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carbon monoxide content of the flame, and adjustment
of the oxygen and/orfuel flow into the furnace in response
to the correlation.
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Description

Field of the Invention

[0001] The present invention relates to operation of a
combustion control system for a furnace (by which is
meant an enclosed space such as acombustion chamber
in which fuel and gaseous oxidant are combusted) in
which material is heated and the heating may cause for-
mation of carbon monoxide, to control and/or lessen the
emissions of carbon monoxide from the furnace.

Background of the Invention

[0002] Operations in which material is heated in a fur-
nace can lead to formation of carbon monoxide in the
furnace. Mechanisms by which carbon monoxide may
be formed include incomplete combustion of fuel in the
furnace; incomplete combustion of combustible material
when the material to be heated in the furnace is also
intended to be combusted; and/or conversion of carbon-
aceous material that is present in or on the material to
be heated. Examples of such conversion include pyrol-
ysis and/or incomplete combustion of the carbonaceous
material.

[0003] When carbon monoxide forms in the furnace,
emission of the carbon monoxide out of the furnace is
usually undesirable. Various technologies exist for re-
moving carbon monoxide from the gaseous offgas that
leaves the furnace, such as absorption of the carbon
monoxide onto absorbents, or adding reactants to the
offgas which react with the carbon monoxide. Such tech-
nologies exhibit drawbacks such as expense and diffi-
culty of implementation and control.

[0004] The present invention provides an efficient
method for avoiding emission of carbon monoxide from
a furnace. It also provides an efficient method for con-
trolling operation of the furnace to obtain improved effi-
ciency and production rates.

Brief Summary of the Invention

[0005] One aspectofthe presentinventionis a method
of heating material in a furnace, comprising

(A) heating material comprising carbonaceous mat-
ter in a furnace having a flue, using heat generated
by combustion in the furnace of fuel and gaseous
oxidant being fed into the furnace, thereby producing
carbon monoxide derived from the carbonaceous
matter, wherein a flame is formed in the furnace
which may extend out of the furnace from the flue;

(B) characterizing the concentration of carbon mon-
oxide in the flame from images of the flame taken
inside or outside of the furnace by a digital camera
that is located outside the furnace, by expressing
electronically at least one parameter that corre-
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sponds to the intensity of the flame and that corre-
sponds to the concentration of carbon monoxide in
the flame, and determining the characterized con-
centration of carbon monoxide in the flame from pre-
determined correlations of the actual concentrations
of carbon monoxide in a flame to expressed values
of the at least one parameter;

(C) comparing the characterized concentration of
carbon monoxide in the flame as characterized in
accordance with step (B) to a preestablished thresh-
old concentration value for said concentration;

(D) when the characterized concentration of carbon
monoxide in the flame exceeds said preestablished
threshold concentration value, adjusting the amount
of oxygen, the amount of fuel, or the amounts of both
oxygen and fuel, being fed into the furnace that is
available to react in the furnace to an amount or
amounts thereof that is effective to lower the char-
acterized concentration of carbon monoxide in the
flame to be equal or less than the preestablished
threshold concentration value for a predetermined
length of time, while continuing to characterize the
concentration of carbon monoxide in the flame from
images of the flame taken by the digital camera out-
side the furnace.

[0006] Another aspect of the present invention is a
method of heating material in a furnace, comprising

(A) heating material comprising carbonaceous mat-
ter in a furnace having a flue, using heat generated
by combustion in the furnace of fuel and gaseous
oxidantbeing fed into the furnace, thereby producing
carbon monoxide derived from the carbonaceous
matter, wherein a flame is formed in the furnace
which may extend out of the furnace from the flue;

(B) characterizing the concentration of carbon mon-
oxide in the flame from images of the flame taken
inside the furnace or outside the furnace by a digital
camera that is located outside the furnace, by ex-
pressing electronically at least one parameter that
corresponds to the intensity of the flame and that
corresponds to the concentration of carbon monox-
ide in the flame, and determining the characterized
concentration of carbon monoxide in the flame from
predetermined correlations of the actual concentra-
tions of carbon monoxide in a flame to expressed
values of the at least one parameter;

(C) comparing the characterized concentration of
carbon monoxide in the flame as characterized in
accordance with step (B) to a preestablished thresh-
old concentration value for said concentration;

(D) when the characterized concentration of carbon
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monoxide in the flame exceeds said preestablished
threshold concentration value, adjusting the amount
of oxygen being fed into the furnace that is available
to react with carbon monoxide in the furnace to an
amount that is effective to lower the characterized
concentration of carbon monoxide in the flame to be
equal or less than the preestablished threshold con-
centration value for a predetermined length of time,
while continuing to characterize the concentration of
carbon monoxide in the flame from images of the
flame taken by the digital camera outside the fur-
nace.

Brief Description of the Drawings

[0007]

Figure 1 is a schematic representation showing how
the present invention may be implemented on fur-
nace apparatus.

Figure 2 is a chart showing the sequence of steps
of the present invention.

Detailed Description of the Invention

[0008] The presentinvention is useful in heating of any
materials that can be heated in a furnace. Examples of
such materials include ferrous metals such as iron and
steel, including finished products as well as scrap, as
well as ferrous ores and other compounds. Additional
examples include nonferrous metals, such as aluminum
and copper, including finished products as well as scrap,
and ores and other compounds thereof. Heating of any
such materials is employed to prepare them for further
chemical and/or physical processing.

[0009] The present invention is also useful in heating
of materials in which a portion or all of the material is
melted. In such operations, materials may include any of
the foregoing metals, metal oxides and other metal com-
pounds. Other examples include products that are melted
together in a glassmaking furnace to form molten glass;
such materials include recycled glass pieces known as
cullet, and raw materials known as batch which are mol-
ten together to make glass, such materials including typ-
ically sodium oxide, potassium oxide, and silicates of so-
dium and potassium. Another example of such an oper-
ation is a cement kiln, in which raw materials typically
including lime or limestone, and silica and/or aluminosil-
icates (clays) and other desired additives, are heated to-
gether so that they melt and react with each other to form
the compounds which constitute cement.

[0010] The present invention is also useful in heating
of materials in which a portion or all of the material is to
be combusted, such as incinerators. Materials that may
be heated in the practice of this aspect of the present
invention include all combustible products such as car-
bonaceous fuels, and solid waste.

[0011] Any of the materials treated in accordance with
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this invention have the characteristic that they include
some carbonaceous matter, such that heating the mate-
rial may cause carbon monoxide to form in the furnace
from the carbonaceous matter. The carbonaceous mat-
ter that is present may be organic compounds present in
the material being heated, and/or may comprise a portion
or all of the material that is being heated and then com-
busted in the furnace. For example, scrap that comprises
aluminum, copper, iron and/or steel may carry thereon
carbonaceous matter such as paint or other organic coat-
ings, organic food and/or human waste, and the like. Cul-
let that is present in glassmaking materials may carry
thereon organic matter that is a residue of food products
orotherorganic matterthathad been presentonthe cullet
before it is recycled as cullet.

[0012] The carbon monoxide that is formed in the fur-
nace may be produced by any one or more of several
possible mechanisms, such as incomplete combustion
of fuel in the furnace; incomplete combustion of combus-
tible material when the material to be heated in the fur-
nace is also intended to be combusted; and/or conver-
sion of carbonaceous material thatis in or on the material
to be heated, examples of such conversion including py-
rolysis or incomplete combustion of the carbonaceous
material. Just as carbon monoxide emissions from fur-
naces are undesirable regardless of the source of the
carbon monoxide, the present invention is useful regard-
less of the source or mechanism from which the carbon
monoxide is formed that is at risk of being emitted from
the furnace.

[0013] TurningtoFigure 1, furnace 1is shownin cross-
section. While the furnace depicted has the shape that
is typical of a furnace that can be rotated about an axis
that would be horizontal in the embodiment shownin Fig-
ure 1, the present invention may be practiced with any
other type and shape of furnace as well. In furnace 1,
material to be heated is represented as 2. Material 2 is
heated by heat from a flame 4 that is formed in the furnace
by combustion of fuel 13 with oxidant 12 at burner11.
Suitable fuel 13 can be any combustible carbonaceous
substance, preferred examples of which include meth-
ane, natural gas, and atomized fuel oil. Suitable oxidants
fed at 12 include any gaseous product that contains ox-
ygen, such as air, oxygen-enriched air, and streams hav-
ing oxygen contents at least 50 vol.%, preferably at least
90 vol.%. Streams having such elevated oxygen contents
are commercially available from any of several suppliers
of atmospheric gases. While one flame 4 is shown, the
furnace with which the present invention may be prac-
ticed may include more than one burner 11 and more
than one flame 4.

[0014] Furnace 1 includes at least one flue 6 through
which gaseous products can pass out of furnace 1. The
gaseous products which pass out of flue 6 include gas-
eous products of combustion between the oxidant 12 with
the fuel 13, such as carbon dioxide and water vapor, and
may contain volatile organic compounds (VOC’s) and
may contain carbon monoxide. In the practical applica-
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tion of this invention, if only one flue 6 is present then a
flame 15 may extend from the outlet 7 of flue 6. If two or
more flues 6 are present, there may be aflame 15 present
extending from at least one outlet 7 of at least one flue
6. Carbon monoxide may be presentin flame 15 and may
be or may not be completely combusted in flame 15.
[0015] Furnace 1 may include a sight port 10 in a wall
of the furnace, through which flame 4 inside furnace 1
may be observed from outside furnace 1.

[0016] According to the present invention, camera 21
is positioned outside furnace 1. Camera 21 includes ap-
erture 22 through which camera 21 receives an image.
In one embodiment of the invention, camera 21 is posi-
tioned in relation to furnace 1 so that the aperture 22 of
camera 21 is pointed toward flame 15. In another em-
bodiment of the invention, camera 21 is positioned in
relation to furnace 1 so that aperture 22 of camera 21 is
aligned with sight port 10, so that camera 21 can receive
an image of flame 4 inside the furnace 1.

[0017] Camera 21 is a digital camera, meaning that
camera 21 detects one or more characteristics of the
object (in this case, the detected characteristics including
atleast an intensity of the flame toward which the camera
21 is pointed) and expresses electronically in digital form
an image that corresponds to the detected characteris-
tics. Digital cameras with this capability are commercially
available. They can be a standalone unit or can be part
of an item of equipment that has additional functional
capabilities as well (such as telephony, timekeeping, and
the like).

[0018] Still referring to Figure 1, controls 25 control the
rate of flow of oxidant 12 and fuel 13 to burner 11 (or to
multiple burners if more than one burner 11 is present).
Optionally but preferably, lance 27 is provided to emit
supplemental oxidant into furnace 1 when additional ox-
idant is to be passed into furnace 1. The flow of oxidant
through lance 27 is controlled by controls 29. The oxidant
that may be passed through lance 27 into furnace 1 can
be air, oxygen-enriched air, or higher purity oxidant hav-
ing an oxygen content of at least 50 vol.% and even at
least 90 vol.%. The oxygen content of oxidant that is fed
through lance 27 into furnace 1 can be the same or dif-
ferent relative to the oxygen content of the oxidant 12
that is fed into furnace 1.

[0019] In Figure 1, block 23 refers to the complete sys-
tem that carries out the sequence of steps that are set
forth in Figure 2 as 31, 33 and 35. The system can be
present in one integrated apparatus, or components that
carry out particular steps can be physically separated
from other components and connected to each other by
suitable cables or by cableless wireless connection.
Some or all of the components can be included in the
camera 21. However, for ease of function and because
of the possibility that camera 21 may be located in an
environment that may be hot and dusty and thus poten-
tially harsh to the components such as processors, it is
preferred for camera 21 to be physically separated from
the other components, and for camera 21 to be connect-
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ed by cable or wireless connection to at least the com-
ponent that carries out the step 31 that first follows the
acquisition of images by camera 21. As can be seen in
Figure 1, system 23 is connected to camera 21 to receive
input from camera 21, and system 23 is connected to
controls 25 and (if present) to controls 29, to provide sig-
nals to controls 25 and 29.

[0020] In operation, combustion is carried out inside
furnace 1 in the presence of material 2 in furnace 1. A
flame is formed in the furnace which may appear as flame
15 extending out from opening 7 of a flue 6. In one em-
bodiment of the invention, camera 21 is pointed at flame
15 so that images of flame 15 are received through ap-
erture 22. In another embodiment of the invention, cam-
era 21 is pointed toward furnace 1 so that an image of a
flame 4 inside furnace 1 is received at aperture 22
through sight port 10. The flame 15 or 4 can be very
bright, so the aperture 22 and exposure should be ad-
justed to prevent blooming of the image. In some circum-
stances it might be desirable to be able to adjust the
exposure of the image dynamically so that adequate res-
olution is achieved when the image is very dark. In most
circumstances such dynamic adjustment is not neces-
sary. The view factor and resolution of the camera image
should be such that the image size is at least 50 by 50
pixels, preferably at least 300 by 300 pixels. A person
skilled in the art can easily determine the appropriate
image resolution and image view factor for a given dis-
tance of the camera 21 from flame 15 or 4, and for a
given size of flame 15 or 4. The camera 21 creates a
digital electronic image of flame 15 or flame 4, based on
at least one parameter of the flame, such as an intensity
of the flame 15 or flame 4. The electronic image is trans-
mitted electronically by the camera 21 to apparatus that
carries out step 31.

[0021] Instep 31 the signal corresponding to the image
of the flame 15 or 4 is converted to one or more values
that represent the intensity or variety of intensities of the
flame, and may comprise a range of values over the area
of the flame that is within the field of view of the camera
21. The intensities are detected and expressed digitally
to create an array of values that correspond to the de-
tected intensity. The detected intensity parameter corre-
sponds also to a concentration of carbon monoxide that
is present in the flame.

[0022] In step 33, the detected intensity parameter is
compared to preestablished correlations of the intensity
parameter to actual concentrations of carbon monoxide
in the flame. The preestablished correlations can be es-
tablished by simultaneously measuring the concentration
of carbon monoxide in the flame via an established tech-
nique such as gas sampling using a gas sampling probe
followed by analysis of the sampled gas, or continuous
emission monitoring, and observing the value of the ex-
pressed parameter that is derived in step 31 from the
value based on intensity as detected by the camera 21,
and recording the measured concentration and the pa-
rameter value together where they can be read together,
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such as in a computer or in a written catalog. In this way,
each intensity parameter that is expressed by the system
corresponds to an actual concentration value of carbon
monoxide in the flame. The determination of the preex-
isting correlations between the expressed parameter and
the measured carbon monoxide concentration, can have
already been carried out, during the initial setup of the
system at a furnace, and usually does not need to be
repeated at a given furnace every time that the furnace
is being operated. However, the operator may find it pref-
erable to establish a fresh set of correlations for different
furnaces, as well as at a given furnace in situations in
which the conditions under which the given furnace is to
be operated will differ significantly.

[0023] The system described herein can be used to
achieve any of several methods of controlling furnace
operation. One such method is to control carbon monox-
ide emissions by control of oxygen feed to the furnace,
which is now described:

The operation of the furnace will have a preestablished
value for the concentration of carbon monoxide in the
flame, such that carbon monoxide concentration values
above that value are notacceptable and must be lowered.
Typical values of excess carbon monoxide can be in the
range of 3 vol.% to 30 vol.%, although values may vary
depending on the location, the nature of the material 2
being heated in furnace 1, or other conditions. The pre-
established value is based on any factor or group of fac-
tors that have significance to the operator, such as values
that represent excessive risk of environmental harm, or
that risk violation of applicable environmental regula-
tions, or thatindicate an undesired imbalance of econom-
ic and thermodynamic conditions in the furnace.

[0024] In step 33 the preestablished value for the con-
centration of carbon monoxide in the flame (which may
also be termed a threshold value, or a set point) is stored,
and the detected intensity parameter that corresponds
to the carbon monoxide concentration in the flame at a
pointin time is compared to the preestablished threshold
value. The comparison can be performed at any desired
rate, but preferably the comparison is performed at arate
of once every 2 to 5 seconds. Preferably the comparison
is performed automatically by a suitably programmed
controller.

[0025] When the detected and processed intensity pa-
rameter corresponds to an actual carbon monoxide con-
centration in the flame that exceeds the preestablished
threshold value, then the system performs an action that
results in additional oxygen being provided within furnace
1. In Figure 2, this action is represented as generating in
step 33 a signal which activates combustion control sys-
tem 35 to cause additional oxygen to be present within
furnace 1. The additional oxygen is to react with carbon
monoxide present in the furnace, so that less carbon
monoxide leaves the furnace 1 via flue 6 in flame 15 or
otherwise. Additional oxygen may be provided into fur-
nace 1, to react with the detected excess of carbon mon-
oxide, by any of several modes. For instance, one such
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mode is for control system 35 to increase the amount of
oxygen 12 being fed into furnace 1 through burner 11
without increasing the flow rate of fuel 13 into furnace 1.
Another possible mode is to feed supplemental oxidant,
or anincreased amount of supplemental oxygen, through
supplemental feed line 29 (shown in Figure 1), also with-
out increasing the flow rate of fuel 13 into furnace 1. Yet
another possible mode is decreasing the amount of fuel
13 fed into furnace 1, without decreasing the amount of
oxygen 12 or supplemental oxygen 27 that is fed into
furnace 1. Or, any combination of these modes can be
implemented at the same time.

[0026] The preferred embodimentis to provide supple-
mental oxygen 27, so that the operator does not have to
adjust the stoichiometric ratio of the oxidant and fuel be-
ing fed through the one or more burners 11. Supplemen-
tal feed line 27 should preferably be positioned so that it
feeds oxidant into regions within the furnace in which
relatively higher amounts of carbon monoxide may be
present, or into regions where carbon monoxide would
particularly be undesirable, such as near the area where
the interior of furnace 1 connects with the upstream end
of flue 6.

[0027] The provision of additional oxygen is continued
until the detected and processed value representing the
carbon monoxide concentration in the flame decreases
to a value equal to or less than the aforementioned pre-
established threshold value. If preferred, the additional
oxygen should be provided until the detected and proc-
essed value is less than the preestablished threshold val-
ue, such as 0.5% to 2% below the preestablished thresh-
old value, to minimize the number of times that the pro-
vision of the additional oxygen has to be initiated and
then discontinued.

[0028] The steps 31, 33 and 35 can be carried out in
suitably programmed controllers that are connected to
each other by suitable cables or by wireless connections.
Instead, they may all be presentin one piece of hardware.
[0029] As indicated, the system described herein can
also be used to carry out other methods of controlling the
operation of the furnace, by adjusting the feed of oxygen
(oxidant), fuel, or both oxygen and fuel, to achieve de-
sired combustion characteristics within the furnace or to
carry out control of furnace operation from startup. In this
embodiment of the invention, one set point or more than
one set point (typically 3 to 10 set points) are preestab-
lished in the controller that correspond to fuel flow rates
and oxygen flow rates to the furnace (in one burner or in
each of several burners if the furnace has multiple burn-
ers).

[0030] In these embodiments, the image analysis pa-
rameters are received in step 33 and compared with the
control levels set-points defined by the user who also
pre-set the flow rate values to be used in the burner and
oxidant lance for each level. This last part is communi-
cated with the furnace combustion control PLC. The user
can also select other process parameters such as timers
to activate / deactivate the control levels. The user may
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at this stage also select the language that will appear on
control panels that the operator will see, and may also
select other variables to be controlled. The controller 33
collects data from the camera and related software, proc-
esses this data along with user inputs (limits, oxygen flow
set point, natural gas flow set point, delay times) and
dynamically adjusts the process to reduce CO emissions
and increase production of the furnace.

[0031] The user selects the control variable and sets
up the start limits, the stop limits, and "off-delay" values
(in any number of each that is desired, typically 1 to 10
of each, and a number (typically 1 to 5) of "on-delay"
values. The user also sets an oxygen flow set point and
burner natural gas flow set point for each corresponding
limit. When the first start limit has been exceeded for
more than the on delay time, the software sets the cor-
responding oxygen flow set point and natural gas flow
set point. The set points are processed in order as the
limits are exceeded. Once the control variable falls below
the stop limit and the off delay timer is complete, the
preceding level is set.

[0032] When the control variable falls below all stop
limits and the final off delay is finished, the oxygen set
pointis setto zero and the burnerfuel set pointis returned
to normal control.

[0033] If the furnace door is opened, the oxygen set
pointis setto zero and the burnerfuel set pointis returned
to normal control.

[0034] The system and method described herein ena-
ble the operator to realize benefits in the operation of the
furnace, such as more efficient operation in terms such
as fuel consumption and reduced cycle time. By moni-
toring the carbon monoxide content of the flame (and
doing so in real time, which is how the present invention
can be utilized), the operator can adjust the oxygen
and/or fuel feed rates to the furnace so that the heat of
combustion of carbon monoxide can be retained in the
furnace and utilized to advantage, thereby enabling the
operator to achieve the same degree of heating and/or
melting of material within the furnace in a shorter cycle
time, and enabling the operator to achieve the heating
and/or melting with less fuel consumption per unit of ma-
terial heated.

[0035] The present invention is an advantageous
method for controlling carbon monoxide emissions from
furnaces, and for controlling overall furnace operation,
for several reasons. One reason is that implementation
of the method of the present invention to an operating
furnace does not require ongoing direct measurement of
the concentration of the carbon monoxide in the flame.
Another reason is that the present invention measures
detects parameters that characterize carbon monoxide
in the flame, rather than in flue gases or exhaust gases
where the measurement is prone to be more variable and
less reliable. Also, the method of the present invention
does not measure temperatures of the flame, and is not
based on measuring differences of flame temperature,
and thus is more reliable and less vulnerable to temper-
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ature fluctuations in the flame. Instead, the method of the
present invention is based on correlations of image pa-
rameters that correspond to the carbon monoxide con-
centration in the flame, which is believed to be a novel
and efficient mode of operation.

[0036] Other advantages would include reduced re-
quirement for maintenance of the equipment that is used;
lower installation cost and little or no downtime of the
furnace for installation of the system that performs the
invention; and faster response time to adjust the oxygen
feed, the fuel feed, or both the oxygen feed and the fuel
feed, when the system detects a condition that requires
an increase or other change in the amount of oxygen
and/or the amount of fuel being fed into the furnace.

Claims

1. A method of heating material in a furnace, compris-
ing

(A) heating material comprising carbonaceous
matterina furnace having a flue, using heatgen-
erated by combustion in the furnace of fuel and
gaseous oxidant being fed into the furnace,
thereby producing carbon monoxide derived
from the carbonaceous matter, wherein a flame
is formed in the furnace which may extend out
of the furnace from the flue;

(B) characterizing the concentration of carbon
monoxide in the flame from images of the flame
taken inside the furnace or outside the furnace
by a digital camera that is located outside the
furnace, by expressing electronically at least
one parameter that corresponds to the intensity
of the flame and that corresponds to the con-
centration of carbon monoxide in the flame, and
determining the characterized concentration of
carbon monoxide in the flame from predeter-
mined correlations of the actual concentrations
of carbon monoxide in a flame to expressed val-
ues of the at least one parameter;

(C) comparing the characterized concentration
of carbon monoxide in the flame as character-
ized in accordance with step (B) to a preestab-
lished threshold concentration value for said
concentration;

(D)when the characterized concentration of car-
bon monoxide in the flame exceeds said prees-
tablished threshold concentration value, adjust-
ing the amount of oxygen, the amount of fuel, or
the amounts of both oxygen and fuel, being fed
into the furnace that is available to react in the
furnace to an amount or amounts thereof that is
effective to lower the characterized concentra-
tion of carbon monoxide in the flame to be equal
or less than the preestablished threshold con-
centration value for a predetermined length of
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time, while continuing to characterize the con-
centration of carbon monoxide in the flame from
images of the flame taken by the digital camera
outside the furnace.

A method according to claim 1 wherein said material
comprises metal.

A method according to claim 1 wherein in step (A)
at least a portion of said material that is heated is
combusted.

A method according to claim 1 wherein in step (A)
at least a portion of said material that is heated is
melted.

A method according to claim 1 wherein in step (D),
adjusting the amount of oxygen in the furnace that
is available to reactin the furnace comprisesincreas-
ing the amount of oxygen thatis fed into said furnace
relative to the amount of said fuel that is fed into said
furnace.

A method according to claim 1 wherein in step (D),
adjusting the amount of oxygen in the furnace that
is available to react in the furnace comprises de-
creasing the amount of said fuel that is fed into said
furnace relative to the amount of oxygen that is fed
into said furnace.

A method according to claim 1 wherein the flame
extends out of the furnace from the flue, and images
are taken by the digital camera of the flame extending
out of the furnace from the flue.

A method according to claim 1 where images are
taken by the digital camera of the flame inside the
furnace.

A method according to claim 1 comprising adjusting
the amount of oxygen being fed into the furnace
when the characterized concentration of carbon
monoxide in the flame exceeds said preestablished
concentration value.

A method according to claim 1 comprising adjusting
the amount of fuel being fed into the furnace when
the characterized concentration of carbon monoxide
in the flame exceeds said preestablished concentra-
tion value.

A method according to claim 1 comprising adjusting
the amount of oxygen and the amount of fuel being
fed into the furnace when the characterized
concentration of carbon monoxide in the flame ex-
ceeds said preestablished concentration value.

A method according to claim 1 of heating material in
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a furnace, comprising

(A) heating material comprising carbonaceous
matterina furnace having a flue, using heatgen-
erated by combustion in the furnace of fuel and
gaseous oxidant being fed into the furnace,
thereby producing carbon monoxide derived
from the carbonaceous matter, wherein a flame
is formed in the furnace which may extend out
of the furnace from the flue;

(B) characterizing the concentration of carbon
monoxide in the flame from images of the flame
taken inside the furnace or outside the furnace
by a digital camera that is located outside the
furnace, by expressing electronically at least
one parameter that corresponds to the intensity
of the flame and that corresponds to the con-
centration of carbon monoxide in the flame, and
determining the characterized concentration of
carbon monoxide in the flame from predeter-
mined correlations of the actual concentrations
of carbon monoxide in a flame to expressed val-
ues of the at least one parameter;

(C) comparing the characterized concentration
of carbon monoxide in the flame as character-
ized in accordance with step (B) to a preestab-
lished threshold concentration value for said
concentration;

(D)whenthe characterized concentration of car-
bon monoxide in the flame exceeds said prees-
tablished threshold concentration value, adjust-
ing the amount of oxygen being fed into the fur-
nace that is available to react with carbon mon-
oxide inthe furnace to an amount thatis effective
to lower the characterized concentration of car-
bon monoxide in the flame to be equal or less
than the preestablished threshold concentration
value for a predetermined length of time, while
continuing to characterize the concentration of
carbon monoxide in the flame from images of
the flame taken by the digital camera outside
the furnace.

13. A method according to claim 12 wherein in step (D),

adjusting the amount of oxygen in the furnace that
is available to react with carbon monoxide in the fur-
nace comprises increasing the amount of oxygen
that is fed into said furnace relative to the amount of
said fuel that is fed into said furnace.

14. A method according to claim 12 wherein in step (D),

adjusting the amount of oxygen in the furnace that
is available to react with carbon monoxide in the fur-
nace comprises decreasing the amount of said fuel
that is fed into said furnace relative to the amount of
oxygen that is fed into said furnace.
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