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(57) Abstract: A gas turbine (100) and a method for operating a gas turbine (100) having a fuel gas monitoring system (200) are
presented. The tuel gas monitoring system (200) provides a measurement of a parameter of a fuel gas (150) in real time. An operation
of a gas turbine (100) is optimized to adapt variation in hydrocarbon content of a fuel gas (150) from the measurement. The fuel gas
monitoring system (200) may provide an optical, flow through, online monitoring of fuel gas composition.
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GAS TURBINE HAVING FUEL GAS MONITORING SYSTEM

FIELD OF THE INVENTION

[0001] This invention relates generally to a gas turbine and a method for operating a

gas turbine having a fuel gas monitoring system.

DESCRIPTION OF THE RELATED ART

[0002] Gas turbine may be one of the power generation apparatus in a power plant.
Gas turbine may generate power output from combustion of a fuel gas and air mixture.
Operation of a gas turbine may be optimized using a fuel gas with a known energy

composition. Fuel gas may be supplied by domestic natural gas.

[0003] To supplement domestic natural gas supply, offshore liquefied natural gas may
be used as a substitute supply. Composition and hydrocarbon content of offshore liquefied
natural gas may be significantly different than that expected from the domestic supply.
Variation in fuel gas energy composition may lead to power plants using fuel gas that
violates combustion turbine fuel specification of a power plant. The violation may cause
operational problems. A turbine control system may need to be adjusted to operate using a
different fuel gas supply. Variation in fuel gas energy composition may results in
substantial megawatt load swings, engine overfiring, and increased emissions of

undesirable pollutants, such as NOx and CO.

SUMMARY OF THE INVENTION

[0004] Briefly described, aspects of the present invention relate to a gas turbine and a

method for operating a gas turbine having a fuel gas monitoring system.

[0005] According to an aspect, a gas turbine is presented. The gas turbine comprises a
compressor that is configured to compress air. The gas turbine comprises a combustor

located downstream of the compressor that is configured to receive the compressed air.
1
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The gas turbine comprises a fuel gas supply line connected to the combustor that is
configured to supply fuel gas to the combustor. The fuel gas and the compressed air may
be mixed and combusted in the combustor to generate working gas. The gas turbine
comprises a turbine located downstream of the combustor that is configured to expand the
working gas to generate power output. The gas turbine comprises a fuel gas monitoring
system that is configured to provide a measurement of a parameter of the fuel gas in real
time. The fuel gas monitoring system comprises an inlet and an outlet. A fuel gas sample
may flow into the fuel gas monitoring system through the inlet. The fuel gas sample may
be discharged from the fuel gas monitoring system through the outlet. The gas turbine
comprises a control system that is configured to adjust an operating parameter of the gas

turbine based on the measurement of the parameter of the fuel gas.

[0006] According to an aspect, a method for operating a gas turbine is presented. The
method comprises compressing air by a compressor. The method comprises receiving the
compressed air by a combustor located downstream of the compressor. The method
comprises supplying fuel gas to the combustor by a fuel gas supply line. The method
comprises mixing the fuel gas with the compressed air and combusting the mixture in the
combustor to generate working gas. The method comprises expanding the working gas ina
turbine located downstream of the combustor to generate power output. The method
comprises measuring a parameter of the fuel gas by a fuel gas monitoring system. The fuel
gas monitoring system comprises an inlet and an outlet. A fuel gas sample may flow into
the fuel gas monitoring system through the inlet. The fuel gas sample may be discharged
from the fuel gas monitoring system through the outlet. The fuel gas monitoring system is
configured to provide a measurement of a parameter of the fuel gas in real time. The
method comprises adjusting an operating parameter of the gas turbine based on the

measurement of the parameter of the fuel gas by a control system.

[0007] Various aspects and embodiments of the application as described above and
hereinafter may not only be used in the combinations explicitly described, but also in other

combinations. Modifications will occur to the skilled person upon reading and

2
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understanding of the description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Exemplary embodiments of the application are explained in further detail with

respect to the accompanying drawings. In the drawings:

[0009] FIG. 1 illustrates a schematic diagram of a gas turbine having a fuel gas

monitoring system according to an embodiment;

[0010] FIG. 2 illustrates a schematic diagram of a fuel gas monitoring system

according to an embodiment;

[0011] FIG. 3 illustrates a schematic diagram of a gas turbine having a fuel gas
monitoring system according to an embodiment, wherein the fuel gas monitoring system

comprises an upstream and a downstream pressure regulating devices;

[0012] FIG. 4 illustrates a schematic diagram of a gas turbine having a fuel gas
monitoring system according to an embodiment, wherein the fuel gas monitoring system

comprises a blower;

[0013] FIG. 5 illustrates a schematic diagram of a gas turbine having a fuel gas
monitoring system according to an embodiment, wherein the fuel gas monitoring system

comprises an enclosure enclosing a vicinity area around the fuel gas monitoring system;

[0014] FIG. 6 illustrates a schematic diagram of a gas turbine having a fuel gas
monitoring system according to an embodiment, wherein a fuel gas sample discharged

from the fuel gas monitoring system may be ignited within an enclosure; and

[0015] FIG. 7 illustrates a schematic diagram of a gas turbine having an integrated

fuel gas monitoring system according to an embodiment, wherein a fuel gas sample
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discharged from the fuel gas monitoring system may be removed from a hazardous area.

[0016] To facilitate understanding, identical reference numerals have been used, where

possible, to designate identical elements that are common to the figures.

DETAILED DESCRIPTION OF INVENTION

[0017] A detailed description related to aspects of the present invention is described

hereafter with respect to the accompanying figures.

[0018] FIG. 1 illustrates a schematic diagram of a gas turbine 100 according to an
embodiment. As illustrated in the exemplary embodiment of FIG. 1, the gas turbine 100
may includes a compressor 110. The compressor 110 may be configured to compress air
entering into the compressor 110. The gas turbine 100 may include a combustor 120. The
combustor 120 may be arranged downstream of the compressor 110 to receive the
compressed air. The gas turbine 100 may include a fuel gas supply line 140. The fuel gas
supply line 140 may be connected to the combustor 120. The fuel gas supply line 140 may
be configured to supply fuel gas 150 to the combustor 120. The fuel gas 150 and the
compressed air from a compressor 110 may be mixed and combusted in the combustor 120
to generate working gas. The gas turbine 100 may include a turbine 130. The turbine 130
may be arranged downstream of the combustor 120. The turbine 130 may be configured to

expand the working gas to generate power output.

[0019] A gas turbine 100 may include a fuel gas monitoring system 200. The fuel gas
monitoring system 200 may be configured to measure a parameter of a fuel gas 150
entering into the combustor 120 in real time. According to an embodiment, a parameter of
a fuel gas 150 may include analysis of hydrocarbon content in the fuel gas 150. Variation
in hydrocarbon content in a fuel gas 150 may result in variation of a heating value of the
fuel gas 150. A heating value of a fuel gas 150 may be defined by a Wobbe Index.
According to an embodiment, an operation parameter of a gas turbine 100 may need to be

adjusted to adapt variation of a heating value of a fuel gas 150 for an optimal operation.
4
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[0020] A gas turbine 100 may include a control system 160. The control system 160
may be configured to adjust an operating parameter of the gas turbine 100 based on a
measurement of a parameter of the fuel gas 150. According to an embodiment, an
operating parameter of a gas turbine 100 may include megawatt controller parameter,
exhaust gas temperature controller parameter, blade path temperature controller parameter,
ignition fuel mass flow setpoint value, pilot valve ignition lift, fuel gas distribution among

combustion stages, combustor fuel stage throttle valve ignition lifts, etc.

[0021] A gas turbine 100 may include an interface 170. The interface 170 may be
arranged between a fuel gas monitoring system 200 and a control system 160. The
interface 170 may be configured to convert measurement of a parameter of the fuel gas 150

from a digital signal to an analog signal, or from an analog signal to a digital signal.

[0022] A gas turbine 100 may include a combustion dynamics protection system
(CDPS) 180. The CDPS 180 may be connected to the combustor 120. The CDPS 180 may
be configured to monitor potentially destructive combustion dynamics in the combustor

120. The measurement data from the CDPS 180 may be fed to the control system 160.

[0023] A gas turbine 100 may include a continuous emission monitoring system
(CEMS) 190. The CEMS 190 may be arranged downstream of a turbine 130. The CEMS
190 may be configured to monitor amount of pollutants in an exhaust gas of the turbine
130, for exemplary, an amount of NOx and CO in an exhaust gas of the turbine 130. The
measurement data from the CEMS 190 may be fed to the control system 160. A control
system 160 may be configured to adjust an operating parameter of the gas turbine 100
based on a measurement of a parameter of the fuel gas 150 taking into account of

measurement data from the CDPS 180 as well as from the CEMS 190.

[0024] A fuel gas monitoring system 200 may include an inlet 230 and an outlet 240.
A fuel gas sample line 210 may be arranged between the fuel gas monitoring system 200

and the fuel gas supply line 140. A fuel gas sample 220 may flow into the fuel gas
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monitoring system 200 through the inlet 230 via the fuel gas sample line 210. The fuel gas
sample 220 may be discharged from the monitoring system 200 through the outlet 240.
The fuel gas sample 220 may be discharged from the monitoring system 200 into the fuel
gas supply line 140 via the fuel gas sample line 210.

[0025] According to an embodiment, a fuel gas monitoring system 200 may include an
optical system. An optical system of a fuel gas monitoring system 200 may include a
tunable filter spectrometer system 300. FIG. 2 illustrates a schematic diagram of a tunable
filter spectrometer system 300 according to an embodiment. According to the illustrated
exemplary embodiment of FIG. 2, a tunable filter spectrometer system 300 may include a
light source 310, a spectrometer 320, a sample cell 330, and a detector 340. The
spectrometer 320 may separate wavelength components of a broadband light generated by
the light source 310. The components of the light may interact with sample molecules of a
sample in the sample cell 330. A sample in the sample cell 330 may include gas, liquids, or
solids. According to an embodiment, a sample in the sample cell 330 comprises a fuel gas
sample 220. The detector 340 may be configured to analyze a resulting spectrum of the
wavelength components after interaction with the sample molecules. The detector 340 may
include a photo detector. The resulting spectrum may be used to quantify a composition of

the fuel gas sample 220.

[0026] According to an embodiment, a fuel gas monitoring system 200 may include a
Wobbe Index Meter incorporated with a gas chromatograph. A Wobbe Index Meter
incorporated with a gas chromatograph may provide a measurement of fuel gas
composition in a time period of at least 5 minutes or more. A buffer tank may be required
to provide a delay period sufficient for a control system 160 to adjust an operation
parameter of a gas turbine 100 based on the measurement of fuel gas composition. A
Wobbe Index Meter incorporated with a gas chromatograph may require a constant supply
of a carrier gas for gas chromatograph analysis. A Wobbe Index Meter incorporated with a

gas chromatograph may require calibration gas for periodic calibration.
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[0027] According to an embodiment, a fuel gas monitoring system 200 using a tunable
filter spectrometer system 300 may provide an optical flow through online monitoring of a
composition of fuel gas 150. A fuel gas monitoring system 200 using a tunable filter
spectrometer system 300 may provide a measurement of a parameter of fuel gas 150 in real
time, for exemplary, within 5 minutes, or within 2 minutes, or within 1 minute, or within
10 seconds, or within 5 seconds, or within 1 second. A parameter of fuel gas 150 may
include fuel gas energy. A fuel gas monitoring system 200 using a tunable filter
spectrometer system 300 may reduce a size of a buffer tank that may be required using a
Wobbe Index Meter incorporated with a gas chromatograph. A fuel gas monitoring system
200 using a tunable filter spectrometer system 300 may eliminate a buffer tank. A fuel gas
monitoring system 200 using a tunable filter spectrometer system 300 may eliminate a
need of a carrier gas. A fuel gas monitoring system 200 using a tunable filter spectrometer

system 300 may eliminate a need of calibration.

[0028] FIG. 3 illustrates a schematic diagram of a gas turbine 100 according to an
embodiment. According to an embodiment, an operating pressure of a fuel gas monitoring
system 200 may be different from a pressure of a fuel gas 150. As illustrated in the
embodiment of FIG. 3, an upstream pressure regulating device 250 may be arranged
upstream of an inlet 230 of the fuel gas monitoring system 200. The upstream pressure
regulating device 250 may be configured to regulate a pressure of a fuel gas sample 220
flowing into the fuel gas monitoring system 200 to an operating pressure of the fuel gas
monitoring system 200. A downstream pressure regulating device 260 may be arranged
downstream of an outlet 240 of the fuel gas monitoring system 200. The downstream
pressure regulating device 260 may be configured to regulate a pressure of the fuel gas
sample 220 discharged from the fuel gas monitoring system 200 to a pressure of the fuel
gas 150. The fuel gas sample 220 may be discharged from the fuel gas monitoring system
200 back into a fuel gas supply line 140. According to an embodiment, an upstream
pressure regulating device 250 and a downstream pressure regulating device 260 may
include a pressure control valve, an orifice, a nozzle, an expander, a converge, a diverge,

etc.
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[0029] A gas turbine 100 may be operated in a hazardous area. The National Electrical
Code (NEC) defines a hazardous area as the following: “An area where a potential hazard
(e.g., a fire, an explosion, etc.) may exist under normal or abnormal conditions because of
the presence of flammable gases or vapors, combustible dusts or ignitable fibers or
flyings.” According to an embodiment, a gas turbine 100 may be operated in an area with a
Class 1 Division 2 Group D rating per NEC. A fuel gas monitoring system 200 should be
in compliance with safety precaution regulations at an operation area of the gas turbine

100.

[0030] FIG. 4 illustrates a schematic diagram of a gas turbine 100 according to an
embodiment. According to the illustrated exemplary embodiment of FIG. 4, a blower 400
may be mounted at an area outside a hazardous area of an operation area of a gas turbine
100. The blower 400 may be mounted at an area outside NEC Class 1 Division 2. A pipe
410 may be connected to the blower 400. The pipe 410 may extend from the blower 400 to
a vicinity area 430 around a fuel gas monitoring system 200. The blower 400 may blow a
non-combustible medium 420 to the vicinity area 430 through the pipe 410. According to
an embodiment, the non-combustible medium 420 may include flow of air or inert gas.
The non-combustible medium 420 may purge the vicinity area 430 around the fuel gas
monitoring system 200. A fuel gas sample 220 discharged from the fuel gas monitoring
system 200 may be diluted by the non-combustible medium 420 to become non-
combustible. The diluted fuel gas sample 220 discharged from the fuel gas monitoring

system 200 may vent out via a venting pipe 270.

[0031] A sensor 450 may be arranged downstream of an outlet 240 of a fuel gas
monitoring system 200. The sensor 450 may be configured to monitor a property of a fuel

gas sample 220 discharged from the fuel gas monitoring system 200 prior to venting out.

[0032] FIG. 5 illustrates a schematic diagram of a gas turbine 100 according to an
embodiment. According to the illustrated exemplary embodiment of FIG. 5, an enclosure

440 may be arranged to enclose a vicinity area 430 around a fuel gas monitoring system
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200. The enclosure 440 may be designed to meet a safety precaution regulation at an
operation area of a gas turbine 100. A blower 400 may be mounted at an area outside a
hazardous area of an operation area of a gas turbine 100. A pipe 410 may be connected to
the blower 400. The pipe 410 may extend from the blower 400 to the enclosure 440. The
blower 400 may blow a non-combustible medium 420 to the enclosure 440 enclosing the
vicinity area 430. According to an embodiment, the non-combustible medium 420 may
include flow of air or inert gas. The non-combustible medium 420 may purge the vicinity
area 430 around the fuel gas monitoring system 200 within the enclosure 440. A fuel gas
sample 220 discharged from the fuel gas monitoring system 200 may be diluted by the
non-combustible medium 420 to become non-combustible. The diluted fuel gas sample
220 discharged from the fuel gas monitoring system 200 may vent out via a venting pipe
270. A sensor 450 may be arranged downstream of an outlet 240 of a fuel gas monitoring
system 200. The sensor 450 may be configured to monitor a property of the fuel gas

sample 220 discharged from the fuel gas monitoring system 200 prior to venting out.

[0033] FIG. 6 illustrates a schematic diagram of a gas turbine 100 according to an
embodiment. According to the illustrated exemplary embodiment of FIG. 6, an enclosure
440 may be arranged to enclose a vicinity area 430 around a fuel gas monitoring system
200. An igniter 460 may be arranged inside the enclosure 440. According to an
embodiment, the igniter 460 may include an electrical spark or a hot surface. A fuel gas
sample 220 discharged from a fuel gas monitoring system 200 may be ignited by the
igniter 460. An explosion of the fuel gas sample 220 discharged from a fuel gas monitoring
system 200 may be confined within the enclosure 440. According to an embodiment, the
enclosure 440 may be designed to meet an explosive-proof requirement. A sensor 450 may
be arranged downstream of an outlet 240 of a fuel gas monitoring system 200. The sensor
450 may be configured to monitor a property of the fuel gas sample 220 discharged from

the fuel gas monitoring system 200 prior to venting out via a venting pipe 270.

[0034] FIG. 7 illustrates a schematic diagram of a gas turbine 100 according to an
embodiment. According to the illustrated exemplary embodiment of FIG. 7, a fuel gas

9
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sample 220 discharged from a fuel gas monitoring system 200 may be removed from a
hazardous area of an operation area of a gas turbine 100 to a safety area via a venting pipe
270. The fuel gas sample 220 discharged from a fuel gas monitoring system 200 may vent
out into the safety area. A sensor 450 may be arranged downstream of an outlet 240 of a
fuel gas monitoring system 200. The sensor 450 may be configured to monitor a property
of the fuel gas sample 220 discharged from the fuel gas monitoring system 200 prior to

venting out.

[0035] According to an aspect, the illustrated embodiments disclose a gas turbine 100
and a method for operating the gas turbine 100. The gas turbine 100 comprises a fuel gas
monitoring system 200. The fuel gas monitoring system 200 may provide a measurement
of a parameter of fuel gas 150 in real time. The disclosed fuel gas monitoring system 200
may include an optical system. According to an aspect, the disclosed optical fuel gas
monitoring system 200 may provide an optical flow though online monitoring of
composition of fuel gas 150. An operation of the proposed gas turbine 100 may be
optimized to adapt variation of a heating value of a fuel gas 150. According to an aspect,

the fuel gas 150 may include offshore liquefied natural gas.

[0036] According to an aspect, the disclosed fuel gas monitoring system 200 may
significantly reduce a size of a buffer tank or eliminate a buffer tank. According to an
aspect, the disclosed fuel gas monitoring system 200 may eliminate a carrier gas.
According to an aspect, the disclosed fuel gas monitoring system 200 may eliminate

calibration gas.

[0037] According to an aspect, the disclosed fuel gas monitoring system 200 may have
a small compact size. The disclosed fuel gas monitoring system 200 may require less
installation space. The disclosed fuel gas monitoring system 200 may be installed at a
location that is optimal for overall plant layout. The proposed fuel gas monitoring system

200 may require less maintenance cost.

10
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[0038] Although various embodiments that incorporate the teachings of the present
invention have been shown and described in detail herein, those skilled in the art can
readily devise many other varied embodiments that still incorporate these teachings. The
invention is not limited in its application to the exemplary embodiment details of
construction and the arrangement of components set forth in the description or illustrated
in the drawings. The invention is capable of other embodiments and of being practiced or
of being carried out in various ways. Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as

2%

limiting. The use of “including,” “comprising,” or “having” and variations thereof herein
is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items. Unless specified or limited otherwise, the terms “mounted,” “connected,”
“supported,” and “coupled” and variations thereof are used broadly and encompass direct
and indirect mountings, connections, supports, and couplings. Further, “connected” and

“coupled” are not restricted to physical or mechanical connections or couplings.
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CLAIMS

What is claimed is:

1. A gas turbine (100) comprising:

a compressor (110) that is configured to compress air;

a combustor (120) located downstream of the compressor (110) that is configured
to receive the compressed air;

a fuel gas supply line (140) connected to the combustor (120) that is configured to
supply fuel gas (150) to the combustor (120), wherein the fuel gas (150) and the
compressed air are mixed and combusted in the combustor (120) to generate working gas;

a turbine (130) located downstream of the combustor (120) that is configure to
expend the working gas to generate power output;

a fuel gas monitoring system (200) that is configured to provide a measurement of
a parameter of the fuel gas (150) in real time, wherein the fuel gas monitoring system (200)
comprises an inlet (230) and an outlet (240), wherein a fuel gas sample (220) flows into the
fuel gas monitoring system (200) through the inlet (230), wherein the fuel gas sample
(220) is discharged from the fuel gas monitoring system (200) through the outlet (240);
and

a control system (160) that is configured to adjust an operating parameter of the gas

turbine (100) based on the measurement of the parameter of the fuel gas (150).

2. The gas turbine (100) as claimed in claim 1, wherein the fuel gas

monitoring system (200) comprises an optical system.

3. The gas turbine (100) as claimed in claim 1, wherein the fuel gas
monitoring system (200) is configured to provide an online measurement of the parameter

of the fuel gas (150).

14
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4. The gas turbine (100) as claimed in claim 1, wherein the fuel gas sample
(220) 1s discharged from the fuel gas monitoring system (200) into the fuel gas supply line
(140).

5. The gas turbine as claimed in claim 1, further comprising an upstream
pressure regulating device (250) arranged upstream of the inlet (230) of the fuel gas
monitoring system (200), wherein the upstream pressure regulating device (250) is
configured to regulate a pressure of the fuel gas sample (220) flowing into the fuel gas

monitoring system (200) to an operating pressure of the fuel gas monitoring system (200).

6. The gas turbine (100) as claimed in claim 5, further comprising a
downstream pressure regulating device (260) arranged downstream of the outlet (240) of
the fuel gas monitoring system (200), wherein the downstream pressure regulating device
(260) 1s configured to regulate a pressure of the fuel gas sample (220) discharged from the
fuel gas monitoring system (200) to a pressure of the fuel gas (150).

7. The gas turbine (100) as claimed in claim 1, further comprising a device
(400) that is configured to purge a vicinity area (430) around the fuel gas monitoring
system (200) to dilute the fuel gas sample (220) discharged from the fuel gas monitoring

system (200) to become non-combustible.

8. The gas turbine (100) as claimed in claim 7, further comprising a sensor
(450) that is configured to monitor the fuel gas sample (220) discharged into the vicinity
area (430) around the fuel gas monitoring system (200).

9. The gas turbine (100) as claimed in claim 1, further comprising an
enclosure (440) that encloses a vicinity area (430) around the fuel gas monitoring system

(200).

10.  The gas turbine as claimed in claim 1, wherein the fuel gas sample (220) is

discharged from the fuel gas monitoring system (200) to a safety area.
15
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11. The gas turbine (100) as claimed in claim 1, further comprising an interface
(170) arranged between the fuel gas monitoring system (200) and the control system (160),
wherein the interface (170) is configured to convert the measurement of the parameter of

the fuel gas (150) between a digital signal and an analog signal.

12. A method for operating a gas turbine (100) comprising:

compressing air by a compressor (110);

receiving the compressed air by a combustor (120) located downstream of the
compressor (110);

supplying fuel gas (150) to the combustor (120) by a fuel gas supply line (140);

mixing the fuel gas (150) with the compressed air and combusting the mixture in
the combustor (120) to generate working gas;

expanding the working gas in a turbine (130) located downstream of the combustor
(120) to generate power output;

providing a measurement of a parameter of the fuel gas (150) in real time by a fuel
gas monitoring system (200), wherein the fuel gas monitoring system (200) comprises an
inlet (230) and an outlet (240), wherein a fuel gas sample (220) flows into the fuel gas
monitoring system (200) through the inlet (230), wherein the fuel gas sample (220) is
discharged from the fuel gas monitoring system (200) through the outlet (240); and

adjusting an operating parameter of the gas turbine (100) based on the measurement

of the parameter of the fuel gas (150) by a control system (160).

13.  The method as claimed in claim 12, further comprising providing an online

measurement of the parameter of the fuel gas (150).

14. The method as claimed in claim 12, further comprising discharging the fuel
gas sample (220) from the fuel gas monitoring system (200) into the fuel gas supply line
(140).

16
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15. The method as claimed in claim 12, further comprising regulating a
pressure of the fuel gas sample (220) flowing into the fuel gas monitoring system (200) to
an operating pressure of the fuel gas monitoring system (200) by an upstream pressure
regulating device (250), wherein the upstream pressure regulating device (250) is arranged

upstream of the inlet (230) of the fuel gas monitoring system (200).

16. The method as claimed in claim 15, further comprising regulating a
pressure of the fuel gas sample (220) discharged from the fuel gas monitoring system (200)
to a pressure of the fuel gas (150) by a downstream pressure regulating device (260),
wherein the downstream pressure regulating device (260) is arranged downstream of the

outlet (240) of the fuel gas monitoring system (200).

17. The method as claimed in claim 12, further comprising purging a vicinity
area (430) around the fuel gas monitoring system (200) by a device (400) to dilute the fuel
gas sample (220) discharged from the fuel gas monitoring system (200) to become non-

combustible.

18. The method as claimed in claim 12, further comprising enclosing a vicinity

area (430) around the fuel gas monitoring system (200) by an enclosure (440).

19. The method as claimed in claim 12, further comprising discharging the fuel
gas sample (220) to a safety area.

20.  The method as claimed in claim 12, further comprising converting the
measurement of the parameter of the fuel gas (150) between a digital signal and an analog

signal by an interface (170).

17



WO 2017/204779 PCT/US2016/033741

1/4
FIG. 1
210
(
240 200 /100
f [ | r170 r150
Jgﬁiltg?ﬁg | | Digital/Analog Control
System ¢ Interface System
180
220—} %?8 (
j-|—> — CDPS 190
(
® 140J CEMS
— -
Compressor | Combustor | Turbine
o | 120 | 130
/ ¥
FIG. 2
' 300
/
310 320 330 340
Light Sample
Source Spectrometer Cell Detector




WO 2017/204779

2/4

PCT/US2016/033741

L FIG. 3
210
260~ |1 d
240%7‘ (00| 70 160
Fuel G [ [
Mgr?itorzilr?g __| Digital/Analog Control
System Interface System
220—>~230
250~ f180
~—210
CDPS 190
1507 J [
140 CEMS
\ /
Compressor | Combustor |~ Turbine
10 | 120 | 1%
. g
410
Blower ==
o0 _LE‘ZO o  FG.4
4307 x oo a e
| 270 |
| 490 200
| 240 (= (170 (160
| |
: I\/llccl)Jr?iltc?r?r? | [ Digital/Analog Control
| Systemg : Interface System
| 220—11>~230 |
Lty ——-- r180
250—1 |
— 210 CDPS r190
1507 1107 % CEMS
—_— -
Compressor | Combustor | Turbine
M | 120 | 130
| L




WO 2017/204779

3/4

PCT/US2016/033741

Blower = 1410 F|G 5
400°  420— 100
/
430—- 270
450 200 440
240 ( r170 f160
Fue.I G?S Digital/Analog Control
Monitoring Interface System
System
220\¢ 230
r180
250—1__|
~—210 CDPS r190
N
1507 1107 F, CEMS
—_— -
Compressor | Combustor | Turbine
| 120 | 130
| L
FIG. 6
430—F 270 |- 440 P
450 460
240 [+ 170 160
Fuel G [ [
200 —— Mgr?itor?r?g Digital/Analog Control
System Interface System
220—4| ~230
(180
250— |
~—210 CDPS r190
1507 110 F, CEMS
—_— -
Compressor | Combustor | Turbine
10 | 120 | 130
— q




WO 2017/204779

4/4

PCT/US2016/033741

FIG. 7
390 0 100
240 (170 (160 v
200— Nfgﬁi'tfr?;g Digital/Analog | [ Control
System Interface System
220—1) 230
250 _] ’10 f180
j—|—> CDPS 190
150 ] A 1
0 X— CEMS
—_— -
Compressor | Combustor | Turbine
noo | 120 | 130
| S~




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/033741

A. CLASSIFICATION OF SUBJECT MATTER

INV. F02C9/26
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Fo2C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

13 October 2011 (2011-10-13)

A paragraph [0002]
paragraph [0005]
paragraph [0010]

figures 1-2

figure 1

X US 2011/247315 Al (RHODEN WILLIAM E [US])

paragraph [0016] - paragraph [0022];

X US 20117185702 Al (BILTON TIMOTHY RUSSELL
[US] ET AL) 4 August 2011 (2011-08-04)
A paragraph [0026] - paragraph [0027];

1-6,9,
11'169
18,20

7,8,17

w

=

— W =
\J\l

(]

~ =
[
=
(Xe)

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 February 2017

Date of mailing of the international search report

16/02/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Robelin, Bruno

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/033741
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/119178 Al (BERENBRINK PETER [DE] 1,3,10,
ET AL) 31 May 2007 (2007-05-31) 12,13,19
A paragraph [0002] 7.8,17
paragraph [0016] - paragraph [0026]
paragraph [0034]; figure 1
X EP 2 557 297 Al (ALSTOM TECHNOLOGY LTD 1,3,10,
[CH]) 13 February 2013 (2013-02-13) 12,13,19
A paragraph [0011] 7.8,17
paragraph [0028] - paragraph [0030];
figures 1-2
X Precisive Llc: "Real-Time On-Line 1-6,9,
Hydrocarbon Monitoring of Fuel and 11-16,
Impurities Real-Time, On-Line, 18,20
All-the-Time",
30 October 2012 (2012-10-30), XP055342835,
Retrieved from the Internet:
URL:https://fuelcellseminar.com/wp-content
/uploads/mot44-2-5.pdf
[retrieved on 2017-02-07]
A page 3 7,8,17

page 7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/033741
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2011247315 Al 13-10-2011 NONE

US 2011185702 Al 04-08-2011 CH 702679 A2 15-08-2011
CN 102140965 A 03-08-2011
DE 102011000347 Al 15-12-2011
JP 5820588 B2 24-11-2015
JP 2011157967 A 18-08-2011
US 2011185702 Al 04-08-2011

US 2007119178 Al 31-05-2007 BR PI0415251 A 12-12-2006
CN 1863991 A 15-11-2006
EP 1524423 Al 20-04-2005
EP 1673526 Al 28-06-2006
ES 2437566 T3 13-01-2014
JP 4405517 B2 27-01-2010
JP 2007508491 A 05-04-2007
KR 20060096435 A 11-09-2006
MX  PAD6004141 A 27-06-2006
US 2007119178 Al 31-05-2007
WO 2005038214 Al 28-04-2005

EP 2557297 Al 13-02-2013 CN 102953821 A 06-03-2013
EP 2557297 Al 13-02-2013
RU 2012134070 A 20-02-2014
US 2013036744 Al 14-02-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

