
Welcome!
Webinar #28: On Line & Off line Simulation of a Coal Plant

30 May 2018

Agenda:

* Introduction

* Philosophy of Thermoflow

* Replicating an existing coal plant, STP-PCE

* Off-Line OD Simulation, STM / TFX-PCE

* On-Line OD Simulation, Elink, U-Link

* Data Reconciliation (DRS) and System Optimization (TOPS)

* Q & A Session

Presenter: IGNACIO MARTIN (SPAIN) ςGLEN GUO (CHINA)
Support: Meritt Elmasri(U.S. HQ) 1



Thermoflow Training and Support

- Standard Training 

- On-siteTraining Course

- ¦ǎŜǊΩǎMeetings / AdvancedWorkshops

- Webinarswhennew versionis released

- Help, Tutorials, PPT, Videos

- TechnicalSupport

Ą FeatureAwarenessWebinars
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FeatureAwarenessWebinars
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1- Assembliesin TFX, June 2016

2- Scripts in Thermoflow programs, GTP-GTM-TFX

3- Multi Point Designin GTP-GTM

4- ReciprocatingEnginesin TFX

5- TIME in GTM

6- MatchingST Perfromancein STP

7- ModelingSolar Systemsin TFX

8- CombiningTHERMOFLEX & Application-SpecificPrograms

9- Methods & Methodology in GT PRO & STEAM PRO

10- Supplementary Firing & Control Loops in GT PRO & GT MASTER

11- The Wind Turbine Feature in Thermoflex

12- ModellingD¢Ωǎin Thermoflow programas-1

13- Thermoflexfor on line and off line performance monitoring
14- Tflow27, ǿƘŀǘΩǎnew

15- ModellingD¢Ωǎin Thermoflow programas-2

16- Multi Point Designin GTP-GTM

17- Total PlantCostin TFX

18- SteamTurbine Tunning

19- UserDefinedComponentsin TFX

20- CoolingSystemOptimization

ΧΧΧΧΧΧΧΧΧΧΦ

28- OD Simulationof a Coal Plant
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Simulationof an existingPlant: Philosophyof Thermoflow
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- Clear Definition: ĄWhatwe want
ĄWhatwe can achieve

- PlantEngineersinvolvement@ the Developmentand Operation
- Plantoperatingregime& environment(regulation, pricesΣ Χύ
- Plantspecificconcerns
- AvailabilityςReliabilitycomes first!!!
- Payback?

- RealisticExpectations

- Uniquesolutionfor eachplant



Monitoring anexistingPlant: Options
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1. Data acquisitionsystem+ simple data processingĄ Trends

2. ά + use of correctioncurves

3. ά + ThermodynamicModel

4. ά + DetailedEngineeredmodelĄ Thermoflow

C
o

m
p
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xity



Simulationof an existingPlant: Structure
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PlantInstruments Data Acquistion
System

Data Processing 
System

CalculationEngineExternalInputs

INTERFACE
- Trends
- Graphics
- Reports
-Χ



Simulationof an existingPlant: Focus?
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PlantInstruments Data Acquistion
System

Data Processing 
System

CalculationEngineExternalInputs

INTERFACE
- Trends
- Graphics
- Reports
-Χ



Simulationof an existingPlant: Focus?
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PlantInstruments Data Acquistion
System

Data Processing 
System

THERMOFLOW 
Model

ExternalInputs

INTERFACE
- Trends
- Graphics
- Reports
-Χ



Simulationof an existingCoal Plant: Limitations
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- Instrumentationavailable& accuracy

- Flow ratesmeasurement: coal, air, gas, water-steamflows, CW flow

- Real Time Coal properties

- ST expansionon the wet region, steamproperties

- Unburntcarbonin ashmeasurement

- UncountedBoiler losses(ManufacturerMargin)

- Others: PA/SA distribution

Fly/BottomAsh distribution
Χ



Simulationof an existingPlant in Thermoflow: Steps
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1. Replicatingthe Original HB ĄSteamPro-PEACE

2. ά!ǎ builtέ modelin STM / TFX-PCE

3. Hardware in STM / TFX-PCE

4. Controlsin STM / TFX-PCE

5. Degradationin STM / TFX-t/9Υ άCurrent{ǘŀǘǳǎέ Ǿǎ άClean{ǘŀǘǳǎέ

6. OD SimulationOff Line

7. OD SimulationOnLine, Performance Monitoring



Simulationof an existingPlant in Thermoflow: Steps
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Example

1. Designin 1999 ĄάOriginal Heat.ŀƭŀƴŎŜέ

2. StartUp in May 2002 Ąά!ǎ Builtέ I. ŀƴŘ first άǊŜŀƭ Řŀǘŀέ

3. LastOverhaulin Sep2016 ĄάCurrentClean{ǘŀǘǳǎέ

4. Now, May 2018 ĄάCurrent{ǘŀǘǳǎέ



Replicatinganexistingplant STP, Original HB, SteamCycle

©Thermoflow Inc. 2018 ðWebinar: OD Simulation Coal Plant, 30 May, 2018  by IGNACIO MARTIN ðGLEN GUO
12

180,1T

desup
45,69 m

19,09 p
33,2 T
1146,2 m

178,4 p
295,4 T
1478,7 m

0
,2

4
 p

  6
4
,0

2
 T

  4
5
,1

2
 m

0,24 p  64,02 T

0
,8

2
2
 p

  9
4
,2

2
 T

  5
4
,4

8
 m

0,822 p  94,22 T

2
,2

2
7
 p

  1
7
3
,8

 T
  5

5
,3

3
 m

2,227 p  173,8 T

5
,2

7
 p

  2
6
5
,4

 T
  5

9
,2

9
 m

5,27 p  265,4 T

1
0
,3

5
 p

  3
4
8
 T

  5
8
,6

5
 m

10,35 p  348 T

2
2
,4

9
 p

  4
5
4
,6

 T
  7

3
,8

 m

22,49 p  454,6 T

4
3
,7

1
 p

  3
4
6
,9

 T
  1

0
3
,9

 m

43,71 p  346,9 T

7
9
,6

2
 p

  4
3
0
,1

 T
  1

4
1
,8

 m

79,62 p  430,1 T

CT

0,827 p
1,27 m GSC

40 p
540 T
1250,2 m

1
,9

6
4
 m

 S
S

R
L
e
a
k
 5

,1
6
4
 m

L
P

c
rs

   1
0
,3

5
 p

  3
4
7
,8

 T
  1

1
4
0
,5

 m

0
,0

4
8
 p

  3
2
,2

5
 T

  9
2
6
,3

 m
  0

,8
9
2
 x

166,5 p
540 T
1522,9 m

2,166 m
SSR

0,588 m

1
7
,3

9
 m

5
,1

6
4
 m

 L
P

c
rs

1
,6

8
5
 m

 S
S

R

4
,2

3
7
 m

SSR

1
,0

8
9
 m

1
,2

7
 m

to
 F

W
H

1
1
,8

7
9
 m

HPT IPT1 LPT1x4
(2 double flow)

45,12 m
62,94 T
0,228 p

54,48 m
92,91 T
0,783 p

55,33 m
172,4 T
2,121 p

59,29 m
263,9 T
5,019 p

58,65 m
346,6 T
10,05 p

73,8 m
453,2 T
21,84 p

103,9 m
344,8 T
42,43 p

141,8 m
427,8 T
77,3 p

FWH1FWH2FWH3FWH4DA (FWH5)FWH6FWH7FWH8

0,228 p
38,22 T
216,1 m

33,2 T
1146,2 m

60,17 T

TTD
2,78 T

DCA
5,02 T

0,783 p
65,17 T
169,1 m

60,17 T
1146,2 m

90,13 T

TTD
2,78 T

DCA
5,00 T

2,121 p
95,13 T
114,6 m

90,13 T
1146,2 m

119,3 T

TTD
2,78 T

DCA
5,00 T

5,019 p
124,3 T
59,29 m

119,3 T
1146,2 m

149,2 T

TTD
2,78 T

DCA
5,01 T

10,05 p
180,1 T
1524,4 m

149,3 T
1146,2 m

180,1 T

21,84 p
189,9 T
319,5 m

184,9 T
1478,7 m

219,7 T

TTD
-2,78 T

DCA
5,01 T

42,43 p
224,6 T
245,7 m

219,7 T
1478,7 m

255,3 T

TTD
-1,42 T

DCA
4,99 T

77,3 p
260,3 T
141,8 m

255,3 T
1478,7 m

295,4 T

TTD
-2,78 T

DCA
4,98 T

Blowdown
1,477 m

178,4 p
295,4 T
1478,7 m

171,5 p  542,8 T  1522,9 m45,69 m

42,64 p  345 T  1250,2 m

41 p  541,4 T  1250,2 m

0,048 p
32,25 T
1144,8 m
0,725 x

0,347 p
32,24 T
1146,2 m

1,477 m

17,52 T
44062 m

29,19 T
44062 m

42252 m
15 T

42873 m
25,87 T

500093 kW

3000

RPM

STEAM PRO 27.0  IMG-TF 1305 05-30-2018 11:48:16  Steam Properties: IAPWS-IF97
FILE: C:\Users\imart\Documents\Thermoflow 27\FAW\FAW28_OD Coal\Ex_500_2.STP   CYCLE SCHEMATIC
p[bar], T[C], h[kJ/kg], m[t/h], x[-]

BOILER EFF (HHV/LHV) 89,5% / 92,6%
NET PLANT EFF (HHV/LHV) 39,4% / 40,7% NET PLANT HR (HHV/LHV) 9140 / 8838 kJ/kWh

NET POWER 464076 kW AUX 36018 kW
TURBINE HR 7575 kJ/kWh
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- PlantCriteria& SiteConditions
- Cycletype: Subcritical, Single ReheatCondensing
- PlantSize: HPT Flow, Gross Power, Net Power
- SteamCycleconditions, Pressures& Temperatures
- SteamTurbine, Casingconfiguration, groupefficiencies, leakagesystem, exhaustend-EL, losses
- FWH: number, type& connections

- Thermalparameters, TTD, DCA, DP
- Paralleltrains
- hardware definitions

- CoolingSystem: type, CondenserPressure, CW DT, other parameters, hardware definitions
- Pipe pressuredrops
- Boiler FeedPump: electricmotor or steamturbine
- Pumps, type, margins-curve, numberoperating& stand by
- AuxiliaryStreams: aire preheater, jet ejector, auxiliarysteam, steamto sootblowers, blowdown, 

desuperheating

Replicatinganexistingplant STP, Original HB, SteamCycle
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Replicatinganexistingplant STP, Original HB, ST

HPT IPT1 LPT1x4
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STEAM PRO 27.0  IMG-TF  Ignacio Martin Gonzalez

1305 05-30-2018 12:04:42 C:\Users\imart\Documents\Thermoflow 27\FAW\FAW28_OD Coal\Ex_500_2.STP
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Replicatinganexistingplant STP, Original HB, FW Heaters
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STEAM PRO 27.0  IMG-TF  Ignacio Martin Gonzalez

1305 05-30-2018 12:04:42 C:\Users\imart\Documents\Thermoflow 27\FAW\FAW28_OD Coal\Ex_500_2.STP

FWH System T-Q Diagram

STEAM PRO 27.0  IMG-TF 1305 05-30-2018 12:04:42  Steam Properties: IAPWS-IF97
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Replicatinganexistingplant STP, Original HB, CoolingSyst



Replicatinganexistingplant STP: Boiler design
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- Fuel type, fuel preparation

- Boiler Thermal: configuration, circulation, excessair, minor losses, blowdown

- Air Handling: PA-SA, Air Pre-heating, DP, fans

- Desuperheating

- Boiler sizing: Furnaceexit T, SH load, RH load, Eco load

- Furnaceparameters: unburnt carbonin ash

- Stack

- ConvectiveHX DP and hardware definition



Replicatinganexistingplant STP: Boiler design
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Replicatinganexistingplant STP: Boiler design
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Replicatinganexistingplant STP: Environment
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- NOx: SCR-SNCR

- Particles: FabricFilter-ESP

- Sulfur: FGD wet/dry

- Mercury: activatedcarboninjection



Replicatinganexistingplant STP: AuxiliaryPower
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- Pumps

- Fans

- Fuel Delivery, Ash Handling

- EmissionControl equipment

- TransformerLosses

- OtherPEACE

- Miscellaneous



FromDesignto Off Design
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or



Whenin Off Designmode, STM or TFX

©Thermoflow Inc. 2018 ðWebinar: OD Simulation Coal Plant, 30 May, 2018  by IGNACIO MARTIN ðGLEN GUO
23

- Tune the Hardware

- Set the Controls

- Introduce Degradation



Tuningthe Designin STM / TFX: Hardware
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- Pipes

- FW Heaters

- Condenser/ CoolingTower

- ST: Inlet NozzleArea

- FurnaceDimensions

- Boiler ConvectiveHX

- Air Heaters

- Stack



Tuningthe Designin STM / TFX: Hardware
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FWH
Condenser

Pipes

Stack

ConvectiveHX

Furnace



Tuningthe Designin STM / TFX: Hardware
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SteamPro SteamMaster



Tuningthe Designin STM / TFX: Controls
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- Plant

- ST

- Boiler

- FWH

- Condenser



Tuningthe Designin STM / TFX: Controls
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PlantControls



Tuningthe Designin STM / TFX: Controls
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Boiler Controls



Tuningthe Designin STM / TFX: Controls
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ST Controls



Tuningthe Designin STM / TFX: Controls
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FWH Controls



Tuningthe Designin STM / TFX: Controls

©Thermoflow Inc. 2018 ðWebinar: OD Simulation Coal Plant, 30 May, 2018  by IGNACIO MARTIN ðGLEN GUO
32

CoolingSystemControls



Tuningthe Designin STM / TFX: Degradation
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- ST: EfficiencyDegradation

- FWH: BlockedTubes, Fouling, Leaks

- Condenser: CleanlinessFactor, Air intake

- Boiler: HX Fouling

- Others



OD SimulationOff Line
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- TypicalCorrectioncurves (Elink)

- Othercorrectioncurves (steamout, steamto sootblowing, desuperheatingΣ Χύ

- Effectof Operationalternatives

- Bypass FWH

- CW Pumps/ CT-ACC cellson

- ExcessAir-UnburntCarbonin Ash

- SteamAir pre heating

- Effectof Degradation

- FWH blockedtubes

- AH leakage/ Dirtyness

- Boiler fouling

- Condenserfouling



OD SimulationOff Line STM, CorrectionCurves
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PartLoad Curves
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Steamto Sootblowersvs HX cleaning

OD SimulationOff Line, STM

Case 1 to 5: Steammf to 
Sootblowers, 0 to 10 t/h

Cases 6 & 7: Effectof cleaningSH2, 
HTC adjustmentfactor 0,75Ą0,95
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ExcessAir / Unburnt Carbonin Ash

OD SimulationOff Line, STM
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Air HeaterLeakage/ DP

OD SimulationOff Line, STM



OD SimulationOff Line, STM
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FWH Bypass



OD SimulationOnLine, Performance Monitoring
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- Tune Thermoflex+PEACEModel

- Connectto the DCS (Elink- ULink)

- SelectInputs & Outputs to be consideredas Inputs / Outputs

- SelectInputs & Outputs to be reconciled

- Calculatedegradationparameters

- Enterexternalinputs

- Set and Admin. the UserInterface

SeeWebinarn. 13, June 2017



TFX: Control Loopto find degradationparameters
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CondenserFouling

@ CurrentConditions(Ambient, Load, CW PumpsΣ ΧύΥ 

Cond P Cleanliness

mbar Factor

Expected from TFX 61,4 80%

Measured 63,2 ???



TFX: Degradation
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FWH blockedtubes/ fouling
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- DRS: Data ReconciliationSystem

- TOPS: Optimizer

OD SimulationOn-Line, other TF tools



Computation Tools

Introduce four types of computation tool:

* Control Loops

* Searcher

* Data Reconciliation System (DRS) 

* Thermoflow'sOptimization System(TOPS)

These tools must be used together with our programs such as GT Master, Thermoflex etc.

Presenter: Glen GUO(CHINA)
Support: Meritt Elmasri(U.S. HQ)



Where to find these tools?

* Control Loops (GT Master, Thermoflex)

* Searcher (Thermoflex)

©Thermoflow Inc. 2018 ðWebinar: On line and off line OD simulation of a coal plant, 30 May, 2018



Where to find these tools?

* DRS (Excel Addin)

* TOPS (Excel Addin)

©Thermoflow Inc. 2018 ðWebinar: On line and off line OD simulation of a coal plant, 30 May, 2018



Computation Engine
(GTP, GTM, STP, STM, TFX etc.)

output parametersinput parameters

²Ŝ Ŏŀƴ ǳǎŜ ǘǊƛŀƭ ƳŜǘƘƻŘ ƳŀƴǳŀƭƭȅΣ ōǳǘ ƛǘΩǎ ǘŜŘƛƻǳǎκǘƛƳŜ-consuming.

Control loops is automaticaltrial method, save your time!

E.g. To achieve a certain net power in GTM, we adjust GT load percentage.

To be adjusted & to be matched

©Thermoflow Inc. 2018 ðWebinar: On line and off line OD simulation of a coal plant, 30 May, 2018



Control Loops Interface in GTM

At one time, there is only one input parameter to be adjusted although you may pick up to three inputs in control loops.

©Thermoflow Inc. 2018 ðWebinar: On line and off line OD simulation of a coal plant, 30 May, 2018



How to choose computation tools

Computation Engine

Adjust One 
Input Parameter

Match One 
Output Parameter

Control Loops
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How to start work with data reconciliation

Imagine that you get hundreds of gauge measurements from DCS.

A small part of these measurements are inaccurate.

.ǳǘ ȅƻǳ ŘƻƴΩǘ ƪƴƻǿ ǿƘƛŎƘ ƻƴŜǎ ŀǊŜ ŦŀǳƭǘȅΦ 

Theoretically every measurement is suspicious. 

How to start your work since you trust none of them?

²Ŝ ŘƻƴΩǘ ǘǊǳǎǘ ŀƴȅ ƛƴŘƛǾƛŘǳŀƭ ƳŜŀǎǳǊŜƳŜƴǘΣ ōǳǘ ǿŜ ǘǊǳǎǘ ǘƘŜ 
ǿƘƻƭŜ ƻŦ ǘƘŜƳΣ ǎƻ ǿŜΩƭƭ ƳŀǘŎƘ Ƴŀƴȅ ǇŀǊŀƳŜǘŜǊǎ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΦ
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How to choose computation tools

Computation Engine

Adjust Many 
Input Parameters

Match Many 
Output Parameters

DRS
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DRS background

DRS is useful in online/offline monitoring for data reconciliation. 

Measurements always include uncertainty caused by random and 
systematic errors. In operating power plants various levels of effort 
are dedicated to accurately measuring the quantities used to 
monitor and control the plant. The DRS uses a model-based 
approach to help isolate faulty sensors, quantify the accuracy of 
other measurements, and fill-in unmeasured quantities.
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Least square method
Minimize the sum of the squares of the weighted error signals. The 
error signals are defined as the difference between the MQs and 
the corresponding CEOs at the current nominal point.
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DRS Process
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DRS example

There are four DRS example files in the sample directory.
Show (DRS4)RHTGTCC.xls
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How to choose computation tools

Computation Engine

Adjust One 
Input Parameter

Find One Extreme 
Output Parameter

No idea of the value in advance

Searcher
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Searcher interface
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How to choose computation tools

Computation EngineAdjust Many Parameters Find One Extreme Parameter

No idea of the value in advance

TOPS
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TOPS example
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TOPS example

There are two TOPS example files in the sample directory.
Show (TOPS2)CCGTLoadOptimization.xls

If you run TOPS for design models of our programs, you optimize 
the design; 

If you run TOPS for OFF-design models of our programs, you 
optimize the operating for existing power plants. 
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TOPS example
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TOPS vs Elink(Multiple design)

If you want to optimize 10 
parameters simultaneously and 
each parameter has 5 trials.

5^10= 9,765,625 combinations!

With Elink, if your PC computes one 
combination within 10 seconds, it will cost 
you 3 years to find the optimized solution!
With TOPS you can find it within minutes! 
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