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APPLICATION OF PROBABILISTC 
CONTROL IN GAS TURBINE TUNING FOR 
POWER OUTPUTEMISSIONS PARAMETERS 

WITH SCALING FACTOR, RELATED 
CONTROL SYSTEMS, COMPUTER 

PROGRAMI PRODUCTS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application relates to co-pending U.S. patent 
application Ser. No. (Attorney Dkt. No. 276618-1), 
U.S. patent application Ser. No. (Attorney Dkt. No. 
276701-1), U.S. patent application Ser. No. (Attor 
ney Dkt. No. 276802-1), U.S. patent application Ser. No. 

(Attorney Dkt. No. 276809-1), and U.S. patent appli 
cation Ser. No. (Attorney Dkt. No. 276172-1). This 
application further relates to co-pending U.S. patent appli 
cation Ser. No. (Attorney Dkt. No. 279191-1), U.S. 
patent application Ser. No. (Attorney Dkt. No. 
27.9192-1), U.S. patent application Ser. No. (Attor 
ney Dkt. No. 279193-1), U.S. patent application Ser. No. 

(Attorney Dkt. No. 27.9976-1), U.S. patent applica 
tion Ser. No. (Attorney Dkt. No. 279978-1), U.S. 
patent application Ser. No. (Attorney Dkt. No. 
279981-1), U.S. patent application Ser. No. (Attor 
ney Dkt. No. 279982-1), U.S. patent application Ser. No. 

(Attorney Dkt. No. 279983-1), U.S. patent applica 
tion Ser. No. (Attorney Dkt. No. 279984-1) and U.S. 
patent application Ser. No. (Attorney Dkt. No. 
27.9985-1); as well as U.S. patent application Ser. No. 

(Attorney Dkt. No. 283549-1), U.S. patent applica 
tion Ser. No. (Attorney Dkt. No. 283752-1), U.S. 
patent application Ser. No. (Attorney Dkt. No. 
283091-1), U.S. patent application Ser. No. (Attor 
ney Dkt. No. 284087-1), U.S. patent application Ser. No. 

(Attorney Dkt. No. 284468-1) and U.S. patent appli 
cation Ser. No. (Attorney Dkt. No. 284472-1), filed 
concurrently herewith on 

FIELD OF THE INVENTION 

0002 The subject matter disclosed herein relates to tun 
ing and control systems. More particularly, the Subject 
matter disclosed herein relates to tuning and control systems 
for gas turbines. 

BACKGROUND OF THE INVENTION 

0003. At least some known gas turbine engines include 
controllers that monitor and control their operation. Known 
controllers govern the combustion system of the gas turbine 
engine and other operational aspects of the gas turbine 
engine using operating parameters of the engine. At least 
Some known controllers receive operating parameters that 
indicate the gas turbine engine's present operating state, 
define operational boundaries by way of physics-based 
models or transfer functions, and apply the operating param 
eters to the operational boundary models. Additionally, at 
least some known controllers also apply the operating 
parameters to scheduling algorithms, determining error 
terms, and controlling boundaries by adjusting one or more 
gas turbine engine control effectors. However, at least some 
operating parameters may be unmeasured parameters, such 
as parameters that may be impractical to measure using 
sensors. Some of Such parameters include firing temperature 
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(i.e., stage 1 turbine Vane exit temperature), combustor exit 
temperature, and/or turbine stage 1 nozzle inlet temperature. 
0004 At least some known gas turbine engine control 
systems indirectly control or monitor unmeasured operating 
parameters using measured parameters, such as compressor 
inlet pressure and temperature, compressor exit pressure and 
temperature, turbine exhaust pressure and temperature, fuel 
flow and temperature, ambient conditions, and/or generator 
power. However, there is uncertainty in the values of indirect 
parameters, and the associated gas turbine engines may need 
tuning to reduce combustion dynamics and emissions. 
Because of the uncertainty of unmeasured parameters, 
design margins are used for gas turbine engines that include 
Such known control systems. Using such design margins 
may reduce the performance of the gas turbine engine at 
many operating conditions in an effort to protect against and 
accommodate worst-case operational boundaries. Moreover, 
many of Such known control systems may not accurately 
estimate firing temperature or exhaust temperature of the gas 
turbine engine, which may result in a less efficient engine 
and variation from machine-to-machine in facilities with 
more than one gas turbine engine. 
0005. It has proven difficult to reduce variation in firing 
temperature from machine-to-machine for industrial gas 
turbines. For example, firing temperature is a function of 
many different variables, including variations in the com 
ponents of the gas turbine and their assembly. These varia 
tions are due to necessary tolerances in manufacturing, 
installation, and assembly of the gas turbine parts. In addi 
tion, the controls and sensors used to measure the operating 
parameters of the gas turbine contain a certain amount of 
uncertainty in their measurements. It is the uncertainty in the 
measurement system used to sense the values of the mea 
Sured operating parameters and the machine component 
variations that necessarily result in variation of the unmea 
Sured operating parameters of the gas turbine engine. Such as 
the firing temperature. The combination of these inherent 
inaccuracies makes it difficult to achieve the design firing 
temperature of a gas turbine engine at a known set of 
ambient conditions and results in firing temperature varia 
tion from machine-to-machine. 

BRIEF DESCRIPTION OF THE INVENTION 

0006 Various embodiments include a system having: at 
least one computing device configured to tune a set of gas 
turbines (GTs) by performing actions including: command 
ing each GT in the set of GTs to a base load level, based 
upon a measured ambient condition for each GT; command 
ing each GT in the set of GTs to adjust a respective power 
output (mega-watt (MW) power output) to match a scaled 
power output value equal to a fraction of a difference 
between the respective power output and a nominal power 
output value, and Subsequently measuring an actual emis 
sions value for each GT, and adjusting an operating condi 
tion of each GT in the set of GTs based upon a difference 
between the respective measured actual emissions value, a 
nominal emissions value at the ambient condition and an 
emissions scale factor. 
0007. A first aspect includes a system having: at least one 
computing device configured to tune a set of gas turbines 
(GTs) by performing actions including: commanding each 
GT in the set of GTs to a base load level, based upon a 
measured ambient condition for each GT; commanding each 
GT in the set of GTs to adjust a respective power output 
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(MW power output) to match a scaled power output value 
equal to a fraction of a difference between the respective 
power output and a nominal power output value, and Sub 
sequently measuring an actual emissions value for each GT 
and adjusting an operating condition of each GT in the set 
of GTs based upon a difference between the respective 
measured actual emissions value, a nominal emissions value 
at the ambient condition and an emissions Scale factor. 
0008. A second aspect includes a computer program 
product having program code, which when executed by at 
least one computing device, causes the at least one comput 
ing device to tune a set of gas turbines (GTs) by performing 
actions including: commanding each GT in the set of GTS to 
a base load level, based upon a measured ambient condition 
for each GT; commanding each GT in the set of GTs to 
adjust a respective power output (MW power output) to 
match a scaled power output value equal to a fraction of a 
difference between the respective power output and a nomi 
nal power output value, and Subsequently measuring an 
actual emissions value for each GT, and adjusting an oper 
ating condition of each GT in the set of GTs based upon a 
difference between the respective measured actual emissions 
value, a nominal emissions value at the ambient condition 
and an emissions scale factor. 
0009. A third aspect includes a computer-implemented 
method of tuning a set of gas turbines (GTS), performed 
using at least one computing device, the method including: 
commanding each GT in the set of GTs to a base load level, 
based upon a measured ambient condition for each GT 
commanding each GT in the set of GTS to adjust a respective 
power output (MW power output) to match a scaled power 
output value equal to a fraction of a difference between the 
respective power output and a nominal power output value, 
and Subsequently measuring an actual emissions value for 
each GT, and adjusting an operating condition of each GT in 
the set of GTs based upon a difference between the respec 
tive measured actual emissions value, a nominal emissions 
value at the ambient condition and an emissions scale factor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. These and other features of this invention will be 
more readily understood from the following detailed 
description of the various aspects of the invention taken in 
conjunction with the accompanying drawings that depict 
various embodiments of the invention, in which: 
0011 FIG. 1 shows a schematic illustration of a gas 
turbine engine (GT), including a control system, according 
to various embodiments of the invention. 
0012 FIG. 2 shows a schematic view of a control archi 
tecture that may be used with the control system of FIG. 1 
to control operation of the GT, according to various embodi 
ments of the invention. 
0013 FIG. 3 shows a graphical depiction of a probabi 

listic simulation of the operating states of a statistically 
significant number of GT engines of FIG. 1 using a model 
of the GT used by the control system of FIG. 1. 
0014 FIG. 4 shows a flow diagram illustrating a method 
according to various embodiments of the invention. 
0015 FIG. 5 shows a graphical depiction of a process 
illustrated in the flow diagram of FIG. 4, in a two-dimen 
sional Power output (MW) v. Emissions (NO) graph. 
0016 FIG. 6 shows a graphical depiction of a process 
illustrated in the flow diagram of FIG. 4, in a two-dimen 
sional Power output (MW) v. Emissions (NO) graph. 
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0017 FIG. 7 shows a graphical depiction of a process 
illustrated in the flow diagram of FIG. 4, in a three 
dimensional Power output (MW) v. Emissions (NO) v. 
firing temperature (T4) graph. 
0018 FIG. 8 shows an illustrative environment including 
a control system according to various embodiments of the 
invention. 
0019. It is noted that the drawings of the invention are not 
necessarily to scale. The drawings are intended to depict 
only typical aspects of the invention, and therefore should 
not be considered as limiting the scope of the invention. In 
the drawings, like numbering represents like elements 
between the drawings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020. As indicated above, subject matter disclosed herein 
relates to tuning and control systems. More particularly, the 
Subject matter disclosed herein relates to tuning and control 
systems for gas turbines. 
0021 Probabilistic control is a methodology for setting 
the operating state of a gas turbine (GT) based upon mea 
Sured output (in mega-watts, MW) and mono-nitrogen 
oxides NO and NO (nitric oxide and nitrogen dioxide), 
collectively referred to as NO emissions. As described 
herein, various embodiments provide tuning and control of 
a GT where errors in measurements exist. Conventional 
approaches exist to calculate and tune control mechanisms 
where measurement errors exist, but no conventional 
approaches are designed to account for and tune GT control 
functions in specific view of power output and NO, mea 
SurementS. 

0022. As used herein, term P50 GT or P50 machine refers 
to a mean (or, nominal) gas turbine or similar machine in a 
fleet. Parameters associated with this P50 measure are 
considered ideal, and are rarely if ever attained in an actual 
gas turbine. Other terms used herein can include: a) firing 
temperature (T4), which is the average temperature down 
stream of a first-stage nozzle, but upstream of the first 
rotating bucket in the turbine (e.g., GT); and b) T3.9, which 
is the combustion temperature in the gas turbine, and is 
higher than the firing temperature. The firing temperature, as 
is known in the art, cannot be measured, but is inferred from 
other measurements and known parameters. As used herein, 
the term, “indicated firing temperature” refers to the firing 
temperature as indicated by one or more components of 
control equipment, e.g., a control system monitoring and/or 
controlling GT components. The “indicated firing tempera 
ture represents the best estimate of the firing temperature 
from conventional sensing/testing equipment connected 
with the GT control system. 
0023. Additionally, as described herein, the term “base 
load for a particular gas turbine can refer to the maximum 
output of the gas turbine at rated firing temperature. Further, 
as described herein, and known in the art, base load for a 
given gas turbine will change based upon changes in ambi 
ent operating conditions. Sometimes base load is referred to 
as “Full Speed Full Load in the art. Further, it is understood 
that NOx is sensitive to fuel composition, and as such, it is 
accounted for in any tuning processes conducted in a gas 
turbine (including tuning processes described herein). 
0024. Further, as described herein, the term “exhaust 
energy” refers to the energy contained within the exhaust gas 
exiting the GT, which may be determined based upon 
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temperature measurements and pressure measurements of 
the exhaust gas at the exhaust section (outlet) of the GT. This 
exhaust energy is directly related to the amount of combus 
tion gas flowing through the GT, and can be correlated with 
other operating parameters, e.g., power output. 
0.025 Various embodiments described herein allow for 
probabilistic control of GTs (e.g., a fleet of two or more GTs) 
using power output and emissions parameters for the GTS. 
According to various embodiments, an approach can include 
the following processes: 
0026 1) Commanding one or more gas turbines (e.g., in 
a fleet) to a designed base load (MW value, NO, value, fuel 
flow value, exhaust energy value), based upon a measured 
ambient condition. As described herein, in an ideal situation, 
the GT(s) should, in an ideal scenario, converge to P50 
(nominal) operating parameters, including a P50 power 
output (nominal power output) value and P50 NO, (emis 
sions) value. However, as indicated herein, this does not 
occur in real-world operations; 
0027 2) Commanding the one or more GTs to adjust its 
power output (MW) to match a scaled power output value 
equal to a fraction of a difference between the respective 
power output (MW) and the nominal power output (P50 
power output) value, and measuring the actual NOX Value. 
The scaled power output value can be derived using a power 
scale factor, which can be a number greater than Zero and 
less than or equal to one (1). That is, where each GT's power 
output differs from the nominal power output by some value 
(e.g., X MW), this process includes commanding each GT to 
adjust its power output to match a value equal to a fraction 
of the difference between that GT's power output and the 
nominally output, e.g., 0.7x. As noted herein, this process 
will likely help to bring each GT's actual NOx value closer 
to the P50 NO, value, but does not fully succeed in that goal. 
Additionally, this power output adjustment does not address 
another concern, that being the elevated firing temperature 
relative to its desired level; and 
0028. 3) Adjusting each GT's operating condition based 
upon its difference (Delta NO) between the measured actual 
NOx value (process 2) the expected, P50 NO, value for the 
ambient condition, and an emissions scale factor (e.g., a 
value between Zero and less than or equal to one (1), similar 
or distinct from the power scale factor). The Delta NO value 
can be translated to a Delta power output (MW) value 
(representing the difference between the GT's actual power 
output and the power output at the P50 power output level) 
for each GT using conventional approaches. In this process, 
each GT that deviates from the P50 power output value, has 
its operating condition adjusted by a fixed fraction of the 
Delta power output value (as converted from the Delta NO 
value), adjusted by the emissions scale factor, such that it 
approaches (and reaches or approximately reaches) the Delta 
power output (MW) value for that GT. This adjustment will 
move each GT onto a line in Power output/NO, space that 
is nearly orthogonal to the P50 Power output/P50 NO, 
characteristic for that GT. The above-noted general pro 
cesses are described in further detail herein. 
0029. In the following description, reference is made to 
the accompanying drawings that form a part thereof, and in 
which is shown by way of illustration specific example 
embodiments in which the present teachings may be prac 
ticed. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the present 
teachings and it is to be understood that other embodiments 
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may be utilized and that changes may be made without 
departing from the scope of the present teachings. The 
following description is, therefore, merely illustrative. 
0030 FIG. 1 shows a schematic illustration of a gas 
turbine engine (GT) 10 including a control system 18, 
according to various embodiments. In various embodiments, 
gas turbine engine 10 includes a compressor 12, a combustor 
14, a turbine 16 drivingly coupled to compressor 12, and a 
computer control system, or controller 18. An inlet duct 20 
to compressor 12 channels ambient air and, in some 
instances, injected water to compressor 12. Duct 20 may 
include ducts, filters, screens, or Sound absorbing devices 
that contribute to a pressure loss of ambient air flowing 
through inlet duct 20 and into inlet guide vanes (IGV) 21 of 
compressor 12. Combustion gasses from gas turbine engine 
10 are directed through exhaust duct 22. Exhaust duct 22 
may include Sound adsorbing materials and emission control 
devices that induce a backpressure to gas turbine engine 10. 
An amount of inlet pressure losses and backpressure may 
vary over time due to the addition of components to inlet 
duct 20 and exhaust duct 22, and/or as a result of dust or dirt 
clogging inlet duct 20 and exhaust duct 22, respectively. In 
various embodiments, gas turbine engine 10 drives a gen 
erator 24 that produces electrical power. 
0031. Various embodiments are described which mea 
Sure, analyze and/or control a set of GTS, which may include 
one or more gas turbine engines (GTS), e.g., in a fleet. It is 
understood that these approaches are similarly applied to a 
single GT as two or more GTs. It is further understood that 
the term “set’ as used herein can mean 1 or more. 
0032. In various embodiments, a plurality of control 
sensors 26 detect various operating conditions of gas turbine 
engine 10, generator 24, and/or the ambient environment 
during operation of gas turbine engine 10. In many 
instances, multiple redundant control sensors 26 may mea 
Sure the same operating condition. For example, groups of 
redundant temperature control sensors 26 may monitor 
ambient temperature, compressor discharge temperature, 
turbine exhaust gas temperature, and/or other operating 
temperatures the gas stream (not shown) through gas turbine 
engine 10. Similarly, groups of other redundant pressure 
control sensors 26 may monitor ambient pressure, static and 
dynamic pressure levels at compressor 12, turbine 16 
exhaust, and/or other parameters in gas turbine engine 10. 
Control sensors 26 may include, without limitation, flow 
sensors, pressure sensors, speed sensors, flame detector 
sensors, valve position sensors, guide vane angle sensors, 
and/or any other device that may be used to sense various 
operating parameters during operation of gas turbine engine 
10. 

0033. As used herein, the term “parameter refers to 
characteristics that can be used to define the operating 
conditions of gas turbine engine 10, Such as temperatures, 
pressures, and/or gas flows at defined locations within gas 
turbine engine 10. Some parameters are measured, i.e., are 
sensed and are directly known, while other parameters are 
calculated by a model and are thus estimated and indirectly 
known. Some parameters may be initially input by a user to 
controller 18. The measured, estimated, or user input param 
eters represent a given operating state of gas turbine engine 
10. 

0034. A fuel control system 28 regulates an amount of 
fuel flow from a fuel supply (not shown) to combustor 14, 
an amount split between primary and secondary fuel nozzles 
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(not shown), and an amount mixed with secondary air 
flowing into combustor 14. Fuel control system 28 may also 
select a type of fuel for use in combustor 14. Fuel control 
system 28 may be a separate unit or may be a component of 
controller 18. 

0035 Controller (control system) 18 may be a computer 
system that includes at least one processor (not shown) and 
at least one memory device (not shown) that executes 
operations to control the operation of gas turbine engine 10 
based at least partially on control sensor 26 inputs and on 
instructions from human operators. The controller may 
include, for example, a model of gas turbine engine 10. 
Operations executed by controller 18 may include sensing or 
modeling operating parameters, modeling operational 
boundaries, applying operational boundary models, or 
applying scheduling algorithms that control operation of gas 
turbine engine 10, Such as by regulating a fuel flow to 
combustor 14. Controller 18 compares operating parameters 
of gas turbine engine 10 to operational boundary models, or 
scheduling algorithms used by gas turbine engine 10 to 
generate control outputs, such as, without limitation, a firing 
temperature. Commands generated by controller 18 may 
cause a fuel actuator 27 on gas turbine engine 10 to 
selectively regulate fuel flow, fuel splits, and/or a type of 
fuel channeled between the fuel supply and combustors 14. 
Other commands may be generated to cause actuators 29 to 
adjust a relative position of IGVs 21, adjust inlet bleed heat, 
or activate other control settings on gas turbine engine 10. 
0.036 Operating parameters generally indicate the oper 
ating conditions of gas turbine engine 10, Such as tempera 
tures, pressures, and gas flows, at defined locations in gas 
turbine engine 10 and at given operating states. Some 
operating parameters are measured, i.e., sensed and are 
directly known, while other operating parameters are esti 
mated by a model and are indirectly known. Operating 
parameters that are estimated or modeled, may also be 
referred to as estimated operating parameters, and may 
include for example, without limitation, firing temperature 
and/or exhaust temperature. Operational boundary models 
may be defined by one or more physical boundaries of gas 
turbine engine 10, and thus may be representative of optimal 
conditions of gas turbine engine 10 at each boundary. 
Further, operational boundary models may be independent 
of any other boundaries or operating conditions. Scheduling 
algorithms may be used to determine settings for the turbine 
control actuators 27, 29 to cause gas turbine engine 10 to 
operate within predetermined limits. Typically, scheduling 
algorithms protect against worst-case scenarios and have 
built-in assumptions based on certain operating states. 
Boundary control is a process by which a controller, such as 
controller 18, is able to adjust turbine control actuators 27, 
29 to cause gas turbine engine 10 to operate at a preferred 
State. 

0037 FIG. 2 shows a schematic view of an example 
control architecture 200 that may be used with controller 18 
(shown in FIG. 1) to control operation of gas turbine engine 
10 (shown in FIG. 1). More specifically, in various embodi 
ments, control architecture 200 is implemented in controller 
18 and includes a model-based control (MBC) module 56. 
MBC module 56 is a robust, high fidelity, physics-based 
model of gas turbine engine 10. MBC module 56 receives 
measured conditions as input operating parameters 48. Such 
parameters 48 may include, without limitation, ambient 
pressure and temperature, fuel flows and temperature, inlet 
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bleed heat, and/or generator power losses. MBC module 56 
applies input operating parameters 48 to the gas turbine 
model to determine a nominal firing temperature 50 (or 
nominal operating state 428). MBC module 56 may be 
implemented in any platform that enables operation of 
control architecture 200 and gas turbine engine 10 as 
described herein. 

0038. Further, in various embodiments, control architec 
ture 200 includes an adaptive real-time engine simulation 
(ARES) module 58 that estimates certain operating param 
eters of gas turbine engine 10. For example, in one embodi 
ment, ARES module 58 estimates operational parameters 
that are not directly sensed Such as those generated by 
control sensors 26 for use in control algorithms. ARES 
module 58 also estimates operational parameters that are 
measured Such that the estimated and measured conditions 
can be compared. The comparison is used to automatically 
tune ARES module 58 without disrupting operation of gas 
turbine engine 10. 
0039 ARES module 58 receives input operating param 
eters 48 Such as, without limitation, ambient pressure and 
temperature, compressor inlet guide vane position, fuel flow, 
inlet bleed heat flow, generator power losses, inlet and 
exhaust duct pressure losses, and/or compressor inlet tem 
perature. ARES module 58 then generates estimated oper 
ating parameters 60. Such as, without limitation, exhaust gas 
temperature 62, compressor discharge pressure, and/or com 
pressor discharge temperature. In various embodiments, 
ARES module 58 uses estimated operating parameters 60 in 
combination with input operating parameters 48 as inputs to 
the gas turbine model to generate outputs, such as, for 
example, a calculated firing temperature 64. 
0040. In various embodiments, controller 18 receives as 
an input, a calculated firing temperature 52. Controller 18 
uses a comparator 70 to compare calculated firing tempera 
ture 52 to nominal firing temperature 50 to generate a 
correction factor 54. Correction factor 54 is used to adjust 
nominal firing temperature 50 in MBC module 56 to gen 
erate a corrected firing temperature 66. Controller 18 uses a 
comparator 74 to compare the control outputs from ARES 
module 58 and the control outputs from MBC module 56 to 
generate a difference value. This difference value is then 
input into a Kalman filter gain matrix (not shown) to 
generate normalized correction factors that are Supplied to 
controller 18 for use in continually tuning the control model 
of ARES module 58thus facilitating enhanced control of gas 
turbine engine 10. In an alternative embodiment, controller 
18 receives as an input exhaust temperature correction factor 
68. Exhaust temperature correction factor 68 may be used to 
adjust exhaust temperature 62 in ARES module 58. 
0041 FIG. 3 is a graph that shows a probabilistic simu 
lation of the operating States of a statistically significant 
number of the gas turbine engine 10 of FIG. 1 using the 
model of gas turbine engine used by controller 18. The graph 
represents power output versus firing temperature of gas 
turbine engine 10. Line 300 is the linear regression model 
for the plurality of data points 308. Lines 302 represent the 
99% prediction interval corresponding to data points 308. 
Further, line 304 represents the nominal or design firing 
temperature 50 for gas turbine engine 10, and line 306 
represents a nominal or design power output for gas turbine 
engine 10. In various embodiments, the probabilistic simu 
lation shown in FIG. 3 shows an approximate variance in 
firing temperature of 80 units. This variance may be attrib 
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uted to the component tolerances of gas turbine engine 10, 
and the measurement uncertainty of controller 18 and con 
trol sensors 26. 
0042. Described herein are approaches for tuning gas 
turbine engine 10 that facilitates reducing variation in the 
actual gas turbine engine 10 operating state, e.g., firing 
temperature and/or exhaust temperature, which facilitates 
reducing variation in power output, emissions, and life of 
gas turbine engine 10. The probabilistic control approaches 
described herein may be implemented as either a discrete 
process to tune gas turbine engine 10 during installation and 
at various periods, or may be implemented within controller 
18 to run periodically at a predetermined interval and/or 
continuously during operation of gas turbine engine 10. 
These approaches do not measure gas turbine firing tem 
perature directly because firing temperature is an estimated 
parameter, as previously discussed. These probabilistic con 
trol approaches, however, can yield directly measured 
parameters that are strong indicators of the firing tempera 
ture of the gas turbine engine 10, and allow for improved 
control over the firing temperature in a gas turbine engine 
10. 

0043 FIG. 4 shows a flow diagram illustrating a method 
performed according to various embodiments. As described 
herein, the method can be performed (e.g., executed) using 
at least one computing device, implemented as a computer 
program product (e.g., a non-transitory computer program 
product), or otherwise include the following processes: 
0044) Process P1: commanding each GT 10 in the set of 
GTS to a base load level (e.g., target indicated firing tem 
perature), based upon a measured ambient condition for each 
GT 10. As noted herein, the base load (with a target indicated 
firing temp) is associated with a power output (MW) value 
and an emissions value for the measured ambient condition. 
As further noted herein, in response to commanding each 
GT 10 in the set of GTs to the base load level, each GT 10 
does not attain at least one of the nominal power output 
value (P50 Power output) or the nominal emissions value 
(P50 NO). According to various embodiments, the process 
of commanding each GT 10 in the set of GTs to adjust a 
respective power output to match the nominal power output 
value moves an actual emissions value for each GT 10 closer 
to the nominal emissions value without matching the nomi 
nal emissions value; 
0045 Process P2: commanding each GT 10 in the set of 
GTS to adjust a respective power output to match a scaled 
power output value equal to a fraction of a difference 
between the respective power output and the nominal power 
output (P50 power output) value, and Subsequently measur 
ing the actual emissions value for each GT 10. The scaled 
power output value can be derived using a power scale 
factor, which can be a number greater than Zero and less than 
one (1). That is, where each GT's power output differs from 
the nominal power output by some value (e.g., X MW), this 
process includes commanding each GT to adjust its power 
output to match a value equal to a fraction of the difference 
between that GT's power output and the nominally output, 
e.g., 0.6x or 0.7x. The power scale factor (S) can be 
created using one or more modeling processes to predict 
how a fleet of GT’s 10 will perform when operated at distinct 
MW/NO, conditions. In various embodiments, the power 
scale factor can be derived using iterative testing and/or 
modeling of particular GTs 10 under a variety of conditions. 
In some cases, the power scale factor (S) is selected 
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based upon a desired standard deviation for a fleet of GT’s 10, 
e.g., based upon one or more models, the power Scale factor 
indicates that the GTs 10 will remain within some standard 
deviation band of the nominal GT. In various embodiments, 
process P2 can further include converting the difference 
between the respective measured actual emissions value and 
the nominal emissions value for each GT 10 into a difference 
between a respective power output value and the nominal 
power output value at the ambient condition value for each 
GT 10; and 
0046 Process P3: adjusting an operating condition of 
each GT 10 in the set of GTs based upon a difference 
between the respective measured actual emissions value, a 
nominal emissions value at the ambient condition and an 
emissions scale factor (e.g., a value between Zero and one 
(1), similar or distinct from the power scale factor). Accord 
ing to various embodiments, the process of adjusting the 
operating condition of each GT 10 includes adjusting the 
operating condition of each GT 10 in the set of GTs by a 
fixed fraction of the difference between the respective power 
output value and the nominal power output value, adjusted 
by the emissions Scale factor, such that the power output of 
each GT 10 approaches (and in Some cases reaches or 
approximately reaches) a respective nominal power output 
value. According to various embodiments, adjusting of the 
operating condition of each GT 10 in the set of GTs by the 
fixed fraction of the difference between the respective power 
output value and the nominal power output value, adjusted 
by the emissions scale factor (e.g., 0.7, 0.8, 0.9), aligns each 
GT 10 on a line in graphical space plotting power output 
versus emissions that is orthogonal to a nominal power 
output/nominal emissions characteristic for each GT 10. 
0047 FIGS. 5-7 show graphical depictions, via Power 
output V. Emissions (NO) graphs, of the processes 
described in FIG. 4, with respect to an example data set 
representing a set (plurality) of GTs (similar to GT 10). All 
data points shown in FIGS. 5-6 represent Power output V. 
Emissions (NO) at indicated firing temperatures, where 
“indicated firing temperature is the firing temperature as 
displayed or otherwise outputted by the controller of GT 10. 
That is, the “indicated firing temperature is not necessarily 
the actual firing temperature (which, as described herein, 
cannot be accurately measured), but instead, the firing 
temperature as estimated by the controller (and related 
equipment) of the GT 10. 
0048. As shown in this example, e.g., in FIG. 5, the center 
point of line GL is a function of the mean firing temperature 
(T4) of the set of GTs. The mean combustion temperature 
(T3.9) is a function of the mean firing temperature, and is 
greater than the mean firing temperature. Noted herein, as 
the mean firing temperature increases, so will the mean 
combustion temperature, meaning that line GL will shift to 
a greater Power output/NO, value, while remaining orthogo 
nal to line RL, which defines the Power output/NO, char 
acteristic for the mean GT in the set at base load. The two 
lines labeled BL bound line GL, and define the statistical 
variation among the set of GTS, to two sigma (X), from the 
mean line RL. The inventors have discovered through 
empirical testing that lines BL represent a +/-10 degree span 
in actual firing temperature (T4) from line RL, as measured 
along a given line orthogonal to line RL. FIG. 6 shows the 
graphical depiction of FIG. 5, with the addition of indicators 
for the Mean T4 (firing temperature) at distinct example 
Power output/NO, values for a fleet of GTs, along lines 



US 2017/0159575 A1 

orthogonal to RL (Power output/NO, characteristic) and 
lines BL. Mean T4 (B) and Mean T4 (P) in this example, 
illustrate example fleets at T4–2,410 degrees F. and T4-2, 
430 degrees F., respectively. FIG. 6 also illustrates a line PL, 
which is an example of a single GT along a firing tempera 
ture (T4) “sweep’ or variation orthogonal with the Power 
output/NOx characteristic line. PL shows how the Power 
output/NOX varies by a changing firing temperature (T4). 
0049 FIG. 7 shows a three-dimensional graphical depic 
tion of the process P3 (FIG. 4), namely, adjusting an 
operating condition of each GT in the set of GTs based upon 
a difference between the respective measured actual emis 
sions value and a nominal emissions value at the ambient 
condition. That is, as shown in FIG. 7, the GL plane, defined 
by the plane of the GL (FIGS. 5-6) across firing temperature 
(T4) space (scaled according to the applied emissions scale 
factor), illustrates a model of where the set of GTs operate 
in the firing temperature (T4) space. That is, although actual 
firing temperature (T4) cannot be directly measured for each 
GT in the set of GTs, the GL plane represents the most 
accurate model of the firing temperature of GTs within the 
set of GTS. According to the various embodiments, process 
P3 includes adjusting an operating condition of each GT 
based upon a difference between its respective measured 
actual emissions value (NO, value) and a nominal (average) 
emissions value (NO, value) for the respective GT, at an 
emissions scale factor. That is, according to various embodi 
ments, an operating condition of each GT is adjusted Such 
that its Power output/NO, value intersects GL in two 
dimensional space (FIGS. 5-6), and the GL plane in three 
dimensional space (FIG. 7). The intersection of the nominal 
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the same specifications). By altering operating conditions of 
a GT 10 in order to align the Power output/NO, value for that 
GT 10 with the GL (and GL plane), the variation in the actual 
firing temperature (T4) is minimized. 
0051. According to various embodiments, the graphical 
depictions shown in FIGS. 5-7 can be derived from Equa 
tions 1-4, which provide solutions for the change in oper 
ating state (AOperatingState) of GT 10, as well as the change 
in actual firing temperature (AT). As shown, Equations 1-4 
are as follows: 

AOperatingState-AMW’s-2+ANOxss 

ATA.Step 1-3 T4...Step 1-2-74. Step2-3 

AT4Step 1-2 =fin(AMsee 12) fin(S*(MW-so-MW)) 

AT4Step2-3 =fin (ANOxs? 3) fin (Svo (NOx3-NOx2)) 

0052. Where Step 1 process P1: Step 2 process P2: Step 
3-process P3: Variable1=a first performance variable that 
can be measured from an external sensor on GT 10 (e.g., 
mega-watt output); Variable2=a second (distinct from Vari 
ablel, but not independent) performance variable (e.g., 
emissions) that can be measured from an external sensor on 
GT 10 (e.g., an exhaust temperature, exhaust gas flow, etc.); 
S-scale factor for Variable 1 (e.g., MW scale factor); 
S-scale factor for Variable2 (e.g., NO, scale factor). As 
shown in Table 1 below, example scale factors can be chosen 
according to various embodiments to manipulate actual 
firing temperature, emissions, mega-Watt output, etc. As 
noted herein, the terms “step 1.” “step 2. and “step 3 can 
be used to refer to processes P1, P2 and P3, respectively. 

TABLE 1. 

Effect of Scale Factor (steps or processes Pl/S1. P2S2: P3/S3 

S3 
Scale 

S2 
Scale 
S2 
Scale 
S2 
Scale 
S2 
Scale 

O 

Y - X 

Y - CX 

S2 
Scale 

Y - 2CX 

(P50) Power output/NOx lines and the GL plane represents 
the most accurate model of the desired mean actual firing 
temperature (P4), and by tuning each GT 10 to approach that 
GL plane, firing temperature variation is reduced across the 
fleet, increasing the life of the fleet. 
0050. The GL (and the GL plane) is a characteristic of 
how gas turbines are designed and built, and in Power 
output/NO, space, its center is at the intersection of P50 
Power output and P50 NO, for the particular type of GT 10 
in a fleet. The length of GL in two-dimensional space (e.g., 
the space between BLS, FIGS. 5-6)) is defined by the 
GT-to-GT hardware variation for a given type of GT (e.g., 
physical variances in the manufacture of two machines to 

O 

S1 
Only 

Min 

(S2 
only) 
Min 

(S2 
only) 

X X-Y X - CY X - 2CY X - 3CY X - 4CY 

2Scale 

Balanced Balanced Balanced -T4 NOx 
Variation Variation Variation Min Min 
(S3) (S3) (S3) 

Balanced Balanced Balanced -T4 NOx 
Variation Variation Variation Min Min 
(S3) (S3) (S3) 

0053 As is evident in the example scale factors in Table 
1, scale factors for MW (step 2, or process P2) and NO (step 
3, or process P3) can be selected according to empirical 
and/or model-based data to enhance the desired outcome for 
a particular GT 10 or fleet of GTs 10. For example, where 
the objective is to minimize variation in either MW or NO, 
scale factors may be chosen such that the “min MW” or 
“NO min’ intersection is selected. Moving from the “min 
MW” box to the right (increasing NOx scale factor) trades 
variation in MW and fuel for variation in NOx and T4. The 
band labeled “balanced variation” represents a minimum 
region in the four-dimensional MW/NO/T4/Fuel Space 
(FIG. 7). For one GT 10, there is a minimum in T4 variation 
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at a NOx scale factor of (X+2CY). The value at which such 
a minimum occurs is a function of the NO V. T4 character 
istic of the GT's combustor (e.g., a dry low NO combustor). 
In the case where two scale factors are applied (MW scale 
factor and NO scale factor), a MW scale factor of (Y-Z) 
provides variation which may be substantially equivalent to 
previously disclosed (unsealed) approaches. However, as 
can be seen in this example Table, a combination of Y+X as 
MW scale factor and (X+3CY) as NO, scale factor provides 
a minimum variation in T4 for the fleet of GTs 10. 
0054 FIG. 8 shows an illustrative environment 802 dem 
onstrating the controller (control system 18) coupled with 
the GTs 10 via at least one computing device 814. As 
described herein, the control system 18 can include any 
conventional control system components used in controlling 
a gas turbine engine (GT). For example, the control system 
18 can include electrical and/or electro-mechanical compo 
nents for actuating one or more components in the GTCs) 10. 
The control system 18 can include conventional computer 
ized sub-components such as a processor, memory, input/ 
output, bus, etc. The control system 18 can be configured 
(e.g., programmed) to perform functions based upon oper 
ating conditions from an external Source (e.g., at least one 
computing device 814), and/or may include pre-pro 
grammed (encoded) instructions based upon parameters of 
the GT(s) 10. 
0055. The system 802 can also include at least one 
computing device 814 connected (e.g., hard-wired and/or 
wirelessly) with the control system 18 and GT(s) 10. In 
various embodiments, the computing device 814 is operably 
connected with the GT(s) 10, e.g., via a plurality of con 
ventional sensors such as flow meters, temperature sensors, 
etc., as described herein. The computing device 814 can be 
communicatively connected with the control system 18, e.g., 
via conventional hard-wired and/or wireless means. The 
control system 18 is configured to monitor the GT(s) 10 
during operation according to various embodiments. 
0056 Further, computing device 814 is shown in com 
munication with a user 836. A user 836 may be, for example, 
a programmer or operator. Interactions between these com 
ponents and computing device 814 are discussed elsewhere 
in this application. 
0057. As noted herein, one or more of the processes 
described herein can be performed, e.g., by at least one 
computing device. Such as computing device 814, as 
described herein. In other cases, one or more of these 
processes can be performed according to a computer-imple 
mented method. In still other embodiments, one or more of 
these processes can be performed by executing computer 
program code (e.g., control system 18) on at least one 
computing device (e.g., computing device 814), causing the 
at least one computing device to perform a process, e.g., 
tuning at least one GT 10 according to approaches described 
herein. 

0058. In further detail, computing device 814 is shown 
including a processing component 122 (e.g., one or more 
processors), a storage component 124 (e.g., a storage hier 
archy), an input/output (I/O) component 126 (e.g., one or 
more I/O interfaces and/or devices), and a communications 
pathway 128. In one embodiment, processing component 
122 executes program code, Such as control system 18, 
which is at least partially embodied in storage component 
124. While executing program code, processing component 
122 can process data, which can result in reading and/or 
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writing the data to/from storage component 124 and/or I/O 
component 126 for further processing. Pathway 128 pro 
vides a communications link between each of the compo 
nents in computing device 814. I/O component 126 can 
comprise one or more human I/O devices or storage devices, 
which enable user 836 to interact with computing device 814 
and/or one or more communications devices to enable user 
136 and/or CS 138 to communicate with computing device 
814 using any type of communications link. To this extent, 
control system 18 can manage a set of interfaces (e.g., 
graphical user interface(s), application program interface, 
and/or the like) that enable human and/or system interaction 
with control system 18. 
0059. In any event, computing device 814 can comprise 
one or more general purpose computing articles of manu 
facture (e.g., computing devices) capable of executing pro 
gram code installed thereon. As used herein, it is understood 
that “program code” means any collection of instructions, in 
any language, code or notation, that cause a computing 
device having an information processing capability to per 
form a particular function either directly or after any com 
bination of the following: (a) conversion to another lan 
guage, code or notation; (b) reproduction in a different 
material form; and/or (c) decompression. To this extent, 
control system 18 can be embodied as any combination of 
system Software and/or application Software. In any event, 
the technical effect of computing device 814 is to tune at 
least one GT 10 according to various embodiments herein. 
0060. Further, control system can be implemented using 
a set of modules 132. In this case, a module 132 can enable 
computing device 814 to perform a set of tasks used by 
control system 18, and can be separately developed and/or 
implemented apart from other portions of control system 18. 
Control system 18 may include modules 132 which com 
prise a specific use machine/hardware and/or software. 
Regardless, it is understood that two or more modules, 
and/or systems may share somefall of their respective hard 
ware and/or software. Further, it is understood that some of 
the functionality discussed herein may not be implemented 
or additional functionality may be included as part of 
computing device 814. 
0061. When computing device 814 comprises multiple 
computing devices, each computing device may have only a 
portion of control system 18 embodied thereon (e.g., one or 
more modules 132). However, it is understood that comput 
ing device 814 and control system 18 are only representative 
of various possible equivalent computer systems that may 
perform a process described herein. To this extent, in other 
embodiments, the functionality provided by computing 
device 814 and control system 18 can be at least partially 
implemented by one or more computing devices that include 
any combination of general and/or specific purpose hard 
ware with or without program code. In each embodiment, 
the hardware and program code, if included, can be created 
using standard engineering and programming techniques, 
respectively. 
0062) Regardless, when computing device 814 includes 
multiple computing devices, the computing devices can 
communicate over any type of communications link. Fur 
ther, while performing a process described herein, comput 
ing device 814 can communicate with one or more other 
computer systems using any type of communications link. In 
either case, the communications link can comprise any 
combination of various types of wired and/or wireless links: 
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comprise any combination of one or more types of networks: 
and/or utilize any combination of various types of transmis 
sion techniques and protocols. 
0063 As discussed herein, control system 18 enables 
computing device 814 to control and/or tune at least one GT 
10. Control system 18 may include logic for performing one 
or more actions described herein. In one embodiment, 
control system 18 may include logic to perform the above 
stated functions. Structurally, the logic may take any of a 
variety of forms such as a field programmable gate array 
(FPGA), a microprocessor, a digital signal processor, an 
application specific integrated circuit (ASIC) or any other 
specific use machine structure capable of carrying out the 
functions described herein. Logic may take any of a variety 
of forms, such as software and/or hardware. However, for 
illustrative purposes, control system 18 and logic included 
therein will be described herein as a specific use machine. As 
will be understood from the description, while logic is 
illustrated as including each of the above-stated functions, 
not all of the functions are necessary according to the 
teachings of the invention as recited in the appended claims. 
0064. In various embodiments, control system 18 may be 
configured to monitor operating parameters of one or more 
GT(s) 10 as described herein. Additionally, control system 
18 is configured to command the one or more GT(s) 10 to 
modify those operating parameters in order to achieve the 
control and/or tuning functions described herein. 
0065. It is understood that in the flow diagram shown and 
described herein, other processes may be performed while 
not being shown, and the order of processes can be rear 
ranged according to various embodiments. Additionally, 
intermediate processes may be performed between one or 
more described processes. The flow of processes shown and 
described herein is not to be construed as limiting of the 
various embodiments. 

0066. In any case, the technical effect of the various 
embodiments of the invention, including, e.g., the control 
system 18, is to control and/or tune one or more GT(s) 10 as 
described herein. 

0067. In various embodiments, components described as 
being "coupled to one another can be joined along one or 
more interfaces. In some embodiments, these interfaces can 
include junctions between distinct components, and in other 
cases, these interfaces can include a solidly and/or integrally 
formed interconnection. That is, in Some cases, components 
that are “coupled to one another can be simultaneously 
formed to define a single continuous member. However, in 
other embodiments, these coupled components can be 
formed as separate members and be subsequently joined 
through known processes (e.g., fastening, ultrasonic weld 
ing, bonding). 
0068. When an element or layer is referred to as being 
“on”, “engaged to”, “connected to’ or “coupled to another 
element or layer, it may be directly on, engaged, connected 
or coupled to the other element or layer, or intervening 
elements or layers may be present. In contrast, when an 
element is referred to as being “directly on,” “directly 
engaged to”, “directly connected to’ or “directly coupled to 
another element or layer, there may be no intervening 
elements or layers present. Other words used to describe the 
relationship between elements should be interpreted in a like 
fashion (e.g., “between versus “directly between.” “adja 
cent versus “directly adjacent,” etc.). As used herein, the 
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term “and/or includes any and all combinations of one or 
more of the associated listed items. 
0069. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the disclosure. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises' 
and/or "comprising,” when used in this specification, specify 
the presence of Stated features, integers, steps, operations, 
elements, and/or components, but do not preclude the pres 
ence or addition of one or more other features, integers, 
steps, operations, elements, components, and/or groups 
thereof. 
0070 This written description uses examples to disclose 
the invention, including the best mode, and also to enable 
any person skilled in the art to practice the invention, 
including making and using any devices or systems and 
performing any incorporated methods. The patentable scope 
of the invention is defined by the claims, and may include 
other examples that occur to those skilled in the art. Such 
other examples are intended to be within the scope of the 
claims if they have structural elements that do not differ 
from the literal language of the claims, or if they include 
equivalent structural elements with insubstantial differences 
from the literal languages of the claims. 
We claim: 
1. A system comprising: 
at least one computing device configured to tune a set of 

gas turbines (GTs) by performing actions including: 
commanding each GT in the set of GTs to a base load 

level, based upon a measured ambient condition for 
each GT 

commanding each GT in the set of GTS to adjust a 
respective power output to match a scaled power 
output value equal to a fraction of a difference 
between the respective power output and a nominal 
power output value, and Subsequently measuring an 
actual emissions value for each GT and 

adjusting an operating condition of each GT in the set 
of GTs based upon a difference between the respec 
tive measured actual emissions value, a nominal 
emissions value at the ambient condition and an 
emissions scale factor. 

2. The system of claim 1, wherein the base load level is 
associated with a power output value and an emissions value 
for the measured ambient condition, and wherein the scaled 
power output value is derived using a power scale factor. 

3. The system of claim 1, wherein in response to com 
manding each GT in the set of GTs to the base load level, 
each GT does not attain at least one of the nominal power 
output value or the nominal emissions value. 

4. The system of claim 1, wherein the at least one 
computing device is further configured to convert the dif 
ference between the respective measured actual emissions 
value and the nominal emissions value for each GT into a 
difference between a respective power output value and the 
nominal power output value at the ambient condition value 
for each GT. 

5. The system of claim 4, wherein the adjusting of the 
operating condition of each GT includes adjusting the oper 
ating condition of each GT in the set of GTs by a fixed 
fraction of the difference between the respective power 
output value and the nominal power output value. Such that 
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the power output of each GT approaches and then reaches a 
respective nominal power output value. 

6. The system of claim 5, wherein the adjusting of the 
operating condition of each GT in the set of GTs by the fixed 
fraction of the difference between the respective power 
output value and the nominal power output value aligns each 
GT on a line in graphical space plotting power output versus 
emissions that is orthogonal to a nominal power output/ 
nominal emissions characteristic for the each GT. 

7. The system of claim 1, wherein the commanding of 
each GT in the set of GTs to adjust a respective power output 
to match the scaled power output value equal to the fraction 
of the difference between the respective power output and 
the nominal power output value moves an actual emissions 
value for each GT closer to the nominal emissions value 
without matching the nominal emissions value. 

8. A computer program product comprising program code, 
which when executed by at least one computing device, 
causes the at least one computing device to tune a set of gas 
turbines (GTs) by performing actions including: 

commanding each GT in the set of GTs to a base load 
level, based upon a measured ambient condition for 
each GT 

commanding each GT in the set of GTS to adjust a 
respective power output to match a scaled power output 
value equal to a fraction of a difference between the 
respective power output and a nominal power output 
value, and Subsequently measuring an actual emissions 
value for each GT, and 

adjusting an operating condition of each GT in the set of 
GTs based upon a difference between the respective 
measured actual emissions value, a nominal emissions 
value at the ambient condition and an emissions Scale 
factor. 

9. The computer program product of claim 8, wherein the 
base load level is associated with a power output value and 
an emissions value for the measured ambient condition, and 
wherein the scaled power output value is derived using a 
power scale factor. 

10. The computer program product of claim 8, wherein in 
response to commanding each GT in the set of GTs to the 
base load level, each GT does not attain at least one of the 
nominal power output value or the nominal emissions value. 

11. The computer program product of claim 8, which 
when executed, causes the at least one computing device to 
convert the difference between the respective measured 
actual emissions value and the nominal emissions value for 
each GT into a difference between a respective power output 
value and the nominal power output value at the ambient 
condition value for each GT. 

12. The computer program product of claim 11, wherein 
the adjusting of the operating condition of each GT includes 
adjusting the operating condition of each GT in the set of 
GTs by a fixed fraction of the difference between the 
respective power output value and the nominal power output 
value. Such that the power output of each GT approaches and 
then reaches a respective nominal power output value. 

13. The computer program product of claim 12, wherein 
the adjusting of the operating condition of each GT in the set 
of GTs by the fixed fraction of the difference between the 
respective power output value and the nominal power output 
value aligns each GT on a line in graphical space plotting 
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power output versus emissions that is orthogonal to a 
nominal power output/nominal emissions characteristic for 
the each GT. 

14. The computer program product of claim 8, wherein 
the commanding of each GT in the set of GTs to adjust a 
respective power output to match the scaled power output 
value equal to the fraction of the difference between the 
respective power output and the nominal power output value 
moves an actual emissions value for each GT closer to the 
nominal emissions value without matching the nominal 
emissions value. 

15. A computer-implemented method of tuning a set of 
gas turbines (GTS), performed using at least one computing 
device, the method comprising: 
commanding each GT in the set of GTs to a base load 

level, based upon a measured ambient condition for 
each GT 

commanding each GT in the set of GTS to adjust a 
respective power output to match a scaled power output 
value equal to a fraction of a difference between the 
respective power output and a nominal power output 
value, and Subsequently measuring an actual emissions 
value for each GT and 

adjusting an operating condition of each GT in the set of 
GTs based upon a difference between the respective 
measured actual emissions value and a nominal emis 
sions value at the ambient condition. 

16. The method of claim 15, wherein the base load level 
is associated with a power output value and an emissions 
value for the measured ambient condition and wherein the 
scaled power output value is derived using a power scale 
factor. 

17. The method of claim 16, wherein in response to 
commanding each GT in the set of GTs to the base load 
level, each GT does not attain at least one of the nominal 
power output value or the nominal emissions value. 

18. The method of claim 17, further comprising convert 
ing the difference between the respective measured actual 
emissions value and the nominal emissions value for each 
GT into a difference between a respective power output 
value and the nominal power output value at the ambient 
condition value for each GT. 

19. The method of claim 18, wherein the adjusting of the 
operating condition of each GT includes adjusting the oper 
ating condition of each GT in the set of GTs by a fixed 
fraction of the difference between the respective power 
output value and the nominal power output value. Such that 
the power output of each GT approaches and then reaches a 
respective nominal power output value, 

wherein the adjusting of the operating condition of each 
GT in the set of GTs by the fixed fraction of the 
difference between the respective power output value 
and the nominal power output value aligns each GT on 
a line in graphical space plotting power output versus 
emissions that is orthogonal to a nominal power output/ 
nominal emissions characteristic for the each GT. 

20. The method of claim 15, wherein the commanding of 
each GT in the set of GTs to adjust a respective power output 
to match the scaled power output value equal to the fraction 
of the difference between the respective power output and 
the nominal power output value moves an actual emissions 
value for each GT closer to the nominal emissions value 
without matching the nominal emissions value. 
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