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GAS ANALYZER SYSTEMS AND METHODS
BACKGROUND

[0001] An exemplary application for the systems and methods described herein is
as a gas analyzer for determining combustion flue gas oxygen concentrations in
stationary sources such as large process heaters and industrial boilers.

[0002] In the past, combustion flue gas has been measured directly with a
Zirconium Oxide or other type analyzer for determining excess air remaining in the
flue gas, to ensure that enough air is present for stoichiometric combustion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a diagrammatic schematic block diagram of an exemplary
embodiment of a system for determining an oxygen concentration in flue gases of
a process heater or boiler installation.

[0004] FIG. 2 is a process flow diagram illustrating an exemplary process for
determining an equivalent oxygen concentration in flue gases.

[0005] FIG. 3 is a schematic block diagram of an exemplary embodiment of an
oxygen analyzer system employed in an exemplary process heater or boiler

system.

[0006] FIG. 4 illustrates an exemplary look up table for an exemplary oxygen

analyzer system.
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[0007] FIG. 5 is a schematic block diagram of an exemplary embodiment of an
equivalent oxygen analyzer system and application.

[0008] FIG. 6 graphically illustrates the absorption characteristic and signature
wavelengths of the combustion gases to be measured by an exemplary system.

[0009] FIG. 7A diagrammatically depicts a combustion gas analyzer system for a
process heater application. ‘

[0010] FIG. 7B diagrammatically depicts a combustion gas analyzer system fora
boiler application. S

DETAILED DESCRIPTION

[0011] In the following detailed description and in the several figures of the
drawing, like elements are identified with like reference numerals. The figures are
not to scale, and relative feature sizes may be exaggerated for illustrative

purposes.

[0012]) An exemplary embodiment of a gas analyzer system is depicted in
schematic form in FIG. 1. This embodiment provides an equivalent diatomic
oxygen O, analyzer system, which measures CO, and water vapor (H20) in the
combustion flue gas across the furnace, stack or flue duct 12 of a process heater
or boiler installation 10 with a light source, e.g., a Quantum Cascade (QC) laser.
The system processes the measurement signals to determine the oxygen dilution
(relative to a stoichiometric concentration) and thus excess O in the flue gas. The
dilution can only be caused by air which is about 21% O, by volume concentration
in the ambient, ground level earth atmosphere.

[001 31 The constituents of the fuel are primarily hydrogen and carbon. Any other
constituents in the flue gas (i.e. NOx, CO, SO, and inert gases) will be insignificant
in comparison to the by-products of combustion CO, and H20 when determining

the dilution.
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[0014] Measurement of CO. and H,0 concentrations 1 in combustion flue gas can
be used to determine the hydrogen to carbon ratio of the fuel being burned since
the preponderance of the composition of fuel burned is hydrogen and carbon.

[0015] Only air is added to the fuel in the process heater or boiler installation to
produce combustion. The earth’s air is composed by volume concentration of 21
% oxygen, 78% nitrogen, with the remainder inert gases which are insignificant for
purposes of this analysis and for the determination of the equivalent O.. Flue gas
dilution is assumed to be caused by excess air beyond that needed for complete
combustion. '

[0016] By ratioing the flue gas measurements of CO, and H,O, the molar
composition of the fuel can be determined. Since the ratio does not change no
matter what the dilution is, the C to H ratio determines the fuel composition.
Dilution is the variance from the CO. stoichiometric combustion mixture.

[0017] A correction may be made for the affect of the relative humidity change and
thus the water vapor content change in the ambient air. To accomplish this, an
industrial quality, commercially available humidity analyzer may be added to the
system in locations where the relative humidity changes significantly. The signal
from this analyzer is added as a correction to the H,O measurement.

[0018] The stoichiometric combustion general equation (CmH, + (M+n/4) Oz + 2N,
=m CO: + n/2 H0 + 10n/2 Ny) can be used to determine the moles of CO; that
should be present in the flue gas under stoichiometric conditions with the
measured CO, and H,O values. In an exemplary embodiment in which the fuel is
methane, then the stoichiometric combustion equation is CHy + 202 + 8N = CO» +
2 H20 + 8Ny),

[0019] The stoichiometric combustion condition is the condition in which only the
exact amount of air is present to burn any given fuel with no molecules remaining
of air or fuel. The percentage by volume of CO:. that should be in the flue gas
under stoichiometric conditions can be determined by applying Charles' ideal gas
law equation PV = nRT. This will produce the stoichiometric bercentage by volume
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CO: for the particular fuel C:H ratio being burned at any given time. In an
exemplary embodiment of an analyzer, the stoichiometric percentages can be pre-
calculated and stored in a look-up table in the memory of the analyzer system.

[0020] The flue gas percentage by volume of CO. measured by the analyzer
system is then compared to the calculated stoichiometric percenfage by volume
CO: and the ratio will be the flue gas % dilution. This dilution of the flue gas is the
variance of the measured percentage from the stoichiometric percentage.

[0021] Any significant dilution can only be caused by excess air.

[0022] Knowing the excess air, the percentage oxygen (% O) in the flue gas may
be calculated through the equation:

[0023] % O2 = (% excess air x 21)/(1 + excess air)

[0024] Referring again to FIG. 1, the process heater or boiler installation 10
includes a flue or duct 12 through which combustion flue gases pass. The
analyzer system measures the CO, and H>O concentrations 1 in the flue gas, and
these concentration values are processed by a fuel composition processor 2 to
determine the parameters of the fuel being burned. The processor 2 may
compensate for the ambient humidity which is sensed by sensor 3, although this is
an optional feature for some installations. The fuel parameters and the CO:
concentration value are processed by a stoichiometric combustion analyzer 4 to
determine a fuel gas dilution value. An equivalent oxygen processor 5 calculates
the percentage oxygen in the flue gas from the dilution level.

[0025)FIG. 2 is a flow diagram illustrating an exemplary method 200 for
determining an oxygen concentration in flue gas of a process installation, for
example, a system as depicted in FIG. 1. At 202, concentrations of CO, and H>O
in the flue gas are measured. A fuel composition is determined at 204 from these
measured as the C:H ratio. The fuel composition determination may optionally be
compensated for the ambient humidity at 206. The stoichiometric CO:
concentration may be determined or calculated at 208, using the stoichiometric
combustion general equation set out above. Frorﬁ this value, the flue gas dilution
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may be calculated at 210, as the ratio of the measured CO, value and the
stoichiometric value. The oxygen concentration corresponding to the dilution may
then be calculated at 212.

[0026] An exemplary embodiment of an analyzer system may be implementedin a
combustion air control system for efficient low excess air control or heater safety
shutdown systems, e.g. as part of the safety instrumented system. FIG. 3 is a
schematic block diagram of an exemplary embodiment of a control system for a
process heater or bouler installation. The control system employs an equnvalent 02
analyzer mterfaced with a safety system.

[0027] FIG. 3 depicts a process heater or boiler 10, with an exhaust flue or stack
12. The process heater or boiler 10 may be installed, for example, in an oil refinery
installation, chemical plant, paper mill boiler plént, university or hospital central |
power boiler plant or any steam producing power plant, by way of example only. A
burner system 14 is fed by a fuel gas or liquid through a feed line 16. The flow of
fuel through the line is controlled by control valve 18. A computer-based
distributed control system (DCS) 30 in turn controls the valve 18 by an electrical
valve control signal applied on control link or line 32. In an exemplary
embodiment, the control valve 18 is configured to madulate the flow of fuel gas.in
dependence on the electrical control signal provided by the DCS 30.

[0028] A movable damper 22 is mounted in the flue duct or stack 12, and includes
a pneumatic damper actuator to control the air flow through the system 10 and flue
duct or stack 12. The DCS 30 provides a damper control signal on line 33 to the
damper actuator of the damper 22.

[0029] The carbon monoxide (CO) concentration in the flue gas is monitored by a
CO analyzer/receiver 40 mounted on one side of the flue or stack, which receives
an analyzer radiation beam 44 generated by source 42 mounted on an opposite
side of the flue or stack. The beam 44 passes through the flue gas, and is
detected by the CO analyzer/receiver 40, which provides a CO data signal to the
transmitter/processor 46. The transmitter/processor in turn processes the CO data
signal to determine a CO concentration level in the flue gas, and provides a CO
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concentration signal to the DCS 30. In an exemplary embodiment, the source 42
is a quantum cascade (QC) laser system which generates a laser beam 44 at a
center wavelength of 4.7 um. The laser system output beam wavelength may be
tunable over a range between 4.5 um and 4.9 um, in one exemplary embodiment.
The receiver detects the intensity of the absorption wavelength range and
determines the concentration of CO. A QC laser system is used in an exemplary
embodiment of the CO analyzer because it is able to generate relatively high
energy, and its output can be swept over the absorption bandwidth of CO. It also
allows for the detection of the overlapping wavelengths of H,O and CO; in this
region.

[0030]In an exemplary embodiment, the analyzer/receiver 40 and the
transmitter/processor 46 may be adapted to determine the CO concentration by
utilizing the signature wavelengths of the absorption characteristics of CO. FIG. 6
depicts the % absorption of CO as a function of wavelength. It may be seen that
the CO absorption characteristic has a number of peaks in the wavelength range
between 4.5 um and 4.9 um. The analyzer/receiver 40 can be adapted to take a
number of measurements, say ten, on or surrounding each of the absorption peak
wavelengths as the light source is swept through the wavelength range. Thus, for
example, the time varying output of the detector comprising the analyzer/receiver
40 is related to the wavelength being transmitted through the flue gas as the
wavelength is swept through the wavelength range of interest, so that the intensity
value measured by the analyzer/receiver 40 at a given instant of time is correlated
to the wavelength transmitted through the flue gas at that time instant. With a
plurality of measurements at each peak, the measurements can be processed to
form an average intensity value at each peak wavelength, and these average
values can in turn be processed with knowledge of the signature wavelengths of
CO to provide a CO concentration. Because the absorption peaks for CO, CO2
and H20 occur at mutually distinct wavelengths, as illustrated in FIG. 6, the
concentrations of these three gases may be determined using the same analyzer

light source and detector system.

[0031] An exemplary embodiment of the analyzer light source 42 is a quantum
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cascade (QC) laser system. The QC laser may be adapted to generate a relatively
broad spectrum of energy over a wavelength range -of interest, e.g. for this
application in a range of about 4.5 um to about 4.9 um. A QC laser is preferred for
an exemplary application over a diode laser because it may be adapted to produce
a much higher intensity output beam Preferably the QC laser system is operable
at room temperatures, without active or cryogenic cooling requirements. The laser
system may be operated in a pulsed mode of operation, for example, 50,000
pulses per second in one example. The laser system may be adapted to sweep
the output beam through the wavelength range of interest, in this case between
about 4.5 um to about 4.9 um, in a sweep period, which for one exemplary
embodiment may be one millisecond. There are various known techniques for
sweeping the output wavelength range, including passing the laser beam through a
rotating optical grating.

[0032] In an exemplary embodiment, the QC .laser system 42 includes output
optics which will spread the diameter of the transmitted beam, so that the beam
after passing through the flue gas is much larger in diameter than the beam size
generated by the laser system. For example, if the laser spot size at the output of
the QC laser system is .5 inch in diameter, the beam after passing through the flue
gas and incident on the detector may be on the order of 1 foot in diameter. This
“overfill” of the detector ensures that a portion of the beam is received in the
detector, even in the presence of some ambient vibration or movement of the QC
laser system and/or the detector system. For example, the detector system may
have an active area on the order of .25 inch square.

[0033] In an exemplary embodiment, the DCS 30 performs a control algorithm, in
which the CO concentration signal is a parameter, to control the valve 18 and the
damper 22 to control the air fuel operation of the process heater or boiler 10.

[0034] The control system depicted in FIG. 3 further includes an equivalent O,
sensor system for detecting an O concentration within the heater or boiler furnace
or combustion chamber 10, by detecting concentrations of water vapor and carbon
dioxide, and using the detected concentrations of these materials to inferentially
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determine the oxygen concentration. Thus, the sensor system includes a source
50 which generates a radiation beam 51 and directs the beam from one side of the
furnace through the combustion gases inside the fumace to an analyzer/receiver
52 on the opposite side of the chamber. In an exemplary embodiment, the source
50 is a QC laser system having the characteristics described above for the CO
analyzer light source 42. The laser system 50 may be adapted to sweep the
output beam through the wavelength range of interest, in this case between about
4.5 um to about 4.9 um, in a sweep period, which may be one millisecond. The
analyzer/receiver 52 includes a detector system to measure the intensity of the
specific wavelength as the QC laser system output is swept over the 4.5 um to 4.9
um region. This received energy intensity results in detector signals 53 indicative of
the H2O and CO; concentrations in the boiler furnace. The oxygen analyzer
system further includes a transmitter/processor 54 which uses the detected H,O
and CO2 concentrations to determine the carbon to hydrogen ratio of the fuel. This
may be determined by use of a lookup table, in which the detected H,O and CO»
concentrations are parameters to address pre-calculated carbon to hydrogen ratios
corresponding to these parameters. This ratio in turn is used to determine the air
dilution, i.e. the equivalent O, level, in the furnace.

[0035] FIG. 4 diagrammatically depicts exemplary values in a look-up table, for
several exemplary fuel gases, i.e. Methane, Ethane, Propane, Butane and
Ethylene. These are the components of refinery fuels. Most other plants burn
100% Methane typically. Refineries typically have a preponderance of Methane
with the other fuels mixed in randomly. The table of FIG. 4 sets out stoichiometric
flue gas concentrations for several exemplary H2O and CO» concentrations and the
corresponding C:H ratios. The oxidation process chemical equation is balanced
for complete and perfect combustion. This is known as stoichiometric combustion.
The total molecules in the equations are the same as the number of moles and %
volume. These are used to calculate the % of CO, and H,O in the products of
combustion. These % numbers are ratioed to obtain the ratio of carbon to
hydrogen. The measured CO;, value is assumed to be 8% in all cases for this
exemplary demonstration table. Dilution js calculated by the excess air formula and
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oxygen is assumed to be 21% of air. The table includes a box “compare CO,
measurement with stoichiometric CO, for given C:H ratio.” In an exemplary
embodiment, the comparison is inherent in the lookup table. In typical plant
installations, the C-H ratio is variable, since the fuel mixture typically randomly
changes with time.

[0036] Referring again to FIG. 3, the transmitter/processor 54 generates a dilution
or equivalent O, signal, and in this exemplary embodiment, the signal is provided
to the heater shutdown system 34 for the process heater or boiler system. The
shutdown system 34 acts under certain conditions to shut off the fuel gas flow fo
the burner system 14 by turning off the valve 20. In this exemplary embodiment,
the shutdown system 34 also is responsive to the air dilution signal from the
oxygen analyzer system, and can shut down the heater or boiler system if the air
dilution is below some predetermined threshold. The designers of the shutdown
system may determine the threshold below which the air dilution, as measured by
excess oxygen, available is to close to starving the combustion, leading to a fuel
rich, explosive condition, and use this measurement to cut fuel to low fire or shut
down the heater.

[0037] An exemplary embodiment of a source 50 and an analyzer/ receiver 52 is
diagrammatically illustrated in FIG. 5. For this example, the analyzer is shown
interfaced with a refinery or plant Distributed Control System (DCS). The source
50 includes a housing 50-1 mounted to a port 50-9 in the duct wall 10A. Within the
housing 50-1 is mounted a semiconductor QC laser 50-2, with its power supply 50-
3. The laser generates a beam 51 which is directed by mirrors 50-4 and 50-5
through a slide-mounted window 50-11, through port 50-9 through the process
heater or boiler. The QC laser system sweeps or scans a wavelength range around
the center wavelength of 4.7 um. In an exemplary embodiment, the sweep period
through the wavelength range is one millisecond, and is selected so as to be fast
enough so as not to be affected by process gas variations. The sweep repetition
rate is preferably selected to be fast enough so as not to be affected by
combustion variations. In one exemplary embodiment, the sweep repetition rate is
10 sweeps per second. A blower 50-6 draws air into the housing through air inlet
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50-7 and filter 50-10, and an air purge sensor 50-8 detects if a purge exists. The
purge isolates the analyzer at the window from the flue gas and thus defines a
measurement path length. The analyzer enclosure is completely sealed with only -
the laser beam transmitting through the window.

[0038] Still referring to FIG. 5, the analyzer receiver system 52 includes analégous _
elements to those of the source 50, including a housing 52-1 mountedto a port 52-
9 in the duct wall 10B. Within the housing 52-1 is mounted a detector 52-2, and a
calibration cell 52-3. The laser beam 51 enters the system 52 through a slide-
mounted window 52-11 and is directed by mirrors 52-4 ahd 52-5 to the detectdr.
The calibration cell has a known amount of gas in it or an equivalent optical filter
for a standard concentration value. It inserts into the laser beam when the
analyzer is to be span calibrated. Span Calibration is the up-range level check
(usually approx. 70% of full scale). This shows how much the analyzer reacts to a
gas that is being placed in the measurement beam and determines if the analyzer
is calibrated to react properly. A blower 52-6 draws air into the housing through air
inlet 52-7 and filter 52-10, and an air purge sensor 52-8 detects if a purge exists.
The purge isolates the analyzer at the window from the flue gas and thus defines a
measurement path length. The analyzer enclosure is completely sealed with only
the laser beam transmitting through the window. The system 52 further includes a
signal transmitter which generates the detector data signals which are passed to

the transmitter/processor 54.

[0039] In an exemplary embodiment, the transmitter/processor 54 uses curve fitting
algorithms with the spectral scan produced by the QC laser 50-2 to separate out
the measurements for the individual gases (CO. and H,0) and the detector 52-2,
and develops H.O % and CO, % by volume concentrations. A lookup table is used
for the path-length, flue gas terﬁperature and absolute pressure. The detector 52-2
output may be processed to count the number of molecules it sees. Path length,
temperature and pressure are needed to determine the volumetric concentration
from this molecule count. The volumetric values are required to determine the C-H

ratio and thus the dilution.
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[0040] FIG. 6 illustrates signature wavelengths (% absorption as a function of
wavelength) of exemplary combustion gases (CO, CO, and H,O)to be measured
by a system illustrated in FIG. 3, for example, as well as the sum of the signature
wavelengths. The sum is what the detector actually sees after the laser beam is
transmitted through the flue gas. The signature wavelengths are superimposed
over the sum to distinguish which wavelengths are from the particular species of
concern.

[0041] Alternate methods for accomplishing the dilution measurement of the flue
gas and thus the % excess air (O;) include:

[0042] a. Measure CO; and Hzo with 2 diode lasers since a diode laser
measure a single species. This may result in a higher cost then a single QC
laser.

[0043] b. Measure CO; and H,O with an IR light beam across-stack analyzer.
This may result in a higher cost than a single QC laser.

[0044] With these measurements the look-up table can be placed in an industrial
process computer and the equivalent O, can be derived.

{0045] An equivalent O analyzer system provides a very advantageous method to
measure appropriate gases for combustion control and not be concerned with the
high concentratién of Oz in the air overwhelming a direct O, analyzer. This is a
significant problem with conventional technology. The analyzer system may be
applied to a combustion control system (as illustrated in FIG. 5) or to a safety
shutdown system (as illustrated in FIG. 3). '

[0046] An exemplary embodiment of an equivalent O, analyzer thus:
[(0047] a. measures CO, and H.0,
[0048] b. with a single QC laser light beam,

[0049] c. continuously across the stack, furnace or flue duct,
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[0050] d. with less than one/tenth of a second updates by rapid sweeping the
wavelength range with a rotating optical grating before transmitting the laser beam.

[0051) The equivalent O, analyzer provides an excellent way to infer and
extrapolate an equivalent O, measurement across the flue gas of a fired process
heater or industrial boiler.

[0052] FIGS. 7A and 7B illustrate exemplary configurations of respective process
heater and boiler installations 100 and 150. FIG. 7A depicts an exemplary process
heater system 102, with multiple burners 104 for burning a fuel gas. The process
heater system includes a flue or stack 110 in which a flue damper 112 is
positioned. Air flow within the heater system is depicted by arrows 106. A CO
analyzer including a QC laser source 40 and an analyzer/receiver 42 are
positioned on opposite sides of the flue 110, similar to the arrangement depicted in
FIG. 3. The system 100 may also include a draft pressure transmitter 120 and an
oxygen analyzer 122. The analyzer 122 may be a system which directly measures
O, e.g. a Zirconium Oxide analyzer. The system also includes an equivalent
oxygen analyzer including QC laser source 50 and analyzer/receiver 52, as
described above regarding the embodiments of FIGS. 3 and 5. For some
installations, the analyzer 122 may be omitted, and its function replaced by the
equivalent oxygen analyzer. '

[0063] FIG. 7B illustrates an exemplary boiler installation, which includes the boiler
152, burners 154, an air intake flue 157 and a forced draft fan 156 which delivers
air through a preheater 160 to the boiler burner unit 154. Exhaust air is passed out
flue 162, as indicated by arrows 158. A CO analyzer including a QC laser source
40 and an analyzer/receiver 42 are positioned on opposite sides of the flue 162
downstream of the preheater 156, similar to the arrangement depicted in FIG. 3.
The system also includes an equivalent oxygen analyzer including QC laser source
50 and analyzer/receiver 52, as described above regarding the embodiments of
FIGS. 3 and 5. In this installation, the equivalent oxygen analyzer is positioned
upstream of the preheater at the output of the boiler.

[0054] Although the foregoing has been a description and illustration of specific
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embodiments of the subject matter, various modifications and changes thereto can
be made by persons skilled in the art without departing from the scope and spirit of
the invention as defined by the following claims.
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CLAIMS
What is claimed is:

1. A method for analyzing flue gas in a stationary industrial process heater
or boiler installation in which fuel is burned, comprising:

measuring concentrations of carbon dioxide (CO,) and water vapor (H20) in

- the flue gas;

determining fuel composition parameters from said measured
concentrations of CO2 and H,O in the flue gas; _

determining a stoichiometric CO, concentration corresponding to the fuel
composition parameters;

determining a flue gas dilution based on said measured CO; concentration
and said stoichiometric CO, concentration.

2. The method of Claim 1, further comprising:
determining an equivalent oxygen concentration in said flue gas using said
flue gas dilution.

3. The method of Claim 1, wherein said measuring concentrations of CO»
and H,O is performed by directing a laser beam generated by a quantum cascade
laser through the flue gas to a detector, and sweeping the beam over a wavelength
range centered at around 4.7 um.

4. The method of Claim 1, wherein said determining fuel composition

comprises determining a carbon:hydrogen ratio in said flue gas.

5. The method of Claim 4, wherein said determining a stoichiometric CO,
concentration corresponding to the fuel composition parameters comprises:
using a stoichiometric combustion general equation and said C:H ratio to

determine the fuel composition.
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6. The method of Claim 1, wherein said determining a stoichiometric CO»
concentration corresponding to the fuel composition parameters comprises:
calculating the concentration using a stoichiometric combustion general

equation.

7. The method of Claim 1, wherein said determining a stoichiometric CO.
concentration corresponding to the fuel composition parameters comprises:

using the measured concentrations of CO., and HzO in the flue gas to
address pre-calculated corresponding stoichiometric CO, concentration values.in a
stored look-up table in an electronic memory.

8. An equivalent oxygen analyzer system for analyzing flue gas in a
stationary industrial process heater or boiler installation in which fuel is burned,
comprising:

a detector system for measuring concentrations of carbon dioxide (CO,) and
water vapor (H2O) in the flue gas, said system including a light source for
generating a light beam in a wavelength range;

an analyzer system for determining fuel composition parameters of the
burned fuel from said measured concentrations of CO, and H.O in the flue gas and
determining a stoichiometric CO, concentration corresponding to the fuel .
composition parameters, said analyzer system further adapted to determine an
equivalent oxygen concentration in said flue gas using said measured
concentrations of CO, and HzO in the flue gas and said stoichiometric CO;

concentration.

9. The system of Claim 8, wherein said analyzer system includes an
electronic memory storing a look up table of flue gas dilution values corresponding
to a set of said measured concentrations of CO, and H.0 in the flue gas.

10. The system of Claim 8, wherein said analyzer system is adapted to
determine a flue gas dilution based on said measured CO, concentration and said
stoichiometric CO2 concentration, and to determine said equivalent oxygen
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concentration using said dilution.

11. The system of Claim 8, wherein said light source includes a quantum
cascade laser system.

12. The system of Claim 11, wherein the quantum cascade laser system s
adapted to sWeep a wavelength range from about 4.5 um to about 4.9 um.

13. The system of Claim 12, wherein the quantum cascade laser system is
operable in a pulsed mode.

14. The system of Claim 8, further including:

a detector system for measuring concentrations of carbon monoxide (CO) in
the flue gas, said system including a light source for generating a light beam in a
wavelength range, said light source including a quantum cascade laser.

15. A gas analyzer system for analyzing gas produced in a stationary
industrial process heater or boiler installation in which fuel is burned, comprising:

a light system for directing a light beam through the gas, said light beam
swept through a wavelength range between about 4.5 um and 4.9 um during a
sweep period;

said light system including a quantum cascade laser;

a detector system arranged to receive the light beam after it has passed
through the gas, the detector system including a detector sensitive to light in said
wavelength range and producing a detector output signal indicative of light intensity
of the received light beam;

an analyzer system responsive to the detector output signal to determine a
measured concentration of at least one gas component of the gas.

16. The system of Claim 15, wherein the light beam is directed through gas
within a boiler chamber of a boiler installation.
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17. The system of Claim 16, wherein said gas component is one of carbon
dioxide and water vapor.

18. The system of Claim 16, wherein said at least one gas component
includes carbon dioxide and water vapor, and said analyzer system is further
adapted to determine an oxygen dilution value using determined concentrations of
carbon dioxide and water vapor.

19. The system of Claim 18, wherein the analyzer system is further adapted
to determine an equivalent diatomic oxygen concentration.

20. The system of Claim 15, wherein the light beam is directed through flue
gas passing through an output flue of the heater or boiler installation.

21. The system of Claim 20, wherein the gas component is carbon

monoxide.

22. The system of Claim 15, wherein the gas component is one of carbon
monoxide, carbon dioxide and water vapor.

23. A method for determining an equivalent oxygen concentration, .
comprising:

measuring CO, and H>O concentrations in gas produced by a stationary
industrial process heater or boiler installation in which fuel is burned, said
measuring performed with a light beam generated by a single quanturh cascade
laser across a stack, furnace or flue duct of the installation, and Wherein the
wavelength of the beam is swept through a wavelength range in a sweep period
less than one second;

determining a dilution value of the gas from said measured CO. and H:O
concentrations; |

determining an equivalent oxygen concentration from said dilution value.
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24. The method of Claim 23, wherein said wavelength range is from about
4.5 um to about 4.9 um.
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AMENDED CLAIMS
received by the International Bureau on 16 March 2009 (16.03.2009)

concentration using said dilution.

11. The system of Claim B, wherein said light source is a single quantum
cascade laser system.

12. The system of Claim 11, wherein the quantum cascade laser system is
adapted to sweep a wavelength range from about 4.5 um to about 4.9 um.

13. The system of Claim 11, wherein the quantum cascade laser system is
operable in a pulsed mode.

14. The system of Claim 8, further including:

a detector system for measuring concentrations of carbon monoxide (CO) in
the flue gas, said system including a light source for generating a light beam in a
wavelength range, said light source including a quantum cascade laser.

15. A gas analyzer system for analyzing gas produced in a stationary
industrial process heater or boiler installation in which fuel is burmed, comprising:

a light system for directing a light beam through the gas, said light beam
swept through a wavelength range between about 4.5 um and 4.9 um during a
sweep period; '

said light system including a quantum cascade laser,

a detector system arranged to receive the light beam after it has passed
through the gas, the detector system including a detector sensitive to light in said
wavelength range and producing a detector output signal indicative of light intensity
of the received light beam;

an analyzer system responsive to the detector output sighal to determine a
measured concentration of at least one gas component of the gas; and

wherein said at least oné gas component includes carban dioxide and water
vapor, and said analyzer system is further adapted to determine an oxygen dilution
value using determined concentrations of carbon dioxide and water vapor.

AMENDED SHEET (ARTICLE 19)
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16. The system of Claim 15, wherein the light beam is directed through gas
within a boiler chamber of a boiler installation.

17. The system of Claim 16, wherein said gas component is one of carbon
dioxide and water vapor.

18. (Canceled)

19. The system of Claim 15, wherein the analyzer system is further adapted
to determine an equivalent diatomic oxygen concentration.

20. The system of Claim 15, wherein the light beam is directed through flue
gas passing through an output flue of the heater or boiler installation.

21. The system of Claim 20, wherein the gas component is carbon
monoxide.

22. The system of Claim 15, wherein the gas component is one of carbon
monoxide, carbon dioxide and water vapor.

23. A method for determining an equivalent oxygen concentration,
comprising:

measuring CO2 and H;O concentrations in gas produced by a stationary
industrial process heater or boiler installation in which fuel is burned, said
measuring performed with a light beam generated by a single quantum cascade
laser across a stack, furnace or flue duct of the installation, and wherein the
wavelength of the beam is swept through a wavelength range in a sweep period
less than one second; v

determining a dilution value of the gas from said measured CQ, and H,0O
concentrations;

determining an equivalent oxygen concentration from said dilution value.

AMENDED SHEET (ARTICLE 19)
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24. The method of Claim 23, wherein said wavelength range is from about
4.5 um to about 4.9 um.

25. The method of Claim 1, wherein said measuring concentrations of CO;
and HzO is performed by directing a laser beam generated by a single quantum
cascade laser through the flue gas to a detector.

28. The system of Claim 15, wherein the light system is a single quantum
cascade laser system.

AMENDED SHEET (ARTICLE 19)
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