
1    METHOD  FOR THE COMBUSTION OF FUELS,  PARTICULARLY WASTE The invention
relates to a method for the combustion of fuels, particularly waste, in 



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, the combustion of waste must be effected in such a
manner that environmental pollution is substantially avoided.   The
hitherto conventional method of procedure for achieving this aim is to
optimise the combustion process on the grate by controlling the quantity
and distribution of the combustion air 



fed in along the grate and also in the region of the secondary combustion
zone and to use increasingly extensive and complicated apparatus for the
subsequent gas purification. Although this has already led to a drastic
reduction in the emissions from plants of this kind, it has also meant a
sharp increase in the waste disposal costs associated with the operation of
these plants and highly superproportional expansion of the waste-gas
purification apparatus 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 improvement 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 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 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 made to achieve further improvements by
influencing the combustion process.  DE 39 15 992 A1 discloses how to
prevent the production of nitrogen oxides in order 



to allow for savings in the subsequent purification plants. The basic
principle of this known method consists principally in varying the oxygen
content of the primary air by admixing recycled 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 flame
is 1300[err]C. as it is known that the intensive formation of nitrogen     



2     oxides begins above this temperature. 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 consequence of this and there is less chance of harmful substances
being integrated into the residue, i.e. into the slag, as a result of the
lower fuel bed temperatures. In this method, therefore, although the
proportion of nitrogen oxides is 



reduced, the proportion of combustible harmful substances 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 secondary 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 variation 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 combustion air by feeding in nitrogen. This method of procedure can
improve the course of the combustion process in essential regions of the
furnace or furnace chamber, although 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      



3    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 combustion 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.  It is known from DE-B-1 019 788 to draw off
the waste gas from a region 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 results in a large 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 evaluated on basis of the concentration of harmful substances in the
waste gas. The current emission guidelines, i.e. the 17[err] Federal
Anti-Pollution Act or the EC Directive on the 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 that 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 hitherto
with respect to the purification efficiency that can be achieved and to
achieve a considerable reduction in the harmful substance load discharged
into the environment with higher      



4  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 simultaneous reduction in the nitrogen content of the
primary air relative to the ambient air and that above the fuel bed, once
the removal of oxidisable harmful constituents 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 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.  The
nitrogen content is necessarily reduced as a result of the sometimes
considerable increase in the oxygen content of the primary combustion 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 acting 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 units, 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 burn-out of the solid fuel 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[err]). 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       



5    accordance with previous knowledge. in that combustion is initially
effected on the grate beyond the hitherto usual extent in order thereby to
achieve a considerable reduction in the quantity of primary air, an
improvement in the slag quality and a reduction in the combustible. i.e.
oxidisable harmful substances, but then corrects this 



course in the secondary combustion zone in order to prevent the increased
formation of nitrogen oxides, the removal of which would involve
considerable expense. It is at this point therefore that the further
measure 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 usually occurring is prevented or sharply reduced. This damping
measure therefore begins at a time when the removal of the oxidisable
harmful substances by means of the intensive combustion process has already
been substantially completed. As a result of the sharp increase in the
oxygen content in the primary air, there is still 



sufficient oxygen present once this primary air has passed through the fuel
bed to allow for the desired throttled combustion in the secondary
combustion 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 subsequent
combustion according to the invention. Using waste gas means that it is no
longer necessary to feed in additional low-oxygen gas or inert gas, as a
result of which the gas quantity 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 total 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 fuel bed on the grate, so
that additional quantities of gas are no longer necessary.  



6   



As the combustion 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 fuel bed so that, according to a further embodiment of the invention,
the waste gases recycled in the secondary combustion zone can make up 20 to
65 %, preferably 35 % of the total quantity of air and gas fed into the
combustion process. E.g. 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 total 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
into 65 % primary air and 35 %  secondary air. Together with the measure of
increasing the oxygen content in the primary air, the total quantity of
gases flowing through the subsequent units can thus be reduced by two
thirds. If, however, as established hereinabove, the concentration values
of the harmful substances at the end of waste-gas purification are
independent 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 operation of waste incineration plants as a result of
the exponential increase in expenditure 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 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. By adapting the method to the local conditions,
i.e. by taking account of the different states of the fuel along     



7    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 known thermocouples for measuring temperatures or of
infrared cameras for detecting the solid-state radiation emanating directly
from the fuel bed, indicating the fuel bed temperature, i.e. the
temperature 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, e.g. by dividing the
underblast guide for the combustion grate in a corresponding manner. A
relevant proposal has already been made to this end in DE 38 25 931 C2.
What is crucial here is not the known fact that the oxygen content can in
principle be controlled, but the fact that, in this invention, 



the oxygen content is increased so sharply that the combustion intensity,
and thus the associated reduction in the oxidisable 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 protective 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 hereinabove. 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 process 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             8 



the formation of nitrogen oxides are prevented, in accordance with which it
is known. e.g. that the temperature of 1300[err]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 primary air only to be increased
in the main combustion zone of 



the primary combustion zone of the grate, as in the other regions the fuel
is first preheated or already has too low a calorific value, as is the
case. e.g. in the burn-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
temperature prevailing in the secondary combustion zone or the length of
the flames in the vertical extent in the furnace chamber.  



The waste gas to be recycled is preferably exhausted after flowing through
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-gas
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 content 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 the subsequent
consequences prevented by the 



damping measures according to the invention to such an extent that the
combustion process on the grate 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[err]C relative to
conventional combustion processes is therefore possible. As the fuel bed
temperature can be up to 300[err]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. 





9   In principle, enriching the oxygen in the primary combustion air
results in various considerable advantages. It has already been emphasised
in detail that the total gas volume can be reduced by up to two thirds,
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 necessarily results in a drastic reduction in the proportion of
nitrogen fed in, only to be regarded as a diluent and hitherto considerably
reducing 



thermal efficiency. This reduction in thermal efficiency decreases
accordingly as a result of the reduction in the nitrogen content, thereby
improving thermal efficiency. 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 waste
particles so that these burn on or immediately above the 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 more 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
the 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. It has been found that the secondary combustion region is
subject to overheating when ambient air is fed into this region. This
results in a higher content of thermally formed nitrogen oxides and
long-term, unavoidable destruction of the ceramic protective lining of the
combustion chamber region. These disadvantages are prevented by the drastic
throttling of the course of the   



10   



combustion process above the fuel bed. i.e. in the secondary combustion
region. The mixing required in the secondary combustion region in order to
prevent a gradient in the O[err] concentration between the recycled gas and
the combustion gas from the primary combustion zone is achieved by feeding
the recycled gas into the secondary combustion zone, the quantity of 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
leachability of dust filters already mentioned, as well as to lower
contamination of the heating surfaces in the boiler and thus also to more
advantageous operating conditions with respect to boiler availability, the
interval between the 



purification of two heating surfaces and boiler 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 purification plant with a constant quantity of
fuel, as will be clear from the diagrams shown in Figures 3 to 6. If
material recovery is provided for during the waste-gas purification, e.g.
in the recovery of hydrochloric acid and gypsum from separated harmful
substances, the efficiency and complexity of this process are considerably
improved.  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 quantity of waste
gas for          different oxygen concentrations in the primary 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 without
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  



11   



Figure 6 shows a test result for the operation of a combustion plant with
50 % by          volume oxygen in the primary air and 100 % waste-gas
recycling.  As will be clear from the drawings, a combustion plant for
carrying out the method described has a feed hopper 1 with an adjacent feed
chute 2 for feeding the fuel on to a feed table 3 on which reciprocating
feed pistons 4 are provided in order to feed the fuel 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 inclined or horizontal or how it
operates. 



A means for feeding in primary combustion air designated 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
ventilator 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 combustion 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 delimited in its rear region by a roof 16, a rear
wall 17 and side walls 18.  The combustion of the fuel designated 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 21 and 22 are provided in the lower region of the waste-gas
offlake 15 and feed secondary combustion air to the ascending waste gas in
order to effect subsequent combustion of the combustible frictions in the
waste gas.  



12     



The rows of secondary air nozzles 21 and 22 are connected to air collectors
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 further back via a line 28
and optionally ambient air via a line 29.  Either pure oxygen or
oxygen-enriched ambient air is exhausted from an air-separation plant (not
shown) by a fan 30 via a line 31 and is fed via the line 32 to the line 13
for the primary combustion air. The respective quantities 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 differently in individual chambers.  A video
camera or thermographic camera 34, a monitor 35, a freely programmable
computer 36 and a control unit 37 are provided to control the combustion
method. The video camera or thermographic camera 34 is aligned in such a
manner that it can observe the fuel 19 on the grate 5 from above through
the furnace 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 measure of the
brightness on the respective combustion zone, with predetermined 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 adjusted as a function of the combustion behaviour of the fuel bed 19
on the grate 5 in the respective zones of the grate monitored.
Thermocouples are provided in the region of the secondary combustion zone,
only one of these thermocouples 39 being shown in the drawings. The
thermocouple 39 serves to monitor the temperature in the secondary
combustion    



13     zone and is connected to the freely programmable computer 36 which
is in turn 



connected to the control unit 37. The latter adjusts the quantity 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 ambient air, adjusted via
the control means 41.  Instead of thermocouples 39, the temperature can
also be measured by means of sonic pyrometers (pyrosonics) or by the laser
Doppler method.  With the aid of this control means and the corresponding
monitoring means, the intensive combustion on the grate can be controlled
by controlling the primary air quantity and the oxygen content in the
combustion air and the behaviour in the 



secondary combustion zone can be controlled by adjusting the secondary air,
consisting for the greater part of recycled waste gas. This prevents an
excessive increase in temperature 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 ambient air is increased and the nitrogen acting as a diluent is
therefore reduced.  Figure 2 is a diagram showing the reduction in the
waste gas quantity that can be 



obtained as a function of, on the one hand, 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 plotted on the y-axis
and the x-axis shows the recycled fraction of the secondary air from 0 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.  Figures 3 to
6 show various test results. The following formulae and abbreviations are
used: 



O2-Konz    =   oxygen concentration NO[err]-Konz  =   nitrogen oxide
concentration HCL-Konz   =   hydrogen chloride concentration SO2-Konz   =
sulphur dioxide concentration      



14    HF-Konz    =   hydrogen fluoride concentration RGR           =
waste-gas purification PL            =   primary air 



SKL           =   secondary air Rezi-Anteil      recycled fraction of the
secondary air Lambda      =   air excess factor  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 so as to clearly illustrate the effects of the measures
according to the invention with the same starting conditions with respect
to the fuel.  



In all of the test diagrams, the quantity of waste fed in per hour and the
calorific value are given in box a, and the primary air quantity. the
primary air content 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 of the various
harmful substances in mg/Nm[err]. 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 chimney after waste-gas purification in
g/h. The percentage reduction in the waste gas quantity is given under box
i.  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 air and 



with normal external air as the secondary air. The ratio of primary air to
secondary air is 65: 35. As normal external air is used for the secondary
air there is no waste-gas recycling.       



13     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 results of
the combustion method according to the invention. 



In the test result shown in Figure 4, 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 49.3: 50.7 without waste-gas recycling, normal external
air being used for the secondary air. In this case, it was possible to
achieve a 31% reduction in the waste gas quantity relative to normal
operation according to Figure 3. It was already possible to considerably
reduce the hourly harmful substance load of oxidisable harmful substances
leaving the chimney relative to normal operation, as will be clear from the
comparison of the figures given in box i. On the other hand, the NO[err]
content was increased slightly 



relative to Figure 3, this being due to the increased oxygen content in the
primary air. However, the NO[err] load is lower as a result of the reduced
waste gas quantity.  A 62 % reduction in the waste gas quantity 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
Figure 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 with
100 % recycling. The sharp reduction in the NO[err] content in spite of the
high oxygen content in the primary air is due to the damping measures as a
result of the 



waste-gas recycling.  In the test given in Figure 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 quantity 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 approximately 75 % relative to normal operation. Not
only was there therefore a 75 % reduction in the waste gas quantity
relative to normal operation        



16    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 relation to the standard cubic metre of
waste gas are approximately four times as high in 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 standard 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.     



17                                      CLAIMS  



1. Method for the combustion of fuels, particularly waste, in 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,
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
ambient air and that above the fuel bed, once the removal of oxidisable
harmful   substances 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 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 function 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 claim I 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.
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18     5. Method according to one of claims 1 to 4, characterised in that
the oxygen content    in the secondary air is adjusted as a function of the
temperature in the secondary    combustion zone.  



6. Method according to one of claims 1 to 5, characterised in that the
oxygen content   in the secondary air is adjusted as a function of the
length of the flames in the   vertical extent in the combustion chamber.
7. Method according to one of claims 1 to 6, characterised in that the
waste gas to be   recycled is exhausted after flowing through the boiler.
8. Method according to one of claims 1 to 6, characterised in that the
waste gas to be   recycled is exhausted immediately above the fuel bed. 








