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Issues facing

Challenged by market conditions?
Tracking performance metrics?
Have any constraints with equipment operation?

Are maintenance factors in your evaluation of
your operational strategies?



Gas Turbine Optimization

The Economic Optimizer Applications

enhances energy Fleet wide economic
allocation and plant analysis

operation, based on a Reduces operating costs on
number of factors, multiple equipment type
including operating plant configurations
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Fuel blending strategies
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Plant profit tool
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Unify islands of optimization
with an overall plant model
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Introduction

Define what Is meant by optimization
Discuss the components of an optimization
oroblem

MVs

DVs

Constants

Objective function

Examples
Minimize Cost
Maximize Profit
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What does this mean ?

The Solver finds a solution — that Is, values for
the manipulated variables — that satisfies the
constraints and that maximizes or minimizes the
objective function

Variable Types
Manipulated Variables (MV) — variables that can be
adjusted
Coefficients or Constants — variables that do not
change

Dependent Variables — their value is dependent on the
values of MVs, Constants, or other Dependent
Variables
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Variable Type Examples

Combined Cycle plant with 2 CTG/HRSG and 1
STG

MVs
CTG1 and CTG2 Fuel Flow, IGV’s, Duct Burners

Coefficient/Constants
Compressor Inlet Temp
Heating value of fuel
Cost of Fuel

Dependent Variables
Power produced on the CTGs and STG
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What is an Objective Function ?

Objective Function — the quantity that is to be
maximized or minimized

Example: Minimize $/HR operating cost. If the
manipulated variables are the gas flow on CTG1 and

CTG2
J=FUEL_COST*(CTG1_FF+CTG2_FF)

Where

J = objective function

FUEL COST = $/SCF of Gas

CTG1 _FF = SCF/Hr Gas flow on CTG1
CTG2_FF = SCF/Hr Gas flow on CTG2
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What are constraints ?

Constraints are relations such as: CTG1 _FF >=0

A constraint is satisfied if the condition it specifies
IS true

Constraints are used to define the process that is
being optimized

Ensure the solution is valid for the problem that
IS being optimized



Solver Types

The SmartProcess Optimizer has the following
types of solvers

LP/Quadratic — This solver is used when all the
constraints and dependent variable functions are
linear. The objective function can be linear or
guadratic.

GRG Nonlinear — finds solutions to problems where
the objective function and/or constraint and dependent
equations are non-linear but smooth (no breaks)

Evolutionary — is good for problems that are non-linear
and contain non-smooth functions
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Mixed Integer Programming

All of the solver engines available in the optimizer
support integer variables

Most of the MVs, Coefficient, and Dependent
variables are real numbers but they can also be
iInteger (0,1,2,3..) or binary (0,1)

This is necessary for modeling equipment that
can be ON or OFF — or for sequencing problems

Example: A CTG can be ON or OFF this can be

represented by a binary variable. 1=ON , 0 =
OFF
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How to Construct Optimization
Problem

The user must be able to:

Define Manipulated Variables

Define Coefficient or Constant Variables

Define Dependent Variables

Define Constraints
Different values of the coefficients determine
different cases or scenarios of the same problem

The SmartProcess Optimizer GUI provides this
capability



Two Modes of Operation

Offline and Online Modes

Offline contains a GUI to build the optimization problem
(plant model)

Multiple optimization problems can be created
Provides “What If” capability

Online version uses live plant data from the DCS

Closed Loop
Advisory

The Online version is configurable from Offline GUI
Optimizer has an EDS interface
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Sample Plant Configuration
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Coefficients : v

Constraints ‘1 Loaded model Model name : Hevada Logged as Del
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Execute
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Results
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ladel
Manipulated Yariables
Coefficients
Conztrairts 1 Loaded model/ Manipulated Variables Model name : Hevada Logged 5z Ded
Dependent Wariables : - - - - —
Ohjective function : MName Alias Description VarTvype MinConstr InitialVal MaxzConstr
Execute #1 G1HEAT 5T1 Heat (METU-HR) float 0 1 1000
©nline execute ¥2  (2HEART GT2 Heat (METU-HR) float 0 1 1000
o ettt dla ¥3  GIO0N GT1 ON boolean 0 1 1
Irreducible infeaszible set x4 GZ20H GTZ2 OH boolsan a 1 1
Engine settings #5 STEOR TG OB bhoolean 0 1 1
Paint mapping :
Plant configuration
Print preview
onfiguration
dministration
Mame
Alias Initial Yalue |1 Bl mi | Spply |
Description Wariable type Delete selected | Delete all |
Min constraint li Max constraint ,7 Copy |
Unbounded [ Unbounded [
2y

ext | Enter some data

=xt | Error in entered data
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ladel
Manipulated Yariables
Coefficients
Constraints ‘1 Loaded model/ Coefficients Model name : Hevada Logjged sz Del
Dependent Wariables : - - -
Ohjective function : MName Alias Description Formula ValueitEnd
Execute o1 AMBTMP 2mhient Temp (DEG F) 80.0 a0
©nline execute ©Z2 G1FCOST  COTG1 Fuel Cost (S<MBETL) 2.0 2
Egzﬂnz stetictioal dela 03  G2ZFC0ST  COTGE2 Fuel Cost (S<MBTL) 3.0 3
ol ifeemible ast : C4 CTG_MA... CTG Maximum power (Mw) 95.019-0.1334%AMETMP 84.347
Engine settings
Paint mapping
Plant configuration
Print preview
onfiguration
Ldministration
Mame
Alins ,7 Acd nesy | Apply |
o Delete selected | Delets al |
Descrigtion
Copy |
Yalue § Farmula |
2y

ext | Enter some data

=xt | Error in entered data
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lodel
Manipulated Yariables
Coefficients
Constraints
Dependent Yariables

Ohjective function MName Alias Description Formula ValueitEnd
Execute T1  G1MW CT3 1 Power (Mw) {G1HEAT-G10M=204.29)-... 84.34702308 -
Gnline execute T2  GZ2MW T3 2 Power (Mw) {GPHEAT-G20M=204.29)/. .. G2.22B92006 =i
Ezzanzmﬂmaldm T3  HPSTM1 HRSG1 HP Steam (ELE-H) 2.15=G1MwW + 103.25#=01... 303.7960996
rerducible infemsible aet T4  HPSTMZ HRZ232 HP Steam (ELE/H) 2. 15=02MW + 103.25%=032... 256.2421761 9
Engine settings TS LPSTM1 HRZ231 LP Steam (ELE/H) 25.148*310N+0. 708=G1M. .. 81.77769234 E
Point mapping Té  LPSTMZ HRZ23Z2 LP Steam (KELE/H) 25.148*320M+0. 708*0G2M. .. A6.1180754
Plant configuration T7  TOTSTM Total Steam (KLE-H) HPSTM1 + HPSTMZ +LPST... 707.9340454 | |
Print preview T8  DEAR DEAR Steam Flow (KLE-H) ((4.118-2)* (310N+CG20M. .. 22.98503009
-onfiguration T9  GROSS_MW GROSS Plant Mw G 10M=* G 1MW+G 20N*=G2MW+S . .. 231.3007569
dministration Ti0 STGHPSTM STGHP Steam (KLE-H) HPSTM 1+HPSTMZ SA0.0382777 4

Mame

Alins ,7 Addd newy | Apply |

o Delete selected | Delets al |
Descrigtion
Copy |

“alue § Formula |
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ext | Enter some data

=xt | Error in entered data

Loaded model/ Dependent Variables

Moclel name : Hevada

Logoed as Del
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Model

- Manipulated Yariakles : _ i o

. Coefficients ‘1 Loaded model’ Constraints Moclel name : Hewvada Model description © Hevada Logged as Fre
+ Constraints

+ Dependent ariables : Mame  Description LHS RHS LHSValAtEnd  Operstor . RHSWalAtEnd
* Chjective function

+ Execute E1 Povver demand GROSS W - AW 230 -1 = 230

' E’””HEEXLECU‘B E2 Steam turkine On STGOM - (10N + G2OK) 0 -1 = 0

s 2 E3 CTG1 Minimum power G - (3100 * 209 o 1 == o

. Results statistical data E4 CTEZ Minimum power G2 - (G200 * 200 u] -1 == u]

© Irreducible infessible set ES STi3 Minimum povwer ST - (STGON * 14) 1] -1 == n

* Engine =ettings : - _

. Pairt mapping : =] CTE Maximum power GTRWY CTG_MAK_ Y -1 == 54.347

. Plant canfiguration EY CTGZ Maximum power  G2MWY CTG_MAK_ Y -1 == 54.347

* Print previesw

* Graphic Viewver
+ raphic Builder
* Meural Metworks

* Privileges
Configuration
Administration
Mame LHE | Al mesy | Apply |
Description Cperatar Delete selected | Delete all |
RH: | Copy |
_ejend

text | Enter some data

tewt | Errorin entered data
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ladel
Manipulated Yariables
Coefficients
Conatraints 1 Loaded model/ Results Model name : Hevada Logiged s De
Dependent Wariables : - - - - -
Ohjective function : Mame Alias Description Optimumvalue MinConstr MaxzConstr
EXB_CUtE #1 GI1HEAT GT1 Heat (METU-HR) 951.01414953 0 1000
onine siese X2 GZHEAT GT2 Heat (METU/HR]) 755.2026293 0 1000
- H X3 G10M GT1 OM 1 0 1
Fesults statiztical data :
Irreducible infeazible set 24 G20ON GT2 0N 1 0 1
Engine settings : %5 STGEON STG 0N 1 0 1

Paint mapping

Plant configuration

Print preview
onfiguration
Ldministration

Solgtion cost - HI6T.636279
Sohgtion status Optimal integer solution foundd
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E | Optimizer Package - Microsoft Internet Explorer provided by Emerson Power & Water Solutions
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Maodel name Mevads
Description  Mevada

Opt direction minimize

Manipulated Variables

Coefficients

Constraints

Dependent Variables

Objective (2517 + (C352)

Hame
bl
K2
3
M4
b

Hame
1
2
[oic
4

Hame
E1
E2
E3
E4
ES
EG
E7

Hame
T
T2
T3
T4
TS
TG
7
TS
T9
T10
T
T12
T13

—__|

Print |
Alias  Description Variable type Min constraint Initial Value Max constraint
G1HEAT GT1 Heat (MBTUMHR) Flost i 1 1000
G2HEAT GT2 Heat (MBTUMHR) Flost i 1 1000
GIOM  GT1 0N Bool i 1 1
G20M  GT20M Bool i 1 1
STGOM STE OM Bool i 1 1
Alias Description Value / Formula
AMBE TP Amhbient Temp (DEG F) g0.0

GIFCOST CTG1 Fuel Cost CEMBTLY 2.0
GRFCOST CTGE Fuel Cost (BMBTLY 3.0
CTG_MAK_MA CTG Masdmum poweer (WA 95.019-0.1 334 AMBETHWP

Description LHS Operator RHS

Povver demand GROSS W - ALY = 230

Steam turbine On STGEORN-[G OM+GE20N) == ul

CTG Minimum power G4 RA-(G ONE20) == ul

CTG2 Minimum power  G2RA-(G20MN*20) == ul

STG Minimum poweer STGMW-CSTGON ) == ul

CTG Maximum power G == CTG_WAN by
CTG2 Maximum power G2WAY == CTG_WAN by

Alias Description

Gl CTG 1 Povver (WA
G2 CTG 2 Povver (WA
HPSTh HRSG1 HP Steam (KLBH)
HPSTHMZ2 HRSG2 HP Steam (KLBH)
LP=ThA HRSG1 LP Steam (KLBM)
LP=TMZ HRSG2 LP Steam (KLBM)
TOTSTM Tatal Steam (KLBMH)

Value /Formula

[G1HEAT-G1 OM 204 25)05.553

[G2HEAT-G20M*204 25105.553

25 MY + 10325551 0N + (0,245 0N AMBEITMP)
25N + 103, 255G200M+ (0,24 G20MN*AMETMP)
2514841 Or+0 FO5G1 MAY-(0055E* AMBTMP*G1 M)
251484 G20M+0 FOF*G2MNY-[ 00556 AMBTMP*G20M)
HPSThT + HPSTMZ +LPSTh1 + LPSTHZ

DEAR DEAR Steam Flow (KLEM) ((4.1182)%(G1 QN+ G20NMT+0 0328+ T OTSTM-((0.055 32 AMBTMPAG1 OM+G2ON)]

GROSS_WW GROSS Plant MY
STGHPSTM  STGHP Steam (KLEH)
STGLPSTM  STGLP Steam (KLBM)
ST STG Powwer (i)
AL Avzillary povweer (WA

GOM G A G 20N G S TG ONS TGRA

HPEThW1 +HPSTh2

LPSTM1+LPSTMZ-DEAR

0.168264*STGHPETM+0.011 S*STGLPSTM-STGOMNS 4764
0.00424*GROSS_bhy+0.001 89* AMMBTMWP+0. 00001 *GROSS k= SMETMP
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Summary

SmartProcess Optimization

Provides “What If” capability in Off-Line Mode
On-Line can be Closed-Loop or Advisory
OPC Interface

Can help reduce operating costs or increase
profits in deregulated market
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Combustion monitor
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