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) — GLEN GUO (CHINA)
Support: Meritt EImasri (U.S. HQ)



'd" Thermoflow

Thermoflow Training and Support

Standard Training

On-site Training Course

User’s Meetings / Advanced Workshops

Webinars when new version is released

Help, Tutorials, PPT, Videos

Technical Support

—> Feature Awareness Webinars
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Thermoflow
Feature Awareness Webinars

1- Assemblies in TFX, June 2016
2- Scripts in Thermoflow programs, GTP-GTM-TFX
32 Multi Point Design in GTP-GTM
4- Reciprocating Engines in TFX
5 TIME in GTM
6- Matching ST Perfromance in STP
7- Modeling Solar Systems in TFX
8- Combining THERMOFLEX & Application-Specific Programs
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- Modelling GT’s in Thermoflow programas-1
‘ 13- Thermoflex for on line and off line performance monitoring
14- Tflow 27, what’s new
15- Modelling GT’s in Thermoflow programas-2
16- Multi Point Design in GTP-GTM
17- Total Plant Cost in TFX
18- Steam Turbine Tunning
19- User Defined Components in TFX
20- Cooling System Optimization

‘ 28- OD Simulation of a Coal Plant

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO



'd" Thermoflow

Simulation of an existing Plant: Philosophy of Thermoflow

Clear Definition: - What we want

- What we can achieve

Plant Engineers involvement @ the Development and Operation
Plant operating regime & environment (regulation, prices, ...)
Plant specific concerns

Availability — Reliability comes first!!!

Pay back?

mmmm) Realistic Expectations
m==) Unique solution for each plant
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'd" Thermoflow

Monitoring an existing Plant: Options

1. Data acquisition system + simple data processing = Trends

2. “ + use of correction curves
3. “ + Thermodynamic Model
4, “ + Detailed Engineered model = Thermoflow
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'd" Thermoflow

Simulation of an existing Plant: Structure

Plant Instruments

External Inputs
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'&1 Thermoflow

Simulation of an existing Plant: Focus?

Plant Instruments — Data Acquistion —

System
1 INTERFACE
Data Processing B ' - Trends
System - Graphics

1 - Reports
External Inputs _ Calculation Engine _
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'&1 Thermoflow

Simulation of an existing Plant: Focus?

Plant Instruments — Data Acquistion —

System
1 INTERFACE
Data Processing L ' - Trends
System - Graphics

1 - Reports
External Inputs | mmmmmmm)  THERMOFLOW | mom)

Model
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'd" Thermoflow

Simulation of an existing Coal Plant: Limitations

- Instrumentation available & accuracy

- Flow rates measurement: coal, air, gas, water-steam flows, CW flow
- Real Time Coal properties

- ST expansion on the wet region, steam properties

- Unburnt carbon in ash measurement

- Uncounted Boiler losses (Manufacturer Margin)

- Others: PA/SA distribution
Fly/Bottom Ash distribution
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'd" Thermoflow

Simulation of an existing Plant in Thermoflow: Steps

Replicating the Original HB = Steam Pro-PEACE

“As built” model in STM / TFX-PCE

Hardware in STM / TFX-PCE

Controls in STM / TFX-PCE

Degradation in STM / TFX-PCE: “Current Status” vs “Clean Status”

OD Simulation Off Line

N o v oA W N e

. OD Simulation On Line, Performance Monitoring
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'd" Thermoflow

Simulation of an existing Plant in Thermoflow: Steps

Example
1. Design in 1999 - “Original Heat Balance”
2. Start Up in May 2002 — “As Built” HB and first “real data”

3. Last Overhaul in Sep 2016 - “Current Clean Status”
4. Now, May 2018 - “Current Status”
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Thermoflow

Replicating an existing plant STP, Original HB, Steam Cycle
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'd" Thermoflow

Replicating an existing plant STP, Original HB, Steam Cycle

- Plant Criteria & Site Conditions
- Cycle type: Subcritical, Single Reheat Condensing
- Plant Size: HPT Flow, Gross Power, Net Power
- Steam Cycle conditions, Pressures & Temperatures
- Steam Turbine, Casing configuration, group efficiencies, leakage system, exhaust end-EL, losses
- FWH: number, type & connections
- Thermal parameters, TTD, DCA, DP
- Parallel trains
- hardware definitions
- Cooling System: type, Condenser Pressure, CW DT, other parameters, hardware definitions
- Pipe pressure drops
- Boiler Feed Pump: electric motor or steam turbine
- Pumps, type, margins-curve, number operating & stand by
- Auxiliary Streams: aire preheater, jet ejector, auxiliary steam, steam to sootblowers, blowdown,
desuperheating

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO



Thermoflow Replicating an existing plant STP, Original HB, ST
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Thermoflow Replicating an existing plant STP, Original HB, FW Heaters
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Thermoflow Replicating an existing plant STP, Or

Cooling System Main S—
R Display T-0 Diagram Condenser
Condenser Design Method [ Automatic v

Condenser pressure

Condenser pressure

Condenser saturation temperature = 3225 C

Hot CW approach to
hatwell temperature
=30%1C

HotCwW T=2916C

] Matual Draft Cooling Tower ]

 Specily wet bub DT
 Specity L/G ratio
RH @ wet CT exit

CT height ta which CW is pumped
9,144 |m

Hotwell subcooling
0 C
ead to condensate outlet

Cooling water temperature rise
m

ColdCW T =1749C

Cooling tower inlet air

Same as ambient v

Ambient dry bulb 15 C
Ambient wet bulb 10,82 C

Ambient relative humidity 60 %

Retum water approach to wet bulb
T=325C

to FWH

Masitmum salinity 50000 |ppm
Cycles of concentiation [15 |

Cooling Water
" Fresh water * Seawater

Condenser Misc. -

ginal HB, Cooling Syst

Cooling System Main Inputs T Display T-0 Diagram T

Condenser Misc.

Condenser Assumptions

T Natural Draft Cooling Tower T

1

Hardware Design Method
 Automatic & [lserdefinec
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" Apply fouling factor 0,0002
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Tube outer diameter 5 mm
Tube thickness mm
Tube pitch/outside diameter i

W e[

186 |mis
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R
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Mole percent (y) of non-condensible gases
C in ht.c. comection factor [H=1/(1+Cy)) 051
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'd" Thermoflow

Replicating an existing plant STP: Boiler design

- Fuel type, fuel preparation

- Boiler Thermal: configuration, circulation, excess air, minor losses, blowdown
- Air Handling: PA-SA, Air Pre-heating, DP, fans

- Desuperheating

- Boiler sizing: Furnace exit T, SH load, RH load, Eco load

- Furnace parameters: unburnt carbon in ash

- Stack

- Convective HX DP and hardware definition
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Thermoflow  Replicating an existing plant STP: Boiler design

No. Parameter Base - MIBU Barat — P
Min Max Average Performance coal 100%B-MCR condition
Total Moisture (TM) % AR 21.70 33.90 2861
2 |Proximate Analysi % AR Boiler Parameters .
; ];i?le‘:ﬂeMms?l:: 930 2120 16.04 : D esup erheati ng type of SH: Spfﬂy water
~Volatile Matter 3022 5633 3345 SH steam flow v Dgr t/h 440
~Fixed Carbon 2919 36.50 3235 e Tor P e anary S‘ﬂge D1 t/h 14.76

Design

N | Name | SH steam outlet pressure Pgr |MPa.g| 133 Secon dary stag e D2 t'h 7.92 r
1 | Basic carbon collected [Car] % 48.05 Feed Wﬂtel’ temp. Tgs ’C 249 [
2 | Basic hydrogen collected [Har] % 3.51
3 | Basic oxygen collected [Oar] % 12.94 Inl et Temp- at All‘ Hc at er Ta .C 35 w m’u- t“np 'C l 6 8
4 | Basic nitrogen collected [Nar] % 0.63 Dmm 0 emﬁon ressure P t Ml’a s 15‘05 ~ . .
Py f—— P P 5 g Desuperheating typeaf RH: Damper regulaling
6 | Basic ash collected [Aar] % 5.59 R-H Steam ﬂow DH t!h 359
7 | Whole water content [Mar] % 28.61 RH Steam ouuet temp. ,m cc 326
8 | Inherent Moisture [Mad] % 16.04
9 | Basicvolatile collected [Var] % 3345 RH steam outlet mfe Pzr MPa g 2.59
L0 [Received basis gross calorific [Qge ar] rcatke| 4632 RH steam inlet pressure Pik {MPa.g| 2.44
11 |As received basis calorfic value [Qnet.ar ] kCalkg| 4271 RH steam inlet tel-np. "Ijk 'C 540
12 [Hardgrove grindability coefficient [HGT | 54

Ash components

SN | Name it | Design Coal Gas. air and steam temperature profile

1 | silicon dioxide (SiO:) % 52.96

2 | Alumina (AhOs 0) % 107 Item Sym. | unit |Furnace| Cyclone [Enclosure] LTS |PlatenSH| HTS | ColdRH (Platen RH| Eco. [Air Heater

Feric oxide (Fe,05 ) % 5.88 \Fluepas inlet temp. % C / 383 882 669 / 829 857 / 532 305

4 | Titanium dhioxide (TiO; ) % 0.64 —

5 | Mangano-manganic oxide (MnzO4 ) % 0.11 H“egas Ou“et tetnp' ’I—-:m_‘.': E. l 8&3 I 5 31 / 669 534 / 305 149
6 _|Caleium oxide (Ca0) * 654 Media inlet temp. Ty (o] 343 / 341 351 360 483 326 433 249 35
7 | Magnesia (MgO ) % 3

3 | Sodium oride (Nax) % 331 Media outlet femp. Bt v e 343 / 352 373 500 540 435 540 322 263
9 Kali (,0) 033

10 Phosphorus pentoxide (P1Os ) 0.25

11 Sulfirr trioxide (SO; ) 6.12
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Thermoflow  Replicating an existing plant STP: Boiler design

T Fumace & Radiant Elements T Air Heaters/FG Cooler T Convective Elements T

Main Flue Gas

Stack

Equipment Dptions

] AirHandling & Fue! Preparation ] Thermadynamic Assumptions ] Desuperheating ] Steam/v/ater Air Heater ] Main

=

Fuel Heating ]

Boiler Design MNumber of Units in Plant Boiler Configuration

Dependent parameter in fumace design Desited Funace Theimal Load Fractions

€ Automatic & Twopass ¢ Towerlype
‘ @ Userdefined Fraction of EV load in water wall [
Max Boller Efficiency ExtpocierCheuiion Click on a heat exchanger to drag to a new Radisnt H“f i Fraction of 5H load in fumace
Natural Crculation - location. ‘You may also directly edit heat % s J—— I
Sy exchanger loads where an input box is provided. it temp faction paciniumace
o LY RN SH/RH Steam Flow Sequence
R o m P 2 Supetheaters [C5ToRSH=C525083 =1
T H Boiler blowdown destination CR2 cs2 Reheatt
trr E H i i e e CR1=>RR1=>CR2=>CR3 ¥
HE Discard ~ Load Load Aperture height to width ratio I :I
N Zone 0 Path 1 50 |x% (|90 % Convective Heat Exchanger Design
R 8 > I3 User-defined, water/steam DP by user E'
—] [EREEE & arallel HX Configuration
HERHE n
R 10 Depth to width rati ¢ HX tube length equal t r ept
11 |cs1 LosdS0 % & Hx bundle width equal to downpass width
R 12 [cR1 Load0 %
R 13 ]
— PR 14 ]
I 5 Height to width ratio
REE R Pennsylvania Upper 15 "
[ Include ID fan IR
I 16
. 17
' ' i B (.
1 I 1 ‘_ 19 ECO1 Load[100 |
N T '
Main ] Air Handling & Fuel Preparation ] ssunpl ] ] SteamAWaler A Heater ] Fuel Heating ] Fiue Gas Cooler Downpass depth [L) to fumace depth (D }—s=]
2 L";e; Configuation Mil Capacity Pulvesizer Nameplate Condiions Fuel fineness is defined a2 X of passing 0
@ Pubserizer mil - PA 5 54 heated separately Humber operating [¢ | HEl 200 mesh (74 microns)
EdtE |~ Puiverizer mil-PA % SA hested together Mumber starcky 1] o % L Main Furnace & Radiant Elements Air Heaters/FG Cooler Convective Elements Stack
- : ::::M:::T:; e 1_5 % || Moee B |x - ~Heat Transfer Parameter - Radisting Beam Length r | Fumace
- oo PM;M“ P e | I Waterwall surface emissivity & Evawated by fumace dmension € Userdefined Heat transfer non-uniformity coection factor  |0.85
impified - led separ. HGI
¢ Sirulod - PA 4 54 hooted together Convective h.t.c. correction factor Mean beam length / “standard” vaiue Fuel chlorine converted to HCI [0 x
Finenes: L .
€ No s hesing : ‘Waterwall radiant flux conection factor Mean beam length Fuel delivery energy included in heat balance
Fhos G54 i oo Tope =N | Supetheater radiant flux correction factor e T o e Fuel mercuy leaving with flue gas %
Ll D) Al | Mill xi tenperatuae Reheater radiant flux correction factor Wall thermal conductivity @ 260C Flue gas S02 to 503 conversion rate I
| ?222 C 2nd reheater radiant flux corection factor Woall thermal canductivity slope
% of as-eceived fuel mossture evaporated
l ~ Particulate Matter Wall thickness
| Soot emissivity exponent correction factor W ater-side fouling factor
| Catbon to soot conversion rate Gas-side fouling factor
Ash emissivity exponert correction factor Fiimary Waterwall Frotection
Fumnace P = -0.6227milibar Aasecsived ol mosre =21 T @ None PistudSiCrefractory ¢ SiCties
Flue gas AR D Primasy protection coverage P =
SA bumes &P Primary coverage themal resistance m"2CAW
— 175 | Bottom ash temperature reduction DC :
FD fan isentropic eff. Powes consumplion converted into heat
o+ Specific ash handling power m kWwhtonne:
(L. . :i kd - [recs ] Secondary Waterwal Frotection
FD fan mech /elec. eff ssue diop in
[ ’:ec (2451 i Unbumt Carbon Secondaty coverage by Inconel
. % Unbumt Carbon as % of Carbon in Fuel Foroed O
econdary ak cutlet ) ~Forced Circulation
- Unbumt carbon loss with ash
=0 Dirbuton of urs o b Pump head
istribution of unburnt carbon in fly ash a ottom ash
Primasy s outiet  [2044]C J Ciculation rafio
€ Unburmt Carbon as % of Ash
Unburnt carbon in fly ash
P fan mech elec. eff, Unburmt carbon in bottom ash
o |
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'd" Thermoflow

Replicating an existing plant STP: Environment

NOx: SCR-SNCR

Particles: Fabric Filter-ESP

Sulfur: FGD wet/dry

Mercury: activated carbon injection
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'd" Thermoflow

Replicating an existing plant STP: Auxiliary Power

- Pumps

- Fans

- Fuel Delivery, Ash Handling
- Emission Control equipment
- Transformer Losses

- Other PEACE

- Miscellaneous
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'&1 Thermoflow

From Design to Off Design

STEAM PRO 27
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THERMOFLEX
27

STEAM
MASTER 27
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'd" Thermoflow

When in Off Desigh mode, STM or TFX

- Tune the Hardware
- Set the Controls

- Introduce Degradation
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'd" Thermoflow

Tuning the Design in STM / TFX: Hardware

- Pipes

- FW Heaters

- Condenser / Cooling Tower
- ST: Inlet Nozzle Area

- Furnace Dimensions

- Boiler Convective HX

- Air Heaters

- Stack
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Thermoflow

Tuning the Design in STM / TFX: Hardware

Fostuat Sy Cal|  Foghusrteser | Fesdyder s | Footer Hoslr |y S— rT———
o andenser Misc. llpe onaenser g 0 ]
Select heater  Feadwater Heater Type: Drain cooler W |Da|hnn Steal LI Cooling Systern Main |nPU‘91 Condenser Assumptions ] it £ team Jet A Ejector k
P i Tank: Cooling Equipment Aupdliary Boil
mﬂ ; 1. Total number of tubes 2460 Other Inputs Performance Method ] i ] e ] ks ] e ] St
mn 3 j ;::rh nll tu:e per pass Ej; m . Pipe p drop & enthalpy loss calculati
FWH 3 . Tube outer diameter mm . ]
Pt 7 & Tube v thickss i Tl o] ITitariu'n - ensible Removal " Use STEAM MASTER model @ Use PEACE mode
FwH 8 = - onaenser A i
5. Tube pitch / tube outer dismeter 1,45 TueT aanical vacuum purnp Extemnal . - . -
e Type Seam welded - Main ] Fittings 1 Others PI es Pipe: BLR to HPT
6. Number of 2 - jet air e ) ' . p
FLEES FW H : N | (" Steam jet ai ejector Pressure Diop Calculation Pipe Characteristics
7. Total heat transfer area 18019 |m"2 " Apply fouling factor & Use hardware-determined pressure drop Material | P-22 |
8. Desuperheater area / total heat transfer area 8675 |z (e Apply cleanliness factor Aspect ratio of uniformly spaced tube bundle (Hei | ~ (e A e o i Number of pipe runs 7
A TR EED EX [ Tube ouler diameter Condenser cioss section / Uniformiy-spaced tube | Resistance coefficient (2826 |m™4 e 463 |m
10. Drain cooler area / total heat transfer area 258 |z X o
. " Use defined performance Nurmber of legs in pipe run 1
11. Drain cooler heat lransfer area 587 m°2 Tube thickness . )
Hotwell condensate storage requirement (Norming | Pressure drop s percent of exit pressurs [DP/P) (3 |% || Equivalent length of pipe run 2154 |m
12. Desuperheater crossflow multiplier 0.33 . . . . . 0
Tube pitch/outside diameter ) ) ) Heat Loss Calculation Elevation at start of pipe run m
13. Desuperheater baffle spacing 06184 |m Diameter of Ciw pipe connections R ER el e 0 =
14. Desuperheater crossflow area 01431 |m"2 Tube lergth (= i p L] . .
Mumber of additional velocity head losses 0
15. Drain cooler crossflow multiplier 05 Number of tubes Enthalpy loss klfkg e — 0 o
16. Drain cooler baffle spacing 09276 |m Mal " f it " Hardware characteristics & installation method o :
17. Drain cooler crossflow area 03251 |m"2 Condenser suface area ole percent (y) of non-condensible gases — Cross Section Properties
. . Insulation thickness '““ * Use standard pipe sizes & Use custom pipe
18. Desupelhéatlng zone overall ht.c. CF 1 Mumber of condenser passes Cinh.te. comection factor [H=1/(1+Cy]) Insulation thermal conductivity 00519 |w/imLC Schedule 2 -
19. Drain cooling zone overal ht.c. CF 1 ekt rmsterel (oA Dm"Z-EM ] .
20, Condensing zone overal h.tc. CF 1 Tube metal conductivity | Noﬂm 52 -
: : Boiler Furnace Boiler Operating - Installation b F . P Z
i ; Boiler Main Input: Desuperheat
AT pdabaniross | Sgmbareee | venpubening | Somfemas | Comemed | usnivess | e i flaminas fimhte. [11 "M | Hadeare espethesivg BT . Bu\i:pﬂ:m ] BU;\Iear'm:ﬂ Desun;hmn] D:::L , ] Companent | -5 e ] FuslH
22 Tuk Ty — Other Inputs )] cs2 K| Rhon fact E Podartucpast B~ O sleepers i
23 Hed Fintube type Tube arangement  Fin meteil Tube materia User defined materials wilEsin = Specification ] ISlack
Use different material Fi !
-— [Bae-nofins v [inine ] [TPaoa u7 | 191 na | 3 | et ‘ A Jioe le tube h.t.c. @ " Underground Ds
Zone
Tube length Tube outer diameter D
Transverse width _
# of tube rows (longitudinal) Tube wall thickness E . . Stack Size
 of tubes per row (ransverse) ey poriae h?;gm
# of rows per water side flow pass -
Longttudinal row pitch, PI Fin spacing Stack height (H)
Transverse tube pitch, Pt # of fins
D Steel liner diameter (D)
Fin height fa———— | —
36 tube rows B Fumace depth X .
- HX total ouside area F u r n a c e Steel liner thickness
g ololololololo] o e | o H
Stack breaching height (Hb)
L3
— HX "
o nve Ct I ve " Concrate shel outside diameter [Ds) rn
0000000 | wm ” - e
s per 10w
Gas Segment width mm Concrete shel average thickness mn

#of segments

Un-cut height/fin height

Fuinace width

Stack




Thermoflow

Steam Pro

Main Inputs

Fin-tube type

Tube arangement

Tuning the Design in STM / TFX: Hardware

T Hardware

T

Fin material

Tube material

Other Inputs

|

ﬂ IInIine

Bare - no fins

| [TPama, 57

| [T91, 14

r Use different material
for fins and tubes

=

cs2

-

Steam Master

User-defined materials

Fin-tube type

Tube amangement

Tube matesial

Fin maternial

Longitudinal row pitch, PI

Transverse tube pitch, Pt

|Dr:'me tube length/Hx width

Tube length/HX v

vidth
Tube length

For illustration only.

Actual number of tubes
and number of rows
to be calculated

Pt =3091 mm

Gas

00

1}

200 mm

0 40 mm
1

Tube outer diameter

Tube wall thickness

Fin thickness
Fin spacing
# of fins

Fin height

Segment width

it of seqments

55
6,045  |mm

]
Ur-cut height/fin height

| Bare - no fins

LI |\nline

| [TP 403, 57

B REED

~lr

User-defined materials

Use different material
for fins and tubes

: Boiler Furnace : Boiler Operating Component Steam Aif Heate el Heatint
Boiler Main Inputs ] Hardware ] Desuperheating ] Parameters Hardware Steam Air Heater Fuel Heating
Main Inputs ] Hardware Other Inputs ] |[:52 j

—>

Tube length

Transverse width

# of tube rows (longitudinal]

# of tubes per row [transverse]

# of rows per water side flow pass
Longitudinal row pitch, PI
Transverse tube pitch, Pt

36 tube rows
Pl = 76.2 mm

gaojojololololo

- 0000000

101 m_
1512 |m
36
4 <4
6
76.2 mm
3149  |mm
Pt =314,9 mm

<afditmine s per 0w

Gas

0 200 mimj
[ S —

0

40 i

Tube outer diameter

5 Jom
5% Jam

mm

Tube wall thickness

Fin thickness

Fin spacing mm
# of fins per meber
Fin height Dmm

HX total outside area 3482 m"2
View derived quantities

egment width mm

# of segments

In-cut height/fin height
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'd" Thermoflow

Tuning the Design in STM / TFX: Controls

- Plant
- ST

- Boiler
- FWH

- Condenser

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO
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Thermoflow

Tuning the Design in STM / TFX: Controls

%‘ STEAM MASTER 27.0 - CA\Users\imart\Documents\Thermoflow 27\FAW\FAW28_0D Coal\Ex_500_3c.5TM

- X
File View Options Window MNew Session Help
Main Plant Steam Feedwater : Envion | Nuclear | Cooling Re-design in
Inputs Criteria Turbine Process System Boiler ment E System Pumps ST PRO COMPUTE
Mode
Ambient temperature 15 = o
Ambient pressure 1013 |bar Plant Control Mode Boiler Model -
Ambient humidity B0 % [HPT steam flow LI |Fued hardware j
Ambient wet bulb 1082 |C Fuelheatinput %
Air and fuel flows
Site Cw temperature 15 C
Makemmh t 15 c ST generator power PI t C t I
lakeup temperature Plant net DUIDUt a n o n ro S
. X . ST & condenser (TFX link)
Design paint excess ai Steam turbine only (TFX link)
% Cycle w/o boler [TFX ink]
\ ‘/
¥ y
HPT —————— IPT — 4x1 LPTs
HPT inlet flow \
15216 |th
Design HPT flow
vh !
-t
" Boiler controlled by excess air
Set through design point excess HRHX
air and excess aif cuve ‘ . a0 | o & sc o | o P 10
¢ Boiler controlled by Eco exit 02-%
Desired 02-%|3,35 %
I~ diy-basis
]
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Thermoflow

Tuning the Design in STM / TFX: Controls

Boiler Controls

Boiler Model

|Fi:-:ed hardware v

Fized hardware
Grey box

" Boiler controlled by excess air
Set through design point excess
air and excess air curve

{« Boiler controlled by Eco exit 02-%

Desired 02-%|3,35 %

[ diy-basis

Boiler Main Inputs ] Boiler Fumace Hardware ] Desuperheating ] Boiler Dperating Parameters ]
‘W ater/Steam Circuit Desuperheating ‘W ater Source Desuperheating Flow
&+ Superheater Superheater Boiler feed pump < Supetheater desupetheating flow as % of HP flow
" Reheater Reheater Boiler feed pump - Reheater desuperheating flow as % of HP flow

- LP reheater Boiler feed purmp

Desuperheating Model

(& Control steam setpoirt " Specify desuperheating flow

15
Min. supelbesat after desuperheating E

Supeiiiea Desipahast Desipaihest
location r ' before ASH before 52

Distribution of %

desuperheating flow

Superheater Inlet

Economiser

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO

LP reheater desuperheating flow as % of HP flow

Component Hardware ]

Desuperheat
before CS3

“ control
" On - pressuiize to control it subcosling
" On - recculdte o contral exil subcoolng
Waler Reciculation to Conirol
% No water receculation
" Gas ex temperatiae
" Metal temperahae
" Water nlet temperature
© Water et tempaisture
€ Gas spproach to dew pont
 Gas approach to sulfur dew point
 Inlet waer approach 1o dew point
st water appeoach to subur dew point
Wales Bypass to Control
& No water bypass
 Gas ext temperatiae
" Metal temperatuse
€ Water et lemperature
 Gas spproach to dew pont
 Gas approach to sulfur dew point
Gias Bypass to Contiol
@ No gas bypas
© Gas el temperatise



Thermoflow

Tuning the Desi

[Ee. STEAM PRO 27.0 - C:\Users\imart\Documents\Thermoflow 27\FAW\FAW28_0D Coal\Ex_500_3.5TP
File View Options Window Help

gn in STM / TFX: Controls

- X

Uncontrolled (sliding pressure)

Thiattle control [one valve)

Mozzle control (YAN or inifinite number of valves|
ST - FwH Multi-valve with Locus of Valve Points model [LY]

Steam Cycle

Multi-valve with Mean of Yalve Loops model (MYL)

ST Inputs
FWH Inputs
Process

Pumps HPT
Boiler Thermal

Boiler Sizing

Environment

7]
B
ko
) esalinatio [
Desalination be¥el
_ v
2
Other PEACE s VL
[ Auto
R eii.
Ec ics L
Compute H
PO . N
Text Output - . :
* Pl i
Output = . n
)| o - b
PEACE Output o &
o =

Multiple Designs
(M 0

I4CRO])

Run from Excel
[ELINK)

Fully-Flexible De:
[THERMOFL

Carrection factor for automatic dry step efficiency D

ST Controls

IPT1

LPT

Click on a steam turbine group to edit its properties or change its inlet pressure control valve settings

Group Design T Design Assumptions T Generator T Exhaust End Design T ST Leaks T Steam Seal System T Moisture Separation T
New Session
Steam Turbine Group (1) Inlet Control - Port #0 Group Parameters
Plari Ciketia “‘ lti-valve with Mean of Valve Loops model (MWL) LI |1. Automatic efficiency estimate L]
Cooling System

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO
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Thermoflow

Tuning the Design in STM / TFX: Controls

FWH Controls

Control mode
| Fixed hardware v

Fized hardware
Approximate TTD method

~ HP Feedwater Bypass Control
Bypass flow rate

Bypass beqgins at inlet of heater

Bypass merges with exit of heater

L L

FWH 6 - Drain cooler

Maximum set point heating pressure |3

Local feedwater bypass

Drain leak mass flow

2,76 bar
%

t/h

Il

Dirain destination

|FwHS

Drain leak destination

LP Feedwater Bypass Control
Bypass flow rate

Bypass beaqins at inlet of heater

Bypass merges with exit of heater

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO

|Ambient

=
=

Cancel |
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Thermoflow

Cooling System Main Inputs ] Condenser 1

Cooling System Optimisation Cooling ‘W ater Flow

off L‘ & Userdefined O Computedfr_om pUmp capacity
and flow resistance

Minimum condenser pressure |0,

Maximum condenser pressure|0.2686 | bar

Nominal C' flow per condenser: 45093 thh

Desied CW flow as % of nominal

Mechanical Draft Cooling Tower

Condenser Pressure Limited by
(" Coolart flow No. of operating || 5 Alcels
CT cel

] Condenser Misc. Assumplions ] Multiple Condenser CW Ciicuits ]

CT Coaling Water Distribution
I " Operating cells

Number of existing cels
1- speed|17

Nurmber of operating cells

Full speed|17

Fan power CF =\I|

Sizing air flow per cell = B09,9 m"3/%
Full speed cell air low/sizing %

Half speed cell air flow/sizing %
Zero speed cell ar low/sizing %

Cooling tower inlet air

|Sarne as ambient j
Ambient dry bulb 15 C

Ambient wet bulb 10,82 C

Ambient RH 60 %

Water head to condensate outlet

348 Im

Hotwell subcooling

-

I Cooling tower is shut down

to FWH

Cycles of concentration 5

LT minimum basin temperature |7.222 |C

(v Seawater

" Fresh water

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO

2- speed ’U—

Hatfo |

Steam Jet A Ejector

Tuning the Design in STM / TFX: Controls

Cooling System Controls

=

Pipes ] Tanks ]

Cooling Equipment 1 Ausiliary Boler ]

Main Inputs

] Other Inputs 1 Condenser C

. Pump.

Head (m)
4

Min continuous flow

5 |%
o

Type & Sizing

Efficiency (%0) | | Pumptype [venical tine -
Ao
] Numbe of pumps per pumping station 5
S 3
Nameplate isentropic efficiency :

Nominal pump capacity, %
87 %

Nurnber of runring pumps in station
44006 |t/h

Nameplate mechanical loss per pump 34.31 |k

Design flow per pump station

Nameplate shaft speed 500 |RPM
Control valve pressure diop 0 bar
sk Nameplate head
h 2173 |m Operating speed [oo|reM
{2 =
Motor
Nameplate shaft power 11927 |kw
2F M continuous f Nameplate motor effciency [958 |%
140 % Series
© Standad @ EPAct (" Premium
Mameplate flow
16298 |vh
. L
0 10000 20000
Flow (t/h)

Electrical

32




'd" Thermoflow

Tuning the Design in STM / TFX: Degradation

- ST: Efficiency Degradation

- FWH: Blocked Tubes, Fouling, Leaks
- Condenser: Cleanliness Factor, Air intake
- Boiler: HX Fouling

- Others

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO
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'd" Thermoflow

OD Simulation Off Line

- Typical Correction curves (Elink)
- Other correction curves (steam out, steam to sootblowing, desuperheating, ...)
- Effect of Operation alternatives
-  Bypass FWH
- CW Pumps / CT-ACC cells on
- Excess Air-Unburnt Carbon in Ash
- Steam Air pre heating
- Effect of Degradation
- FWH blocked tubes
- AH leakage / Dirtyness
- Boiler fouling

- Condenser fouling

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO



Thermoflow OD Simulation Off Line STM, Correction Curves

41,0
Part Load Curves o
40,0
= o 2 - TFELINKx1 - Excel
Archivo Inicio Insertar Dibujar Disefic de pagina Férmulas Datos Revisar
Grafico 1 M Je
B 9 D E F G H |
1 ki Base Case Case 1 Case 2 Case 3 Case 4 Case 5
' ELINK 27.0 (Save-A&
3 Copyright (c) 1999 - 2017
£ Base Case:
5 mAl learctimatiNnrnmantab Tharmnfle
~ ~ E
& Computation M N ] I M
7 INPUT VARIABLE DESCRIPTION Units Input Input Input Input Input Input
Plant control mode (choose first!l): 0=fuel heat
input percentage, 1=air+fuel flows, 2=HPT
steamflow, 3=5T generator power, 4=Plant net
& power 0 3 3 3 3 3
9 Desired HPT inlet steam flow rate t/h 1522,0 15222 1279,3 1035,6 809,0 5836
10 | Desired ST generator power Mwe 4999 500,0 425,0 350,0 275,0 200,0
11 | Ambient temperature C 15,0 15,0 15,0 15,0 15,0 15,0
12 | Ambient relative humidity * 60,0 60,0 60,0 60,0 60,0 60,0
13
14 OUTPUT VARIABLE DESCRIPTION Units Dutput Output Output Output Qutput Qutput
15 |Plant gross output kw 499.930 500.000 425.000 350.000 275.000 200.000
16 |Plant net output kw 464.090 464 156 393 496 321409 249143 176769
17 |Plant net elec eff (HHV) * 35,42 35,43 39,38 38,64 37,34 35,1
18 |Plant net elec eff (LHV) % 40,77 40,77 40,73 39,96 38,61 36,3
19
20
o
92,6
92,4
92,2
92,0
100

150,0

150

200,0

'

200

Plant net elec eff (LHV)

250,0 3000 3500

Boiler efficiency (LHV)

250 300 350

400,0

r
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450,0

450

500,0

'

Steam cycle efficiency
48,0
17,5
47,0
16,5
46,0
45,5
45,0
44,5

44,0
100 150 200 250 300 350 400 450 500

Auxiliary Power (% / Gross Power)

12,0%
11,0%
10,0%
9,0%
8,0%
7,0%

6,0%

100 150 200 250 350 450 500

35



Thermoflow QD Simulation Off Line, STM

Steam to Sootblowers vs HX cleaning:

3

Case 1 to 5: Steam mf to 3

Sootblowers, 0 to 10 t/h E

Cases 6 & 7: Effect of cleaning SH2, =
HTC adjustment factor 0,75—2>0,95 E
2%
2
&3
24
20
2B
27
28
"
K|
a2
3
34
35
36
"
:
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] E F G H | J k
E LI N K 2’1H| Base Casq Cazel Casze Casze 3 Cazed Case5 Casz=6 Case T
Careerictht (e 199
Computation Meszage - Hessage; Message; Messages‘ Mesgages‘ Megsages‘ Messages‘ Messages‘ Messages‘
INPUT YARIABLE DESCRIPTION Units Input Imput Impt Impt Imput Imput Inpuit Imput
Plant control made [chooze first!): O=fuel
heatinput percentage, 1= airt+fuel flow s,
2=HPT steamflow, 3=5T generator power,
d=Plant net power 0 3.0 3.0 3.0 3.0 3.0 1] ]
Dezired HPT inlet steam flow rate tlh 1521.9 5222 15239 15257 E27 5 15232 15115 1513,
Desired ST generator power Miwl'e 438.3 5000 00,0 S00.0 5000 00,0 435.2 438, 7
Ambient temperature C 15.0 12.0 1=.0 12.0 120 12.0 12.0 120
Ambient relative humidity b 60.0 i E0.0 EO.0 EO.0 B0 EO.0 EO.0 EO0.0
Process steammass flow tth 5.0 I 0.0 2.5 2.0 =] nmo 15 (]
C52: Gaslair-side conwvective hit.c.
adjustment factor 1.0 1.0 1.0 10 1.0 1.0 0,75 035
OUTPUT VARIABLE DESCRIPTION Units Dutpue | Ourput Curput Curput Curput Cutpuat Cutput Clutpuit
Plant gross output ket 438 870( 500,000 | S00.000 | 500,000 | S00.000 [ S00.000 |f 435161 | 435,741
Plant net output k! 463034 | 464156 | 464126 | 464.034 | 464.063 | 464.031 || 462312 | 462903
Plant net elec =ff ([HHW) s 33.33 33.43 39,38 39,34 35,29 33,25 . 3927 39.32
Plant net elec off [LHW) s 40,68 | 4077 40,73 40,55 40,5635 40.53 1\ 40.61 40,567
N—

Steam to Sootblower

o
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Thermoflow QD Simulation Off Line, STI

3,5

3,0

2,5

2,0

1,5

1,0

0,5

0,0
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3,0

Excess Air / Unburnt Carbon in Ash

Unburnt Carbon in Ash vs Excess Air

3,1 3,2 33 3,4 3,5 3,6 3,7 3,8 3,9

/l

Fans Power vs Excess Air

6.400
6.300
6.200
6.100
6.000
5.900
5.800
5.700
5.600
5.500
5.400
5.300

Eff vs Excess Air / Unburnt Carbon

40,4
40,3
40,2
40,1
40,0
39,9
39,8

39,7
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Thermoflow QD Simulation Off Line, STM

Air Heater Leakage / DP

Eff vs Air Leakage (Current/Nominal) Fans Power vs AH leakage (Current/Nominal)
40,80 8.000,0
7.000,0
40,75
6.000,0
40,70 5.000,0
4.000,0
40,65 3.000,0
2.000,0
40,60
1.000,0
40,55 0,0
1 1,2 14 16 18 2 2,2 2,4 1 1,2 14 16 18 2 2,2 2,
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Thermoflow  OD Simulation Off Line, ST

FWH Bypass

0-25-50-75-100%

8D 7D 6D — 5C
h /\/_ /\/_" /\/_*_ ]
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40,80
40,75
40,70
40,65
40,60
40,55
40,50
40,45

40,40

Eff vs FWHS8 bypass %

540.000

535.000

530.000

525.000

520.000

515.000

510.000

505.000

500.000

495.000

Gross Power vs FWHS8 bypass %
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'd" Thermoflow

OD Simulation On Line, Performance Monitoring

- Tune Thermoflex+PEACE Model

- Connect to the DCS (Elink - ULink)

- Select Inputs & Outputs to be considered as Inputs / Outputs
- Select Inputs & Outputs to be reconciled

- Calculate degradation parameters

- Enter external inputs

- Set and Admin. the User Interface

mm) See Webinar n. 13, June 2017
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Thermoflow

Water-cooled Condenser (PCE) [43] : Condenser pressure = 0,0632 bar

Lower Control

0,0765 —

Condenser Fouling

@ Current Conditions (Ambient, Load, CW Pumps, ...):

Control Loop Condenser Kf

Primary Control

TFX: Control Loop to find degradation parameters

Upper Control

Cond P | Cleanliness ®
mbar Factor
Expected from TFX 61,4 80% 00592 -
73,91
50 a0
Measured 63,2 ?7?7?
i |\Water-cooled Condenser (PCE) [43] Cleanliness factor % 73,91 80,0 73,91
Boiler Assembly: Furnace w/ Pulverizer [1] Steam
} | production rate t/h 1500 1500 1500
» |OUTPUT VARIABLE DESCRIPTION Units Output Qutput Output
" |Gross power kw 499,005 499.906 499,005
i |[Net power kw 462.868 463.765 462.868
} |Net electric efficiency(LHV) % 40,13 40,21 40,13
) \Water-cooled Condenser (PCE) [43] Condenser pressure bar 0,0632 0,0614 0,0632
41
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Thermoflow TFX: Degradation

Feedwater Heater (PCE) [68] Total number of

FWH blocked tubes / fouling S

Feedwater Heater (PCE) [68] Condensing zone

6 |overall h.t.c. correction factor 0,95 1,0 0,9375
bar|C 1
et er w1 e 2 |ouTPUT VARIABLE DESCRIPTION Units Output Output Output

499002 kW
Feedwater Heater (PCE) [68] Feedwater

= = © 2 7 |temperature rise (overall) C 34,2 34,55 32,15
81 - Feedwater outlet of Feedwater Heater (PCE)
sme [68] -» Feedwater inlet of Feedwater Heater

| (PCE) [70] Temperature C 219,9 220,3 218,0

i
=3
|
g

co

(78)
P=2223
T=4519
Sup = 234,1
H = 3359,36
H*=811,87
(84) M= 69,77 (80)
P=4278 P=2223
T=2235 T=1926
Sub=308 > T 3 Sub=252
H = 960,55 H=819,60
H*=-1586,94 H*=-1727,89
M=267,2 68 M=327,0
)
P =182,04
L T=1858

S Sub=1725
H=79735

H*=-1750,14
M=15017

42
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'd" Thermoflow

OD Simulation On-Line, other TF tools

- DRS: Data Reconciliation System
- TOPS: Optimizer
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Computation Tools

Introduce four types of computation tool:

* Control Loops

* Searcher

* Data Reconciliation System (DRS)

* Thermoflow's Optimization System(TOPS)

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

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



Thermoflow

Where to find these tools?

* Control Loops (GT Master, Thermoflex)

* Searcher (Thermoflex)

File View Options Tools

GT Inputs

Criteria

. Did you know you can e
Ambient temperature 30 = operation throughout the
Ambient 1.013  |b

Htoabil s o Click here to jump to 'Ec
Ambient relative humidity /0 %
Ambient wet bulb temperature 25.51 C
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File Edit Options |Define| View Help <

Edit Drawing | 3 H

Description |

Manage Catalogs
Scripts

Control Loops
Searcher

Classic Macro Inputs

Classic Macro Outputs




Thermoflow

Where to find these tools?

* DRS (Excel Addin)
* TOPS (Excel Addin)

Thermoflow-DRS ~

New GT MASTER Plant Model...

New STEAM MASTER Plant Model...

New THERMOFLEX Plant Model...

Replace Plant Model...

Add / Remove CEIF: Plant Data - treated as given...

Add / Remove CEQ: Plant Data - to be reconciled...

Add / Remove CEIA: Model parameters for DRS to adjust...

Add / Remove Additional reconciled heat balance outputs...

Preferences...
Show Heat Balance...
Export Heat Balance File...

Refresh Workbook

Compute

Show Computation Messages...
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Thermoflow-TOPS ~

-

16 |
17 |
18 |

-~

New GT PRO Plant Model...

New STEAM PRO Plant Model...

New GT MASTER Plant Model...

New STEAM MASTER Plant Model... E |
New THERMOFLEX Plant Model...

Replace Plant Model...

Add / Remove Model inputs treated as given...
Add / Remove Model inputs for TOPS to adjust...
Add / Remove Model outputs...

Preferences...

Show Heat Balance...

Export Heat Balance File...

Refresh Workbook

Compute

Show Computation Messages...



'&1 Thermoflow

To be adjusted & to be matched

‘ output parameters

. Computation Engine
mpUt Pa rameters - (GTP, GTM, STP, STM, TFX etc.)

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

We can use trial method manually, but it’s tedious/time-consuming.
Control loops is automatical trial method, save your time!
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Control Loops Interface in GTM

GT MASTER 27.0 - Control Loop Menu

Control loop: (¢ Enabled ( Disabled

Current Control Loop Configurations

¢ Set Point = > Plant net output

Desired value |40000 [kw]

" Primary control => GT load percentage
" Upper control => None

" Lower contiol = > None

Select Set Point or Control Variables

* Set Point variables

@] o

Toggle lower window display |

Tolerance %

®1 2
o N o 0] 1
from |U | to |U |

-

Nohe

Plant gross output

Plant net output

Steam turbine generator output
Plant gross heat rate

Flant net heat rate

Plant gross electric eff

Flant net electric eff

Gas turbine gross output
PURPA efficiency

m

Click on the list box to select Set Po
variable. GT MASTER will iterate or|
Primary Control variable. and Upper

Lower Control variable if necessary,
to achieve the desired set point valy

[ Control Loop Results

Control loop set point => Plant net output

Desired = [ki]
Actual = [kw]

Primary Control [ON) => GT load percentage

The control loop set point has been achieved by activatin

our Primary Control alone.

A
[kw] E Z E
E Set Point ',‘44298 [kw) :
: 40000 [kw] :
33073 (kw) : 5
Lower Control Prirnary Control Upper Control
None GT load percentage  [%]

None Print |
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At one time, there is only one input parameter to be adjusted although you may pick up to three inputs in control loops.




'&1 Thermoflow

How to choose computation tools

Adjust One Match One
Input Parameter LG RUIETEm [EEne Output Parameter

Control Loops
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Imagine that you get hundreds of gauge measurements from DCS.

A small part of these measurements are inaccurate.
But you don’t know which ones are faulty.
Theoretically every measurement is suspicious.

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

We don’t trust any individual measurement, but we trust the
whole of them, so we’ll match many parameters simultaneously.

How to start work with data reconciliation
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How to choose computation tools

Adjust Many
Input Parameters

Match Many
Output Parameters

Computation Engine

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

DRS background

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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Thermoflow

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.

Engine Input

Full Name Abbreviation Description
. : The calculation engine is any one of Themoflow's GT PRO, GT MASTER, STEAM PRO, STEAM MASTER, or THERMOFLEX
Calculation Engine CE < ANk
modeling programs. It uses a base model file together with input parameters to compute model output parameters.
Measured Quantity MQ Data values measured by plant sensors, or imputed from measured values.
Bacanciiad Buanti RQ Reconciled quantities are outputs from the computation engine. Each RQ has an equivalent MQ, for example generator power is both
y a measurement value and a computation result. The DRS final step produces the complete set of RQs.
; y Parameter that is an input to the program that the interactive user normally enters to make a calculation. Examples include site
Calculation Engine Input CEl : 2 :
ambient temperature, duct bumer fuel flow, cooling water source temperature, condenser cooling water flow, etc.
Calculation Engine Parameter that is a computed result from the program that the interactive user typically finds in the text and graphics displays
CEO : 5 "
Output following computation. Examples for a gas turbine are generator power, fuel low, exhaust low and exhaust temperature.
Ficed Calailation This is a particular type of CEI. It comes directly from the measurements and is not adjusted by the DRS. Any CEIl can be included
> CEIF in this category. Part of DRS configuration is to judiciously select which MQs to include in the CEIF category. Typically, ambient
Engine Input x :
temperature is one of the MQs on the CEIF list.
This is a particular type of CEI. It is a model input that is adjusted by the DRS as it tries to minimize the difference between the
Adjustable Calculation CEIA measurement values and the model output values. Some CEIAs correspond directly to measured quantities. Other CEIAs, such as

condenser fouling factor, or steam turbine efficiency, do not correspond to physical measurements. These are model parameters
chosen during DRS configuration and assigned nominal starting values by default.

Table 3-1 Summary of DRS terminology
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Thermoflow

DRS Process

=>_

Measured Quantities
MQs

Plant Data
Interface
(PDI)

Reconciled Quantities
RQs

e

Plant Heat & Mass
Balance

Instrument
Health

Fixed MQs

Fixed Calculation Engine Inputs (CEIF)
e Calculation
correspond :> - Engine
to CEls (CEIA) (CE)
Adjustable CEls
Reconcilable T —
‘measured quantity Model -
: RMQs Inputs (CEIA)
—— > Calculation
: Engine

lterative Adjustments
Outputs

RMQs which
correspond DRS Matrix Solver
to CEO's :> Generates adjustments to

minimize difference

!

~e— <— "1
i CEO’s

DRS Calculation Procedure
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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

Adjust One Find One Extreme
Input Parameter ComputationEngine Output Parameter

No idea of the value in advance

Searcher
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Thermoflow

Searcher interface

Searcher (1 of 1) 5 —
. - 3 -
:Detine Searcher I Define Output W
|Searc:her(1) j New
Remaove

[v Enable Searcher

Target

Select | Net electric efficiency(LHV)

€ Search for minimum Tolerance Dflaclion
" Search for maximum

Adjuster

Select |STAssembly[1]: ST Group [3] : Design point Inlet pressure (upstream of any stop or control valves)

¢ Continuous Initial hurmber of steps

o Increment

Adjuster Type:

Range: Minimum bar M aximum

< [

Starting Paint; Range minimurn

Search Method: € Tiy all cases

+ Find solution closest to starting point

B5 b

=
=
10
Y
=
o
@
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How to choose computation tools

Adjust Many Parameters Find One Extreme Parameter

Computation Engine

No idea of the value in advance

TOPS
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TOPS example

Full Name

Abbreviation

Description

This is the function to optimize. It may simply be an output value computed by the core program, orit can be a

QUiEsiE FIcion il function of one or more program outputs and other input values you define and declare.
The calculation engine is any one of Themmoflow's GT PRO, GT MASTER, STEAM PRO, STEAM MASTER, or
Calculation Engine CE THERMOFLE X modeling programs. It uses a base model file together with input parameters to compute model
output parameters.
Collciilion Eichic Parameter that is a computed result from the program that the interactive user typically finds in the text and
Output g CEO graphics displays following computation. Examples for a gas turbine are generator power, fuel flow, exhaust
flow and exhaust temperature.
Calculation Enchic Parameter that is an input to the program that the interactive user nomally enters to make a calculation.
o g CEl Examples include site ambient temperature, duct bumer fuel flow, cooling water sourc e temperature, condenser
P cooling water flow, steam turbine section eficiency degradation, efc.
This is a particular type of CEl. For each TOPS run these inputs are unchanged. They come from user input
Fixed Calculation CEIF directly. Any CEl can be included in this category. Typically, boundary conditions like ambient c onditions and
Engine Input cooling water temperature are in this category. Additionally, any fixed constraints like steam flow to process
are on the CEIF list.
This is a particular type of CEl. It is a model input that is adjusted by TOPS as it searches for an optimum in
Adjustable Calculation CEIA the objective function. The number of independent CEIAs defines the degrees of freedom in the system. There

Engine Input

must be at least one CEIA, but there may be many depending on the nature of the model and objective
function.

Table 3-1 Summary of TOP S Terminology
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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

I Optimum Equipment Load Levels Versus Power Price

Power Price, $/MWhr 13 |20 | 39 | 29 75 172
Gas Turbine Load, % 30 |100 {100 [100 |100 (100
Chiller Load, % 0 |0 88 |100 (100 |100
Duct Burner Load, % 0 0 92% (100 (100 (100
Steam Injection Level, % 0 0 0 0 0 0
Cooling Tower Utilization, % 100 |100 |100 |100 (100 |100
Circ pump Utilization, % 33 |100 {100 [100 |100 (100
Net Power, MW 22.1155.1|68.4 (69.6 |69.6 |69.6
Net Electric Efficiency, % |34.9|45.7|144.3(44.1 |44.1 |44.1
Operating Profit, $/hr -506 |-2191350 (1,73713,130|10,093
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TOPS vs Elink(Multiple design)

Condenser pressure|.0986  |bar
Condenser pressuie(4.395  |em Hg

-

jenser saturation temperature = 35.73 C

471 35

.

parameters simultaneously and
each parameter has 5 trials.

o If you want to optimize 10 l

Hat Cw approach to hotwell
temperature =10.73C

5110=9,765,625 combinations!

HotCWT=25C

Cooling water temperature rise

o e

to DA Approach subcooling L[ Approach subcooling ﬂ

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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1) Both control loops and searcher are “1 adjustable vs 1
target” tools. When you want to match the target value
in advance please use control loops otherwise use
searcher to find the unknown extreme value.

2) DRSis “N vs N” tool, much powerful than 1 vs 1 control
loops when matching output values.

3) TOPSis “N vs 1” tool, much powerful than searcher
when finding one extreme/optimized value.

Computation Tools Summary
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DRS and TOPS for online/offline simulation

Our customers may build up online/offline monitoring system with
accurate hardware model plus DRS & TOPS modules.

In this way, they will master the real status of existing plants and
get operating optimization suggestions.
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Q & A Session

Please forward your questions on the WebEx Chat

Further questions by email to: info@thermoflow.com

PP Presentation will be available on the Website / Tutorials
Video will be available on the Service Center

©Thermoflow Inc. 2018 — Webinar: OD Simulation Coal Plant, 30 May, 2018 by IGNACIO MARTIN — GLEN GUO


mailto:info@thermoflow.com

'd" Thermoflow

Thank you!

GLEN GUO - CHINA guo@thermoflow.com
IGNACIO MARTIN - SPAIN martin@thermoflow.com
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