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Introduction

e Name Bram Kroon

e Company: Engie

e Department: Energie Nederland (Generation)

e Location Eems & Lelystad Power Plant

e Position: Process Engineer

e Thermoflex Eight Years of experience in Modelling (CCGT and coal fired)

<- Eems:
CCGT 5 x 360 MW

Maxima: ->
CCGT 2 x 440 MW
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?he Challenge

e The spark spreads for CCGT’s are small and under pressure
e Actual performance needs to be as close as possible to optimal performance
e Availability needs to be high
e Small deviations in operational data can be an indicator for developing faults
e But the optimal performance of a CCGT is not a fixed number it depends on
— Load
— Ambient air temperature
— Ambient air pressure
— Cooling water temperature
— Gas quality

— Etc.

The challenge is how to accurate and reliable monitor the performaneem.
S - oGS X4 G G CNGI@



Our solution

e Use a thermodynamic model that takes all the variables into account
e Make real-time calculations with on-line data

e Model calculated data are written to Pl

e Compare the actual measurements with the model calculated results

e Use trends to see the behavior in time more clearly

e Advantages:
— Fuel savings due to early alarming when small performance deviations are detected;

— Prevent (big) damages by being able to see that a component stays within its operating window
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Technology used

Pl Datalink

f f
o o

Visualise
(PI

Processbook)

E-link

y 4

Thermoflex

model

e Thermoflex (modeling software)

e Pl (Process database)

e Excel and VBA (Data exchange
between Thermoflex and Pl

e Pl processbook (Visualisation)

FLEVO 4 Gasturbine model

666 °C

101043 mbar

414 3 MW !

1282 Pa 7.68°C
3.05 bar-A 1042 m
6102 | 1020 para ’ 01Pa I
1033 bara 714 Kgls 44510 °C 8.17 Ko/s
161.75°C 590 ka's 759 kyls
16340°C | 38982 °C
T35t mear| oo 1270.73 °C 1160.81°C
567 kgls | 96.15 mbar| 1266.25 3391°C 31.76 bar
' 1887 ka's [SEV [ 31 bar
) * 539.03°C
y £34.06 °C 1097 66 Pa
1.06 bar-A 1.67 bar 0.9 bar : 11517 Pa
167 bar 35793°C 112 bar
c
52301 kg/s
626 81 kg/s 17.88 bar
1260 % 18,02 bar .
TA% A 415.1 MW
2034 16 mbar 16V
1469 kyls 538.01°C
19.84 bar-A HD OTC l— 53 06°C
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Output of the tool (Pl Processbook)

e Dashboard (operators)

— Most important indicators

— Alarm when deviation reality/model too high

e Heat Balance sheet (process specialist on site)

— Compare flow, temperature, pressure model and real measurement

— Alarm when deviation too high

e Trends (process specialist on site / Thermodynamic Expert)

— Compare measurements, performance indicator over time

— Analytic tool
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High level view: dashboard (Main user: operator)
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Second level view: Heat balance sheet, with alarms (Main user:
Process responsible on site, thermodynamic expert)

oeihgs | 20496 °C 11-11-2015 14:55 -
0.91 th 28.04 bar 33.38 t'h 202.07°C, s
27.00 bar ¥ 21.62th
256 °C Gas heater 38.16 tth )
751 °C 41.08 th 3.5 th [ E372°C
| 28.00 th 228 th 60.21*C
581 °C 41.08 th
560 'C
T
245.8 thh
233.7 thh
:r 327.17 °C
32395 °C
121.0 bar )
5 17.65 tih
567 *C
| 567 °C 14.8 bar
L G =t s 1724 th | 2268 bar 12.2 bar
| 288 kg 2.40 bar Gas hestesa3]
584 kgis e th _M__%h 278.95 °C .
587 kg/s : 27488 °C 80.21*C
| 21.40 tih
24.86 tih
12.85% 23.5 bar X 26.83 °C
EEXEE 23.8 bar 2557 T
) |
. 45.9 bar
5616 °C
1.05 bar-A_ | Zeo e k 4T@bar |
1.05 bara 25.1 bar I E
5.4 bar 156.8 bar
131 Kgis 4332 °C 48.29 Kgis | T53.7 bar|
2240 C 347 °C
163 bar 1225 4340 °C s2iThs MIC
6148 °C 16.2 bar
€287 °C _///| 16V
€27.2°C | 478 ° Ejector
624.6°C 29.1 bar 78'?‘3 % 3772 MW
5 28.6 bar :
619.7°C e 375.6 MW
“ Measured
22.81 mbar 2470 °C
__357°C = | 240
. LR === €— Calculated
g'?g hg,f ;'ig i 552,57 kgls -0.01 bar 19.35°C 20.81 *C_| 142- | 10.85 bar
’ 1.62 bar 20,01 *C foEss 10.52 bar
13.92 Kgis T 235,20 th
T3.86 kg's 2 < ===t VR
@ 569 Fs ( > B48Thgls  1212°C T 34471 th
_25°¢C . 947 Pa \\/
WZ°C acs ‘
- Pnem metingen | B10Z014 83z12 - Refresh |
1 .
TF model inputs Unit Plmeting _ TF model kpi GT Plmeting  TF model kpi cC Plmeting  TF model Hestbalsnce  FLEVO 4 |
T ambiant 13.86 °C T-compr.in 12.38°C F netto 3710 3710 MW 1.000 Compr. ratic 28.8 29.4 1.018 N HP-ST B4.34%  B4.13%
Presure 1012.2mbar  Cooling Pumps 1 M netto 58.43% 58.28% 1.002 LFT ratic 15.43 1543 0.997 M IP-ST 92.73% B2.04%
RH 820 % GasRho  0.788 kg/Mm2 F bruto 772 375,58 1.004 HFT ratic 18 177 1.015 TOD condenser 257 °C 358 °C
T coolingwater 1212 °C NZ 20 COZ 1 brute 52.40% 58.599% 1.007 Npoly compr.  92.2% 92.2% 1.000 dT condenser  7.85°C 7.89°C
Gas EV 7680 Kgis CH4 908 C2HE 48 Hesat input LHV  835.0 B3B8 MW 1.00 MW
Gas SEV 6.38 Kg's C3HE 1.1 Cd+ Eigen bedrijf  4.48 4.58 -0.08 MW Bram Kroon
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Third level: trends (Main user: thermodynamic expert from EOS, process
specialist from site)

Reference date & time: i iti DS Calc. Interval Unit Performance Indicator
I l : I I 0 I 5m I I FL4 | I gross_power I S

1-5-2017 0:00:00 = = 7.00 days A @ >

1-5-2017 0:00:00 *, =, 7.00 days 4 @

00/00/2015 PRESENTATION TITLE ( FOOTER CAN BE PERSONALIZED AS FOLLOW: INSERT / HEADER AND FOOTER")




Eenefits of Thermodynamic Model (Off-line)

e Knowledge building during model development and discovering faults
— Measuring failures: Wrong: ranges, calibrations, Pgauge - Pabs, Gas properties, ect.

— Make real correction curves ambient T,p,relo, Tcoolw,LHV, C/H, etc.), (NON commercial) It's necessary to know the exact
heatrate

— Findings: Steam temperatures in part load were higher then design temperatures. (creep)
e What if studies
— Minimum load studies and testing: Pmin 280MW - 110 MW
— Increase efficiency: Using: inlet air heating , flex load-path, max IGV
— Reduce home-load: Optimize condenser cooling water flow. Reduce feedwater pressure setpoint.
— Gas-preheating and building-heating on stack-loss basic design.
— Basic design study for new desuperheater. (Challenging design of OEM)
— Optimize control-loops: Developing Energie-balance Feed Forward signals

— Solving LP-drum-Level instabilities: Increasing minimum pressure IP steam.
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Eenefits of Thermodynamic Model (On-line)

e Detections of small deviations between model and real power plant
— Drifting measurements, fouling, leakages, performance deviations, parameters changes etc..
— Examples of found deviations:

» Lower TIT temperatures after C inspection (retuned by the OEM);
* Influence of gas composition change on performance;

» Condenser air in-leakage and condenser fouling;

» Leaking of a desuperheater attemporation-valve;

+ Leaking draining-valves

 fouling of compressor and inlet filters;

e On-line saved model data can be used in RCA's
— to find and analyze deviations afterwards.;

— or change operations or maintenance instructions.
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Thermoflex (online) helps to maximize the
performance

Power output and efficiency deterioration curves
To be used for EPC guarantee performance test only
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e The Flevo’s drops less then 0,4% in relative efficiency after 50000 EOH
— According OEM the Relative Efficiency drops 1,7% after 8000 EOH. {not realistic??}

e Full savings since commissioning up to 9M€ (partly contributed by Thermoflex Model)
— 1,3 % x (50000-8000)hr x ~380MW x ~6100MJ/MWh x ~7€/GJ
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Example Of CheCking eIrrorsS . pashboard alarm!! measured power MW lower then

expect: Increasing home load FL4 ->the model accuracy detects testing coolingwaterpumps FL5

—Unit.

Nett Power

Nett Efficiency

Model accuracy:
* Load transient (<iomw/min)
« Stable load

Flevo 5

17-04-2015

N

+1,0%
+ 0,5%

Reference date & time:

20-5-2015 j‘l}t‘lﬂ:[][]

20-8-2015 10:01:10

20-8-2015 13:13:45.82257

20-8-2015 18:12:26

It

Reference date & time:

Time Range Positive Offset:

|20-8-2015 -] 0:00:00

Dayslﬂl-lours

DS Calc. Interval
fm -

Unit

Performance Indicator

|F|_4 j

P
| Unit 'I

I Home_load

E

Update Graphs

20-8-2015 0:00:00

00/00/2015

#, =|20-8-2015 13:13:48.62669

21-8-2015 0:00:00
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Example of measurement failure:
After the mothball period the measured efficiency is too high.
ThermoFlexOnline detected that the gas chromatograph was not working property.

N
Reference date & time: Time Range Positive Offset: DS Calc. Interval Unit P.I .Cat Performance Indicator _

I 7-9-2015 v2:[][]:[][]

0.52
0.5

7-9-2015 2:00:00 # =, 4.00 days 4 b >

7-9-2015 2:00:00 .=, 4.00 days AM

Dichtheid z
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Example of air leaking in condenser :

After condenser repair the Terminal Temperature Difference is back to nominal: dT 3°C -> 1-3MW -> 300000 eurolyr.

Reference date & time: i jti Performance Indicator _
I 1-10-2015 l 0 -00-00 I—: TTDIgradigkeit - Update Graphs

Repaired

1-10-2015 0:00:00 # =,40.04 days A » 15 0:00:00

) <
1-10-2015 0:00:00 #. %, 40.04 days A b 10-11-2015 0:00:00 200
X-as KPI
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Available software

e Steag (software: SR::EPOS;EBSILON). Used mainly on coal fired power plants

e General Physics (software: etaPro).
e Possible Thermoflow (software: thermoflex). They are not active in this market.

e Advantage of combination of Pl and Thermoflex / Elink
— Thermodynamic models of KA26 & GE9FA CCGT'’s in Thermoflex are available;
— All Engie power plants have the use op Pl Processbook
— Lot of knowledge of CCGT'’s in house available also operational experience;

— Model development costs lower than the market and we keep the knowledge in house
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Requirements to build an accurate model

e The design specifications of the plant components:

— Heat-exchangers, pumps, steam-turbine exhaustloss curves, glandsteam leakages, gas turbine cooling
airflows, ect.

e OEM heat balances and correction curves:
— Only for starting modelling

e Understand the unit control logic’s:
— gas turbine load path, fixed pressures.

e Check of key measurements and corrections:

— A control value is not always a physical value. (TAT corrections, TIT calculations, Flow calculations, static
heights pressure transmitters)

— Gas heat input, mass flow and LHV

— Compressor air mass flow, Bellmouth calculation
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TF standard GT26 has not enough outputs for TFO
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¥ Reselect Gas Turbine

| 404 |ALSTOM GT26[")

File

Engine Selection Filter

Show engines rated fromD Mwe Up toMWe

Sort
’7(0‘ Manufacturer ¢ Smallest to largest power Largest to smallest power 1D

— w— — —

460 ALSTOM GT26 (2008) )

3000
3000

347

621

ID  Manufacturer & Model Shafts =~ RPM PR T TET
C C
70 ALSTOM GT13E2 1 3000 150 1104 525
248 ALSTOM GT13E2 1 3000 146 | 1121 523
285 ALSTOM GT13E2 1 3000 146 | 1121 522
373 ALSTOM GT13E2(LIFE) 1 3000 164 1128 501
349 ALSTOM GT13E2 (OUTPUT) 1 3000 165 | 1143 510
425 ALSTOM GT13E2 (OUTPUT) 1 3000 165 | 1148 505
462  ALSTOM GT13E2 (<) 1 3000 165 S 505
476 ALSTOM GT13E2 (2012) ™) 1 3000 16.7 505
99  ALSTOM GT26(9 1 3000 300 o 641
262 ALSTOMGT26(7) 1 3000 320 S 614
345 ALSTOM GT26(1) 1 3000 320 - B16
1
1

- DA b e e fns

e

-

e

[¥) » Data-defined engine model
5 TOM data rcvd 08/10
bine cooling air heat rejection to 0TC
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GT26 Heat balance first design

Net power

Net el npuHY)

Oenersort): Shat power

Generair1): Tois! loss

Hes: ASoer23] - LP OTC: Hes: yanster (o) ot (<) rejection
Heat Adoer(2S) - HP OTC: Hest yanster () nput (4 rejection
Net elecyic efticiencyiV)

Gross power

Gross elecYic emcientiHV)
Genersnr(Z) Shat power
Generane(l) Genersir Dower OUDS
Genersnor1): Genersior power oD

asEneen
TN
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13885 kN
R
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daaEsten
5%
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GT26 has a very complex Cooling flow system
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MBHA40 Cooling Flow leakages to MBH30 and MBH20

Mk poswer A31558 KW

Mt Sl Imput]LHY] TIEDZ KW
Gensrat ] Sha® power ITEEET BN

Generabo] 1] Tobal sz INIZEW

Met sleciric eMciEncyLHY] C2 4T %

Broas power LIESE0 KN

Gross medrc e=dencyLHY) 543 % E‘l

|
¥

Genemb] 1] Genermior power cutput

MBH20 is a mixture

of Bleed and MHB40
cooling

Compressor end
Is cooled with OTC
MBHA40 air
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Real: TIT’s, TAT’s and Pressure Ratio’s

TAT1 measurement 143 Pressure drop

Exhaust flow + ' “
part air from MBH30 SEV burner
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COmpreSSOr MAapPsS not be available from OEM

Gas/Air Compressor [91] - Performance Map
E Gas Compressor Maps
’ :_ ---------------------------------------------------------------------------------------------------------- < Previous I IGY Position 1 Next > I
F Map Type Enter % IGV Open
- [ [1';13'= fully open: 0 = fully closed):
s F ® User defined
% 4 :_ —Map Table 2 [Enter PR/PRdesign in increasing order)
Lo O Default Axial
é. I PRmax / PRdesign [Cor. Speed)/(Cor. Speed)design
S
I (Cor. Flow)/
s f PR /7 PRdesign (Cor. Flow)design (1] — THesign)/Tdesign
2 f «cpviows | | [ [0.88 04
: f |0.501 |0.879 -0.15
E_ i3 [ Next>> | 0553 [0.8775 -0.08
c - |0.604 |0.876 -0.0432
I Load Map File
L |0.854 |0.874 0
iy Save Map File | 0.7 |0.869 |0.0248
- o (0.743 |0.862 |0.0296
. _ x| (078 |0.852 0.0234
- | | | . | Cancel | 0.811 |0.838 |0.0058
0
10 13 16 19 22 25 |0.834 |0‘82 |-0.0162
Corrected Flow [kg-mol's] _MI
4 Compressor maps 2 4 x 4 x10 = 160 tables
export Pl data - Excel = import in ThermoFlex
.
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