and, in the

- 10
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gasi fication of the waste on the grate and thereby to suppress the

*formation of nit rogen oxi des.

past, reduced the thermal efficiency considerably. This effect of reducing the
thermal efficiency decreases correspondingly due to the decrease in the
percentage of nitrogen, so that the thermal efficiency is improved. The increase
in the percentage of oxygen has its limits where a thermal overloading of the
individual grate elements could occur. In practice, it has turned out that the
percéntage of oxygen can constitute up to 50% by volume of the primary air
supplied without damage to the grate elements. By decreasing the volume flow
of gas, the entraining effect on light and small garbage particles is redﬁced, so
that these burn on or immediately above the grate and do not reach the
purification installation as uncombusted parts. Dust precipitators, in addition to
the possible reduction in size due to the lower volume of waste gas, can
therefore also be dimensioned smaller. The clearly more intensive combustion
resulting from the invention does not lead only to higher temperatures of the
fuel particles on the grate itself, but also brings about an increase in tile gas
temperatures immediately above fuel layer, which leads to a decrease in the

concentrations of carbon monoxide and residual hydrocarbdns. Furthermore, the

. concentration of the so-called precursor compounds is lowered, which in’ the

region of the later cooling of the combustion gases can lead to the formation of

dioxins and furans.

Due to the drastic choking of the combustion process in. the secondary
combustion region preferably by recycling waste gas, disadvantages are avoided,
which have arisen above the grate due to the previous oxygen enrichment. By
supplying air from the environment to the secondary combustion region,
overheating has been detected in this region. The result is expressed in a higher
percentage of thermally formed nitrogen oxides and a long-term, unavoidable
destruction of the protective ceramic lining of the combustion chamber region.
These disadvantages are avoided by drastically choking the course of the

combustion above the combustion layer, that is, in the secondary combustion

11
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. air nozzl es.

. DE-A-1 751 133 describes a conbustion nethod in which the conbustion air as
- a whole is enriched with oxygen, over the entire length of the grate. in

- order to burn all of the odorous substances. No secondary conbustion zone
:is provided in this method. It is known fromDE-B-1 019 788 to draw of f

~ the waste gas froma region in which there is still a very high proportion

il eile S res‘nH] Iarcﬁg’mx ng pengﬁ ?':Jﬂg H}ﬁmﬁﬁﬁoﬁgﬁfﬁ’m

associ ati on wiédlepnacaidia & loxfgeao cofcsntraticie fradie itwee R ofégirealation gas and
¥ combustion gas from the primary combustion zone, is achieved by supplying the
recirculation gas to the secondary combustion zone, the amount of gas supplied
here being sufficient for ensuring the required turbﬁlence. The lesser swirling
up of dust in and above the combustion layer leads, in addition to the already
mentioned smaller design of the dust filters, also to less contamination of the
heating surfaces in the boiler and thus also to more favorable oi:erating
conditions with respect to boiler availability, elapsed time between two heating-
surface cleanings and boiler efficiency. Due to the greatly reduced amount of
gas while the amount of fuel is kept constant, there is necessarily a pr‘oportibnal

increase in the concentration of the different pollutants, which are to be

deposited by the waste gas purification installation. This is evident from the
diagrams in Figures 3 to 6. In the event that valuable materials are to be
recovered in the waste gas purification process, the effectiveness and costs of this

process are distinctly improved, for example, for the recovery of hydrochloric

acid and gypsum from precipitated pollutants.

The invention is explained in the following by way of example by means of a
furnace for carrying out the method in conjunction with diagrams, which show
various experimental results. In the enclosed drawing,

Figure 1 shows a longitudinal section through a furnace;

Figure 2 shows a diagram relating to the reduction in the amount of waste gas
at different oxygen concentrations in the primary air and different

percentages of recirculation gas based on the amount of secondary air;

. This Sheet Has Been Repl.
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secondary combustion zone at high tenperatures with little excess air. The
“environnental inportance of waste incineration plants has hitherto usually

~ been eval uated on basis of the concentration of harnful substances in the

: waste gas. The current em ssion guidelines, i.e. the 17[err] Federal

" Anti-Pollution Act or the EC Directive on the conbustion of waste, |ike the
previous act s Figurehd s shoasear ieRperitepedlatesult! fromms thef opérationi ofl abfurfmes using
concentration ITmts. However, this approach gives an incgnplete picture of

- the harnful substancesOusiderir asarimary ainand Withaut g regeling of the waste gases
.. but hot actual quanti tih?os d:@%é’é&}%a@ aglr’n SsSi o.n'source can be identifi ed.

More
Figure 4 shows an experimental result from the operation of a furnace with an

oxygen concentration of 35% by volume without any recycling of the

waste gases;

Figure 5 shows an experimental result from the operation of a furnace with an
oxygen concentration of 35% by volume in the primary air and

G complete recycling of the waste gases and

Figure 6 shows an expen'méntél result from the operation of a furnace with an
oxygen concentration of 50% by volume in the primary air and 100%

recycling of the waste gases.

As is evident from the drawing, a furnace for carrying' out the method described
has a 'charging hopper 1 with connecting charging chute 2 for charging the
material to be burned on a charging table 3, on which charging rams 4, which
can be moved back and fox;th, are provided, in order to feed the material to be
G burned and coming from the charging chute to a firing grate 5, on which the
combustion of the material takes place. It is immaterial here whether grate is

inclined or horizontal, no matter what principle is involved.

Below the firing grate §, facilities for supplying primary combustion air are
disposed. Said facilities, as a whole, are labeled 6 and can comprise several
chambers 7 to 11, to which primary combustion air is supplied over a pipeline
13 by means of a fan 12. Due to the arrangement of the chambers 7 to 11, the

firing grate is divided into several underblast zones, so that the primary

) 13
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. conmpr ehensi vely, on the other hand, the evaluation of the harnful substance

" | oad describes the ecol ogical inportance of an em ssion source. Practical

experience from nodern waste-gas purification plants has shown that the

. harnful substance/clean gas concentrations that can be achieved are
virtually no | onger, dependent on the harnful substance concentrations prior

" to wast e- gas CPHDUSTER @i AaN Peradinge ently depRnding, QI the-TRguiremaenis o the;
- the end of t t £-0aS LELcat ThE S | i h beal
relat] onehi p SREE afET PUPERUE bl the (Widhy ¢ O IBIARE Past, e HAARANRA
~the units tozéges'eafl aloebeydivided' ihaHe MeassvesszoGirection, so that the supply of
: primary air can be controlled depending on local circumstances.

Above the furnace grate 5, there is the combustion chamber 14, which in the
upper part goes over into a waste gas flue 15, adjoining which there are
aggregates that are not shown, such as a waste-heat boiler and a waste gas
purifying plant. In the rear region, the combustion space 14 is bounded by a
cover 16, a rear wall 17 and side walls 18.

The combustion of the material labeled 19 takes place on the front part of the
furnace grate 5, over which there is the waste gas flue 15. In this region, most
of the primary combustion air is supplied through the chambers 7, 8 and' 9. On
the rear part of the furnace grate 5, there is only completely burned maten’al,'
that is, the slag and primary combustion air is supplied to this region over
chambers 10 and 11 essentially for the purpose of cooling this slag.

The combusted parts then fall onto a slag discharging unit 20 at the end of the
furnace grate 5. In the lower region of the waste gas flue 15, rows of secondary
air nozzles 21 and 22 are provided, which supply the secondary combustion air

to the rising waste gas, in order to bring about afterburning of the combustible

parts in the waste gas.

The rows 21 and 22 of secondary air nozzles are connected to air collectors 27a
and 27b, which are supplied over a pipeline 26 by a blower 25, which takes in,
on the one hand, waste gas over a pipeline 28 from a part of the incinerator
lying further to the rear and, on the other, if necessary, air from the

environment aver a pipeline 29.

[ —
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The aimof the invention is to go beyond the know edge obtained hitherto
wWth respect to the purification efficiency that can be achieved and to
achi eve a considerabl e reduction in the harnful substance | oad di scharged .

into the environment w th higher

From an air fractionation plant, which is not shown, either pure oxygen oOr
oxygen-enriched air from the environment is taken by a blower 30 over pipeline
31 and supplied over pipeline 32 to_pipelihe 13 for the primary combustion air.
The amounts of air in chambers 7 to 11 are adjusted by control facilities 33,
which control the supply of the air-oxygen mixture to the individual chambers 7
to_‘.ll'. Of course, each chamber 7 to 11 can have a separate oxygen pipeline,
in order to be able to adjust the oxygen content of the primary air differently

in the individual chambers.

. For controlling the combustion process, a video camera or a thermographic
' camera 34, a monitor 35, a freely programmabie computer 36 and a controller
unit 37 are provided. The video camera or thermographic camera 34 is aligned,
so that it can view the material 19 burning on the furnace grate 15 from above
through the combustion chamber 14. The video camera is connected 'to the
monitor 35 and the freely programmable computer 36, which resolves the image
received appropriately and compares the digital values’ obtained, which are a
measure of the brightness on the respective combustion zone, with specified
standard values and, in the event of a deviation, initiates an appropriate control
process over the controller unit 37, which adjusts the control facilities 33, which
are constructed as shutters -or slides, in the individual chambers 7 to 11. On the
€ basis of solid body radiation receivéd and emanating from the combustion layer
19, the video camera 34 supplies values, which permit conclusions to be drawn
concerning the temperature of the combustion layer 19. The amount of primary
air can be adjusted by adjusting the control devices 33 and the oxygen content

of the primary air is adjusted over the controller unit 37 by adjusting the control -
device 38 in the pipeline 31. The amount of primary air and the oxygen content
are adjusted as a function of the burning behavior of the combustion layer 19
on the furnace grate 5 in the respectively monitored zone of the furnace grate.
In the region of the secondary combustion zone, thermocouple elements are

15 T
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.4 technical efficiency and smaller dinmensions of the units subsequent to
t he conbusti on appar at us. '

provided, of which only one thermocoupie element 39 is shown in the drawing. -

The thermocouple element 39 serves to monitor the temperature in the

secondary combustion zone and is connected with the freely programmable

‘computer 36, which, in turn, is connected with the controller unit 37. Over the

control devices 40 and 41, this controller unit 37 adjusts the amount of waste
gas, which is to be supplied to the secondary air nozzles 21 and 22 and
optionally the amount of air from the surroundings, which is adjusted over the
controlling device 41. Instead of with themﬁocouple ‘elements 59, the
temperature can also be measured by means of a sound pyrometer (pyrosonic)

or by the laser Doppler method.

With the help of this control' device and the corresponding monitors, it is
possible to control on the one hand, the intensive burning on the furnace gfate
by controlling the amount of primary air and the percentage of oxygen. in the
combustion air and, on the other, the behavior in the secdndary combustion zone
by adjusting the secondary air, which consists largely of 're'cycled waste gas. By
these means, an excessive increase in the temperature in the secondary
combustion region is avoided and the amount of gas, passed through the

installation as a whole, is reduced. In this connection, the reduction in the -

* amount of gas is at a maximum, when no additional air is taken in from the

surrdundings. Compared to previously known incinerators, the amount of
primary air is reduced owing to the fact that the oxygen content of the primary
air is increased over that of the surrounding air and, with that, the percentage

of nitrogen, which acts as a ballast, is decreased.

The diagram of Figure 2 shows the achievable reduction in the amount of waste
gas as a function of the oxygen concentration of the primary air on the one
hand and the recirculated amount, as a percentage of the secondary air, on the

other. The relative volume of waste gas is plotted from 0% to 100% on the

N
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This problemis solved according to the invention departing froma nethod
for the conbustion of fuels of the type nentioned at the outset in that the
conmbustion intensity of the fuel on the grate is increased at least in
. parts thereof by increasing the oxygen content of the primary air to 25 to
50 % by volunme with a sinmultaneous reduction in the nitrogen content of the
~ primary air relative to the anbient air and that above the fuel bed, once
t he renpval cibscissaliagdbthe nmirmnatedomounum s percentage ofuthe: seaondafy air, is

|l eted, th t nbust .
hrott1 ed by Pitas: Hom: A2 3R, HRFe B otRiTaife Lok Sotia Pyt var CRUoRrRER
~ the anbient apg Pé/dtf@ii%‘ﬂsm the amount of waste gases as a function of the oxygen

concentration of the pnmary air.

Various experimental results are assembled in Figures 3 to 6. To help with

understanding these results, the formulas and abbreviations used there are

explained below:

02-Konz. = Oxygen concentration
G NO,Konz. = nitrogen oxide concentration
HCL-Konz. = hydrogen chloride concentration
SO2-Konz. = sulfur dioxide concentration
HF-Konz. - = hydrogen fluoride concentration
RGR = waste gas purification
PL .= primary air
SKL. = secondary air
Rezi-Anteil = recirculated amount, as a percentage of the secondary air
Lambda = air excess factor

In all the experiments described below, the installation is charged with fuel
consisting of garbage, the hourly amount charged and the calorific value being
~ kept constant in all experiments, so that the effects of the inventive measures

become clear under constant starting conditions with respect to the fuel.

In all the experiment diagrams, the amounts of garbage charged hourly and the
calorific value are given in field a and the amount of primary air, the primary
air as a percentage of the total combustion air, the lambda value, the oxygen
concentration in the primary air and the percentage of waste gas recirculated are

\
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_of -.recycl ed waste gas, the recycled waste gas making up 20 to 65 % of the

t ot al

quantity of air and gas fed into the conbustion process.. The

nitrogen content is necessarily reduced as a result of the sonetines
- consi derabl e increase in the oxygen content of the prinmary conbustion air
- dependent on the reaction zones, e.g. the pre- heating zone, the main
conbusti on zone or, the burn-gut zone, leading in the case of a considera Iy

i ncreased con®iyeRi ian field é?ameetQ}nﬁ“Bhé%fprﬁﬂuEﬁ @rsing Fhéh‘? &'ﬁ?er é'BngPr

oL ol RS ) e sl e R ol

in field c. The amount of and the oxygen concentration in the secondary air are
given in field d. The amount of waste gas, the oxygen concentration in the
waste gas, as well as the amounts of the different pollutants are given in field
e. The amount of waste gas flowing through the boiler, the air excess factor
measured in the boiler, the oxygen concentration as well as the concentrations
of the different pollutants in mg/Nm® are assembled in field £ The amount of
waste gas, the oxygen concentration as well as the concentrations of the different
pollutants, in each case before and after the flue gas puriﬁéation, are assembled
in fields g and h. The pollutant loadings in g/h, which leave the chimney after

the purification of the flue gas, are given in field i. Below field i, the reduction

in the amount of waste gases is given as a percentage.

The experimental results during the normal operation of an incinerator are given
in Figure 3. During this normal operation, the incinerator is opérated with

normal outside air as primary air and with normal outside air as secondary air.

" The ratio of primary air to secondary air is 65 : 35. Since normal outside air

is used for the secondary air, there is no recycling of waste gas.

In the first experiment, which is summarized in Figure 3, the normal operation
is reproduced. The achievable reductions in the amounts of waste gas as a
percentage compared to normal operation and the pollutant loads arising as

important results of the inventive combustion process are given in Figures 3 and

4.

For the experimental resuits given in Figure 4, the installation was operated with
an ‘oxygen content of 35% by volume in the primary air, a ratio of primary air
to secondary air of 49.3 : 50.7 without recycling of the waste gas, normal outside
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.not only for a reduction in the dinmensions of the primary air fan and
ducts, but also, in particular, for a reduction in the size of the
subsequent units, .such as steam generator, vvaste gas purification

appar at a I
ppar at us, Uﬁ?%éila SJseH &zaggus“%ﬂmua heted 38! el Wsspe&ﬂdaeof

intensity of the i mary co l eads to an increase in the
fuel bed tenﬁguee G;awastpmsﬂ:tmtmachme@rm@lcand a3l %| ianthet ampunt of weaste

t he secondar ustlon zon Wher e s hi her fuel bed nper at ur e
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result of si
in the intengiery &duf,casist évidenf from a comparison of the numbers given in field i On

the other hand, the proportion of NO, increased slightly in comparison to Figure
3. This can be attributed to the increased oxygen content in the primary air.
However, the NO, loading is less because of the decreased amount of waste gas.

From a further experimental result assembled in Figure 5, a decrease in the
amount of waste gas of 62% compared to the normal operation and a further
drastic reduction of the pollutant loading leaving the chimney can be observed.
For this, the installation was operated with an oxygen content of 35% by volume

in the primary air, a ratio of primary air to secondary air of 65 : 35 and a
recirculation of 100%. The great reduction in the portion of NO, despite the _
high oxygen percentage in the primary air can be attributed to the damping

measures achieved by recirculating the waste gas.

For the experiment recorded in Figure 6, the installation was operated with an
oxygen concentration of 50% by volume in the primary air, a ratio of primary
air to secondary air of 50 : 50 and with 100% recirculation. A reduction in the
amount of waste gas of 75% compared to normal operation was achieved. If
G the pollutant loading of this experiment, given in field i, is compared with that
of the normal operation given in Figure 3, it is observed-'that the HCI loading
has decreased from 34.4 g/h to 8.5 g/h; this corresponds to a decrease of about
75% compared to the normal operation. For the other pollutant loadings, the
reduction is also around 75% compared to the normal operation. In other
words, not only is the amount of waste gas in the experiment of Figure 6
reduced by 75% compared to that of a normal operation, but a correspondingly

high reduction in the pollutant loading has also been achieved. -
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‘ni trogen oxides (thermal NJerr]). In one known nethod nentioned at the

out set,

t he conbustion process is already substantially throttled on the

grate for this reason. The invention therefore firstly follows a course
whi ch woul d be regarded as erroneous in

If the pollutant concentrations in the waste gas after the purification of the flue
gas, for example in the case of the experiment of Figure 3, that is, of a normal
operation, and the pollutant concentration in the experiment of Figure 6 are
considered, these values in each Casé being given in field h, it is noted that the
values are identical, whereas the corresponding values before the pui'ification of
the ﬁue gas, based on the standard cubic meter of waste. gas, are almost four
times as high in the experimerit of Figure 6 than in the experiment of Figure 3,
that is, during normal operation. . From this it can be seen that, due. to the
reduction in the amount of waste gas and based on the standard cubic meter of

. waste gas, there is a significantly higher, that is, about four times as high a

concentration of pollutants in the waste gas before the purification of the flue
gas. As a result, this waste gases offers significantly better preconditions, for
example, for the recovery of hydrochloric acid and gypsum than does the waste
gas from normal operations. For normal operations, the expenditﬁre for
equipment is very high if hydrochloric acid and gypsum are to be recovered

starting out from the relatively low concentrations of these pollutants.
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5 accordance wth previ ous know edge in that conmbustion is initially

effecte fected on-the—grate beyond the hitherto usual extent in order thereby to
achleve a con e reduction in the quantity of primary air, an
|npr ag quality and a reduction in the conbustlble i.e.
OXId substances but then corrects this

Claims

1. A method for burning fuels, particularly garbage, in incinerators with a grate
firing, for which the primary air is supplied into the fuel layer below the
grate firing and the secondary air is supplied above the fuel Ilayer,
éharacterized in that the intensity of the combustion of the fuels on the

- furnace grate is increased at least partly by inqréasing the percentage of
oxygen in the primary air and that the intensity of the combustion in the
secondary combustion zone is choked by decreasing the percentage of oxygen

in the seéondary air.

2. The method of claim 1, characterized in that waste gas recycled from the
combustion process is used to decrease the percentage of oxygen in the

secondary air.

3. The method of claims 1 or 2, characterized in that the'oxygen content of the
primary air is increased locally, beyond the oxygen content of the air of the
surroundings, as a function of the burning behavior or the combustion
intensity of the fuel layer on the furnace grate, that the oxygen content of
the secondary air is decreased below the oxygen content of the air of the
surroundings by admixing recycled waste gas and that the secondary air is
adjusted locally with respect to the composition, the amount, the place at
which it is supplied and with respect to a high turbuience in the secondary

combustion zone in such a way, that the formation of nitrogen oxides above

the fuel layer is largely prevented.

4. The method of one of the claims 1 to 3, characterized_ in that the oxygen
‘content of the primary air is increased only in the main combustion zone of

the grate firing.
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course, in the secondaré conbustion zone in order to prevent the increased

formatu l xi des, the renoval of which would involve
consi d is at this point therefore that the further

measur e accordlng to the invention comes into operation, consisting in
throttling the conbustion process above the fuel bed at the begi nning of

e e on” v PR A, B8 e oF YL RT3, achBekd R Uik Hpmep
measure theref or goritefit WE e PpritmRy Wiehis tdifustdONR25% toh30% it Valife and
har nf ul substances by neans of thé intensive.conbustion process has already

been substant i al pseferably ¢0 5% /by solumeiof axygeme sharp increase in the
oxygen content in the primary air, there is still

6. The method of one of the claims 1 to §, characterized in that the waste
gases, recycled in the secondary combustion zone, constitute 20% to 65%
and preferably 35% of the total amount of air and gas recycled to the

combustion process.

7. The method of one of the claims 1 to 6, characterized in that the oxygen
content of the primary combustion air is adjusted as a function of the

surface temperature of the material being burned.

8. The method of one of the claims 1 to 7, characterized in that the oxygen
content of the secondary air is adjusted as a function of the temperature in

the secondary combustion zone.

9. The method of one of the claims 1 to 8, characterized in that the oxygen
content in the secondary air is adjusted as a function of the length of the

flame in the vertical direction in the combustion chamber.

10. The method of one of the claims 1 to 9, characterized in that the recycled
waste gas is drawn off after it has passed through the boiler.

11. The method of one of the claims 1 to 9, characterized in that the recycled

waste gas is. drawn off immediately above the fuel! layer.
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:sufficient oxygen present once this primary air has passed through the fuel
bed to allow for the desired throttled conbustion in the secondary
combustion region, wherein this should be controlled in such a manner that
:the tenperatures leading to the formation of nitrogen oxides are not

reached. In order to achieve this %&8 + Rﬁ@a@ﬁ gas wi th a considerably
.reduced oxygen content is used |nA{’ ‘#e %g% anpi ng subsequent
conmbustion according to the invention. Using waste gas nmeans that it is no
| onger necessary to feed in additional |ow oxygen gas or inert gas, as a

result of whiltie methad for bamningyfuels, Ipantieulatly garbagee in rincineratarsi mthpn igratef
1 1 he mot hodRndol, WS SPE (HERR R op supplied below THe Gt firing tnto the Hie
layer and the secondary air is supplied above the fuel layer, is controlled in such
a wéy that the intensity of the combustion of the fuel on the furnace grate is
increased by increasing the oxygen coﬁtent of the primary air and the intensity
of the combustion in the secondary combustion zone is choked by decreaﬁng the
oxygen content in the secondary air, and that waste gas, preferably from the
combustion process, is recycled in order to reduce the oxygen content of the

C secondary air.
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.additional conbustion air in the formof anbient air was fed in via
secondary air nozzles in the region of the secondary conmbusti on zone. Even
in the nethods in which no pure conbustion air was fed in, the gas quantity

was still increased as a mxture of anbient air and waste gas or inert gas,
e.g. nitrogeﬂw\/\?’%@ed i, thereby increasing the total quantity. In this
i nvention, t Yol B8R = danpi ng neasures in the secondary combustion zone

are produced with the aid of waste gases produced during the primary
conbustion, i.e. during the conbustion of the fuel bed on the grate, so

t hat additi ola=Retueing tiesambugtof aastengas g combinatiornof increasing the oxygen
content and recycling the waste gas
2 =oxygen concentration in the primary air
3 =relative volume of waste gases

4 =recirculated gas, as a percentage of the secondary air

24
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As the conbystion inteisity on the grate is increased particularly sharply
within the grimary cogu}%i on zone according to this invention, there is
still suffiffient oxyg r ' =" the air passing throug%
the fuel befy so that, Zacgordlng Lp a rth enb@ifment of the inve@ion,
the waste gfses recyclyedg T fhe &condgry cgnmbuslty ¢gn zone. can neke 20 tjp
65 % . prefefjably 35 % fQ.tﬁ;(e'tot‘a‘ quahti tysjof adr fand gas fed int he
conbustion grocess. E..y,t entPre q@?ntit-a'_ of g‘as: i ntroduced through thg
secondary r nozzl es“tamy ther efdft e cBhsi st>of rBeycl ed waste gas i'f it is
assuned th pr ef er abl b5 o et Qall, RantiS/Jof gas and air is used
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recycl ed waste gases amggcon aryoaﬁl' rGAkﬁég%p %%qge total gas

quantity. As this is recycled gas, this neasure results in a saving of nore
than a third of the total gas quantity, assuning that nodern waste

i nci neration plants are generally operat ed¥f*t he conbustion air divi deg
into 65 %primary air and 35Wage GapatsnBER vt air . ~Toget her- W|th the measur e f
|ncreaS| ng the oxygen cont enffiye Gas Busficgion) s Lall the st ‘

gases f| OW&MNSUWMMM@t E) mmt-"}nus
thirds. If, however, as estapP: Sed herei nahBek % he cér

of the harnful substances at d of was;ﬁ pul
i ndependent of the harnful/ spsst@rces concendoragNaAns jp

purification, the harnfhl su
HF Conc.

21 Vol % Og in Primary Air
No

Recirculation of waste gas
compared fo
g / : 1058 mg/Nm? normal operation : 0=
: 326 mgINm3 .
Ratio of primary to
secondary air = 65 : 35
e "
i |
Amount of waste gas : 34363 N A . I e
Lambda 187 - $ Y,
f / 0, Cone. : 975 Vol % .-———————-——————-—-1
HCI Cone. : 1058 mg[Nm3 Amount of wastegas : 0 N o
SO, Conc. : 326 mg/Nm3 _
HF’ Cone. 1100 mgNm3 0, Conc. : 9.75 Vol %
-HCI Conc. : 1058 mg/Nm?
? SO, Conc. : 326 mg/Nm-;’
I ~“Recirculated waste gas HF Cone. - : 100 mgNm
1 —
1
E Amount of air : 12150 Nm>har
I .
1 <Seconda:y Py O3 Conc. : 21 Vol %
u g
Grate Region ] /
( Amount of waste gas  : 22213 Nm¥ tr. d
) /" )| 0, Conc. : 3.60 Vol % <-- Garbage
C HCl Cone. : 1636 mgNm®
SO, Conc. . : 504 mgNm? Amount of garbage : 7200kgh
Calorific value : 10099kj/kg
HF Conc. : 155 mgNm?
/
t a
1
Primary air 1
Amount of air : 22580 Nm> tr.
Percentage of
primary air : 650 %
; Lambda (grate) : 120 -
b 0O, conc. in primary
air 121 Vol % -
Percentage : 0 %of Figure 3
recircuiated secondary air
Wt]



N oabl, I.e. the quanti ty~Wﬂﬁ §P‘§’EE§E&M§&E?SEH%% em ssi on

source, can be reduced relative to previously operated plants by reducing
the overall gas volunme by up to two thirds in a manner not possible in the
traditional nethod of operation of waste i #MNE¥ation plants as a result of
the exponential increase in eWgsedessderrReRdelcri bed at the outset Departing
fromthe essential instructi ofige éeSunficiiond lher ei nabove i /
development GPERATEDNWETHI on [ vi
primary air is increased |oc
~or the conbustion intensity § e

! |} 505 Cone.
h |

nnbustlon behaV|our
Loading : 12040g/h

35 Vol % Oy in Primary Alr

No Reductlon in amount
Recirculation of waste gas .
' compared to .
g / normal operation @ 31 %
Ratlo of primary to
_ secondary ailr = 49 ; 51
i
I
. | e
Lambda ) /
f ! 0, Conc. . s 11.64 Vol %
HCl Conc. : 1538 mgle3 Amount of waste gas : 0 Noch
S0, Conc. : 473 ogNm? l
HF Conc. : 146 mgNm® 0, Conc.
‘HCl1 Cone.
) t S0, Conc.
i <lemrculat=d waste gas HF Conc.
ﬂ
[
ﬂ Amount of air : 12150 Nm/h tr
g 0, Conc. : 21 Vol %
I
i _ /
{j Amount of waste gas : 11459 Nmh tr. d
/  }f Oy Conc. : L72 Vol % <-- Garbage
c H&! Cone. : ‘3168 mg/Nm3 28
SO, Conc. : 975 mgNm® Amount of garbage : 7200kg/h
Calorific vaiue : 10099 kj/kg
HF Cone. : 300 mgNm®
/
t : a
Primary air I
ﬁ Amount of air : 11820 Na tr.
Percentage of
primary air . 2493 %
Lambda (grate) : 105 --
P :
0O, conc. in primary
b gir :35 Vol % .
Percentage : 0 %of Figure 4

recircutated secondary air |



lof the fuei bed situat edBMgEgﬁm&grqmﬁqxgnWMQ%ontent of

the anbient air and that the secondary air is adjusted locally with respect
to conmposition. quantity, feed point and high turbulence in the secondary

conbusti on zone so as to substantially pre/é#¥¥®he formation of nitrogen |
oxi des above the f uel bed By“adap@mngnﬁheTnethod to the local conditions, |

Amoumofwutegas : 13148 Ner*hs ¢
: 598 Vol. %

Na Cone. : 279 mmez

Hd‘ Cone. - 1.00 mg/Nm
S0, Conc. : 300 mgNm®

HF Conc, : 010 mgNm®

~ 35 Vol % Oy In Primary Alr

100 %
Recirculation

normal operation : 62 %

Ratio of primary to
secondary alr = 65 : 35

Amount of waste gas  : 20418 Nmh tr.

- = nuas
o

Lambda : 140 -

f 02 Cone,
;{gl Conc. Amount of waste gas  : 7270 Noh &
HF Conc. Oy Cone. ' : 598 Vol %
. HC1 Cone. ' : 2762 mgmm3
% S0, Conc. : 850 mmes
< HF Conc. : 262
I Recirculated waste gas mg/Nm
I
[
g Amount of air : 0 Na'mrir
E<mak 0O, Conc. T 21 Vol %
i
Grate Region ] 7
(\, Amount of waste gas  : 13148 Nm* tr. d
/
0, Cone. : 598 Vol % <-- Gard
c HCI Cone. : 2762 mgNm? e
50, Conc. : 850 mgNm? Amount of garbage : 7200kgh
Calorific value : 10099kj/kg
: 262 mg/Nm
. Ly
t a
1
Primary air |
Amount of air : 13510 Nm“/h tr.
Percentage of
primary air : 650 %
/ Lambda (grate) : 120 -
b O, conc. in primary
air :35 Vol % .
Percentage : % of Figure 5

recirculated . secondary air




ra the grate, the pri nﬁ%ﬁ%maggpf;MG&éN%%g condi tions
and can be adjusted in such a manner that the desired increased conbustion

effect, and thus the
CHIMNEY

Waste Gas after RGR 1
(Flue Gas Purﬂlallon) I

- OPERATED WITH

50 Vol % Oy In Primary Alr

100 % '
Recirculation

. Boller i

1
: Amount of waste gas  : 17463 Nm¥h tr. : . e
} l Lambda : 140 - P - /
! P 598 Vol % —
HCI Cone. 4246 mgle I Amount of waste gas @

SO, Cone. = :1307 mme«"

Conc. O, Conc.

HCl Conc.
S$0; Come.

Amount of air : 0 Nm hrr
05 Conc. ' : 21 VWl %
{

o : ;a3 Nome Jf d
o one. ..z 598 Vol %
] B 4246mg!Nm
_ c : Lt s 1307 mgNa® : 7200kgh
- . : 10099kj/kg
/
. a
. Percemageof o :
© primary air -so.o ‘%
/ Lambda (grate) $ L3 -
b O, conc. in primaty :
Percentage o o Figure 6

recirculated
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conbustion of oxidisable harnful substances, is achieved. To this end, use
isf made. e.g. of known therm)coupl es for neasuring tenperatures or of

M NT kofF \, tect 9] 1 ne SOl | d‘ st at 2 raﬁf&m&m’{mrﬁﬁi dl mtl
fro ;‘aﬁ:ﬁ%{t} éﬁEE |§cat| ch § hel fuel bed tepperiadsufistion : ;@Ee@mmg paged .2, g
te thﬁ‘@“%‘f P?ﬁ?dbw nP-P38C fuet | mass, in ortex ftw;es«ja(g UStpdohe 20Xy gsiked .22,
cont| ¥hClaimyi rea“ﬂeér'"rn@rpé&%decf opbust i-ork int ngity.-at IQ\hEPd‘ne,jjeMa;Bth%@ﬂ _____
of t%%mﬂ@clé?ﬂeérat elo RapFs: {7e1 ng possi bl e, eMgE-JJ;%C 'V‘% 9 #N8 paged .ae
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The invention relates to a method for burning fuels, particularly for incinerating
garbage, in incinerators with a grate firing, for which thé primary air is supplied
into the fuel layer below the grate firing and the secondary air is supplied above
the fuel layer. o

Methods of this general type have been known for a long time.

Because of political objectives, garbage must be incinerated so that contamination
of the environment in largely avoided. The previously customary procedure for
achieving this objective is the optimization of the incinerating process.on the
grate firing by supplying combustion air selectively witﬂ respect to amount and
distribution along the grate firing and also in the region of the secondary
combustion zone, as well as by the use of constantly more extensive and more
expensive facilities for downstream gas purification. Admittedly, this has already
led to drastic reductions in the emissions from such installations. However, it
also brings about a great increase in the disposal costs, which are associated with
the operation of these installations and an out-of-proportion expansion of the gas
purification section compared to the conventional part of the facility consisting
of the furnace and the energy utilization, such as the generation of steam. In
‘the meantime, a standard hgs{ been attained for waste gas purification
installations, which permits further improvements in the deposition performance
to be anticipated only if vei‘y high additional c:.)sts are’ accepted, since
puriﬁcation efﬁciencies of 99% are being attained. Experience has shown that

there is an exponential relationship between expenditure and purification
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quantities ghritigsd@oi!akpicdéoy (fifther. With the presently known measures, the
technically justifiable limit of purifying waste gases has been 'reached.
Particularly in recent years, additional attempts have been made to achieve

further improvements by modifying the combustion process.

From the DE 39 15 992 Al, it is known how the formation of nitrogen oxides
can be prevented, in order to make possible therewith savings in the dowﬁstream
purification installations. The basic principle of this known 'method consists
primarily of modifying the oxygen content of the primary air by admixing
recycled waste gases from the combustion process, so that the combustion on the
~ grate proceeds in a damped form with the objective of keeping the temperature
in the tips of the flame below 1300°C, because it is known that the formation
of the nitrogen oxide sets in to a greater degree above this temperaturé. For
this known method, the secondary air is introduced in two stages, one above the
other. In the lower stage, essentially recycled waste gas is introducéd, in order
to generate a turbulence, while air from the surroundings is supplied to the
second stage, in order to achieve the necessary combustion of the waste gases.
In the case of the selectively retarded combustion reactions, however, there is
a distinct deterioration ir; the ignition of solid garbage components on the
incinerator grate. As a direct consequence, the proportion of uncombusted
materials in the combustion residue increases and there is a greater possibility
that pollutants will be bound in the residue, that is,_ in the slag, because of the
lower combustion bed temperatures. Admittedly, the proportion of nitrogen
oxides is reduced by this method. However, the proportion of uncombusted

pollutants is increased because of the decrease in the axidation potential.

For a different known method of DE 40 27 908 Al, the proportion of oxygen

in the primary combustion air as well as in the secondary combustion air is
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below that of the surrounding air. For this purpose, the oxygen, obtained in an
air fractionation plant and the nitrogen, also obtained there, are used in order
to increase the proportion of oxygen in the combustion air by supplying oxygen
and to decrease the proportion of oxygen in the combustion air by supplying
nitrogen. This procedure can impiove the course of the combustion in important
areas of the furnace or the combustion chamber. However, it does not lead to
a decrease in the amount of waste gas flowing through the installation as a

whole and especially also not in the amount of gas flowing through the waste gas

purification installation.

Until now, the concentration of pollutants in the waste gas has generally been
the starting point for evaluating the relevance of garbage incinerators .to the
environment. The presently valid emission guidelines, namely the 17.
Bundesimissionsschutzverordnung (17th Federal Emissior Protection Regﬁlation)
or the EC Guidelines for Incinerating Garbage, as well as the Provisional
Regulations hereto, govern the conditions imposed on such installations by
limiting concentration values. This mode of consideration reflects the pollutants
emitted into the envirorimeht only incompletely, since only relative and not actual
amounts, which leave an emission source, can be identified. On the other hand,
the evaluation of the pollutant loading describes the ecological significance of an

emission source more comprehensively. |

Experience from operating modern waste gas purification installations show that
the attainable concentrations of pollutants and purifiéed gas practically do not
depend any more on the concentrations of pollutants in the waste gas entering
the purification installation. Instead, the concentrations at the end of the waste

gas purification remain constant. This is explained by the exponential
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relationship, already alluded to above, between the degree of deposition and the

expenditure for or the dimensioning of aggregates to be used.
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It is therefore an object of the invention to achieve a significant decrease,
beyond the previously obtained findings with respect to the attainable purification
efficiencies, in the pollutant loading emitted to the environment, with a higher
technical efficiency and smaller dimensioning of the aggregates connected
downstream from the incineration.

Pursuant to the invention, this objective is accomplished, starting out from a
method of the initially mentioned type for combusting fuels, owing to the fact
that the combustion intensity of the fuel on the furnace grate is increased at
least partially by increasing the proportion of oxygen in the primary air and that
the combustion intensity in the secondary combustion zone is .chol-ced by
decreasing the proportion of oxygen in the secondary air. Preferably, waste gas

recycled from the combustion process is used to decrease the proportion of

oxygen in the secondary air.

The increase in the proportion of oxygen in the primary combustion air depends
on the reaction zones, tha.t is, on whether it is the warming-up zone, the main
combustion zone or the final combustion zone. Due to this partly significant
increase in the proportion of oxygen in the primary combustion air, the
proportion of nitrogen is necessarily decreased. As a result, the intensity of the
combustion is increased significantly and the volume of air required is decreased
greatly, since the nitrogen content, which acts only as a ballast, is decreased. -
With that, there are aiready significant savings in the volume of combustion air
required. These savings make it possible not only to reduce the dimensioning
of the primary air blower and ducts, but also to decrease in size the downstream

aggregates, such as the steam generator, the waste gas purification facility, the
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induced-draft blower and the chimney. The appreciabie increase in the intensity
of the primary combustion usually leads to an increase in the temperature of the
combustion bed on the combustion grate and of the flame in the secondary
combustion zone. The higher combustion bed temperatures have the
advantageour effect .of an improved total combustion of the solid parts of the
fuel and an improved tying up of the pollutants in the ash because of sintering.
On the other hand, the higher temperature of the séqondazy combustion results
in the increased formation of nitrogen oxides (thenhal NO). In the casé of the
known method, which has been mentioned above, the combustion process is
choked appreciably for this reason already on the furnace grate. The invention
thus initially follows a path, which should be regarded as wrong according to
previous findings in that the combustion initially is fanned beyond the usual
extent on the firing grate, in order to achieve thereby a considerable reduction
in the amount of primary air, an improvement in the slag quality and a decrease
in the combustible, thét is, oxidizable pollutants, and then corrects this path in
the secondary combustion zone, so that there is no increased foi'mat_ion of
nitrogen oxides, the removal of which would entail a considerable expense. The
further measure of the invention thus sets in here. Said measure consists of
choking the combustion process above the combustion layer at the start of the
secbndary combustion zoné in such a manner, that the formation of nitrogen
oxides, which usually sets in, does not take place or takes place only to a greatly
reduced extent. This damping measure thus commences at a point in time, at
which the elimination of oxidizable pollutants is already largely concluded due
to the strongly fanned combustion process. Because the oxygen content of the
primary air has been increased greatly, this air still contains enough oxygen after
passing through the combustion layer, so as to make the desired, throttled
combustion in the secondary combustion region possiblq. . Said throttled
combustion is to be controiled so that those temperatures, at which nitrogen

oxides are formed, do not arise. Pursuant to the invention, preferably waste gas
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from this combustion process is used to achieve the choking. Waste gas, the
oxygen content of which is greatly reduced, is used in the inventive method to
dampen the after-burning. Due to the use of waste gas, it is thus no longer
necessary to supply additional, oxygen deficient gas or inert gas. For this reason,
- the amount of gas does not have to.be increased despite adequate combustion
in the secondary combustion region, whereas it does have to be increased in the
case of the previously known method, for which additional combustion air, in the
form of air from the environment, was supplied over secondary air noules in the
region of the secondary combustion zone. Even in the case’ of methods for
which no pure combustion air was supplied, the amount of gas was nevertheless
increased, because a mixture of the surrounding air and waste gas or an inert
gas, such as nitrogen, was supplied, which increased the total amount of gas.
" The damping measures in the secondary combustion zone are thus produced for
the present invention preferably with the help of waste gases, which arise during
the primary combustion, that is, during the combustion of the combustion layer

on the furnace grate, so that additional amounts of gas either are no longer

required or are required to a lesser extent.

Modern garbage incinerators usually are operated with a division of the
combustion air into 65% primary air and 35% secondary air. If, for example,
the whole of the secondary air is replaced by recycled waste gas, that is, by
recirculated gas, in order to achieved the aimed for damping process in the
secondary combustion zone, then 35% of the total amount of gas flowing through
the installation is saved by this” measure. Together with the measure of
increasing the oxygen content of the primary air, the amount of gas flowing
through the downstream aggregzites can be reduced' by these means by two
thirds. However, if, as noted above, the concentrations of the pollutants at the
- end 'of the waste gas purification are independent of the pollutant concentrations

before the waste gas is purified, the amount of pollutants arising, that is, the
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reduction in the total gas volume by up to two thirds compared to previously

operated plants in a manner that was not possible by means of the traditional

mode of operating incinerators because of the exponential increase in costs

mentioned above.

Starting out from the general, basic teachings explained above, a speciai further
development of the invention consists therein that the oxygen content' of the
primary air is increased locally, above the oxygen content of the surrounding air,
as a function of the combustion behavior or the burning intensity of the fuel
layer on the furnace grate, that the oxygen content of the secondary air is
decreased below the oxygen content of the surrounding air by admixing recycled
waste gas, and that the secondary air is adjusted locally with respect to the
composition, the amount, the supplying site and a high turbulence in the
secondary combustion zone, so that the formation of nitrogen oxides above the
fuel layer is largely avoided. By adaptation to the local éircumstanées, that is,
by taking into consideration the different states of the fuel along the furnace
grate, the primary air can be adapted to the particular circumstances and
adjusted so that the desir_ed, intensified combustion effe_ct and, with that, the
combustion of oxidizable pollutants sets in. For this purpose, for example,
known thermocouple elements are used to measure the temperature or infrared
cameras are used to determine the solid-state radiation, which is emitted directly
from the combustion layer and permits conclusions to be drawn concerning the
temperature of the combustion béd, that is, the temperature of the fuel mass
in the process of combustion, in order to adjust the oxygen percentage, which
is necessary to bring about a greater combustion intex;sx'ty, at the particular site
in the combustion grate, which is possible, for example, .by appropriately
subdiﬁding the underblast guiding system for the combustion grate. For this
purpose, the DE 38 25 931 C2 already makes a relevant proposal. I[n this
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percentage is increased in the case of the present invention to such an extent,
that a combustion intensity and the decrease in oxidizable pollutants associated
therewith is attained, which previously was not pursued because of the
anncxpated disadvantages. These dlsadvantages, which are to be seen, for
example, in the thermal formation of nitrogen oxides and in the overheating of
the protective lining of the combustion chamber, :;.u'e, however, avoidee in the
case of the present invention owing to the fact that selective .damping measures
with respect to the temperature development and the adjustment of other
conditions are initiated over the combustion layer, so that the anticipated
disadvantages do not occur. These damping measures include basically the
reduction in the oxygen percentage, as was already explained further above. In
this connection, the amounts of secondary air and the place in relation to the
combustion layer or the combustion chamber and the turbulence, with which the
amount of gas referred to as secondary air is supplied over the seeondary air
nozzles, are of great importance. The generation of a high turbulence has a
particularly advantageous effeef; since a frequently nonuniform distribution of
oxygen is levelled out by these means and the oxygen that is present can be
utilized better, as a result of which the desired course of the combustion can be
achieved at relatively low temperatures in the secondary combustion region. It
is possible to adjust the conditions in the secondary combustion region with the
help of temperature measurements and observations by means of infrared
cameras or of flame monitors in such a manner, that temperatures harmful for
the lining of the combustion chamber as well as for the formation of nitrogen
oxides are prevented, since it is known, for example, that a temperature of

1,300°C represents a limiting value, above which increased formation of nitrogen

oxides must be expected.
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Depending on the type of material to be combusted, it may be advantageous to
increase the oxygen content of the primary air only in the main combustion zone
of the grate firing, because the fuel in other regions initially is preheated or
already has too low a calorific value, as is the case, for example, in the final

combustion zone.

The oxygen content of the primary air, which can be adjusted locally differently
in relation to the length of the combustion segmerxt on the furnace grﬁte, can
be adjusted to a value of 25 to 50% by volume and preferably of 35% by
volume. By these means, the amount of primary air can be reduced in
accordance with the diagram, which is explained in greater detail below and is

referred to as Figure 2.

Since the combustion intensity on the furnace grate within the pnmary
combustion zone can be increased particularly greatly pursuant to the present
invention, sufficient oxygen for the secondary combustion still remains in the air
that has passed through the combustion layer, so that, pursuant to a further
development of the invention, the waste gases, in the secondary combustion zone,
constitute 20% to 65% and preferably 35% of the total amount of air and gas
supplied to the combustion process. For example, the total amount of gas,
which is introduced through the secondary air nozzles, may consist of recycled -
waste gas if it is assumed the preferably 35% of the total amount of air and gas
is used as recycled waste gas and that the secondary air constitutes 35% of the
total amount of gas. Since it is d question of recycled gas, more than a third

of the total amount of gas is saved by this method.

Preferred parameters for controlling the oxygen content are, in relation to the
primary combustion air, the surface temperature of the material being combusted

and, in relation to the secondary air, the temperature existing:in the secondary
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air combustion zone or the length of the flame in the vertical direction in the

combustion chamber.

The recycled waste gas is preferably exhausted after it has passed through the
boiler. As a result, the decrease in the volume of gas, arising out of the
récyciing of the waste gas, becomes noticeable only in the waste gas purification
installation. In particularly placed cases, it may also be possible to exhaust the

recycled waste gas directly above the combustion Iayer

The adjustment of the oxygen content of the priniary air and, with that, the
deliberate increase in the combustion intensity in the primary combustion zone
can be advanced so far without regard to the later comsequences, which are
eliminated by the inventive damping measures, that the combustion process on
the furnace grate is limited essentially by conditions, which arise out of the
operating ability of the combustion grate. An increase in the temperature of the
combustion layer by up to -300°C above that of conventional combustion |
processes is possible. Since the combustion bed temperature can be up to 300°C
higher than in the case of a combustion with normal outside air, the pollutants
are bound into the slag to a higher degree. The hereby decreased leachability
of the pollutants improves the possibility of using the slag as a building material

or lowers the requirements that a residue garbage dump must meet.

Basically, various important advantages arise out of enriching the oxygen content
of the primary combustion air. It has already been emphasized in detail that the
total amount of gas volume can be reduced up to two thirds, as a result of
which a smaller dimensioning of the installation as a. whole and, with that, a
considerable reduction in costs arise. Due to the increase in the oxygen content
in the primary air, there necessarily is a drastic reduction in the percentage of

nitrogen supplied. This nitrogen is to be regarded merely as ballast and, in the
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individual grate elements could occur. In practice, it has turned out that the
percéntage of oxygen can constitute up to 50% by volume of the primary air
supplied without damage to the grate elements. By decreasing the volume flow
of gas, the entraining effect on light and small garf:age particles is redx;ced, so
that these burn on or immediately above the grate and do not reach the
purification installation as uncombusted parts. Dust precipitators, in addition to
the possible reduction in size due to the lower volume of waste gas, can
therefore also be dimensioned smaller. The clearly more intensive combustion
resulting from the invention does not lead only to higher temperatures of the
fuel particles on the grate itself, but also brings about an increase in fhe gas
temperatures immediately above fuel layer, which leads to a decrease in the
concentrations of carbon monoxide and residual hydrocarbdns. Furthermore, the -
concentration of the so-called precursor compounds is lowered, which in the
region of.the later cooling of the combustion gases can lead to the formation of

dioxins and furans.

Due to the drastic choking of the combustion process in the secondary
combustion region preferably by recycling waste gas, disadvantages are avoided,
which have arisen above the grate due-to the previous oxygen enrichment. By
supplying air from the environment to the secondary combustion region,
overheating has been detected in this region. The result is expressed in a higher
percentage of thermally formed nitrogen oxides and a long-term, unavoidable
destruction of the protective ceramic lining of the combustion chamber region.
These disadvantages are avoided by drastically choking the course of the

combustion above the combustion layer, that is, in the secondary combustion
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region. The thorough mixing, required in the secondary combustion region in

order to avoid an oxygen concentration gradient between recirculation gas and
combustion gas from the primary combustion zone, is achieved by supplying the
recirculation gas to the secondary combustion zone, the amount of gas supplied
here being sufficient for ensuring the required turbulence. The lesser swirling
up of dust in and above the combustion layer leads, in addition to the already
mentioned smaller design of the dust filters, also to less contamination of the
heating surfaces in the boiler and thus also to more favorable oberating
conditions with respect to boiler availability, elapsed time between two heating-
surface cleanings and boiler efficiency. Due to the greatly reduced amount of
gas while the amount of fuel is kept constant, there is necessarily a proportional
increase in the concentration of the different pollutants, which are to be
| deposited by the waste gas purification installation. This is evident from the
~ diagrams in Figures 3 to 6. In the event that valuable materials are to be
recovered in the waste gas purification process, the effectiveness and costs of this
process are distinctly improved, for example, for the recovery of liydrochloric

acid and gypsum from precipitated pollutants.

The invention is explained in the following by way of example by means of a
furnace for carrying out the method in conjunction with diagrams, which show

various experimental results. In the enclosed drawing,
Figure 1 shows a longitudinal section through a furnace;
Figure 2 shows a diagram relating to the reduction in the amount of waste gas

at different oxygen concentrations in the primary air and different

percentages of recirculation gas based on the amount of secondary air;
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outside air as primary air and without any recycling of the waste gases

into the secondary air;

Figure 4 shows an experimental result from the operation of a furnace with an
' oxygen concentration of 35% by volume without any recycling of the

waste gases;

Figure 5 shows an experimental result from the operation of a furnace with an
oxygen concentration of 35% by volume in the primary air and

complete recycling of the waste gases and

Figure 6 shows an experimental result from the operation of a furnace with an
oxygen concentration of 50% by volume in the primary air and 100%

recycling of the waste gases.

As is evident from the drawing, a furnace for carrying out the method described
has a 'charging hopper 1 with connecting charging chute 2 for charging the
material to be burned on a charging table 3, on which charging rams 4, which
can be moved back and foﬁh, are provided, in order to feed the material to be
burned and coming from the charging chute to a firing grate 5, on which the
combustion of the material takes place. It is immaterial here whether grate is

inclined or horizontal, no matter what principle is involved.

Below the firing grate S, facilities for supplying primary combustion air are °
disposed. Sa_id facilities, as a whole, are labeled 6 z:znd can comprise several
chambers 7 to 11, to which pn'mary. combustion air is supplied over a pipeline
13 by means of a fan 12. Due to the arrangement of the chambers 7 to 11, the

firing grate is divided into several underbiast zones, so that the primary
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combustion air can be adjusted differently depending on the requirements on the
furnace grate. Depending on the width of the furnace grate, the underblast
zones can also be divided in the transverse direction, so that the supply of
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primary air can be controlled depending on local circumstances.

- Above the furnace grate S, there is the combustion chamber 14, which in the
upper part goes over into a waste gas flue 15, ._adjoirﬁng which there are
aggregates that are not shown, such as a waste-heat boiler and a wﬁste gas
purifying plant. In the rear region, the combustion space 14 is bounded by a
cover 16, a rear wall 17 and side walls 18.

The combustion of the material labeled -19 takes place on the front part of the
furnace grate 5, over which there is the waste gas flue 15. In this region, most
of the primary combustion air is supplied through the chambers 7, 8 and. 9. On
the rear part of the furnace grate 5, there is only completely burned material,
that is, the slag and primary combustion air is supplied to this region over
chambers 10 and 11 essentially for the purpose of cooling this slag.

The combusted parts then fall onto a slag discharging unit 20 at the end of the
furnace grate 5. In the low;ver region of the waste gas flue 15, rows of secondary
air nozzles 21 and 22 are provided, which supply the secondary combustion air
to the rising waste gas, in order to bring about afterburning of the combustible

parts in the waste gas.

The rows 21 and 22 of secondary air nozzles are connected to air collectors 27a
and 27b, which are supplied over a pipeline 26 by a blower 25, which takes in,
on the one hand, waste gas over a pipeline 28 from a part of the incinerator

'lying further to the rear and, on the other, if necessary, air from the

environment over a pipeline 29.
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interval betyes blifiched air from the environment is taken by a blower 30 over pipeline

31 and supplied over pipeline 32 to pipeline 13 for the primary combustion air.
The amounts of air in chambers 7 to 11 are adjusted by control facilities 33,

which control the supply of the air-oxygen mixture to the individual chambers 7
to 11. Of course, each chamber 7 to 11 can have a separate oxygen pipeline,
in order to be able to adjust the oxygen content of the primary air differently

in the individual chambers.

For controlling the combustion process, a video camera or a thermographic
camera 34, a monitor 35, a freely programmable computer 36 and a controller
unit 37 are provided. The video camera or thermographic camera 34 is aligned,
so that it can view the material 19 burning on the furnace grate 15 from above
through the combustion chamber 14. The video camera is connected .to' the
monitor 35 and the freely programmable computer 36, which resolves the image
received appropriately and compares the digital values’ dbtained_, which are a
measure of the brightness on the respective combustion zone, with specified
standard values and, in the event of a deviation, initiates an appropriate control
process over the controller unit 37, which adjusts the control facilities 33, which
are constructed as shutters -or slides, in the individual chambers 7 to 11. On the
basis of solid body radiation received and emanating from the combustion layer
19, the video camera 34 supplies values, which permit conclusions to be drawn
concerning the temperature of the combustion layer 19. The amount of primary
air can be adjusted by adjusting the control devices 33 and the oxygen content
of the primary air is adjusted over the controller unit 37 by adjusting the control -
device 38 in the pipeline 31. The amount of primary axr and the oxygen content
are adjusted as a function of the burning behavior of the combustion layer 19
on the furnace grate 5 in the respectively monitored zone of the furnace grate.

In the region of the secondary combustion zone, thermocouple elements are
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The thermocouple element 39 serves to monitor the temperature in the
secondary combustion zone and is connected with the freely programmable
computer 36, which, in turn, is connected with the controller unit 37. Over the

control devices 40 and 41, this controller unit 37 adjusts the amount of waste

| gas, which is to be supplied to the secondary air nozzles 21 and 22 and

optionally the amount of air from the surroundings, which is adjusted over the
controlling device 41. Instead of with themiocouple elements 39, the
temperature can also be measured by means of a sound pyrometer (pyrosonic)

or by the laser Doppler method.

With the help of this control device and the corresponding monitors, it is
possible to control on the one hand, the intensive burning on the furnace grate
by controlling the amount of primary air and the percentage of oxygen. in the
combustion air and, on the other, the behavior in the secdndary combustion zone
by adjusting the secondary air, which consists largely of 're'cycled waste gas. By
these means, an excessive increase in the temperature in the secondary
combustion region is avoided and the amount of gas, passed through the
installation as a whole, is_ reduced. In this connection, the reduction in the

amount of gas is at a maximum, when no additional air is taken in from the

surrdundings. Compared to previously known incinerators, the amount of
primary air is reduced owing to the fact that the oxygen content of the primary
air is increased over that of the surrounding air and, with that, the percentage

of nitrogen, which acts as a ballast, is decreased.

The diagram of Figure 2 shows the achievable reduction in the amount of waste
gas as a function of the oxygen concentration of the primary air on the one
hand and the recirculated amount, as a percentage of the secondary air, on the

other. The relative volume of waste gas is plotted from 0% to 100% on the
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abscissa and the recirculated amount, as a percentage of the secondary air, is
plotted from 0% to 100% on the ordinate. The four curves drawn reproduce

the reduction in the amount of waste gases as a function of the oxygen

concentration of the primary air.

Various experimental results are assembled in Figures 3 to 6. To help with
understanding these results, the formulas and abbreviations used there are

explained below:

02-Konz. = oxygen concentration

NO,-Konz. = nitrogen oxide concentration

HCL-Konz. = hydrogen chloride concentration

SO2-Konz. = sulfur dioxide concentration

HF-Konz. = hydrogen fluoride concentration

RGR = waste gas purification |

PL = primary air

SKL = secondary air

Rezi-Anteil = recirculated amount, as a percentage of the secondary air
Lambda = air excess factor

In all the experiments described below, the installation is charged with fuel
consisting of garbage, the hourly amount charged and the calorific value being
kept constant in all experiments, so that the effects of the inventivé measures

become clear under constant starting conditions with respect to the fuel.

In all the experiment diagrams, the amounts of garbagé charged hourly and the
calorific value are given in field a and the amount of primary air, the primary
air as a percentage of the total combustion air, the lambda value, the oxygen

concentration in the primary air and the percentage of waste gas recirculated are
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given in field b. The amount of waste gas arising in the grate region, the
oxygen concentration and the concentration of the important pollutants are listed
in field c. The amount of and the oxygcn‘ concentration in the secondary air are
given in field d. The amount of waste gas, the oxygen concentration in the
waste gas, as well as the amounts of the different pollutants are given in field
e. The amount of waste gas flowing through the boiler, the air excess factor
measured in the boiler, the oxygen concentration as well as the concentrations
of the different pollutants in mg/Nm’ are assembled in field £ The amount of
waste gas, the oxygen concentration as well as the concentrations of the different
pollutants, in each case before and after the flue gas purification, are assembled
in fields g and h. The pollutant loadings in g/h, which leave the chimney after
the purification of the flue gas, are given in field i. Below field i, the reduction

in the amount of waste gases is given as a percentage.

The experiniental results during the normal operation of an incinerator are given
in Figure 3. During this normal operation, the incirierator is opérated with
normal outside air as primary air and with normal outside air as secondary air.
The ratio of primary air to seEbndary air is 65 : 35. Since normal outside air

is used for the secondary air, there is no recycling of waste gas.

In the first experiment, which is summarized in Figure 3, the normal operation
is reproduced. The achievable reductions in the amounts of waste gas as a
percentage compared to normal operation and the pollutant loads arising as
important results of the inventive ‘combustion process are given in Figures 3 and

4.

- For the experimental results given in Figure 4, the installation was operated with
an oxygen content of 35% by volume in the primary air, a ratio of primary air

to secondary air of 49.3 : 50.7 without recycling of the waste gas, normal outside
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air being used for the secondary air. Compared to the normal operation of
Figure 3, it was possible to achieve a reduction of 31% in the amount of waste
gas. Compared to the normal operation, it was possible to reduce already
appreciably the pollutant loading of o:':i&izable pollutants leaving the chimney
every hour, as is evident from a comparison of the numbers given in field i. On
the other hand, the proportion of NO, increased slightly in comparison to Figure
3. Thxs can be attributed to the increased oxygen content in the primary air.
However, the NO, loading is less because of the decreased amount of waste gas.

From a further experimental result assembled in Figure 5, ‘a decrease in the
amount of waste gas of 62% compared to the normal operation and a further
drastic reduction of the pollutant loading leaving the chimney can be observed.
For this, the installation was operated with an oxygen content of 35% by volume
in the primary air, a ratio of primary air to secondary air of 65 : 35 and a
recirculation of 100%. The great reduction in the portion of NO, despite the
high oxygen percentage in the primary air can be attn‘buted to the damping

measures achieved by reclrculatmg the waste gas.

For the experiment recorded in :Figure 6, the installation was operated with an
oxygen concentration of 50% by volume in the primary air, a ratio of primary
air to secondary air of 50 : 50 and with 100% recirculation. A reduction in the
amount of waste gas of 75% compared to normal operation was achieved. If
the pollutant loading of this experiment, given in field i, is compared with that
of the normal operation given in Fxgure 3, it is observed that the HCI loading
has decreased from 34.4 g/h to &. 5 g/h; this corresponds to a decrease of about

75% compared to the normal operation. For the other pollutant loadings, the
reduction is also around 75% compared to the normal operation. In other
words, not only is the amount of waste gas in the experiment of Figure 6
reduced by 75% compared to that of a normal operation, but a correspondingly

high reduction in the pollutant loading has also been achieved.



Figure 6 shMr the operation of a conbustion plant with

50 % by This Sheaﬂhw&@gﬁ)ﬁge%n; in the primary air and 100 % wast e- gas

recycling. r fromthe draw ngs, a conbustion plant for
carrying out ! Hﬂcriibed has a feed hopper 1 with an adjacent feed
chute 2 for feedin | on to a feed table 3 on which reciprocating

feed pistons 4 are provided in order to fgpd the fuel enmerging fromthe
feed chute on to a grate 5 on which conbustion of the fuel takes place. It
does not matter whether the grate is inclined or horizontal or howit

OPerates. e the pollutant concentrations in the waste gas after the purification of the flue
gas, for example in the case of the experiment of Figure 3, that is, of a normal
operation, and the pollutant concentration in the experiment of Figure 6 are
considered, these values in each case being given in field h, it is noted that the
values are identical, whereas the corresponding values before the purification of
the ﬁue gas, based on the standard cubic meter of waste gas, are almost four
times as high in the experiment of Figure 6 than in the experiment of Figure 3,
that is, during normal operation. . From this it can be seen that, dué to the
reduction in the amount of waste gas and based on the standard cubic meter of

_waste gas, there is a significantly higher, that is, about four times as high a
concentration of pollutants in the waste gas before the purification of the flue
gas. As a result, this waste gases offers significantly better preconditions, for
example, for the recovery of hydrochloric acid and gypsum than does the waste .
gas from normal operations. For normal operations, the expenditure for
equipment is very high if hydrochloric acid and gypsum are to be recovered

starting out from the relatively low concentrations of these poHutanté.

REPLACEMENT SHEET
29 NOV 1996

I Ams TG DOV FSmmnd




A neans for feeding in primary conbustion air designated in general by the'

reference numeral 6 is arranged below the grate 5 and may include a

pl’uralli—y—of——eﬁaﬁﬂbeks—Lx—e—ll fed with primary co n_air by neans of

ventil at line 13. The grate is divided i{REP] & “. fifd 7S

. under bl a?[!maﬂah E[I’Lof t he arrangenent of thi ef ¥ MLl so
that the n air can be adéijsted d|‘ f- |n accordance

with the requirements on the grate. These underbld t!

divided in the transverse direction dependi ng on t é]Wg ate,

that the feeding of the primary air ca =HE“’ControIIed in accor efwith

the | ocal conditions.

1. A method for burning fuels, particularly garbage, in incinerators with a grate
firing, for which the primary air is supplied into the fuel layer below the
grate firing and the secondary air is supplied above the fuel layer,
characterized in that the intensity of the combustion of the fuels on the
furnace grate is increased at least partly by increasing the percentage of
oxygen in the primary air and that the intensity of the combustion in the
secondary combustion zone is choked by'decreasing the percentage of oxygen

in the secondary air.

2. The method of claim 1, characterized in that waste gas recycled from the
combustion process is used to decrease the percentage of oxygen in the

secondary air.

3. The method of claims 1 or 2, characterized in that the oxygen content of the
primary air is increased locally, beyond the oxygen content of the air of the
surroundings, as a function of the burning behavior or the combustion
intensity of the fuel layer on the furnace grate, that the oxygen content of
the secondary air is decreased below the oxygen content of the air of the
surroundings by admixing recycled waste gas and that the secondary air is
adjusted locally with respeci_ to the composition, the amount, the place at
which it is supplied and with respect to a high turbulence in the secondary

combustion zone in such a way, that the formation of nitrogen oxides above

the fuel layer is largely prevented.

4. The method of one of the claims 1 to 3, character_ized_ in that the oxygen

‘content of the primary air is increased only in the main combustion zone of

the grate firing.
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The furnace chanber 14 is situated above the grate 5 and pas,ggs.mer inits
upper _part into a waste-gas offtake 15 to which : NS 'l e.g. a
wast e-heat boiler and a waste-gas purification p d. The
furnac%lnm”m]mm“ M limted inits rear regi rear

wal | ﬂ E The conbustion of th py t he
reference rfumtral 19 i*s ef fected on the gpoot papt {of the qrate above
whi ch the waste-gas offtake 15 is situated. The primry conburtion air

is fed in in this region through the chanbers 7, |8 W Yo —
5. The method of one of the claims 1 to 4, characterized in that the oxygen
content of the primary air is adjusted to 25% to 50% by volume and

preferably to 35% by volume of oxygen.

6. The method of one of the claims 1 to 5, characterized in that the waste
gases, recycled in the secondary combustion zone, constitute 20% to 65%
and preferably 35% of the total amount of air and gas recycled to the

combustion process.

7. The method of one of the claims 1 to 6, characterized in that the oxygen
content of the primary combustion air is adjusted as a function of the

surface temperature of the material being burned.

8. The method of one of the claims 1 to 7, charactérized in that the oxygen

content of the secondary air is adjusted as a function of the temperature in

the secondary combustion zone.

9. The method of one of the claims 1 to 8, characterized in that the oxygen
content in the secondary air is adjusted as a function of the length of the

flame in the vertical direction in the combustion chamber.

10. The method of one of the claims 1 to 9, characterized in that the recycled
waste gas is drawn off after it has passed through the boiler.

11. The method of one of the claims 1 to 9, chai'acte'xjized in that the recycled

waste gas is drawn off immediately above the fuel layer.
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burnt-out fuel, i.e. slag, is situated on the rear part of the grate 5 and
primary conbustion air is fed into this region via the chanbers 10 and 11
essentially only for cooling this slag. The burnt-out particles then drop
into a slag discharge point 20 at the end of the grate 5. Rows of secondary
air nozzles 21 and 22 are provided in the | ower region of the waste-gas

of fl ake ‘15 and feed secondary conbustien2dir to the ascendi ng waste gas in
order to effect subsequent conbustion of the conbustible frictions in the

wast e gas. :
METHOD FOR BURNING FUELS, PARTICULARLY

FOR INCINERATING GARBAGE

Abstract of the Disclosure

The method for burning fuels, parﬁcularlj' garbage, in incinerators with a grate
firing, for which the primary air is supplied below the grate firing into the fuel
layer and the secondary air is supplied above the fuel layer, is controlled in such
a wéy that the intensity of the combustion of the fuel on the furnace grate is
increased by increasing the oxygen content of the primary air and the @nt_ensity
of the combustion in the secondary combustion z_oné is choked by decreasing the
oxygen content in the secondary air, and that waste gas, preferably from th::'

combustion process, is recycled in order to reduce the oxygen content of the

secondary air.

FIGURE 1.
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Key for Figure 2:

1 =Reducing the amount of waste gas by a combination of increasing the oxygen

content and recycling the waste gas

2 =oxygen concentration in the primary air
3 =relative volume of waste gases

4 =recirculated gas, as a percentage of the secondary air

{REPLACEMENT SHEET|
29 NOV 1996

Dalt, Bemanm g




The rows of secondary—atr—mozzles 21 and 22 are connected to air collectors
27a and 27b supplied vi f%eldi ne 26 by a fan 25 which in turn exhausts waste
gas from a PegSh Bepustion plant situated further back via a line 28
and optional | \ via a line 29. Either pure oxygen or
oxygen-enric I s exhausted from an air-separation plant (not
shown) by a fan 30 via a line 31 and is filed via the line 32 to the line 13

- for the primary conbustion air. The respective guantities of airéjg t he

chanbers 7 to 11 _ ' _ l,_,j_s‘ 1 |
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are'adjusted by means of control neans 33 which control. th
ai r/ oxygen m-xture—to—theindividual chanbers 7 to%{_ﬁﬂ@i

cdn of course_haye a separate oxygen |line so that the—ex¥g Hdn; Jof t he
primary air c e lagefdf £ erently in individyal cEanbers,_ Aljvijdeo
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. conmputer 36 an it 37 are proyided to ioltro! the conbyisgi on

- met hod. The video canmera or thernographic“anera 34 is aligned n sugh a
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video canera is connected to the nonitor 35 and the, freely pr ogr ammabl e

conput er 36——wh1—c+1—r—es—e+—ves—{—he|naerece|ved|na : ondi n ner
np g i "!fiir;ﬁ'“ ¢-1mn

and conpar el 88 al ues obt ai ned, which rep

bri ghtness © conmbusti on zone, with i1 de
val ues and, i gﬁ’maﬁﬁr@devi ation, triggers an aprﬁ@rﬁ@ga I
process via- t 37 which adjusts the f i p the

form of val ves or slides in the individual chanberg
canera 34 therefore delivers values indi %“ i t he erature of t
bed 19 as a result of the sglid-state rg atton enanat i ng

19. The primary air quantitF:“?'g"qmgf by adjusting the . SO0k O meqﬁs 33

and the ox t =
XBEOBPERATIBN o
O, Cone, 3 975 Val. %
NO Conc. : 445 mgNm NO, Loading 152921
HCT Conc. : - 1.00 myNm HCl Loading 344
h . SO, Cone. 3.00 mg/Nm SO, Loading . 103.1 g
HF Conc. 010 mgyNm® || [ HF Loading 34gm
e — — e ———f
. : t
21 Vol % O5 In Primary Alr Waste Gas after RGR I
No - Amount of waste gas 34363 Na'/ 1r. Reduction fn smount
Recirculation of waste gas
; 02 Cone. s 975 Vol % ecmptred o
g HC! Conc. + 1058 mme3 normal operation : 0«
. SO, Conc, : 326 mgle’ ]
Ratlo of primary to
secondary air = 65 : 35 HF Cone. : 100 mg/Nm’
i
Boiler i |
Amount of waste gas  : 34363 No“h tr. : e
, Lambda 1 187 . } /
f 0, Conc. T 975 Vol %
HC1 Cone. : 1058 mgNa? Amoaunt of waste gas 0 Nedh e
SO, Cone, s 326 tng/NmJ .
Cone. : 100 mgINm O Conec. : 975 Vol %
-HQ Cone. : 1058 mgMNm?
1< S0, Conc. 3 326 x::g/N’m3
g Recirculated waste gas HF Cone. : 100 mg/Na |
1
# Amount of air : 12150Nm3mh ir
g‘&mndaq e O, Conc. 21 Vol %
1
Grate Region i /
Amount of waste gas  : 22213 Na'hh tr. d
! | o, Conc : 360 Vol % rhage
z - 7 L
C HCQ Conc. 1 1636 mgthn Ga
SO, Conc. : 504 mme Amount of garbage : T200kg/h
Calorific value : 10099kj/kg
HF Cone. 1155 mgle
& /
t a
s i . :
Primary air ~ |
Amount of air : 22580 Ne3m te.
Percentage of
primary air 1650 %
Lambda (grate) 120 -
b 04 conc. in primary
ae HJ | Vol % H
Percentage : 0 %ol F‘gure 3
cecirculated secondary ar
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pri rrar;L,al_L—l—s——adj—crsTEﬂ—"a the control unit 37 hy..adj.: cont r ol
nmeans 38 i_n t he gdehe primary air quanti i ] ont ent
are adj Ut o on of the conbustion behas= bed 19
on the gr spectlve zones of the gfat
Ther nocou ed in the region of ther-¢ on zone,
only. one of t hese t her mocoupl es 39 being ghown iip i e
t hernocoupl e 39 serves to nonitor the tenper Cat ur‘ in-t he secondar
conbusti on dacknbany
CHIMNEY
Wasie Gas after RGR 1 i
(Flue Gas Purification) [| - Emission Londing !
OPERATED WITH Amount of waste gas  : 23609 Na*h 1 r
Q4 Cone. s 11.64 Vol ‘5
NO Conc. : 510 mgNwd NQ, Loading 1 12040 g/h
HC Cane. : - 1.00 mgNmd Hl Loading : Bégh
h 504 Conc. : 3.00 mg/Nm S0, Loading N : 708 gh
HF Conc. : 010 mgNm® HF Loading : 24sm
L : 1
3§ Vol % O3 in Primary Alr Waste Gas after RGR |
No Amount of waste gas  : 23609 Nm/h tr. Reduction in amount
Recirculation
| ’ 0, Cone. : 1164 Vol % —
g HCI Cone : 1538 mgNar® normal operation : 31 =
_ 5O, Cane. : 473 mpNm® '
Ratlo of primary to
secondary air = 49 : 5L HF Cone. : 146 meNw?
i
Boiler B i1
Amount of waste gas  : 23609 Num’/h tr. : e
Lambda : 224 - } !
fl 0, Cone. : 1164 Vol % :
HCl Cone. : 1538 mmeJ Amountof waste gas : O Nochr
SO, Cone. : 473 mgINm
HF Conc, : 146 mgNm® 0O, Conc. : 11.64 Vot %
‘HCQl Cone. : 1538 mngm’
) 502 Conc, : 473 mngms
1 “Recirculated waste gas HF Coac. P 146 mg/Nm
1
i
g Amouat of air : 12150 Nm ¥ te
| :
| Smmy O, Conc. 21 Vol %
Geate Reglon [ !
Amount of waste gas : 11459 N/ tr. d
! 0, Conc. 2 L72 Vol % <-- Garbage
C HQ Conc. : 3168 mgNm
SO, Conc. : 975 mgNm® Amount of garbage : T200kgh
. Calorific value : 10099 kj/kg
HF Conc. : 300 ogNm3
£ !
|
Primary air ] .
Amount of air : 11820 Nayih 1.
Percentage of
primary air : 493 %
; Lambda (grace) 105 -
b O, conc. in primary _
air 138 Voo -
Percentage 10 %o F!gUl‘ e 4
recirculated secondary air
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OPERATED WITH Amount of waste gas
0O, Conc.

NO, Conc.

HCI Conc.

SO, Conc.

HF Cone.

35 Vol % O3 In Primary Alr

: CHIMNEY |

; .
Wasie Gas after RGR ¢ :
(E‘!uc Gas Purll'luuou) |

s 598 Vol. %

: 29 mgle3
:-1.00 mmeJ
: 300 mgleJ

0.10 mgle’

148 NmPm v |

NO, Loading
HQl Loading
SO,

zone and is connected to the freely progrannable conputer 36 which

100 % Amount of waste gas 13148 Noh tr. Reduction In amount
Recirculatio: te
" 0, Cone. 598 Vol % pullimind o
g d HCl! Cene. : 2762 mgNm® normal operation 3 62 «
SO, Cone. : 850 mgNm3 )
Ratfo of primary to
secondary air = 65 : 3§ HF Coae. : 262 meNm®
i
Boiler B i
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The method for burning fuels, particularly garbage (19), in incinerators with a grate firing (5),

for which the primary air (23) is supplied below the grate firing into the fuel fayer and the
secondary air (21,22) is supplied above the fuel layer, is controlled in such a way that the
intensity of the combustion of the fuel on the furnace grate is increased by increasing the -
oxygen content of the primary air and the intensity of the combustion in the secondary =
combustion zone is choked by decreasing the oxygen content in the secondary air, and that
waste gas, preferably from the combustion process, is recycled in order to reduce the oxygen
content of the secondary air. .
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used:
The invention relates to a2 method for the combustion of fuels, particularly waste. in

C)

)

combustion plants with grate firing, in which primary air is fed under the grate into the

fuel bed and secondary air is fed above the fuel bed.
Methods of this general type have been known for some time. }

On account of political objectives, ihe combustion of waste must be effected in such a
manner that env_ironmehtal pbllution is | substantially avoided.  The hitherto }
conventional method of procedure for achieving this aim is to optimise the combustion
process on the éfate by controlling the quantity and distribution of the combustion air
fed in along the grate and also in the regicﬁ of the secondary éombuStion zone and to
use increasingly extensive and complicated apparatus for the subsequent gas
 purification. Although this has already led fo a drastic reduction in the emissions from
piahts of this 'kin;d, it has also meant a sharp increase in the waste disposal costs
associated with the operation of these plants and highly supei'proportional expansion of
- the waste-gas purification appératus relative to the conventional part of the plant
consiSting of firing and energy recovery, e.g. steam generation. In the meantime, such
a standard has been achieved in waste-gas purification plants that a further
imp.rovement in separation efficiency can be expected only at very high additional
costs, as purification efficiency of 99 % has been achieved. Experience has shown that
there is an exponential relationship bet_ween.'expenditur.e and purification efficiency, so
that the technical input required to achieve a further increase in purification efficiency
is no longer justifiable. The technically justifiable boundary for the purification of
waste gases has been reached with the measures known at present. Above all in recent
years, attempts have additionally been ;ﬁade to aéhieve further improvements by

influencing the combustion process.

DE 39 15 992 Al discloses how to prevent the production of ﬁtrogﬁ oxides in order
“'to allow for savings in the subsequent purification plants. The basic principle of this
known method consists principally in varying the oxygén content of the primary air by
admixing recycied waste gases from the combustion process in such a manner that the
combustion on the grate is damped so that the maximum temperature achieved in the

centre of the tlame is 1300°C, as it is known that the intensive tormation of nitrogen’
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oxides begins above this tempemture. In this known method, the secondary air is -
introduced in two superimposed stages, substantially recycled waste gas being
introduced in the lower stage in order to generate turbulence, whereas ambient air is
fed in in the second stage in order to obtain the necessary combustion of the waste
gases. However, in this controlled slowing down of the combustion reactions, there is
a marked deterioration in the ignition of solid waste constituents on the combustion

| grate. The proportion of unburnt substances in the combustion residue increases as a
direct eonsequence' of this and there' is less chance of harmful substances being
integrated into the resxdue, ie. into the slag, as a resu!t of the lower fuel bed

| temperatures In this method. therefore although the proportzon of nitrogen oxides is
reduced, the proportion of combustible harmful substances i is increased as a result of
the reduction in the oxidation potential. |

- In another known method according to DE 40 27 908 Al, the oxygen content of both
the primary combustion air and the secendary_ combustion air is varied, this variation
ranging from an increase in the oxygen content relative to the ambient air to a
reduction in the oxygen content relative to the ambient air. This sole purpose of this
variatien of the oxygen content of both the primary combustion air and the secondary
combustion air is to adjust the quantity of oxygen required for combustion at the
individual points of the combustion plant as precisely as possible. This should result in
good burn-out and the residual oxygen quantity should not fall below the prescribed
value. The oxygen recovered in an air-separation plant and the nitrogen also recovered
there are used in order to increase the oxygen content by feeding in oxygen and to
reduce the oxygen content in the combuetion air by feeding in nitrogen. This method
of procedure can improve the course of the combustion process in essential regions of
the furnace or furmace chamber, aithough it does not lead to a reduction in the
volumetric flow rate of the waste gas through the entire plant, nor above all in the

waste-gas purification plant.

‘The recycling of waste gas via secondary air nozzles is known from Patent Abstracts of
Japan, Vol. 8, No. 148 (M-308) (1585), July 11, 1984. However, in this known

combustion process. the primary combustion air is throttled in order to accelerate
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gasification of the waste on the grate and thereby to suppress the formation of nitrogen

oxides.

DE-A-1 751 133 describes a combustion method in which the combustioxi air as a
whole is enriched with oxygen, over the entire length of the grate, in order to burn all

of the odorous substances. No secondary combustion zone is provided in this method.

| lIt is known from DE-B-1 019 788 to draw off the waste gas from a région ‘in which
there is still a very high proportion of unconsumed oxygen, this waste gas drawn off
being fed to the secondary air nozzles. This fesﬂlts i:i_ a lérg,e mixing penetrative effect
in association with specific air feeding in order to obtain complete combustion in the

secondary combustion zone at high temperatures with little excess air.

The environmental importance of waste incineration plants has hitherto usually been
eévaluated on basis of the concentration of harmful substances in the waste gas. The
current emission guidelines, i.e. the 17" Federal Anti-Pollution Act or the EC Directive
on tﬁe combustion of waste, like the previous acts in this connection, regulate plants of
this kind by means of concentration limits. However, this approach gives an

| incomplete picture of the harmful substances discharged into the environment as only
relative, but not actual quantities leaving an emission source can be identified. More
comprehensively, on the other hand, the evaluation of the harmful substance load

describes the ecological importance of an emission source.

~

Practical experience from modern waste-gas. purification plants has shown ;hat the
harmful substance/clean gas concentrations that can be achieved are virtually no longer
dependent on the harmful substance concentrations prior to waste-gas purification, but
the concentration values remain constant at the end of the waste-gas purification. This
is explained by the exponential relationship between separation efficiency and the cost

or dimensions of the units to be used already described hereinabove.

The aim of the invention is to go beyond the knowledge obtained hifherto Mth t:espect
to the purification efficiency that can be achieved and to achieve a considerabie

reduction in the harmful substance load discharged into the environment with higher
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technical efficiency and smaller dimensions of the units subsequent to the combustion.

apparatus.

This problem is solved according to the invention departing from a method for the
combustion of fuels of the; type mentioned at the outset in that the combustion intensity
of the fuel on the grate is increased at least in parts thereof by increasing the oxygen
content of the primary air to 25 to 50 % .by volume with a Simult_aneods reduction in

| the nitrogen content of the_primary_ air relative to the ambient air ;nd that above the
fuel bed, once the .removal of oxidisable harmful constituenté._ has been substantially
completed, the combustion intensity in the secondary combustion zone is throttled by
reducing the oxygen content in the secondary air relative to the ambient air by means -
of recyéled waste gas, the tecyéled_ waste gas making up 20 to 65 % of the total

quantity of air and gas fed into the combustion process.

The nitrogen content is.necessan'ly reduced as a result of the sometimes 'considerablg
increase in the oxygen content of the primary corfxbustion air dependent on the reaction
zones, e.g. the pre-heating zone, the main combustion zone or the burn-out zone, -
leading in the case of a considerably increased combustion intensity to a sharp
reduction in the required air volume as the nitrogen actirig only as a diluent is reduced.
This already results in a considerable saving in volume in the combustion air, allowing
not only for a reduction in the dimensions of the primary air fan and ducts, but also, in
particular, for a reduction in the size of the subsequent ﬁnits. such as steam generator,
waste-gas purification apparatus, underblast fan and chimney. The considerable
increase in the intensity of the primary combustion usually leads to an increase in the
fuel bed temperature on the combustion grate and the flame temperature in the
secondary combustion zone. . Whereas higher fuel bed temperatures have the
advantageous effect of improved bum-out of the solid fue!l particles and improved
integration of harmful substances into the combustion ash as a result of sintering, the
increased secondary combustion temperature results in the intensified formation of
nitrogen oxides (thermal NO,). In one known method mentioned at the outset. the
combustion process is already substantially throttled on the grate for this reason. The

invention therefore firstly follows a course which would be regarded as erroneous in
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reduction in the combustible. i.e. oxidisable harmful substances, but then cofrects_ this
course in the secondary combustion zone in order to prevent the increased formation |
of nitrogen oxides, the removal of whxch would involve considerable expense. It isat
~ this ﬁoint therefom that the further méa_iwr’e according to the invention comes into
operation, consisting in throttling the combustion process above the fuel bed at the .
beginning of the secondary combustion zone in such a manner that the nitrogen oxide
formation usﬁally occurﬁng is prevented or sharply reduced. This damping measure
therefore begins at a time when the i'emdval of the oxidisable harmful substances by
means of the intensive combustion process has already been substantially completed.
As é result of the sharp increase in the oxygeri content in the primary air, there is still - |
sufﬁciexit oxygen present once this primary air has passed through the fuel bed to allow
for the desired throttled combustion in the secondary combust'io.n_ region, wherein this
should be controlled in such a manner that the temperatures leading to the formation of
nitrogen oxides are not reached. In order to achieve this throttling, waste gas with a
considerably reduced oxygen content is used in the method for damping subsequént
combustion according to the invention. Using waste gas means fhat it is no longer
necessary to feed in additional low-0xygen gas or inert gas, as a result of which the gas
quantify no longer has to be increased in spite of sufficient combustion in the
secondary. combustion region, as was the case in the methods known hitherto, in which
additional combustion air in the form of ambient air was fed in via secondary air
nozzles in the region of the secondary combustion zone. Even in the methods in which
no pure combustion air was fed in, the gas quantity was still increased as a mixture of
ambient air and waste gas or inert gas, e.g. nitrogen, was fed in, thereby increasing the
tota!‘ quantity. In this invention, therefore, the damping measures in the secondary
combustion zone are produced with the aid of waste gases produced during the
primary combustion, i.e. during the combustion of the fuef bed oﬁ the grate, so that

additional quantities of gas are no longer necessary.
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air as the pSnieycombustgry intensity on the grate is increased particularly sharply within the

primary combustion zone according to this invention, there is still sufficient oxygen for
secondary combustion in the air passing through the Fué! bed so that, according to a
further embodiment of the invention, the waste gases recycled in the secondary
combustibn zone can make up 20 to 65 %, breferab’iy 35 % of the total quantity of air
and gas fed into the combustion 'pfocess. Eg the entire quantity of gas introduced
through the secondary air nozzles can therefore consist of recycled waste gas if it is
assumed that preferably 35 % of the tqfal quantity of gas and air is used in the form of
recycled waste gases and the secondary air makes up 35 % of the total gas quantity.
As this is recycled gas, this measure results in a saving of more than a third of the total
gas quantity, assuming that modern waste incineration plants are generally operated
with the combustion air divided intb 65 % primary air and 35 % 'secor'xda.ry‘ air.
Together with the measure of increasing the oxygen content in the primary air, the
total quantity of gases ﬂowing through the sﬁbsequent units can thus be réduced by
two thirds. If, however, as established hereinabove, the concentration values of the
harmful substances at the end of waste-gas purification are .indépen_dent of the harmful

substances concentrations prior to the waste-gas purification, the harmful substance

-~ load, i.e. the quantity of harmful substances discharged from an emission source, can

be reduced relative to previously operated plants by reducing the overall gas volume by
up to two thirds in a manner not possible in the traditional method of operatidn of
waste incineration plants as a result of the exponential increase in ex;:enditure

described at the outset.

Departing from the essential instructions described hereinabove, one special
development of the invention consists in that the oxygen content of the primary air is
increased locally as a function of the combustion behaviour or the combustion intensity
of the fuel bed situated on the grate departing from the oxygen conie_nt of the ambient .
air and that the secondary air is adjusted locally with respect to composition. quantity,
feed point and high turbulence in the secondary combustion zone- sO as to substantially
prevent the formation of nitrogen oxides above the fuel bed. By adapting the method

to the local conditions. i.e. by taking account of the different states of the fuel along
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the grate, the primary air can be adapted to the prevailing conditions and can be
~ adjusted in such a manner that the desired increased combustion effect, and thus the
combustion of oxidisable harmful substances, is achieved. To this end, use is made.
e.g. of knowh thermocouples for méasuring temperatures or of infrared cameras for
detecting the solid-state radiation emanating dii'ectly from the fuel bed, indicating the
fuel bed temperature, i.e. the témpe_rature of the burnt-out fuel mass, in order to adjust
the oxygen content required for increased combustion intensity at the relevant point of
the combustion grate, this being possible, .g. by dividing the underblast ,guide for the
combustion grate in a cbrresppndi_ng 'ma..nner. A relevant proposal has already beea _
made to this end in DE 38 25 931 C2. What is crucial here is nof the known fact that
the oxygen content can in principle be contrblled, but the fact that, in this invention, :
the, oi:ygen content is increased so sharply that the combustion intensity, and thus the
associated reduction in the 6xidisable harmful substances, achieved was not attempted
hitherto in view of the disadvantages to be expected. However, these disadvantages,
consisting, e.g. of the thermal formation of nitrogen oxides and overheating of the
: protecti\}e lining of the furnace chamber, are avoided in this invention in that controlled
damping measures with respect to temperature development and the adjustment of
other conditions are introduced above the fuel bed, so that the expected disadvantages
do not occur.  These damping measures in principle include the reduction of the
oxygen content, as already described heremabove The quantities of secondary air, the
point at which relative to the fuel bed or the furnace chamber and the turbulence with
- which the quantity of gas referred to as secondary air is fed in via the secondary air
nozzles are of great importance in this connection. The generation of high turbulence
is particularly advantageous as it is thus possible to compensate for an often irregular
oxygen distribution and better use can therefore be made of the oxygen present, as a
* result of which the desired course of the combustion proéess can be obtained in the
secondary combustion region at relatively low temperatures. The conditions in the
secondary combustion region can be adjusted in such a manner with the aid of
temperature measurements and observations by means of infrared cameras or flame

monitors that temperatures harmful to the lining of the furnace chamber and promoting
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the formation of nitrogen oxides are prevented, in accordance with which it is known,
e.g. that the temperature of 1300°C represents a limit above which the increased

formation of nitrogen oxides has to be expected.-

Depending on the nature of the substances to be burnt, it may be advantageous for the
oxygen content of the primai‘y air only to be increased in the main combustion zone of
the pnmary ‘combustion zone of the grate, as in the other remons the fuel is first
preheated or already has too low a calorific value, as is the case. e.g. in the bum—out :

" zone.

Preferred parameters for controlling: the oxygen content with respect to"the primary
combustion air are the surface temperature of the fuel and with respect to the
secondary air the temperamre prevailing in the secondary combustion zone or the

length of the flames in the vertical extent m_ the ﬁxmace_ chamber.

The waste gas to be recycled is preferably exhausted after flowing thfough the boiler,
'_as a result of which the reduction in the gas volume as a result of the waste-gas -
recycling first becomes .noticeable in the waste-gaé purification plant. In special cases,
it may also be possible to exhaust the waste gas to be recycled immediately above the

fuel bed. '

The adjustment of the oxygen cdntent in the primary air, and thus the intentional
increase in the combustion intensity in the primary combustion zone on the grate, can
be accelerated without regard to tt;e subsequent consequences prevented by the
damping measures according to the invention to such an extent that the combustion
process on the gi'ate is substantially limited by conditions resulting from the operational
reliability of the combustion grate. A temperature increase in the fuel bed of up to
300°C relative to conventional combustion prc;cesm is therefore possible. As the fuel
bed temperature can be dp to 300°C higher than in the case of combustion with normal
external air, there is a higher degree of integration of harmful substances into the slag.
The resulting reduced leachability of the harmful substances improves the possibility of
the slag being used as building material or reduces the requirements imposed with

respect to the dumping of residue.
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volume can be reduced by up to two thxrds. resulting in smaller dimensions for the
entire plant and thus in a considerable reduction in costs. The increase in the oxygen
content in the primary air necessziﬁly results in a drastic reduction in the proportion of
nitrogen fed in, only to be regar&ed as a diluent and hitherto 'c':onsiderably reducing
thermal efficiency. This reduction in thermal efficiency decreases accordingly as a
result of the reduétion in the nitrogen-(:onteht, thereby improving thermal eﬁiciency;_
The increase in the oxygen content has its limits where there could be thermal overload |
of the individual elements of the grate It has been found in practice that the oxygen
content can make up to 50 % by volume of the quantity of primary air fed in without.
leading to damage of the grate elements. The reduction in the volumetric ﬂow rate of
the gas reduces the entrainment effect to small and light ivaste particles so that these
“burn on or immediately above :thé grate and do not arrive in the purification plant as
unburnt components. Dust separators can therefore be made even smaller, in addition

' to the possible reduction in size as a result of the smaller waste gas volume. The
considerably mdre intensive combustion begun as a result of the invention not only
leads to higher temperatures of the fuel particles on the grate itself, but also increases
the gas temperatures immediately above tl}e fuel bed, leading to a reduction in the
carbon monoxide and residual hydrocarbon concentrations. The concentration of what
are referred to as precursor compounds, which could lead to the formation of dioxins
and furans in the region of the subsequent cooling of the combustion gases, is
furthermore reduced.

The drastic throttling of the combustion process in the secondary combustion region,
preferably by recycling waste gas, prevents the disadvantages occurring as a result of
the previous oxygen enrichment above the grate. [t has been found that the secondary
combustion region is subject to overheating when ambient air is fed into this region.
This results iﬁ a higher content of thermally formed nitrogen oxides and long-term,
unavoidable destruction of the ceramic profective lining of the combustion chamber

region. These disadvantages are prevented by the drastic throttling of the course of the
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the O: concentration between the recycled gas and the combustion gas from the
primary combustion zone is achie-ved by feeding the recycled. gas into the secondary
combustion zoane, the quantity ét'. gas fed in being sufficient to ensure ‘the necessary
turbulence. The. lower raising of .dust in and above the fuel bed leads additionally to
the lower l&chabxhty of dust filters already mentioned, as well as to fower
contamination of the heating surfaces in the boiler and thus also to more advantageous
operating conditions with respect to boiler availability,. the intefval between the
purification of two heating surfaces and Iboiller efficiency. The sharp reduction in the
gas quantity necessarily results in a proportional increase in the concentration of the
different harmful substances to be separated by the waste-gas puriﬁcat_idn plant with a

© constant quantity of fuel, as will be clear from the diagrams shown in Figures 3t06. If.
material recovery is provided for during the waste-gas purification, e.g. in the
recovéry of hydrochloric acid and gypsum from separated harmful substances, the

efﬁciehcy and complexity of this process are considerably irriproved.

The invention will now be described by way. of example with reference to a combustion
plant for carrying out the method in association with diagrams showing various test -

results. In the figures illustrated in the accompanying drawings:
Figure 1 is a longitudinal section through a combustion plant; >

Figure 2 is a diagram illustrating the reduction in the quanfity of waste gas for
different oxygen concentrations in the primafy air and different recycled

fractions relative to the secondary air quantity;

Figure 3 shows a test result for the operation of a combustion plant using external air

as the primary air and without waste-gas recycling of the secondary air;

Figure 4 shows a test results for the operation of a combustion plant with an oxygen

content of 35 % by volume iyithout waste-gas recycling;

Figure 5 shows a test result for the operation of 'a combustion plant with 35 % by

volume oxygen in the primary air and complete waste-gas recycling, and



wast e- gas recycl Lng. In the test given in Figure 6, the plant was operated

wi th*an oXyger| REp theamam '-* Y volune in the primary air, ar
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reduction in tjhg wast as C]Uq ﬁlty relative to nornmal operation was

obt ai ned here. Cod@a“rgﬂé nful subgtiance | oads of this test given in

box i wth thg rornal operathnéaccordl ng to Figure 3, it will be

established tHat the HCL [ oad 3 34.4 g/h has been reduced to 8.5 g/h,
correspondi ng t-o-a-Leducti.on.al.;approxi mtely 75 %rel ative to nornal

operation. H]gu}eh g s g&rg am;esg r\leesu.t P r thQ %rpgfra ion &b f %m%ﬁszio%agﬁm with 50 % by

~ volume oxygen in the pnmary air and 100 % waste-gas recyclmg

As will be clear from the drawmgs a combustlon plant for carrving out the method
described has a feed hopper 1 with an adjacent feed chute 2 for feeding the fuelontoa
feed tab.le 3 on which reciprocating feed pistons 4 ére provided in order to feed the ﬁnel
emerging from the feed chute on to a grate 5 on which combustion of the fuel takes

place. It does not matter whether the grate is mchned or horizontal or how i it operates.

A means for feeding in primary combusnon air deszgnated in general by the reference
numeral 6 is arranged below the grate 5 and may include a plurality of chambers 7 to
_' 11 fed with primary combustion air by means of a véntilatbr 12 via a line 13. The grate
is divided into a plurality of underblast zones by means of the arrangement of the
"chambers 7 to 11 so that the primary combusiion air can be adjusted differently in
accordance with the requirements on the grate. | These underblast zones can also be
divided in the transverse direction depending on the _width of the grate, so that the

feeding of the primary air can be controlled in accordance with the local conditions.

The furnace chamber 14 is situated above the grate 5 and passes over in its upper part
into a waste-gas offtake 15 to which units (not shown), e.g. a waste-heat boiler and a
waste-gas purification plant, are connected. The furnace chamber 14 is defimited in its

rear region by a roof 16, a rear wall 17 and side walls 18.

The combustion of the fuel des}ghated by the reference numeral 19 is effected on the
front part of the grate 5, above which the waste-gas offtake 15 is situated. The most
primary combustion air is fed in in this region through the chambers 7, 8 and 9. Only
burnt-out fuel, i.e. slag, is situated on the rear part of the grate 5 and primary
combustion air iS fed into this region via the chambers 10 and 11 essentially only for

cooling this slag.

The burnt-out particles then drop into a slag discharge point 20 at the end of the grate
5. Rows of secondary air nozzles 2! and 22 are provided in the lower region of the
waste-gas offtake 15 and feed secondary combustion air to the ascending waste gas in

order to effect subsequent combustion of the combustible fractions in the waste gas.
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The rows of secondary air nozzles 21 and 22 are connected to air coilectors 27a and
27b supplied via a line 26 by a fan 25 which in turn exhausts waste gas from a part of
the combustion plant situated ﬁxrthé_: back via a line 28 and opiionally ambient air via a

line 29.

Either pure oxygen or oxygen-enﬁched ambient air is exhausted from an air-separation!
plant (not shown) byafan30viaa lme 31 and is t‘ed vxa the line 32 to the line 13 for
the primary combustion air. The respectxve quant\txes of air in the chambers 7 to 11 _

~ are adjusted by means of control means 33 which control the feeding of the air/oxygen
mixture to the individual chambers 7 to 11. Each chamber 7 to 11 can of course have’
a separate oxygen line so that the oxygen content of the primary air can be adjusted
dxﬁ'erently in mdlvxdual chambers.

A video camera or thermographic ‘camera 34, a monitor 35, a freely programmable
computer 36 and a control unit 37 are provided to confrol the combustion method.
The video camera or thermographxc camera 34 is aligned in such a manner that it can
observe the fuel 19 on the grate 5§ from above through the furmace chamber 14. The
video camera is connected to the monitor 35 and the freely programmable computer
36, which resolves the image received in a corresponding manner and compares the
digital values obtained, which represent a measu;é of the brighmeﬁs on the respective
combustion zone, with predeteﬁnined guide values and, in the event of deviation,
triggers an appropriate control process via the control unit 37 which adjusts the control
means 33 in the form of valves or slides in the individual chambers 7 to 11. The video
camera 34 therefore delivers values indicating the temperature of the fuel bed 19 as a
result of the solid-state radiation emanating from the fuel bed 19. The primary air
quantity is adjusted by adjusting the control means 33 and the oxygen content of the
primary air is adjusted via the control unit 37 by adjusting the control means 38 in the
line 31. The primary air quantity and the oxygen content are adjustéd as a function of
the combustion behaviour of the fuel bed 19 on the grate 5 in the respective zones of
the grate monitored. Thennocouplés are provided in the region of the secondary
combustion zone, only one of these thermocoupies 39 being shown in the drawings."

The thermocouple 39 serves to monitor the temperature in the secondary combustion
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zone and is connected to the ﬁ-eely progra.mmable computer 36 Whlch is in.tum
| connected to the control unit 37. The latter adjusts the quanuty of the waste gas to be
fed to the secondary air nozzles 21 and 22 via control means 40 and 41 and optionally
the quantity of amblent air, adjusted via the control means 41. [nstead of
thermocouples 39, the temperature can also be measured by means of sonic pyrometers

(pyrosomcs) or by the laser Doppler method

With the aid of this control means and the correspondmg momtormg means, the

" intensive combustion on the grate can be controlled by controlling the primary air
quantity and the oxygen content in the combus_tion'air'and the “behaviour in the
secondary combustion zone can be controlled by adjﬁst_ing the secondary air, consisting
for the greater part of recycled waste gas. This prevents an excessive increase in '_
temperatixre in the secondary combustion region and reduces the quantity of gas led
through the entire plant. The reduction in the gas quantity is | greatest if no additional
ambient air is exhausted. The quantity of primary air is therefore reduced relative to

" hitherto known combustion plants in that the oxygen content of the primary air relative

to the amibient air is increased and the nitrogen acting as a diluent is therefore reduced.

Figure 2 is a diagram showirtg the reduction in the waste gas r;uantity that can be
obtained as e. function of, on the one ltand, the oxygen concentration of the primary air
and, on the other hand, the recycled fraction of the secondary air. The relative waste
gas volume from 0 to 100 % is pl?tted on the y-axis and the x-axis shows the recycled
fraction of the secondary air from O to 100 %. The four curves plotted show the
reduction in the waste gas quantity as a function of the oxygen concentration of the
primary air. |

Figures3 to 6 show various test resuits. The following formulae and abbreviations are

used:

02-Konz o= oxygen concentration
NOKonz = nitrogen oxide concentration

HCL-Konz = hydrogen chioride concentration

SO2-Konz = sulphur dioxide concentration



purification, e.g. in the case of the test according to Figure 3, i.e. i

nor nal

according to Figure 6, these val ues each being given in box h,

~ clear that the values are identical, whejgas the correspondi ng val ues
- before waste-gas purification in relation to the standard cubic netre of

waste gas are approximtely four tinmes as high in the test according to
Figure 6 as in the test according to Figure 3, i.e. during nornal
oper ati on.
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PL = primary air
SKL =  secondary air o _
Rezi-Anteil =  recycled fraction of the secoridary air .
Lambda = air excess factor I

In all of the tests described hereinafter, the installation is loaded with fuel consisting of
waste, the hourly feed rate and the calorific value being kept constant in all of the tests

50 as to clearly illustrate the effects of the measures according to the invention with the

 same starting conditions with respect to.the fuel.

‘Inall of the test diagrams, the quantity of waste fe_d in per hour and the calorific value

ar_e; given in box a, and the primary air quantity. the priniary air co"nte'_nt of the total

| - combustion air, the lambda value, the oxygen concentration in the primary air and the

recycled fraction are given in box b. The quantity of waste gas in the grate region, the
oxygen concentration and the concentration of the essential harmful substances are
given in box c. Box d gives the quantity and the oxygen concentration of the

secondary air. Box e gives the waste gas quantity, the oxygen concentration in the

. waste gas .and the quantities of the various harmful substances. Box f gives the

quantity of waste gas flowing through the boiler, the air excess factor measured in the
boiler, the oxygen concentration and the concentrations ot; the various harmful
substances in mg/Nm®. Boxes g and h give the waste gas quantity, the oxygen
concentration and the concentrations of the various harmful substances before and
after waste-gas purification. Box i gives the harmful substance loads leaving the
chininey after waste-gas purification in g/h. The percentage reduction in the waste gas
quantity is given under boxi.

Figure 3 gives the test results for normal operation of a combustion plant. In this
normal operation, the plant is operated with normal external air as the primary ai-r and

with normal external air as the secondary air. The ratio of primary air to secondary air

i3 65 : 35. As normal external air is used for the secondary air there is no waste-gas

recycling.
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Whereas normal operation is shown in the first test shown in Figure 3, the percentage
reductions in the waste gas quantity that can be obtained relative to normal operation
and the harmful substance loads occurring will be clear from the diagrams of Figures 4

to 6 as the essential resuits of the combustion method according to the invention.

In the test result shown in I-‘igure 4, the plant was operated with an oxygen content of

5 % by volume in the pnmary air, a ratio of primary air to secondary air of 49.3 : 50.7
mthout waste-gas recycling, normal external air being used for the secondary air. In
this case, it was possible to achneve a 31 % reduction in the waste gas quantity relative
to normal operanon according to thure 3. It was already possible to consxderably
reduce the hourly harmful substance load of oxidisable harmful substances leaving the
chimney relative to normal operatlon as will be clear from the comparison of the
On the other hand, the NO‘ content was increased shghtly

relative to Figure 3, this being due to the increased oxygen content in the primary- air.

figures given in box i.

However, the NO, load is lower as a result of the reduced waste gas quantity.

A 62 % reduction in the waste gas qﬁariﬁty relative to normal operation and a further
drastic reduction in the harmful substance load leaving the chimney will be clear from a
further test result given in Flgure 5. The plant was operated with an oxygen content of

35 % by volume in the primary air, a ratio of primary air to secondary air of 65 : 35

w:th 100 % recycling. The sharp reduction in the NO coutent in spite of the high

oxygen content in the primary air is due to the dampmg measures as a result of the
waste-gas recycling.

In the test given in Figufe 6, the plant was operated with an oxygen content of 50 % by

‘volume in the primary air, a ratio of primary air to secondary air of 50 : 50 with 100 %

recycling. A 75 % reduction in the waste gas.quaﬁtity relative to normal operation was
obtained here. Comparing the harmful substance loads of this test given in box i with
the normal operation according to Figure 3, it will be established that the HCL load of

- 34.4 g/h has been reduced to 8.5 g/h, corresponding to a reduction of approximately

75 % relative to normal operation. In the case of the other harmful substance loads,
the reduction is also approximate!y 75 % relative to normal operation. Not only was

there therefore a 75 % reduction in the waste gas quannty relative to normal operation
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' in the test according to Figure 6. but a correspondingly high reduction in the harmful

substance load was also obtained.

Looking at the harmful substance concentrations in the waste gas after waste-gas
purification, e.g. in the case of the test according to Figure 3, i.e. in normal operation, |
and the harmful substance concentrations in the test according to Figure 6, these values

each being given in box h, it will be clear that the values are identical, whereas the

- corresponding values before waste-gas purification in r§lati6n to the standard cubic

metre of waste gas are approximately four times as high ini the test according to Figure
6 as in the test according to Figure 3, i.e. during normal operation. It will be clear

from this that there is a substantially higher, i.e. approximately four times as high a

harmful substance concentration in the waste gas before waste-gas purification as a

result of the reduction in the waste gas quantity in relation to the standérd cubic metre

of waste gas, as a result of which this waste gas offers substantially better conditions

for the recovery, e.g. of hydrochloric acid and gypsum than the waste gas during
normal operation, as during normal operation the plant has to be operated with very
complex equipment in order to allow for the recovery of hydrochloric acid and gypsum

departing from the relatively low harmful substance concentrations.
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1. Met hod for the conmbustion of fuels, particul arly waste, in conbustion
plant's wth grate firing, in which prirrary air is fed under trﬁap%rate_
into the fuel bed and secondary air is fed above the fuel bed, EPLACEMENT SHEET

characteri sed ustion |9ten3|ty of the fuel on the grate
I s .increased H"ﬂl‘é nt“!I n thereof by I ncreasing the oxygen content
of s0

the primary+ai¢ tw y volume with a resulting per cent age
“reduction in the nitrogen content of t he pri'mary- air relative to the
anbient air and that above the fuel bed, once the renoval of oxidisable
har nf ul subst ances has been substanq‘ lMlscorrpl eted, the conbustion
intensity in the -

1. Method For the combustion of fuels pamcularly waste, in combustxon plants with
grate ﬁnng. in which primary air is fed under the grate into the fuel bed and
secondary air is fed above the fuel bed, characterised in that the combustion
intensity of the fuel on the grate is increased at least in parts thereof by increasing
the oxygen content of the primary air to 25 to 50 % by volume with a resulting.
percentage reduction in the nitrogen content of the primary air relative to the
amblent air and that above the fuel bed, once the removal of oxidisable harmful
substances has been substantially completed, the combustlon mtensuy in the |
secondary combustion zone is throttled by reducxng the oxygen content in the - :
secondaxy'air relative to the ambient air by means of recycled waste gas, the -
recycled waste gas making up 20 to 65 % of the total quantity of air and gas fed

into the combustion process.

2. Method according to claim 1, characterised in that the oxygen content of the
primary air is increased locally as a functioﬁ-of the combustion behaviour or the
combustion intensity of the fuel bed situated on the grate departing from the oxygen
content of the ambient air and that the secondary air is adjusted locally with respect
to composition, quantity, feed point and high turbulence in the secondary
combustion zone so as to substantially prevent the formation of nitrogen oxides
above the fuel bed. ) | >

3. Method according to claini 1 or claim 2, characterised in that the oxygen content of
the primary air is only increased in the main combustion zone of the primary

combustion zone of the grate.

4. Method according to one of claims 1 to 3, characterised in that the oxygen content
of the primary combustion air is adjusted as a function of the surface temperature of
the fuel. ' '

REPLACEMENT SHEET
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secondar’y conbustion zone is throttled'by reduci ng the oxygen'content in
the* secondary air relative to the anbient air by neans of recycled wa If%ﬁ
gas, the recycl ed waste gas making up 20 to 65 % of the total MQEW& EET

air and g w ﬂ conbustion process. 2. Method according to
claim1l, 2ﬁ n Mrlmﬂml 'W hat the oxygen content of the primary air is
|ncreased lbcell | y a8 asfunction of the conbusti on behavi our or the
combustion intensity of the fuel bed sit&iated on the grate departing from

t he oxygen content of the anbient air and that the secondary air is
adjusted locally with respect :

5. Methad according ':o one of claims | to 4, characterised in that the oxygen content |

- in the secondary air is a.djusted_as a function of the temperature in the secondary
combustion zone. |

6. Method accordmg to one of claims l to 5. charactensed in that the oxygen content

in the secondary air is adjusted as a function of the length of the ﬂamcs in the

vertical extent in the combusnon chamber

7. -Method accordxng to one of claims 1 to 6, charactensed in that the waste gas to be
recycled is exhausted aﬁer flowing through the boiler. '

8. Method accordmg to one of claims 1 to 6, charactensed in tha.t the waste gas to be
recycled is exhausted xmmedlately above the fue! bed :

REPLACEMENT SHEET| -
N 1 AUG 1998




to composition, quantity, feed point and high turbul ence in the secondary

conbustion zone so as to substantially prevent the fohgation of _nitrogen
oxi des  above the fuel bed. 3. Method according to BEBHNeBMINT SHEETmM 2,
characterised in that the oxygen content of the primary air is only
increased in the main conbustion zone of the primary .conbustion zone of
the grate. 4. Method according to one of clains 1 to 3, characterised in

t hat the oxXygen content .
- 19 -

METHOD FOR BURNING FUELS. BPARTICULARLY
' FOR INCINERATING GARBAGE

Absaace of the Di_sc!osure

Toe method for burning fuels, pamcularly garbage, in incineratars with a grate
firing, for which the primary air is supplied below the grate firing into the fuel
layer and the secondary air is supplied abave the fuel layer, is contralled in such
a way that :hc.intcnsity of the combustion of the fuel on the furmace grate is
increased by increasing the axygen content of the primary air and the intezsity
of the combustion in the secandary combusticn zone is ciacked by decreasing the
cxygea conreat in the secondary air, and teac wasis gas, prefenadly fom the
 combustien procsss, is ra:j:cié.d in order to reducs the cxygen cameant of e

secondary air.

FIGURE 1.
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of the primary conbustion air is adjusted as a function of the surface
t enperature of t he fuel.
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6. Met hod acco‘rdi-
oxygen content? %

1to 5,

length of the fIé
7. Met hod accogdl n
waste gas to be

s~ 1Te

Sr]ec'ycfed ?i%c

ext ent
| i 1to 6,

ext_

characterised in that the

EBGUETY 12, oot 52 0 bl

character| sed in that the

8. Met hod accordi t-o—anre—af—ekai 1 to 6, characterised in that t he
waste gas to be |} recycl ed |s exha st%d I mredi ately above the fuel bed.
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REPLACEMENT SHEET

"5
CHIMNEY l
::::3 qi;n P emissiaa loads /
AGCe gas : (348 cm¥ht [
uaatwly -
?‘Z-Kcnt £.98 Yol % .
INCx-Kanz, 73 mq{ﬂt_'rﬁ -'NC: Lead : -3668 qh
:HC!-Kcnz. .08 mg/Nm 'HC( loagd © &1 gk
/ $Q24anz. 3.08 mgNm3 | 'SO2 laad : ¥4 gh
- h ’i—lF-kanz. Q.10 .mq/Nm3 tl:(F load . 3 g
waste gas 4§ B
2:::t;::R ceductica in tke
. : 13148 Nm3m b, waglte gas quan.cz.tx
uaacity _m . relacive &o
5.28 Vaj % norma aperatian: £2 %
g IHCHkanz  : 2762 mgNms3
Q2-Kanz : 830 mg/Nm=3
F-Kenz, : 282 mq/m3
bailex
2sCe gas -
uancigy : 20413 Nﬂ‘i%t . e
Larrcbda T 1.4 - 4 /
' aste gas
f lczsoz : 598 Valfe ’guamiy 7270 Nmime&
Cl-Kanz, T 27682 mgtkmd 2-Konz. $98 Ve 2%
S0O2-Kanz, : 882G mg/Nm3 1-Kanz, 2762 mg/Nm3
" {HFKanz i 252 mgiNm3 Q2-Konz. 830 mgMNm3I
] F-Kan2. 6.2 agMNmd
cecyclad - i
waste gas LE H ¢ Nmamtr
' quantity
. ] Seconcazy | |02Keaz . 21 Val% N
grate region air //
aste ga
Ganticy 13143 Nmimw. d
Q2-Keonz, $.98 Val % was:e
Cl-Kanz.  : 2762 mgq/Nm3 gu $58icy 1 7200 kgm
Q2-Kanz. ¢ 857 mg/Mm3 lcal . valug: 109%¢ kdikg
C Kenz. ¢ 26.2 mg/Nm3 /
. ; r'y
grimary air 3} a
air . T (333 Nm3/a .
quancity . ggq %
PL corcent
b Lambda(grace) 1.20 -
QzKancinPL : 35 Vet Fig. S
Agzt-Accad 100 % af st
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0 1-AUG 3998 “ _ '
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B, YISO, TR . .
_ CHIMNEY o ' i
:;g:gq;:;a < emiss o loads /
o . W; 9543 Mmalh T,
FERATI.ON NTT™ Q2+Kanz Y S f9e va .
NeLianz, . 100 mgiNm3 | HCl laad @ 45 gn
/ 1 Q2-Kenz. ! 3.00 mgiNm3 5407 laad : 254 qh
h HFKaaz, ¢ 9.8 mg/Nm3 ﬂ*F lgad * 0.3 qih
waste gas ¢ . .
£0 Yal-X Q2 i AL . 1 C :
2in h&-&g%g_ﬁgg ceducticn ia the
100 % i : 83543 Mm3ime.| waste gas guaacicy
' quaneley relacive &3
recycliag 2-Kanz. : S.98 Vet % necmal apecatisa: 75 ¢,
Bt g Cl-Kanz, 4248 mq/Nm3
PL/SL zatic sgis0 - {SOzZKenz  : 1397 mqNed
Fonz,  : 40.2 meNmd
e Bcila=
' '] . v [ 3 -5

quaacity : 17483 Nm3ht. e
T 140 .

~~

wasce gas
f T €98 Val% quantity: 8920 Nmimt
: 4246 mg/Nm3 | ©O%Kenz. : £38 Vel %
't 1307 mg/Nm3 Cl-Kanz. : 4246 mg/Nm3
: 40.2 mgNm3 Q2Kaeaz. : 1807 mg/Nm3
i FKenz. . <32 mg/Nm3
rale : - Q@ Nm3me
. | Quantity
crate |O2Konz. : 2t Vai%

: 884, Nmame,
: $33 va% waste

4248 mqNmd | [GA3RE ¢ ¢ 7290 kgh
? 1307 mg/Nm3 | ka] wvalpe: 10099 “kikg

44.2 mg/Nm3.

primary air f : a
ddireicy l?;" NmIRE.

L conteat: 94 %

b Llﬂlbdz_(qra:e)l.l3 -

OlKenzitPL : 90 vaiy, . ' Fig.6
.. [Reg-Antet " 190 % afsu




