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Dear Miss Renate,
| plan to survey the performance diagnostic technology of gas
turbine. Could you arrange a visit to your power diagnostics fleet to know

more about your performance diagnostic system and service?

| had visited Berlin in 2011 for the evolution of GT V84.2 upgrade project
and for your modern GT of SGT-8000H in 2013. Recently, | engaged in a
survey of unit performance diagnostics and O/M optimization. | know that
you have the power diagnostics service. If it is convenient, | like to take a
trip to discuss with your experts about cc’s diagnostics in December 2014.
In Taiwan, Taiwan Power Company may not be the only one electric
maker in the future of Taiwan power electricity market. The impact of
electricity liberalization will lead to another consideration for the GT
maintenance. For the cost saving, | will survey the merit of any helpful

methods to improve our power plants’ performance.

Sincerely Yours truly,

Dr.l-Chien Lee
) -
Energy Research Laboratory, TPC

-4 -



84, Ta-an Rd., Shulin
New Taipei, Taiwan 23847
R.O.C.

2. EFRAZUE OHRINAIEIPFY ARG

Dear Mr. Julian,

Thanks for your kind arrangement to visit SIEMENS in Germany. |
had visited Erlangen in 2013 for the evolution of diagnostic service and for
your modern GT of SGT-8000H. For this time, | have interest in your
performance diagnostic service of the cc and the related technology in
Berlin. In TPC, We have 9 units of SIEMENS CC includes 21 GTs of
V84.2. These are in services over 15 years. We need services/technology
for the root-cause diagnosis of performance issues and related corrective
actions for our cc power plants.

In the 2014 early, the supplier of GP Strategies’ Energy Services
presented the EtaPRO Performance & Condition Monitoring System and
has abilities to improve the performance and profitability of combined
cycle power generation plant in TPC. In the same services, what can
SIEMENS do for your CCs serviced in TPC?

| got messages in your presentations of diagnosis services in Erlangen
last year. Could you have more detailed description and cases demo as
below.
®m scheduled outages
m performance and operating optimizations
® plant operating support
® consistent refurbishments
® timely reinvestments
We know that the performance diagnosis and improvement is very
important to power plant. For the supervisor level of company
management with multi-type CCs serviced in TPC, how can we use
performance diagnosis technology to get better benefits specifically in

economics? It just like that performance diagnosis services of SIEMENS

-5-



cc can enable electricity demand to be met with electricity generation
optimally, both as regards economics and reliability.
If I have more time of this invitation trip, | am interested in T3000 control

system how to use in your modern GT of SGT-8000H

Sincerely Yours truly,

[-Chien Lee
FRE
Energy Research Laboratory, TPC

84, Ta-an Rd., Shulin
New Taipei, Taiwan 23847
R.O.C.
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Plant diagnostics and optimization of power plants in a competitive market, Siemans
Siemens OGC Operator Guidance Simulator

Website:” http://www.siemens.com/entry/cc/en/ ”
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container at
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* Partial files on
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Store and
process data
automatically
until 08:00
CET

= Verified results
of automated
processing are
discussed with
Engineering at
11:00 CET

= Decision taken
eijther to report
or to ohserve
issue

Report

= Based on
Engineering
feedback
report is
issued until
EOB

If applicable
report includes
suggestion for
further
investigation
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Decision

* Project
Management
decision
required
- Release

report
- Further
investigation

* Customer
information

If applicable
request for
engineering to
solve identified
issue
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Analyze
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Diagnostic
Descriptive Analytics
Analytics
Whit happened?

Examples for Innovation

Advanced Sensors
Low Cost, Wireless
Infrared, Acoustic,...

Data Integration
*Domain Knowledge
*Mutltiple Online
Sources

*Specialty Monitors
*COffling Information

| ThermoDYnamic Diagnostic & Simulation (TIT)
| Multiple Sources Automated Trend Analysis

Prescriptive
Analytice

W hat shall we da?

Autonomous |
Control
Optimizer

| Siemens Advanced Maintenance Service

| Pattern Recognition

| Case Based Reasoning

Trip Aveidance Project
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& Report

Diagnostic findings
(as required)

Project Lead Diagnostic findings

Fl5 6 M+ 28 g AILIET L

Monthly process
Excel file with

- Load operation hours . POWEF Plant
SF PLF ITM 32 - Tuming gear’ stand still hours _,’
- Successful starts (Gas/ Oil) I
- Failed Starts (Fired! Unfired! Fuel/ Hz)
. - Trips (Fuelf MW/ event EOH)

Check+validate data ¥ -CCD (start'end of montn defia) PDC
from PDC System Automatically generated System
l ~ ¥ Plant operator*
Send SOFL to Xy Project Manager 5 . completes*
Project Manager el forwards to plant Email SOFL and
S sends it back
Check and clarify I %
open topics ] Email
l until 15th
Manual take over of Project Manager &3
. | = .
data into gFACTS Email forwards to plant Eman Plant operator
l until end of menth
Generate report Yo Project Manager m
mﬂvcrql-uhs ———— forwards to plant Email » Plant operator

Email
Avail. Reliab.frame (family) comp.

* external customer or Siemens O&M manager

DEELEIP L  ER S A
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Power Diagnostics Team Expert Network Team
C Detailed
Operational Data PD Knowledge KO'“F'IO'LQ'“ Expert
nowledge Knowledge
Data Acquisition Steam Turbine = [
I
Data Processing Gas TUI"bI:"IE = %‘;;im's
" em
o Generator
i L Thermo-
Data Analysis Boiler db dynamics
Customer / Site I
Deviation Analysis BoP = :} Combustion
I
1&C (— Fluid
Root Cause ! Mechanics
High Voltage )
I Matenals
Project Coordination > Operation =
Management Experts |
Support, Information [ Analyse
Recommendation | Monitoring | Offline Diagnostics

B 7T o3 BF2 et s B

Cyclic calculations
for steady state

RAM
Reliability,
Availability,
Maintainability

EMI

Emission analysis

TDYvalidation

FMS
Boiler fatigue
monitoring

TDYonline
(Basis)

Cyclic calculations

alculation after user request
oo F B2 2 47 gt (TDY) 7% 4 Wl
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B9 o375 T3000 &7 TDY » 471 1E77 & R

Data storage

Data compression

Data backup

Interface to other databases

Model calculations
Algebraic formulae

Interface for user entries
Display of results
Administration of users
Create outputs
(downloads, reports)

B 10 TDY = = +-% TDY online # &t 7+ & B
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Inputs

Steady state check

Data averaging

Plausibility check

Calculation of characteristic numbers

AL A A L

Expectation calculation (Krawal-modular)

B 11 TDY = =3 #-% TDY online 3+ & ad@ it 4257 & B

Determination of expected values for the actual thermodynamic
state (<KKKS>.E)

Calculation for new and clean state of the power plant
Plant control scheme according to design
Boundary conditions used as inputs:

— Ambient conditions

—  Power level of plant

—  Fuel properties

Customer benefit: ldentification of deviations by comparison of
measured and expected values

B 12 TDY # =%+ TDY online 2. A 453+ & & p 7+ 3, B
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Erwartungswert-Rechnung

feart

Dwmrmats Zelswrzel T07-11-31 005000
T T

-
-
o i
- wn - P —— : 1.5." Tl Shas

— o auD 11
— e w ar—— Enpaetinl-Riechiiing
= T T ey 8 it T s g
pram—— e Wi i 8 e | WAMESChAILDIEN SIEMENS AG
" Bastaiting .t s i e i | i, 8 s EN11

B 13 SIEMENS 5 2 ¢« 2 it o8 hhie b+ T R+ 1 B

] — _ CKALOFES01_kPO1.R
430
it
420 -
— Power drop of 4.8 MWel.
410
400 1 1 1 L 1 1 | 1
20:30 21:00 21:30 22:00 22:30 23:00 23130 00200 00:30

t [H:il —>

— caused by shutting off HCO

— detectable by checking reference values

@B 14 TDY online A +7# 5t % )57 L B (1)
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‘ — GIMAGLOFUSGL XPOL (Terminal Temperature Difference) — GIMAGLOFUSO1_xPol.E

— defective non-return flap (ELMO-

Pump)
— leaky valve

e R =y

0 1 1 L 1 1 1
(1-12 ol-z2 02-01 02-11 02-21 03-02 03-12
tnin: 2005-01-12 00200 t [m-dl =P

— Insufficient condenser vacuum:

Comparison of expected ( ) and measured (
value

Bl 15 TDY online & 5+ it % &)+ & B (2)

CC UNIT GROSS PUR CCEFF FTORMET EFF - 100,18 % CC UMIT GROSE PWR 1§ CC EFF FTOR MET EFF
551.2 MW (0.0 5500 MW Lastweek
AMB REL HUMID 857 % o
AME FRES 9793 mbarabs il
AME TEMP 514 °C
CW¥ CONDR INL TEMP 26 °C | T
HREG FLUGAS STHMOX 3220 mgim? 4
HREG FLUBAS STH CO 310 mgim® o
CC GROSS EFF 61.25 % 2m
CC GROSE HEATRATE 58778 WfWh

CC UNIT BL: Mo
STEADY STATE: yes
CALCULATION STATUS: OK (slep #3 ‘Confrollable Loszes')

Gas urbine Acisal  Exp AP

FGTEMFEEH FGPHTR 2144 2M40°C -0.0 MW 0.0 HRSG EFFEXHCLG EBTOD

STHCOIN OF Yes 0.0 MW 10 HR32HF TEWP DISTRF - SBSG  585.0°C oMW oo

OH AFT CWASH OFFL 187 3son 0.8 MW 1.00% DIHDFD 1611 1641barg  -D3MW oo

GTFLTR PRES LSS 235 202mbarabs -D.IMW nove HRSGTHRHSTMD/STR 5636 5843°C -D.0 MW o
HRSE F HP FUy ATR 00 00kgs 00 MW Qo
HR3ZFIF FW AT 00 00kdis -D.0MwW oo
TEMP COND GPH INL 540 550°C oMW o

Steam turbine hctual  Exp ap an C Actual  Exp ap an

CC STH Y EFF 307 400% AN 020% COMNDR 1 FRES AVE 0017 0.01Ebarabs |-110W o 00

ST HP EXP EFF 841 850% 0.2 MW nowe

5T IP EXP EFF 939 932% 0.3MW o

3T LF EXF EFF B15  317% D3N o

— pre-evalution of TDYresults, assessment and localisation of losses

— awareness of losses’ impact onto power, efficiency, and costs
B 16 TDY online A 45 &t % &)+ 4 BI(3)
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t 2010-07-23 08:10:00

o r
1 - boilerinlet
0 F 2 - HP evaporator inlet
' 3- HP evaparator outlet
600 F 4 -HP main steam
[ 5-cold reheat a4 (il
70 | G- hot reheat j
F 7-1PSToutlet !,f'{ T
50 F B-LPSTinlkt i
[ 9-LPSToutlet F,
450 F 10- condenssr outlet 4
[ 11-IFevaporator inlet
400 F 12 - IP evaporator outlet {
— [ 13-I1Pstsam :
O #0F  14-LP evaporator inlet 2/_\.* 13/ 13
= I 15- LP evaporator outlet T
30 [ 16- LP steam / d o7
E " 1141 2442
250 F \ i
200 F
r 11 T4
130 b
100 b
@ F :

(=]
(4]

s [kJi{ka K|

Bl 17 TDY online 4 +7# it % &)+ & B (4)

Duration Curve
online/calculated values: 2011-04-13 01:50:00 - 2011-04-27 01:50:00

t 2011-04-13 01:50:00 (14d)
450 -

400

250

200

0o 0.1 0z 03 04 05 06 07 08 08 10

— GI1CKAT0FES01_XP01 GUD Gross Power
GZMBY10FT040_XP01 Paosition 15V
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B 18 TDY online 4 7% it

STEADY STATE: yes
CALCULATION STATUS: OK (step #3 ‘Expected)

Gas turbine Actual VAL
GTinBase Load No
Ambient Temperature 06
Ambient Pressure 986.2
Ambient Humidity 858
Compressor Qutlet Temperature 3964 3964
Compressor Outlet Pressure 18.1 18.1
Compression Ratio 186 184
Isentropic Compressor Efficiency 87.3
Polytropic Compressor Efficiency 914
Compressor Mass Flow 791.8
Compressor Cleaning Forecast Actual VAL
OHs after Offline Compressor Cleaning 34
Recommended Maximum Interval 1008
Predicted Gain of GT Power 0.3
Predicted Gain of GT Efficiency 01
Predicted Gain of GT Power -
Predicted Gain of GT Efficiency (%-pts) 0.05
GT Gross Power R
GT Gross Efficiency - 40.2

2 )= 2 5
Vi P R i)
EXP REF Active power 30 days trend [MW]
- 600
mbarabs
% 400
401.6 C
18.3 barabs
187 200
86.7 %
=% 5 | | | 1 1 1 1 1 1 I
800.0 kals 10-25 10-28 10-31 11-03 11-08 11-09 1112 1116 1118 11-21 11-24
— 40MBY10FE901|[XP0 1.V
— 40MBY10FES01|[XP0O1.E
PROGHN EXP
h Power and Efficiency Increase Forecast [%]
Lo v
% 020
MW
% 015
0.0 MW 010
40.2 40.3%

Predicted Efficiency after Compressor Cleaning <= Expected Efficiency: plausible

Compressar Cleaning Forecast [h]

] 200 400 600 800 1000 1200

Filter Exchange Forecast
Pressure Loss of Mew Filter (at Base Load)
Actual Pressure Loss

Actual
220 mbarabs
226 mbarabs

Predicted Gain of GT Power 00%
Predicted Gain of GT Efficiency 0.0%
Predicted Gain of GT Power -Mw
Predicted Gain of GT Efficiency (%-pts) -%

B 19TDY online %~ +7# &

%

Vil

2, -
b7 &

L L L L L L L L L I
26 10-29 10-31 11-03 11-06 11-09 1112 1115 1118 11-21 1124

40MBATOFUS20([XP01.A1
40MBA10FUS23|[XP01.A1

Power and Efficiency Increase Forecast [%]
0.030

0,020

0010

s

0000 L L L L L L L L L L

10-26 10-29 10-31 1103 11-06 11-09 1112 11-15 11-18 11-21 11-24

40MBA10FUS1S|XPO1.M
40MBA10FUSTE|IXPO1.M

®(6)

Inputs

Steady state check

Data averaging

Plausibility check

Calculation of characteristic numbers

Expectation calculation (Krawal-modular)

Data reconciliation VDI 2048 (Krawal-modular)

\yUUUU

i'r%’u

@ 20TDY =

#i-% TDY validation 3+

-27-
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M10.00 M400 M:10.00  M:40.0
V10,007 v:40.0 V1000 V:40.0
.I L;T J :I: |‘| jklj Ay
M:50.000 . M:100.000 M:50.000 N
V:50.000 V:100.000 \'50.084 1 ", M:100.000
i V99,666
10.00 168.4 \M:49.500
50.000 | 400 \-40.582

case 1: 2 mass flow rates being measured

case 2: 3 mass flow rates being measured

— original measurements are inconsistent
- inconsistencies are removed
- all 3 measured values are altered

= third mass flow rate can be calculated
= no inconsistencies can be calculated

Notice: Data reconciliation needs redundant information!

Bl 21 TDY validation 4 #7 % ic B 71 2 — i H g /i A ik B & &

2. applet4diagnostics
Storage: tchD64_h | Start: 2007-11-30 03:00:00 | Footer: 2007-12-05 12:00:00

WTOLABTOCFO31 X050 [barue] @7O0LABTOCFOS1 X050 [barus] @7AMKY10 CE301_XQ50 [Wi]

250

150

falu

-50

11-30 02:59 12-05 12:00

seticks: 1 day

X

< Ed

Java Applet \Window

B 22 TDY validation 4 77 i ¥ 2 4 e 2 8L p| @ éjﬁ % B
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SST-900, 137 MW,,

X

‘HH“‘“uﬁ‘l_l!
%—'EI'I_E : = ., District

I Lo heating,

Duct firing, 80 MWy,

294 MW,

Bl 23 TDY offline 3 & # +7 % &7+ & BI(1)

TOY offline - Parametrering: DH Input

Heat Load OH
a0 M=

Mo GTs in Operation
1

Dumped Heat OC

03 /s
Net Power
[ 4788 [ ]

Net el. Efficiency
[ nae R

Net total Efficiency
[ 451 HE

HRSG Efficiency
[ =048 HE

B 24 TDY offline 3+ %

Vintelista:  ”

fmbient. Pressure Serwice Power
1 har 2073 [yl

Anbient Humidity DH Eco Set Flow

a0 ¥ 388 kgss
Ambient Temperature

-15 °C ¥ fnti Icing
OH Ret Temp

45 “C

OH Fi Set Temp GB undre warmevarde

a0 o 47506 kJrkg
GT el. load
[ s8a7 [ % ]

OF tsum) heat input
| 0 [ % ]

OH Fil Maz= Flaow
[ m082 [ kers|

Gross Total Heatrate
[ #8657 [kd/kbh|

A& bl L B(2)
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Low cycle fatigue

| (cycling, start-up, shut-down)

BT

Creep fatigue (operation above crain recovery

temperature)

Calculation of fatigue and remaining life time (DIN EN 12952):

Economizers
Piping
Drums

Headers

Separators

L R

] oY DCS SWP FMS RAM EMI About Administration

RAM-Overview
271122012 10:26:59 - 26/01/2013 10:26:59 (30d)

Parameters Value
Mumber of starts: all 4
Mumber of starts (IEEE-value): 4
Start reliability (IEEE-value): 100.0 %
Mumber of starts (calculation user defined): 4
Start reliability (calculation user defined ) 1000 %
Mumber of starts (VGB-value): 3
Start reliability (VGB-value): 750 %

Step Number of starts % Average Probability
#00: GT SGC SR (SGC started) 4 100.0 0.0 min e
#01: GT =3Hz (GT Turbine Speed > 3Hz) 4 1000 0.0 min b
#02: ESV OPEHN (ESV Open) 4 100.0 0.0 min ke
#03: FLM ON {GT Flame On}) 4 100.0 0.0 min ke
#04: GT 50(60)Hz (GT Turkine nominal Speed reached) 4 1000 0.0 min b
#05: GT SYNC (GT Synchronized / GCB closed) 4 1000 356 min b
#06: STM CONDY (Release steam conductivity) 4 1000 101.7 min Yl
#07- ST 50(60)Hz (ST Turbine nominal Speed reached) 4 1000 116.3 min b
#08: ST S5YNC (ST Synchronized / Clutch closed) 4 1000 116.8 min ¥l
#09: HP B/P CLS5D (HP Bypass closed) 4 100.0 126.4 min b
#10: IP B/P CLSD (IP Bypass closed) 4 1000 1264 min hr
#11: LP B/P CLSD (LP Bypass closed) 4 1000 1264 min b
#12: ST HP C-.V (HP Control Valve »90%) 4 1000 151.5 min ¥l
#13: 1GV »98% (IGY Position =953%) 4 1000 2474 min e
#14: U-LOAD OK {Unit Loadsetpoint reached) 4 1000 2474 min ¥l
#15: U-LOAD +15 (Unit Loadsetpoint reached +15min} 3 750 3011 min b
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Bl 26 PD e * FEZPFp & o4 6% 27 LB

TDY DCS TDYoffine FMS RAM EMI Reports About Administration

Emission Analysis =]
1172012 - 4 Months - 30 min mean values - HRSG FLUGAS STK NOX FLTD - 40HHE10CQO03F[XQ01.M Cen el

Open signal selection: | default L";

Save signal selection as:

EMI - 30 min mean values - HRSG FLUGAS STK NOX FLTD - 40HNE10CQOO3F|XQ01.M > Submit
014
Starttime
L .
onl = [aarter )20 8] [+ Blons®
' \ = oz e

30 minmean 131172012 07.00
EMONE oes 050372013 00:30

0.10 - 140112012 00:00
emio0t_g d meanvaluss 411N 00

Signal selection

008 - \ ADHNETOCQODIFIQNT M - HREG FLUGAS 5Tk
/ \ 40HNETICQI03IKO01.M - HRSG FLUGAS STKI

006

004 Wy
. / AN
A
o ‘/ ‘\ \

000

2
“
@8-
]

1 | L L
0 5 10 15 20

Bl 27 4= 2 47 5 % ke T X B

45
mg/m?*

Financial benefit for CCPP

— TDY advantage: An,, Increase of 0.40 % points

Assumptions:
Annual operating time: 6 000 hours
Fuel costs: 20 € / MWh,,
Net el. efficiency: 28.0%
Fuel input: 700 MW,
Fuel savings: 2.8 MWy, /16 800 MWhy, /a

Savings in fuel costs: 336 000 € per year

| — Amortization period less than a year

Y
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Power Diagnostics Team Expert Network Team

Detailed
Operational Data PD Knowledge Component Expert
Knowledge
Knowledge
Data Acquisition Steam Turbine =5
Il
I T I I Gas Turbllne EI:{) Controls
I Generator I:I:D
. ! Thermo-
|_DataAnalysis _| Boiler e dynassics
Customer { Site | —
| Deviation Analysis | S bustion
| I&C ! = Fluid
I Root Cause I ; Mechanics
=
Project Coordination > Operation tl:;>
Management Experts |
Support, Infom.‘nation | Analyse |
Recommendation [ ononng 1 [ fline Diagnostics |

W29 P Wi & {72 F R VA S RN T R R
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	實習氣渦輪機組效能提升核心技術之主要規劃：
	(100年度)：氣渦輪機組燃燒效能改善技術。
	(101年度)：氣渦輪機組燃燒效能監測診斷技術。
	(102年度)：氣渦輪機組早期預警技術技術。
	(103年度)：氣渦輪機組燃燒效能調校技術（本次出國實習之目的）。
	本年度為執行氣渦輪機組燃燒效能調校技術。
	1.2 行程與內容
	貳、實習項目與心得
	參、綜合結論與建議

