.bo Welcome!

Webinar #8. Combining THERMOFLEX &
Application-Specific programs

August 3, 2017

The webinar will be starting on time (10:00 EDT)

Host: Meritt EImasri (US office)
Presenter: Evgeny Zakharenkov
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Agenda

* [ntroduction
* Links: THERMOFLEX & Application-Specific programs
 Importing files into THERMOFLEX

* Merging THERMOFLEX files

© Copyright Thermoflow Inc., 2017
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Thermoflow Training and Support

Standard Training

On-site training course

Advanced Workshop

Webinars when new version Is released

Help, Tutorials, PPT, Videos

Technical Support

-> Feature Awareness Webinars

© Copyright Thermoflow Inc., 2017
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TREARDYI S BTBY B¥: L5re

Application Specific Fully Flexible
Gas Turbine General Thermal
Repowering Combined Cycles Cycles - Emphasis on
Steam Cycles Power Plants
¥l RE-MASTER g gg%%"’ngDE I ThermoFlex
M GT MASTER

Technical
Economic

Conventional
Steam Cycles

M STEAM PRO
M STEAM MASTER

vVl PEACE

© Copyright Thermoflow Inc., 2017 4
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Automation / Flexibility

Plant Design Expert

Approximately 45 Inputs

GT PRO

Approximately 3400 Inputs

THERMOFLEX

“Infinite” Inputs

Flexibility

© Copyright Thermoflow Inc., 2017
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Automation / Flexibility

Plant Design Expert

Approximately 45 Inputs

- GT PRO

= Approximately 3400 Inputs

= \/
3

L GT PRO +

THERMOFLEX

THERMOFLEX

“Infinite” Inputs

© Copyright Thermoflow Inc., 2017
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Links: THERMOFLEX & Application-
Specific programs

* Linkinga THERMOFLEX model with one or
more of the Application-Specific models (GT
PRO, GT MASTER, and STEAM MASTER),
creates a hybrid model

« Combining programs allows to model more
complex and/or non-standard cycles

 Saving model setup time with fast and
automated Application-Specific programs

© Copyright Thermoflow Inc., 2017
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Hybrid Model Samples

1. GT — Reciprocating Engine plant with
Absorption chiller

2. 660 MW Coal Plant — Repowering

3. Integrated Solar Combined Cycle

© Copyright Thermoflow Inc., 2017
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Plant Model 1. GT — Recip. Engines with Abs. chiller

 This sample demonstrates combined model GT cycle and two
reciprocating engines with absorption chiller

« GTPRO/GT MASTER is used to model combined cycle based
on Siemens SGT-800 gas turbine and back-pressure steam
turbine

« THERMOFLEX — Reciprocating engines with their HRSGs,
steam header, absorption chiller, cooling system and linked
streams to GT MASTER

© Copyright Thermoflow Inc., 2017
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Plant Model 1. GT — Recip. Engines with Abs.

GT MASTER Model results

GT MASTER 25.0 Office

Gross Power 60214 KW
Net Power 58531 KW
Aux & Losses 16832 KW
LHV Gross Heat Rate 8011 KI/Ah
LHV Net Heat Rate 8241 KI/Rwh
LHV Gross Electric Eff. 44.94%
LHV Net Hectric Eff. 4368 %
Fuel LHV Input 133993 KWth
Fuel HHV Input 148680 Rith
Net Process Heat 37715 W\Mh

8455 kW

7.854p
169.7 T

61.88M

1013p
15T

4786 M
60%RH

9.638 M
133993 kwth LHV

Siemens SGT-800-50

pbar] T[C] M [th], Steam Properties: IAPWS-IF97
1987 10-12-2015 16:42:20 file=C:\TFLOW2S\MYFILES\GT-Recip absorption chiller GTM

(Curv e Fit OEMData Model #590)

@ 100% load
51759 kW

.bC' GT MASTER 25.0 Office

chiller

Ambient
1013P

60% RH

File: GT-Recip absorption.GTM

© Copyright Thermoflow Inc., 2017
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Telegram: @Thermoflow_users
Plant Model 1. GT — Recip. Engines with Abs. chiller

H Yy brid Model
UOTHERMOFLEX Version 25.0 Revision: September 21, 2015 Office Evgeny Zakharenkov

bar|C
thkd/kg

Gross power 79663 kW
Absorption Chiller (PCE) [1] : Total current load 56089 kw
from ST exhaust Gross electric efficiency(LHV) 44.94 %
GTM 8(238.7
61.51[2926.1
14
M
8.48|172.8
GT—H RSG 10.79|2770.7

8|171.3 S’ZZE 1
10. 79‘ 2770.7 72. 29‘2902 9

Steam) (Coolant |

! O
3 i . D
G eltees 1.911[30.87
- 8633[129.5
to HPE
[zg]
8.48165.4 8.565(165.4 8|165.4 2.6/120.85
10.79]699.3 10.79]699.3 % o >>_‘ 10.79699.2 8633(87.62
10

2 x Wartsila 20V34SG - 50Hz

] ) ] ) o
;
1 sofs £) 1.018[364.4 1.013[187.8
111.8-1013 114.9[370.8 11491749

12

Y

File: GT-Recip absorption. TFX
© Copyright Thermoflow Inc., 2017
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Plant Model 2. 660 MW Coal Plant - Repowering

« This sample demonstrates Feedwater Heater Repowering of
660MW conventional steam plant with gas turbine Hitachi H-100

« STEAM PRO/STEAM MASTER is used to model existing steam
cycle

« THERMOFLEX is used to model the gas turbine, heat recovery
steam generator and links to STEAM MASTER

© Copyright Thermoflow Inc., 2017
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Plant Model 2. 660 MW Coal Plant - Repowering

STEAM PRO/STEAM MASTER model description

ST Power Output: 660 MW (50 Hz)

Boiler Type: Conventional

Fuel: Coal fired

Steam Turbine Configuration: Single reheat
Steam Turbine Type: Subcritical parameters

Cooling System Type: Natural draft cooling tower

© Copyright Thermoflow Inc., 2017
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Plant Model 2. 660 MW Coal Plant - Repowering
STEAM MASTER Model results

Thermoflow

Plant gross power 660167 KW Ambient
Plant net power 629200 kw 1013p
Number of units 1 5T
Plant net HR (HHV) 8939  KI/KWh szWﬂ;;g
Plant net HR (LHV) 8644  kJ/kWh e
Plant net eff (HHV) 4027 %

Plant net eff (LHV) 41.65 %

Aux. & losses 30967 kw

Fuel heat input (HHV) 5624 GJ/h

Fuel heat input (LHV) 5439 GJ/h

Fuel flow 4056 t/day

4589 p5614 T 1669.3 M

Tostack

660167 kW

S02

53.3 ppmv
152 mg/Nmr'3
@ 6% 02, dry

By
(]

4x1LPTs

e .00.1

>
ernletetelutelelelatete el s et te!

3000 RPM

e

g

2358 M,
0048p 32.26T 11158M 0893 x .

‘ 29,

O P P e K

o

<

Dust collection
eff=99.5%

75T M
BFPT

)
we
==
g2
w0
e

]
e
e
BB
F e
paraa|

1944T 1602T 1283T 9%.21T 64.22T HRHX
B68T
2006 p 0.347p
29937 g} 9S — 8D — 7D — 6D 5C — 4D — 3D — 2D — 1P 2721

2307
TTD[C] 2841-284 147/-1.47 172172 2025p 278 267 279 280 S0
DCA[C] 5.01/5.01 5.02/5.02 5.00/5.00 19891 498 500 500 12084 M

Double HP Feed Water Heater Train & Single LP Feed Water Heater Train plbar] T[C] M [th] x[-]

¢  STEAM MASTER 25.0 Office Evgeny Zakharenkov
1987 10-09-2015 13:45:26 C:\TFLOW25\M YFILES\660 MW CONVCOAL.STM

File: 660 MW ConvCoal.GTM

© Copyright Thermoflow Inc., 2017 14
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Plant Model 2. 660 MW Coal Plant - Repowering

bar|C
ﬁ'THERMOFLEx Version 25.0 Revision: September 21, 2015 Office Evgeny Zakharenkov thkdlkg

Steam cycle in STEAM MASTER
Feed Water Heater Bypass

Gross power 795009 kw HP FW Heaters LP FW Heaters
GT gross power 110009 kw
Gross electric efficiency(LHV) 45 % s 10 T5 a 1 Tg
Net electric efficiency(LHV) 43.17 % 7 2 7 2
to Boiler from FW to Deaerator from
Pump Condenser
7 8
53] (o]
200. 9 299.1 201.6/201.7 16.88(160.2 18 18 36 9
610.1(1329.4 610. 1‘868 504.5(676.9 504.5|156.1

\4

Hitachi H-100 /
1 022 542 il 019 313 7 L 014 89.53
T 1098.5/566.9 1098.5/308.8 1098.5(67.82
N G
I 6 1.013[15 1

1077.6]-10.13
F|Ie 660MW Repowerlng TFX

© Copyright Thermoflow Inc., 2017 15
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Plant Model 2. 660 MW Coal Plant - Repowering

Plant model results

Existing Plant| Repowering
Gross Power Output, MW. 660 795
- Steam Cycle 660 685
- GT Cycle - 110
Net el. Efficiency 41.65 43.17
CO2 emission, g/kWh 776.8 694.5
CO2 reduction, g/kWh - 82.3

© Copyright Thermoflow Inc., 2017
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Plant Model 3. Integrated Solar Combined Cycle

 This sample demonstrates Integrated Solar System Combined
Cycle technology

« GTPRO/GT MASTER is used to model combined cycle based
on an Ansaldo GT26 gas turbine

« THERMOFLEX — Solar tower, heat transfer fluid loop with
steam generator and linked streams to GT MASTER

© Copyright Thermoflow Inc., 2017
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Plant Model 3. Integrated Solar Combined Cycle
GT MASTER Model results

Thermoflow

Net Power 424556 KW

tF BCIESIER 220HES LHV Net Heat Rate 6296 KI/K\Vh
LHV Net Efficiency 57.18 %
101p
35T 1X ALSTOMGT 26 (2011) 23134m 72.43 %N2
60 %RH (Curve Fit OEM Data Model #503) 104p 11.35 %02
2260 m o 4,071 %CO2
271913 KW 2313.4 M 11.28 %H20
- 0.8722 %Ar
166545 KW
CH453.41m
LHV= 742451 K\th 1114p
41T 15T 579 T
4162M 348.7M
136 T 3.841p
1427
N8
PSR
Q1 0o N
EHEES w
I8
n |8
a s
B 83 N
gNe (e
a |4
=]
o8 S5
N
S~ g5
3
@
o
2 61.26 M 61.26 M
© 011M @ - -
B
& _ {
105.6 M - 121.1p
L] 238T Bl
- .
(=]
=
1 | [
TTE TFB TPEZ [ [IPB | [APEZ [IPSI| YIPS | [FAPE3[ [1PSZ | [APBI [APSO[  |RAL | [APSI |RA3 | [APS3
@ N Lo BN e b W B
2313.4M e 2313.4M
1.06T mrarig 3841p 3841p 2071p 2877p 1197p 2843p 3556p 1181p 2814p 117p 1156p 275p |1145p 2631p 1131p  S55raig.
6815 mals 136 T 1427 233T  232T 207T  286T 279T 323T  310T 323T 484T  473Twfb34T  579T 581T 1638.8 m3ls
521.8M 27.95M 3937M 4502M287.3M 4502M 22.48M 287.3M 4502M287.3M 287.3M 383.2MB48.6M 383.2M348.7M
157 157 181 181 243 275 308 311 313 331 332 463 529 561 578 611 627
Includes DB g&”
plbar], T[C], Mt/h], Steam Properties: IAPWS-IF97 LHV 0 KWth

1987 10-09-2015 14:15:08 file=C\TFLOW25\MYFILES\Hybrid GTCC - Solar.gtm

File: ISCC model.GTM

© Copyright Thermoflow Inc., 2017 18
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Plant Model 3. Integrated Solar Combined Cycle
Hybrid Model: Daytime operation

‘U:WTHERMOFLEX Version 25.0 Revision: September 21, 2015 Office Evgeny Zakharenkov b'Jar: EJ/kg

Site Menu: Ambient temperature 35C

Site Menu: Ambient relative humidity 60 %

Gross power 452725 kW

Gross electric efficiency(LHV) 58.48 %

to DB
7
. Duct Burner
1
AN\N |l y//4
[¢] to HPS
99.5612661 GTM
S 6
2
CCGT

_—— HRSG HPB
130.8[T]325.6

GTM
100.5/1494.5 from HPE -

File: ISCC plant daytime. TFX

© Copyright Thermoflow Inc., 2017 19
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Plant Model 3. Integrated Solar Combined Cycle
Hybrid Model: Nighttime operation

‘U:\THERMOFLEX Version 25.0 Revision: September 21, 2015 Office Evgeny Zakharenkov b'?': EJ/kQ
Site Menu: Ambient temperature 35C
Site Menu: Ambient relative humidity 60 %
Gross power 452742 kW
Gross electric efficiency(LHV) 58.62 %
to DB
7
. Duct Burner
1
AN\N |l /4
[¢] to HPS
15085 GTM
6
2
CCGT

) HRSG HPB

GTM
5086 from HPE 5

File: ISCC plant nightime. TFX

© Copyright Thermoflow Inc., 2017
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Importing into THERMOFLEX

Importing a GT PRO/MASTER or STEAM PRO
design into THERMOFLEX, lets the user build a
model of a combined and steam conventional
cycles or cogeneration plants quickly and
professionally

The user can import the results of GT PRO
PRO/MASTER’s or STEAM PRO’s design to
THERMOFLEX, for the ability to add unique
features

et an |
B h 1 i) -

© Copyright Thermoflow Inc., 2017 21
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Importing into THERMOFLEX

After computation just click

“Fully-Flexible Design (THERMOFLEX)”

GT PRO 25.0 - CATFLOWZ25\MYFILES\GTPRO.GTP

File View Edit Options Window ExcelLink Compare Files Help

- oM

New Session

System ‘ Gas Turbine HRSG Steam Turbine  Cooling System  Energy Charts  Exergy Charts Gasification Desalinat

ion Miscellaneous

Plant Summary | Cycle Flow Schematic | Plant Energy Balance | PlantExergy Flow | Auxiliaies | Comprehensive HE Diagram

Start Design
Plant Criteria
GT Selection
GT Inputs
ST-HRSG
HRSG Inputs
‘Water Circuits
HRSG Layout
Cooling System
ST Inputs
Environment
Other PEACE
Economics
Gasification

Desalination

Compute

Text Output
Graphics Dutput
PEACE Dutput

Multiple Designs
[MACRO])

Run from Excel
K]

Off Fesign Simulation

Fullp-Flexible Design
(THERMOFLEX]

5 e Net Power 187147
-& GT PRO 25.0 Office LHV Net Heat Rate
LHV Net Efficiency

KW
T.

278 kJ/KWh
948 %

1X ALSTOM GT1IN2
(Physical Model 8252)

1555 p 1433p

3

6T

TS0 T
TIOEE T

T4y

Fully-Flexible Design
(THERMOFLEX)

B418p 8.418p
05T 88T 173T
2087 M 3888 M

240

plbar], TIC], M[th], Stesm Properties: IAPWS-IFS7
1987 10-13-2015 18:01:04 file=C:\TFLOW25\WMYFILES\GTPRO.GTP

© Copyright Thermoflow Inc., 2017
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Importing into THERMOFLEX

..and THERMOFLEX will load this exact design
for fully-flexible modeling

bar|C
tPTHERMOFLEX Version 25.0 Office Evgeny Zakharenkov t/h [kd/kg
1987 10132015 160104 fle=CATFLOWZSYFILESIGTPRO.GTP

G2
‘l”‘ H|”| ‘l”‘ H|{ |||7Ip517HPE I
» B q 3]
T T T

1987 10-13-2015 16:22:38 file= C:\TFLOW25\MYFILES\GTPRO.TFX

© Copyright Thermoflow Inc., 2017
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Importing into THERMOFLEX

Also GT PRO/MASTER or STEAM PRO files
can be imported from THERMOFLEX menu

il

File | Edit Options Define View Help < J & B B | & &

)

THERMOFLEX 25.0 CA\TFLOW25\MYFILES\Solar exp
| @

New
Load...
Save
Save As...

Add...

“Import GT PRO File...

. Import GT MASTER File...
Import STEAM PRO File...
Import Other

Export

Print...

Page Setup...
Print Preview
Print Area

1 CATFLOW2S\MYFILES\Solar exp.tfx

2 CATFLOW25\MYFILES\Samples\(55-07)SolarThermal_ParabolicTrough.tfx

3 CATFLOW25\MYFILES\Samples\(56-12) Jet Ejector 2 stg.tfx

4 CATFLOW25\MYFILES\GTPRO.TFX

5 C:\Users\Office\Desktop\Hybrid models\GT-Recip absorption chiller.tfx

6 C:\Users\Office\Desktop\Hybrid models\660 MW Repowering - Peak Load.tfx
7 C:\Users\Office\Desktop\Hybrid models\660 MW Repowering - CO2 saver.tfx
8 C:\Users\Office\Desktop\Hybrid models\660 MW Repowering - Peak Load_.tfx

Exit

Ctrl+N
Ctrl+0
Ctrl+S

Ctrl+P

cs I Assembias | Messages | Off-design Mode |

© Copyright Thermoflow Inc., 2017 24
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Importing into THERMOFLEX

...with the same result

bar|C
tPTHERMOFLEX Version 25.0 Office Evgeny Zakharenkov t/h[kd/kg

1987 10132015 160104 fle=CATFLOWZSYFILESIGTPRO.GTP

»
T
m
4 3
CHAM > a A <
; 0
T r

v

°

m

v =

m G
o 4
°
j l %
ﬁ | | | ﬁ | | ﬁ m ﬁ | || m m m \
-
LTE|— LPB —PE2}— IPE ——|HPE2]— IPS1 —|HPE3}— HPB: —— HPS0 — HPS1 — HPS3
i
m
30429[)4 - 25425[)4 - 25424[»23 QZZN - 20[>19 [>18 [>17 P
T T T T T T T T T T T
m
1987 10-13-2015 16:22:38 file= C:A\TFLOW25\MYFILES\GTPRO.TFX GT/HRSG 1

© Copyright Thermoflow Inc., 2017
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Merging THERMOFLEX files

« THERMOFLEX allows to merge two separate files into
one model

« Two engineers can work on different parts of the plant
and then assemble it together

« Assembling model from your own database of
equipment in THERMOFLEX files

mm | H
1 III
: :

© Copyright Thermoflow Inc., 2017
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Merging THERMOFLEX files

f THERMOFLEX Version 26,1 Revisio: July’5, 2017 Office Evgeny Zakharenkov

from ST
Extraction

from
Condenser
1215p
3 77T
lisaT ar6im

GT-HRB #1
7
S
SR

a4t 2027 20117

to HP steam
header [

19077
208m

Boiler #2

1987 08-02-2017 09:02:10 file= C:\Users\Office\Desktop\Webinar TIME 12 July 2017\Merging TFX files 1.tfx

bar|C
t/h [kikg

Gross power 48351 kW
Net power 46715 kW
Total auxiliaries and transformer losses 1636.6 kW
Net electric efficiency(LHV) 30.76 %
CHP efficiency 53.46 %
HP steam
header fi‘ﬂ ST
from HRB #1

from Boiler #2 [ 29}

24076 kW

Air condenser

ses7p| 10 Deaerators

2287
Som D) to HRB #1
(5 to Boiler #2
EE) ED)
22087
som Steam to process
Cogen Plant

© Copyright Thermoflow Inc., 2017

Cogen Plant

1. Siemens SGT-700 + HRB

2. Gas-fired boiler
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Merging THERMOFLEX files

bar|C
€THERMOFLEX Version 26.1 Revision: July 5, 2017 Office Evgeny Zakharenkov th [kJlkg

454 T

36.1m 1.245p
73T
36.1m

66 p %
454T
36.1m

SGT-750 @

—CC ~ HPS3—— HP|Bl HP|E0 LTE

’:l 1.024 p | | | |

D 488.9 T
45p

2148T
3581 m 440T 299.2T 2231T 358.1m
25T

5841 m

1987 08-02-2017 08:54:42 file= C:\Users\Office\Desktop\Webinar TIME 12 July 2017\Merging TFX files 2.tfx

GTCC plant

These files must be computed!

© Copyright Thermoflow Inc., 2017

Siemens SGT-750 + HRB
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ging THERMOFLEX files

+f THERMOFLEX Version 26.1 Revision: July’5, 2017 Office Evgeny Zakharenkov

from ST
Exiraction
from
to HP steam Condenser
header 1245p
ez i
s685m
fesem
GT-HRB #1
sor00 | |
o
HPS3 — Ts] TT —| iisl
4941 03T 2mzT  M07T

2898m

Boiler #2

os12p e
= Bfer |mest
[ o9 m |3685m

GT-HRB #3

sar750 "
I H|

E

|| H|T| J HE
o 9T st
; & 43057 29937 22337 25y

1987 08-02-2017 09:21:03 file= C:\Users\Office\Desktop\Webinar TIME 12 July 2017\Merging TFX files 1.tfx

bar|C
hlkikg

Gross power 77941 kW
Net power 75914 kW
Total auxiliaries and transformer losses 2026.5 kW

38.17 %
CHP efficiency 55.49 %

HP steam
Headey ot ST
from HRB #1 [ sz )27 =20

from Boiler #2 | 29

24168 kW

from HRB #3

Air condenser

) to HRB #1
) to Boiler #2

“) to HRB #2

"1:>“ ssp
o
E

s5p
2047
som Steam to process

Cogen Plant

© Copyright Thermoflow Inc., 2017

Cogen Plant
1. Siemens SGT-700 + HRB

2. Gas-fired boiler
3. Siemens SGT-750 + HRB
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Q & A session

Please send your questions to the
presenter in the webinar chat!

For further questions:
zakharenkov@thermoflow.com

© Copyright Thermoflow Inc., 2017 30
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Thank you!

© Copyright Thermoflow Inc., 2017
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