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(57) ABSTRACT

A method for controlling an emission amount in an exhaust
gas stream emitted from a power generation system is
presented. The method includes determining a pre-catalyst
emission level using a combustion engine model. The
method further includes determining a post-catalyst emis-
sion level using a three-way catalyst model based on the
pre-catalyst emission level. Furthermore, the method
includes determining an adjusted post-catalyst emission
level based on the post-catalyst emission level. Moreover,
the method includes determining a difference between the
post-catalyst emission level and the adjusted post-catalyst
emission level and comparing the difference with a threshold
value. Additionally, the method includes determining
whether to adjust an actual value of an engine operating
parameter based on the comparison such that the emission
amount in the exhaust gas stream is maintained below an
emission regulatory limit. An engine controller and a power
generation system employing the method are also presented.
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ENGINE CONTROLLER AND METHODS
FOR CONTROLLING EMISSION AND
POWER GENERATION SYSTEM USING THE
SAME

BACKGROUND

[0001] Embodiments of the invention relate to a system
and a method for improving engines operating at a stoichio-
metric condition. More particularly, embodiments of the
invention relate to an engine controller and related methods
for controlling an emission amount in a gas stream emitted
from a power generation system employing an engine oper-
ating at the stoichiometric condition.

[0002] Internal combustion (IC) engines are used in a wide
range of applications. The IC engines use a variety of fuels
including, but not limited to, liquid fuels such as gasoline
(sometimes referred to as petrol) and diesel, and gaseous
fuels such as liquefied natural gas (LNG) or liquefied
petroleum gas (LPG). Typically, combustion of such fuels in
an IC engine produces by-products that are discharged from
the IC engine in the form of a gas stream. The exhaust gas
stream from the IC engine may include contaminants, such
as, oxides of nitrogen (NOx), carbon monoxide (CO),
hydrocarbons (HC), or combinations thereof. Such contami-
nants, when mixed into the atmosphere, may lead to various
environmental hazards.

[0003] Typically, in order to minimize levels of the con-
taminants (sometimes referred to as emission levels) in the
gas stream, the IC engines operating at stoichiometric con-
dition may employ a three-way catalyst. The three-way
catalyst causes chemical reactions such as, but not limited
to, oxidation and reduction, to treat the gas stream in order
to minimize the levels of the contaminants. Further, use of
an exhaust gas recirculation (EGR) along with the use of the
three-way catalyst may help in minimizing levels of the
contaminants.

[0004] However, in order to consistently achieve low
levels of the contaminants in the exhaust gas stream, it may
be desirable to maintain operation of the IC engine at the
stoichiometric condition. Maintaining the stoichiometric
condition during the operation of the IC engine may be a
challenge. Further, maintaining low levels of the contami-
nants as the IC engine and the three-way catalyst ages, may
be another challenge. Furthermore, when the IC engine is
employed in a mobile application, it may also be desirable
that the levels of the contaminants are maintained to meet
emission requirements of a given region. Thus, there is a
need for improved methods and related controllers and
power generation systems to maintain the emission levels in
the exhaust stream.

BRIEF DESCRIPTION

[0005] One embodiment of the invention is directed to a
method for controlling an emission amount in a gas stream
emitted from a power generation system including a com-
bustion engine operating at stoichiometric conditions, and a
three-way catalyst disposed downstream of the combustion
engine. The method includes determining a pre-catalyst
emission level using a combustion engine model. The
method further includes determining a post-catalyst emis-
sion level using a three-way catalyst model based on the
pre-catalyst emission level. Furthermore, the method
includes determining an adjusted post-catalyst emission
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level based on the post-catalyst emission level. Moreover,
the method also includes determining a difference between
the post-catalyst emission level and the adjusted post-cata-
lyst emission level and comparing the difference with a
threshold value. Additionally, the method includes determin-
ing whether to adjust an actual value of an engine operating
parameter based on the comparison such that the emission
amount in the gas stream is maintained below an emission
regulatory limit.

[0006] Another embodiment of the invention is directed to
an engine controller for controlling an emission amount in a
gas stream emitted from a power generation system includ-
ing a combustion engine operating at stoichiometric condi-
tions, and a three-way catalyst disposed downstream of the
combustion engine. The engine controller includes a
memory storing one or more processor-executable routines.
The engine controller further includes one or more proces-
sors to execute the one or more processor-executable rou-
tines which, when executed, cause acts to be performed
including determining a pre-catalyst emission level using a
combustion engine model. The acts to be performed also
include determining a post-catalyst emission level using a
three-way catalyst model based on the pre-catalyst emission
level. Further, the acts to be performed include determining
an adjusted post-catalyst emission level based on the post-
catalyst emission level. Furthermore, the acts to be per-
formed include determining a difference between the post-
catalyst emission level and the adjusted post-catalyst
emission level and comparing the difference with a threshold
value. Moreover, the acts to be performed also include
determining whether to adjust an actual value of an engine
operating parameter based on the comparison such that the
emission amount in the gas stream is maintained below an
emission regulatory limit.

[0007] Yet another embodiment of the invention is
directed to a power generation system. The power genera-
tion system includes a combustion engine operating at
stoichiometric conditions. The power generation system
further includes a three-way catalyst disposed downstream
of the combustion engine. Furthermore, the power genera-
tion system includes an engine controller operably coupled
to the combustion engine to control an emission amount in
a gas stream emitted from the power generation system. The
engine controller includes a memory storing one or more
processor-executable routines. The engine controller further
includes one or more processors to execute the one or more
processor-executable routines which, when executed, cause
acts to be performed including determining a pre-catalyst
emission level using a combustion engine model. The acts to
be performed also include determining a post-catalyst emis-
sion level using a three-way catalyst model based on the
pre-catalyst emission level. Further, the acts to be performed
include determining an adjusted post-catalyst emission level
based on the post-catalyst emission level. Furthermore, the
acts to be performed include determining a difference
between the post-catalyst emission level and the adjusted
post-catalyst emission level and comparing the difference
with a threshold value. Moreover, the acts to be performed
also include determining whether to adjust an actual value of
an engine operating parameter based on the comparison such
that the emission amount in the gas stream is maintained
below an emission regulatory limit.
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DRAWINGS

[0008] These and other features, aspects, and advantages
of the present specification will become better understood
when the following detailed description is read with refer-
ence to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:
[0009] FIG. 1 is a diagrammatical illustration of a power
generation system, in accordance with one embodiment of
the invention;

[0010] FIG. 2 depicts a flowchart illustrating a method for
controlling an emission amount in a gas stream emitted from
the power generation system of FIG. 1, in accordance with
one embodiment of the invention;

[0011] FIG. 3 is a graphical representation depicting a
lambda curve, in accordance with one embodiment of the
invention;

[0012] FIG. 4 is a graphical representation depicting an
exhaust gas recirculation (EGR) curve, in accordance with
one embodiment of the invention; and

[0013] FIG. 5 depicts a flowchart illustrating a method for
determining an emission regulatory limit, in accordance
with one embodiment of the invention.

DETAILED DESCRIPTION

[0014] The specification may be best understood with
reference to the detailed figures and description set forth
herein. Various embodiments of the invention are described
hereinafter with reference to the figures. However, those
skilled in the art will readily appreciate that the detailed
description given herein with respect to these figures is for
explanatory purposes as the method and the system may
extend beyond the described embodiments of the invention.
[0015] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as is commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. In the following specification and the
claims, the singular forms “a”, “an” and “the” include plural
referents unless the context clearly dictates otherwise. As
used herein, the term “or” is not meant to be exclusive and
refers to at least one of the referenced components being
present and includes instances in which a combination of the
referenced components may be present, unless the context
clearly dictates otherwise.

[0016] As used herein, the terms “may” and “may be”
indicate a possibility of an occurrence within a set of
circumstances; a possession of a specified property, charac-
teristic or function; and/or qualify another verb by express-
ing one or more of an ability, capability, or possibility
associated with the qualified verb. Accordingly, usage of
“may” and “may be” indicates that a modified term is
apparently appropriate, capable, or suitable for an indicated
capacity, function, or usage, while taking into account that
in some circumstances, the modified term may sometimes
not be appropriate, capable, or suitable.

[0017] Approximating language, as used herein through-
out the specification and claims, may be applied to modify
any quantitative representation that could permissibly vary
without resulting in a change in the basic function to which
it is related. Accordingly, a value modified by a term or
terms, such as “about”, and “substantially” is not to be
limited to the precise value specified. Here and throughout
the specification and claims, range limitations may be com-
bined and/or interchanged; such ranges are identified and
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include all the sub-ranges contained therein unless context
or language indicates otherwise.

[0018] Some embodiments of the invention are directed to
a power generation system and a method of controlling an
emission amount in a gas stream emitted from the power
generation system. The power generation system includes a
combustion engine operating at stoichiometric conditions.
The power generation system further includes a three-way
catalyst disposed downstream of the combustion engine.
Furthermore, the power generation system includes an
engine controller operably coupled to the combustion engine
to control an emission amount in a gas stream emitted from
the power generation system. The engine controller includes
a memory storing one or more processor-executable rou-
tines. The engine controller further includes one or more
processors to execute the one or more processor-executable
routines which, when executed, cause acts to be performed
including determining a pre-catalyst emission level using a
combustion engine model. The acts to be performed also
include determining a post-catalyst emission level using a
three-way catalyst model based on the pre-catalyst emission
level. Further, the acts to be performed include determining
an adjusted post-catalyst emission level based on the post-
catalyst emission level. Furthermore, the acts to be per-
formed include determining a difference between the post-
catalyst emission level and the adjusted post-catalyst
emission level and comparing the difference with a threshold
value. Moreover, the acts to be performed also include
determining whether to adjust an actual value of an engine
operating parameter based on the comparison such that the
emission amount in the gas stream is maintained below an
emission regulatory limit.

[0019] FIG. 1 is a diagrammatical illustration of a power
generation system 100, in accordance with one embodiment
of the invention. As illustrated in FIG. 1, in some embodi-
ments of the invention, the power generation system 100
may include a combustion engine 102, a three-way catalyst
106 disposed downstream of the combustion engine 102,
and an engine controller 108. The engine controller 108 may
be operably coupled to the combustion engine 102 to control
an emission amount in a gas stream 10 emitted from the
power generation system 100.

[0020] In some embodiments of the invention, the power
generation system 100 may further include an intake conduit
104 that may receive an air stream 12 and a fuel stream 16.
The intake conduit 104 may be configured to facilitate
mixing of the air stream 12 with the fuel stream 16 thereby
generating a mixed stream 18, which may be received by the
combustion engine 102.

[0021] The combustion engine 102 may be an internal
combustion (IC) engine. In a non-limiting example, the
combustion engine 102 may be a gas engine. In some
embodiments of the invention, the combustion engine 102
may include one or more cylinders (not shown). Each
cylinder of the one or more cylinders may include a com-
bustion chamber, a piston, and a crankshaft mechanically
coupled to the piston. Further, the combustion engine 102
may also include one or more fuel injectors (not shown) to
inject the one or more fuels directly into the combustion
chamber or via an intake manifold (not shown) to the
combustion chamber.

[0022] In some embodiments of the invention, the com-
bustion engine 102 may be fluidly coupled to the intake
conduit 104 to receive the mixed stream 18. The engine
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controller 108 may, at least in part, control the combustion
of'the mixed stream 18 in the combustion engine 102 by way
of controlling injection of the mixed stream 18 into the
combustion engine 102. The injection of the mixed stream
18 into the combustion engine 102 may be controlled by the
engine controller 104 by controlling one or more of an intake
valve (not shown) or the one or more fuel injectors. In
certain embodiments of the invention, the combustion
engine 102 may be operated at a stoichiometric condition.
The term “stoichiometric condition” as used herein refers to
an operation of the combustion engine 102 at an air-fuel
equivalence ratio (hereinafter, alternatively referred to as a
lambda set-point a (A,,, ,..,,)) ©f one (1) or substantially
close to one (1). In one embodiment of the invention, the A
set-point may be represented by a following equation:

AFRsctuat M

A L=
'set- point
P2 AFRspichiomerric

where, AFR,_,, .; represents an actual air-fuel ratio of the
mixed stream 18 and AFR_,_, ;;0menic F€Presents a stoichio-
metric air-fuel ratio of the mixed stream 18 for a given fuel.
A value of A, ., greater than 1 may be indicative of the
mixed stream 18 having a lean air-fuel mixture and the value
of Agerpoine lower than 1 may be indicative of the mixed
stream 18 having a rich air-fuel mixture.

[0023] Inresponse to the combustion at the stoichiometric
condition, a reciprocating motion of the piston may be
enabled. The piston may be mechanically coupled to the
crankshaft such that a reciprocating motion of the piston is
converted into a rotational motion of the crankshaft. Accord-
ingly, in one embodiment of the invention, the power
generation system 100 may generate a mechanical power in
the form of the rotational motion of the crankshaft using a
chemical energy of the one or more fuels. Combustion
residues or by-products of the combustion may be dis-
charged from the combustion engine 102 as an exhaust gas
stream 20.

[0024] In some embodiments of the invention, the exhaust
gas stream 20 may include contaminants such as oxides of
nitrogen (NOX), carbon monoxide (CO), and hydrocarbons
(HC). These contaminants, if emitted into the environment,
may result in environmental hazards. In order to reduce
levels of such contaminants a three-way catalyst 106 is
disposed downstream of the combustion engine 102. In
some embodiments of the invention, a flow path of the
exhaust gas stream 20 may be designed such that at least a
portion of the exhaust gas stream 20 may be directed toward
the three-way catalyst 106. The portion of the exhaust gas
stream 20 that is directed toward the three-way catalyst 106
is hereinafter referred to as a pre-catalyst gas stream 22.
[0025] The three-way catalyst 106 may facilitate a chemi-
cal reaction of at least a portion of the pre-catalyst exhaust
gas stream 22, thereby forming the emitted gas stream 10
having reduced levels of such contaminants, for example, by
converting at least a portion of the contaminants into nitro-
gen (N2), carbon dioxide (CO2) and water (H20). By way
of a non-limiting example, the three-way catalyst 106 may
include a reduction catalyst and oxidation catalyst to aid in
the chemical reaction with the pre-catalyst exhaust gas
stream 22. In some embodiments of the invention, the
reduction catalyst or the oxidation catalyst may have a
ceramic honeycomb structure. Examples of materials used
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in the three-way catalyst 106 may include, but are not
limited to, platinum (Pt), palladium (Pd), and rhodium (Rh).
[0026] In some embodiments of the invention, the power
generation system 100 may employ an EGR system that
facilitates a flow of a portion of an exhaust gas steam 20
back into the combustion engine 102. The EGR system may
include an EGR valve 116 for controlling the flow of the
portion of the exhaust gas stream 20 toward the combustion
engine 102. The portion of the exhaust gas stream 20 that is
directed toward the combustion engine 102 via the EGR
valve 116 is hereinafter referred to as an EGR stream 24. In
some embodiments of the invention, the engine controller
108 may control an open position or percentage opening of
the EGR valve to control the flow of the EGR stream 24.
[0027] In certain embodiments of the invention, the EGR
stream 24 may be supplied to the intake conduit 104, where
it may be mixed with the air stream 12 and the fuel stream
16. In such an instance, when the EGR system is employed,
the mixed stream 18 may be a mixture of the air stream 12,
the fuel stream 16, and the EGR stream 24. Combustion of
such mixed stream 18 in the combustion engine 102 may
result in reduced flame temperature in the combustion
engine 102. The reduction in the flame temperature may
further reduce generation of the NOx in the exhaust gas
stream 20. Also, a useful life of the combustion engine 102
may be improved due to the reduced temperature inside the
combustion engine 102.

[0028] As noted earlier, the engine controller 108 may
control an emission amount in the gas stream 10 emitted
from a power generation system 100, in some embodiments.
The engine controller 104 may include one or more proces-
sors, such as, a processor 110. The processor 110 may
include a specially programmed general purpose computer,
a microprocessor, a digital signal processor, and a micro-
controller. Examples of the processor 110 may include, but
are not limited to, a reduced instruction set computing
(RISC) architecture type processor or a complex instruction
set computing (CISC) architecture type processor. Further,
the processor 110 may be a single-core processor or a
multi-core processor. The processor 110 may also include,
or, has electrically coupled thereto, one or more input/output
ports.

[0029] The engine controller 104 may further include a
memory 112 accessible by the processor 110. In one embodi-
ment of the invention, the memory 112 may be integrated
into the processor 110. In another embodiment of the inven-
tion, the memory 112 may be external to the processor 110
and electrically coupled to the processor 110, as depicted in
FIG. 1. The memory 112 may be a non-transitory computer-
readable media. The non-transitory computer-readable
media may include tangible, computer-readable media,
including, without limitation, non-transitory computer stor-
age devices. The non-transitory computer storage devices
may include, but are not limited to, volatile and non-volatile
media, and removable and non-removable media such as a
firmware, physical and virtual storage, a compact disc read
only memory (CD-ROM), or a digital versatile disc (DVD).
The non-transitory computer storage devices may also
include digital source such as a network or the Internet, as
well as yet to be developed digital means, with the sole
exception being a transitory, propagating signal. Other non-
limiting examples of the memory 112 include a dynamic
random access memory (DRAM) device, a static random
access memory (SRAM) device, and a flash memory.
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[0030] The memory 112 may store processor-executable
routines that are executable by the processor 110. The
processor-executable routines, when executed by the pro-
cessor 110, may cause acts to be performed that contribute
to methods described below as well as other variants that are
anticipated, but not specifically listed. In a non-limiting
example, processor-executable routines may be imple-
mented in a variety of programming languages, including
but not limited to C, C++, or Java. In some embodiments of
the invention, by executing one or more of the processor-
executable routines, the processor 110 may aid in controlling
the emission from the power generation system 100 such
that the emission amount in the gas stream 10 is maintained
below an emission regulatory limit.

[0031] In some embodiments of the invention, the proces-
sor-executable routines, when executed by the processor 110
may cause the acts to be performed. The acts to be per-
formed may include steps illustrated in flowcharts of FIGS.
2 and 5. FIG. 2 depicts a flowchart illustrating a method 200
for controlling the emission amount in the gas stream 10
emitted from the power generation system 100, in accor-
dance with one embodiment of the invention. As illustrated
in FIG. 2, in some embodiments of the invention, the method
200 may include steps 202-216. The processor-executable
routines, when executed by the processor 110, may cause the
processor 110 to perform acts indicated by the steps 202-216
of the method 200.

[0032] Referring now to FIGS. 1 and 2, in some embodi-
ments of the invention, the method 200 includes determining
a pre-catalyst emission level using a combustion engine
model at step 202. For example, the pre-catalyst emission
level corresponding to one or more of the CO, NOx, and HC
amount may be determined by the processor 110 using the
combustion engine model.

[0033] In some embodiments of the invention, the com-
bustion engine model may be representative of a relationship
among one or more of an EGR set-point, an engine speed,
an engine load, a brake mean effective pressure (BMEP),
and a pre-catalyst emission level. In some embodiments of
the invention, the EGR set-point may be the percentage
opening or the open position of the EGR valve 116. The
BMEP may be indicative of an intake manifold pressure of
the cooled air-fuel-exhaust mixture. In a non-limiting
example, the combustion engine model may be stored in the
memory 112 and represented by following equations:

Logo(CO=((X, *BMEP)~ (X5 EGR, oppoins)+

(X5 *Mserpoind = (Xa* Msegpoins )=Xs) @
Log,o(NOx)=((Xs*BMEP)~(X7*EGR o ppoine)+
(XS*}\‘seq;oint)_(XQ *EGRsetpointz)_Xl 0) (3)
Log; o HC)=(X,,~(X}> *BMEP)+(X13:EGRseq;oint)_
(X14*}"sezpoint)_(Xl5 *EGRsezpoint )) (4)
wherein, X,-X, 5 represents numeric coefficients, EGR, ...,
represents an actual value of the EGR set-point, and ..,

represents an actual value of the A set-point. Although, not
shown above, the combustion engine model may also be
represented using equations that are based on a parameter,
such as, but not limited to, the engine load, without limiting
the scope of the present specification.

[0034] In another embodiment of the invention, the com-
bustion engine model may be stored in the memory 112 as
a combustion engine look-up table indicative of the rela-
tionship among the EGR set-point, the engine speed, the
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engine load, and the pre-catalyst emission level. In a non-
limiting example, in the combustion engine look-up table,
different values of the pre-catalyst emission level may be
stored with respect to corresponding values of the EGR
set-point, the engine speed, and the engine load.

[0035] Accordingly, in some embodiments of the inven-
tion, in order to determine the pre-catalyst emission level,
the processor 110 may determine one or more of the engine
speed (rpm), the engine load (kW), the BMEP (psi or bar),
and an actual value of the EGR set-point (described later).
The processor 110 may then use the combustion engine
model (for example, the equations 2-4 or the combustion
engine look-up table) to determine the pre-catalyst emission
level corresponding to the determined engine speed (rpm),
engine load (kW), BMEP (psi or bar), and actual value of the
EGR set-point. In some embodiments of the invention, the
processor 110 may store the pre-catalyst emission level
determined at step 202 in the memory 112.

[0036] Further, in some embodiments of the invention, as
shown in FIG. 2, the method 200 includes determining a
post-catalyst emission level using a three-way catalyst
model based on the pre-catalyst emission level, at step 204.
For example, the post-catalyst emission level corresponding
to one or more of the CO, NOx, or HC amount may be
determined by the processor 110 using the three-way cata-
lyst model.

[0037] In some embodiments of the invention, the three-
way catalyst model may be indicative of properties of the
three-way catalyst 106. For example, the three-way catalyst
model may be a physics based model of the three-way
catalyst 106. In a non-limiting example, the three-way
catalyst model may be represented by following equations:

Bcg,; Bcg,; (5)
sy, = U~ —AgBilcgi — ¢si)
desy ul ©
(1-2) Bt' = Agfilcgi —Csi) +Zri,j
=
N £ @)

wherein, € represents open frontal area or void fraction of
the three-way catalyst 106, c, represents gas phase concen-
tration of contaminants (for example, NOx, CO, or HC) in
the pre-catalyst exhaust gas stream 22, ¢, represents surface
phase concentration of the contaminants in the pre-catalyst
exhaust gas stream 22, u represents a measured exhaust gas
stream mass flow-rate, Ag represents geometric surface area
of the three-way catalyst 106,  represents mass transfer
coeflicient from gas phase to surface phase and vice-versa,
r, ; represents rate of reaction of i contaminant participating
in j* reaction, k; represents reaction rate constant, A, repre-
sents pre exponential factor, E, represents activation energy,
T represents a measured exhaust gas stream temperature,
and R represents universal gas constant.

[0038] In some alternative embodiments of the invention,
the three-way catalyst model may further be simplified using
conservation of contaminants feature. The simplified three-
way catalyst model may be represented using a single
equation of gas phase contaminant concentrations. In a
non-limiting example, the simplified three-way catalyst
model may be represented by a following equation:
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[0039] In one embodiment of the invention, an input to the
three-way catalyst model may include the pre-catalyst emis-
sion level determined at step 202. In some embodiments of
the invention, in addition to the pre-catalyst emission level,
the input value to the three-way catalyst model may further
include the measured exhaust gas stream temperature, the
measured exhaust gas stream mass flow-rate, or a combina-
tion thereof. Therefore, in order to determine the post-
catalyst emission level, the processor 110 may also deter-
mine the measured exhaust gas stream temperature and the
measured exhaust gas stream mass flow-rate.

[0040] Accordingly, in some embodiments of the inven-
tion, the power generation system 100 may further include
a flow-rate sensor 118 and a temperature sensor 120. The
flow-rate sensor 118 and the temperature sensor 120 may be
disposed downstream of the three-way catalyst 106. The
flow-rate sensor 118 and the temperature sensor 120 may
generate electric signals indicative of levels of an exhaust
gas stream mass flow-rate and an exhaust gas stream tem-
perature, respectively, of the gas stream 10. The processor
110 may receive the electric signals generated by the flow-
rate sensor 118 and the temperature sensor 120. These
electric signals may aid in determining, by the processor
110, the levels of the exhaust gas stream mass flow-rate and
the exhaust gas stream temperature, respectively. The levels
of the exhaust gas stream mass flow-rate and the exhaust gas
stream temperature, thus determined, are referred to as the
“measured exhaust gas stream mass flow-rate,” and the
“measured exhaust stream gas temperature,” respectively.
[0041] The processor 110 may then use the three-way
catalyst model (for example, the equations 5-7 or the equa-
tion 8) to determine the post-catalyst emission level based
on one or more of the pre-catalyst emission level determined
at step 202, the measured exhaust gas stream mass flow-rate,
and the measured exhaust stream gas temperature. In some
embodiments of the invention, the processor 110 may store
the post-catalyst emission level determined at step 204 in the
memory 112.

[0042] In some embodiments of the invention, the method
200 further includes determining an adjusted post-catalyst
emission level, at step 206. In a non-limiting example, the
processor-executable routines executed by the processor 110
to determine the adjusted post-catalyst emission level may
constitute a functionality of an estimator, such as, a Kalman
filter or an extended Kalman filter. In one embodiment of the
invention, the Kalman filter or the extended Kalman filter
may have been configured to incorporate therein a behavior
of the power generation system 100. Accordingly, the post-
catalyst emission level determined by the processor 110, at
step 204, may further be corrected to determine the adjusted
post-catalyst level using the estimator. Accordingly, in some
embodiments of the invention, the adjusted post-catalyst
emission level may be representative of an error corrected
form of the post-catalyst emission level, determined at step
204.

[0043] In some embodiments of the invention, additional
inputs to the processor 110 for determining the adjusted
post-catalyst emission level may further include one or more
of a measured pre-catalyst emission level, a measured post-
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catalyst emission level, a measured humidity content in the
gas stream 10, at least one fuel quality parameter, or
combinations thereof.

[0044] In some embodiments of the invention, in order to
determine the measured pre-catalyst emission level, the
power generation system 100 may include a pre-catalyst
emission sensor 115. The pre-catalyst emission sensor 115
may be disposed upstream of the three-way catalyst 106. In
anon-limiting example, the pre-catalyst emission sensor 115
may be disposed at any suitable location in a flow path of the
pre-catalyst exhaust gas stream 22, the exhaust gas stream
20, or the EGR stream 24. The pre-catalyst emission sensor
115 may generate an electrical signal indicative of a level of
a given contaminant (for example, NOx) in the flow path
prior to the three-way catalyst 106. The electrical signal
generated by the pre-catalyst emission sensor 115 may aid in
determining, by the processor 110, the level of any of the
contaminants (for example, NOXx) in the exhaust gas stream
20, the pre-catalyst exhaust gas stream 22, or the EGR
stream 24. Hereinafter, the level of the given contaminant
that is determined based on the electrical signal generated by
the pre-catalyst emission sensor 115 may be referred to as
the “measured pre-catalyst emission level.” In some
embodiments of the invention, the processor 110 may store
the measured pre-catalyst emission level in the memory 112.
[0045] Further, in some embodiments of the invention, in
order to determine the measured post-catalyst emission
level, the power generation system 100 may include a
post-catalyst emission sensor 122 disposed downstream of
the three-way catalyst 106. In a non-limiting example, the
post-catalyst emission sensor 122 may be disposed at any
suitable location in a flow path of the gas stream 10. The
post-catalyst emission sensor 122 may generate another
electrical signal that is indicative of a level of a given
contaminant (for example, NOx) in the flow path down-
stream of the three-way catalyst 106. The electrical signal
generated by the post-catalyst emission sensor 122 may aid
in determining, by the processor 110, the level of any of the
contaminants (for example, NOx) in the gas stream 10.
Hereinafter, the level of the given contaminant that is
determined based on the electrical signal generated by the
post-catalyst emission sensor 122 may be referred to as the
“measured post-catalyst emission level.” In some embodi-
ments of the invention, the processor 110 may store the
measured post-catalyst emission level in the memory 112.

[0046] In some embodiments of the invention, in order to
determine the measured humidity content in the gas stream
10, the power generation system 100 may include a humidity
sensor 124 disposed downstream of the three-way catalyst
106. The humidity sensor 124 may generate another elec-
trical signal that is indicative of the humidity content in the
gas stream 10. The electrical signal generated by the humid-
ity sensor 124 may aid in determining, by the processor 110,
the level of the exhaust gas stream humidity content. The
level of the exhaust gas stream humidity content determined
based on the electrical signal generated by the humidity
sensor 124 may is referred to as the “measured exhaust gas
stream humidity content”. In some embodiments of the
invention, the processor 110 may store the measured exhaust
gas stream humidity content in the memory 112.

[0047] Additionally, in some embodiments of the inven-
tion, the power generation system 100 may further include
one or more sensors (not shown) capable of measuring the
fuel quality parameter. In a non-limiting example, the term
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“fuel quality parameter” may be indicative of one or more of
a fuel energy density, a fuel propensity for knock (for
example, a methane number), fuel contaminants (for
example, sulfur and fluorides), a contaminant particle size,
or combinations thereof. In some embodiments of the inven-
tion, an information corresponding to one or more of the fuel
energy density, the fuel propensity for knock, the fuel
contaminants, the contaminant particle size, and combina-
tions thereof, may be known for a given fuel and stored in
the memory 112.

[0048] Once one or more of the post-catalyst emission
level, the measured pre-catalyst emission level, the mea-
sured post-catalyst emission level, the measured humidity
content in the gas stream 10, and at least one fuel quality
parameter are determined, the processor 110 may determine
the adjusted post catalyst emission level, for example, using
the Kalman filter or the extended Kalman filter.

[0049] In some embodiments of the invention, the method
200 further includes determining a difference between the
post-catalyst emission level and the adjusted post-catalyst
emission level, at step 208. The difference may be deter-
mined by the processor 110 by subtracting the post-catalyst
emission level from the adjusted post-catalyst emission
level, or vice versa. In some embodiments of the invention,
the difference may be an absolute difference.

[0050] Furthermore, in some embodiments of the inven-
tion, the method 200 further includes performing a check to
determine if the difference is greater than a threshold value,
at step 210. The processor 110 may perform the check at the
step 210. For example, the threshold value may be indicative
of'an allowable deviation between the post-catalyst emission
level and the adjusted post-catalyst emission level and is
stored in the memory 112. In some embodiments of the
invention, the threshold value may be predefined, for
example, by an operator, technician, or manufacturer of the
power generation system 100 or the engine controller 104.
Performing the check at step 210 may include comparing the
difference with the threshold value. If the difference is
smaller than the threshold value, the processor 110 may
determine that the power generation system 100 is operating
normally and the emission amount in the gas stream 10 is
under control. Accordingly, as shown in FIG. 2, the method
200 may include circling back to step 202 if the difference
is smaller than the threshold value. However, if the differ-
ence is greater than the threshold value, the processor 110
may determine that the emission amount in the gas stream 10
may need to be controlled, and the method 200 may further
include preforming the step 212 (described later).

[0051] The method 200 further includes, in some embodi-
ments of the invention, at step 214, determining an estimated
value of an engine operating parameter. In one embodiment
of'the invention, the engine operating parameter includes the
EGR set-point, the A set-point, an engine ignition timing, or
combinations thereof. The estimated value of the engine
operating parameter may be determined by the processor
110 based on the adjusted post-catalyst emission level, the
emission regulation data, an EGR curve, a A curve, or
combinations thereof, stored in the memory 112, in some
embodiments. In some embodiments of the invention, the
estimated value of the engine operating parameter may be
determined further based on a combustion engine age, a
three-way catalyst age, or a combination thereof. The com-
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bustion engine age and the three-way catalyst age may be
determined by the processor 110 and stored in the memory
112, in some embodiments.

[0052] The A curve data, that is used to determine the
estimated value of the engine operating parameter, may be
obtained from a A curve. The A curve may be a relationship
between an adjusted post-catalyst emission level (described
later) and the A set-point. In one embodiment of the inven-
tion, the information of the A curve may be stored as the A
curve data in the form of a look-up table or a mathematical
relationship. In a non-limiting example, the A curve data
may include information from a A curve of FIG. 3. FIG. 3
is a graphical representation depicting a A curve 300, in
accordance with one embodiment of the invention. As
illustrated in FIG. 3, in some embodiments of the invention,
the A curve 300 may be indicative of a relationship between
the adjusted post-catalyst emission level and the A set-point.
[0053] The X-axis of the A curve 300 is represented by a
reference numeral 302 and the Y-axis of the A curve 300 is
represented by a reference numeral 304. The X-axis 302
represents values of A set-points. The Y-axis 304 represents
the adjusted post-catalyst emission level corresponding to
the contaminants, such as, NOx and CO, for example. A
curve 306 may represent the adjusted post catalyst emission
levels of CO corresponding to different values of the A
set-points. Similarly, a curve 308 may represent the adjusted
post catalyst emission levels of NOx corresponding to
different values of the A set-points. Although not shown, the
A curve 300 of FIG. 3 may also include a curve indicative
of the adjusted post catalyst emission levels of HC corre-
sponding to different values of the A set-points.

[0054] In certain embodiments of the invention, determin-
ing the estimated value of the engine operating parameter
may include determining, by the processor 110, a range of
estimated values of the engine operating parameter based on
the adjusted post-catalyst emission level, the emission regu-
latory limit, and one or both of the A curve data and the EGR
curve data. In a non-limiting example, a A set-point range
310 may be representative of one such range of estimated
values of A set-point such that the emission amount in the
gas stream 10 is maintained below the emission regulatory
limit. Further, the estimated value of the engine operating
parameter, for example, A set-point, may be selected from
the range of estimated values of the engine operating param-
eter.

[0055] The EGR curve may be a relationship between at
least two of the EGR set-point, the engine load, and the
pre-catalyst emission level. In one embodiment of the inven-
tion, the information of the EGR curve may be stored as
EGR curve data in the form of a look-up table or a
mathematical relationship. In a non-limited example, the
EGR curve data may include information from an EGR
curve of FIG. 4. FIG. 4 is a graphical representation depict-
ing an EGR curve 400, in accordance with one embodiment
of the invention. As illustrated in FIG. 4, in some embodi-
ments of the invention, the EGR curve 400 may be indica-
tive of a relationship between at least two of the EGR
set-point, the engine load, and the pre-catalyst emission
level.

[0056] The X-axis of the EGR curve 400 is represented by
a reference numeral 402. A first Y-axis of the EGR curve 400
is represented by a reference numeral 404 and a second
Y-axis of the EGR curve 400 is represented by a reference
numeral 406. The X-axis 402 represents the engine load in
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kilowatts (kW), for example. The first Y-axis represents 404
the EGR set-points (for example, EGR valve open position)
in percentage, for example. Further, in one embodiment of
the invention, the second Y-axis 406 may represent the
pre-catalyst emission level corresponding to the contami-
nant, such as, NOx. In another embodiment of the invention,
the second Y-axis 406 may represent the pre-catalyst emis-
sion level corresponding to CO or HC.

[0057] In one embodiment of the invention, curves 408,
410, and 412 may represent maximum values of the EGR
set-point, estimated values of the EGR set-point, and mini-
mum values of the EGR set-point, respectively. Further,
curves 414 and 416 may represent values of the pre-catalyst
emission level corresponding to the values of the EGR
set-point indicated by curves 408 and 410, respectively.
[0058] In some embodiments of the invention, the method
200 may further include, at step 216, adjusting an actual
value of the engine operating parameter based on the esti-
mated value of the engine operating parameter. The actual
value of the engine operating parameter may be adjusted
such that the emission amount in the gas stream 10 is
maintained below an emission regulatory limit, in some
embodiments.

[0059] The emission regulatory limit may refer to allow-
able level of a given contaminant in accordance with rel-
evant emission regulation norms. In a non-limiting example,
the emission regulation norms may be governed by United
States Environmental Protection Agency (EPA), Bharat
Stage (BS) emission standards, or European emission stan-
dards.

[0060] In one embodiment of the invention, the actual
value of the engine operating parameter may be adjusted by
the processor 110 by communicating one or more signals to
respective system elements of the power generation system
100. In a non-limiting example, in order to adjust an actual
value of the A set-point, the processor 110 may communicate
a first control signal to a fuel control valve 114. In one
embodiment of the invention, the fuel control valve 114 may
be fluidly coupled to a fuel source (not shown) to receive a
fuel 14. The fuel control valve 114 may further be fluidly
coupled to the intake conduit 104 to supply the fuel stream
16 thereto. The fuel control valve 114 may control the flow
of the fuel stream 16 to the intake conduit 104. The first
control signal may be indicative of a required open position
of the fuel control valve 114. Accordingly, the fuel control
valve 114 may be operated at the required open position such
that the actual value of the A set-point may be equivalent to
an estimated value of the A set-point.

[0061] Further, in another non-limiting example, in order
to adjust an actual value of the EGR set-point, the processor
110 may communicate a second control signal to the EGR
valve 116. The second control signal may be indicative of a
required open position of the EGR valve 116. Accordingly,
the EGR valve 116 may be operated at the required open
position such that the actual value of the EGR set-point may
be equivalent to an estimated value of the EGR set-point.
[0062] Furthermore, in yet another non-limiting example,
in order to adjust an actual value of the engine ignition
timing, the processor 110 may communicate a third control
signal to the fuel injector (not shown), the intake valve (not
shown), or a combination thereof, of the combustion engine
102. The third control signal may be indicative of a desired
piston position from a top dead center (TDC) at which the
mixed stream 18 needs to be injected. Accordingly, the
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mixed stream 18 may be injected into the combustion engine
102 at the desired piston position such that the actual value
of the engine ignition timing may be equivalent to an
estimated value of the engine ignition timing.

[0063] It is to be noted that, in one embodiment of the
invention, the emission amount in the gas stream 10 may be
maintained below the emission regulatory limit by adjusting
one of the EGR set-point, the A set-point, or the engine
ignition timing. In another embodiment of the invention, two
or more of the EGR set-point, the A set-point, or the engine
ignition timing may be controlled simultaneously to main-
tain the emission amount in the gas stream 10 below the
emission regulatory limit. Advantageously, a method and
system that have the capability of adjusting two or more of
the EGR set-point, the A set-point, or the engine ignition
timing may facilitate increased degree of freedom while
achieving reduced emission amount in the exhaust gas.
[0064] Referring again to FIG. 4, in some embodiments of
the invention, a misfire condition may occur during the
operation of the power generation system 100 for values of
EGR set-points greater than the maximum values indicated
by the curve 408 for a given engine load. The term “misfire
condition” as used herein may refer to an instance of one or
more processes of a combustion cycle, in the combustion
engine 102, being skipped. Moreover, the misfire condition
and/or a knock condition may occur during the operation of
the power generation system 100 for values of EGR set-
points lower than the minimum values indicated by the
curve 412, for a given engine load. The term “knock
condition” as used herein may refer to an instance of the
combustion engine 102 generating pinging sounds due to
abnormal combustion inside the combustion chamber of the
combustion engine 102.

[0065] Referring again to FIG. 2, in some embodiments of
the invention, the method 200, at step 216 may optionally
adjust the actual value of the engine operating parameter
based on the estimated value of the engine operating param-
eter such that a number of occurrences of the misfire
condition is maintained below a determined number of
misfire occurrences. For example, the determined number of
misfire occurrences may be indicative of allowable misfire
occurrences and is stored in the memory 112. In some
embodiments of the invention, the number of allowable
misfire occurrences may be predefined, for example, by an
operator, technician, or manufacturer of the power genera-
tion system 100 or the engine controller 104. In some
embodiments of the invention, the number of allowable
misfire occurrences may be determined by the processor
110.

[0066] Alternatively, or, in addition, in some embodiments
of the invention, the method 200, at step 216 may optionally
adjust the actual value of the engine operating parameter
based on the estimated value of the engine operating param-
eter such that a number of occurrences of the knock condi-
tion is maintained below a determined number of knock
occurrences. For example, the determined number of knock
occurrences may be indicative of allowable knock occur-
rences and is stored in the memory 112. In some embodi-
ments of the invention, the number of allowable knock
occurrences may be predefined, for example, by an operator,
technician, or manufacturer of the power generation system
100 or the engine controller 104. In some embodiments of
the invention, the number of allowable knock occurrences
may be determined by the processor 110.
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[0067] In anon-limiting example, in order to maintain the
pre-catalyst emission level of NOx, as indicated by curve
418, between the engine loads ranging from 800 kW to 1050
kW, the processor 110 may determine estimated value of
EGR set-point that confirms the values indicated by the
curve 410, thereby avoiding the misfire and knock condi-
tions.

[0068] In some embodiments of the invention, the method
may optionally include, at step 212, determining an emission
regulatory limit. In some embodiments of the invention, the
processor 110 may determine the emission regulatory limit
using an emission regulation data stored in the memory 112.
In some embodiments of the invention, the emission regu-
lation data may be stored in the memory 112 in the form of
a look-up table, hereinafter referred to as, an emission data
look-up table. The emission data look-up table may include
information including, but not limited to, a list of one or
more regions and at least a set of location coordinates
corresponding to the one or more regions. For example, a set
of location coordinates may define a region of the one or
more regions. Further, the emission data look-up table may
also include an emission regulatory limit of the post-catalyst
emission level corresponding one or more contaminants for
the one or more regions. The term “region” as used herein
may refer to a region of operation of the power generation
system 100, where the term region may correspond to any of
a jurisdiction, a country, and a state. Further details for the
steps of determining the emission regulatory limit are
described later in conjunction with FIG. 5.

[0069] Referring again to FIG. 1, as will be appreciated, in
some embodiments of the invention, the power generation
system 100 may also be employed in mobile applications,
where a vehicle employing the power generation system 100
may stay in or transit through multiple regions. Moreover,
different regions may also have different emission regulatory
limits for a given contaminant. Accordingly, it may be
advantageous to control the emission amount in the gas
stream 10 based on the location-specific emission regulatory
limit.

[0070] Accordingly, in some embodiments of the inven-
tion, the power generation system 100 may also include a
global positioning system (GPS) sensor 126. The GPS
sensor 126 may be communicatively coupled to the engine
controller 108. More particularly, the GPS sensor 126 may
be communicatively coupled to the engine controller 108.
The GPS sensor 126 may determine location coordinates of
the power generation system 100. In one embodiment of the
invention, the GPS sensor 126 may determine the location
coordinates of the power generation system 100 at a regular
interval of time. In another embodiment of the invention, the
GPS sensor 126 may determine the location coordinates of
the power generation system 100 at random or irregular
intervals of time. In yet another embodiment of the inven-
tion, the GPS sensor 126 may determine the location coor-
dinates of the power generation system 100 on a request
from the processor 110.

[0071] In one embodiment of the invention, once the
location coordinates of the power generation system 100 are
determined, the location coordinates may be communicated
by the GPS sensor 126 to the processor 110. The processor
110 may then store the received location coordinates into the
memory 112. In another embodiment of the invention, once
the location coordinates of the power generation system 100
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is determined, the location coordinates may be stored in the
memory 112 by the GPS sensor 126.

[0072] In some embodiments of the invention, the proces-
sor 110 may utilize the location coordinates determined by
the GPS sensor 126 to determine the emission regulatory
limit at step 212 of the method 200. FIG. 5 illustrates the
details of the step 212 of FIG. 2. More particularly, FIG. 5
depicts a flowchart illustrating a method 500 for determining
the emission regulatory limit, in accordance with one
embodiment of the invention. As illustrated in FIG. 5, in
some embodiments of the invention, the method 500 may
include steps 502 and 504. Steps 502 and 504 may be
performed by the processor 110 when one or more of the
processor-executable routines are executed by the processor
110. In a non-limiting example, one or more of the steps 502
and 504 may contribute to one or more of the acts per-
formed, when one or more of the processor-executable
routines are executed by the processor 110.

[0073] Insome embodiments of the invention, the method
500 includes, at step 502, determining a region of operation
of the power generation system 100 based at least on the
location coordinates determined by the GPS sensor 126. The
processor 110 may reference the emission data look-up table
to determine the region of operation. The processor 110 may
determine the region of operation corresponding to the
location coordinates from the emission data look-up table.
For example, in order to determine the region of operation,
the processor 110 may perform a check to determine
whether the determined location coordinates belong to a
certain set of location coordinates stored in the emission data
look-up table. If a set of location coordinates that includes
the determined location coordinates is identified, the pro-
cessor 110 may select a region corresponding to the identi-
fied set of location coordinates from the emission data
look-up table as the region of operation of the power
generation system 100.

[0074] Further, in some embodiments of the invention, the
method 500 includes, at step 504, determining an emission
regulatory limit based on the region of operation of the
power generation system 100. The processor 110 may ref-
erence the emission data look-up table to determine the
emission regulatory limit. For example, for the determined
region of operation, the processor 110 may select an emis-
sion regulation norm for the given contaminant from the
emission data look-up table.

[0075] The systems and methods according to some
embodiments of the invention aid in reducing the emission
amount in the exhaust gas stream emitted from the power
generation system 100 such that the emission amount is
maintained below the emission regulatory limit. Accord-
ingly, environmental hazards that may have caused due to
such emissions is limited. As a result, the systems and
methods described herein may help achieve a greener envi-
ronment.

[0076] Moreover, in some embodiments of the invention,
the systems and methods described herein may also aid in
maintaining the operation of the power generation system
100 at substantially close to the stoichiometric condition by
way of adjusting the actual value of the engine operating
parameter while achieving reduced levels of contaminants in
the exhaust gas stream. In addition, when the power gen-
eration system 100 may be used in the mobile application,
the emission regulatory limit for a given region may be
referenced by the processor 110 while determining the






