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SIEMENS = & :
Topic | : For the GT V84.2 (Existed units on TPC)

1.1 would like to know the whole upgrade project ( past and future )

on the V84.2 related to compressor, combustion, turbine
subsystems, and the HRSG boiler if it has been revised. It will
concern with limits of the efficiency and NOx formation for the
silo combustion type.

2. More detail design and testing reports on HR3 burner about flow,
mixing and combustion simulation and tests.

3. To ask a question, the flowrate unbalance of fuel gas supply
pipeline occurred on TPC and had be modified using orifice plate
on the SIEMENS suggestion. | think it is not wisely design to
balance two dynamic pipeline flow rates sourced from one
pipeline splitted. Why would you design two flowrate control
sets( using PCV and FCV) to control fuel gas flow rates supplied
to two combustors.

4. Could I visit your testing facility or labs located my visited place

nearby.



Topic Il : For the SGT-8000H Part

e Could you explain more details about
» Increase of combined cycle net efficiencies
» Reduced emissions per produced kWh
» High efficiency and low emission also in part-load operation
» Fast start-up capability and operational flexibility
» Lowest life cycle-costs
> High reliability and availability
> Fully air-cooled engine design

Up to 5% higher return on investment compared to F-class engine

e Could you introduce the conceptual design of listed parts below
» Air intake system
» Compressor
I. Inlet Guide Vane
ii. Evolutionary 3D compressor blade
» Advanced Ultra Low NOx (ULN) combustion system
I.  Combustor, burners, nozzles
Ii.  Fuel, air flow control system
iii.  Combustion stability technology(using
diffusion/premix mode combustion, fuel/air mass flow
rate control, others)
Iv. Combustion dynamics monitoring system and GT
on-line protected system

> High cycling capability due to advanced blade cooling system
5



I. Blade path temperature
Ii. Cooling design and devices(film cooling, impinged
cooling...)

» Integrated combined cycle process for economy and low

emissions ( more than 60% Combined Cycle efficiency )

ps. Thanks for your arrangements. | pay much attention to this visitation
to SIEMENS. | hope that | can get more detailed knowledge and
applied technologies on my concerned topics. Those messages can not
be realized by SIEMENS’ s presentations in TAIWAN. For instance,

RH3 burner is suitable for our GT unit. Can | know the burner design,

model testing reports/site(simulation/experiment), and pilot

testing reports/site etc.

Topic 111 : Earlier Failure Pre-alarm Monitoring System

1. The structure of your remote control system. How to

communicate with Power Plant.

2. the applications of the early warning system, SMARTSIGNAL,

especially on Combustion Turbine

3. The actual process running and cases with derived value.
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Siemens Gas Turbines — SIEMENS
Complete Product Portfolio for 50 Hz and 60 Hz

SGT6-2000E

scrso |
SGT-700 3

corcn [

sors0 [l

sot+0 13

SGT-300 .. Output in MW @ I1SO conditions

13
@ 3% Hwd) Taiwan Power Company . I

/1 Siemens GT series

FFw4F - V84.2 Development madngfp
G%M

SGT6-2000E Performance Evolution SIEMENS
Gas Turbine (GT) Operation

SGT6-2000E (SP8) 6
SI3D Stage 3+4
| 7/

Zz

$

SGT6-2000E (SP7)
Si3D Stage 1+2

GT Efficiency (%)

V842 (SP4) ]
V84.2 (SP3) CMF+ 07 =
o NAE— SGT6-2000E (SP6)

1
TPC Fleet

V84.2 (SP1)
V84.2 (SP2)

GT Power Output (MW)

Year of Introduction 1980 19895 2002 2003 2007 (2011 targeted)

14

@ 3% HmI Taiwan Power Company . I

&2 V84.2 Development roadmap
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SGT5-2000E / V94.2 Gas Turbine SIEMENS
Customer Driven Product Development

+ Siemens innovative 3D e
Blades and Vanes 1+2 S 2008 "
e {173 MW; 35,8 %]
» Compressor Mass Flow Increase ———— e O - |
« 41MAC i \
+ Firing Tempgm(ure Increase &’2006 -“
5 +» Turbine Section Upgrade - ‘
g * HR3 Burner I T YT ﬂ "m_’
- |
O
€| -33mac =7 1998 | ‘
w 1996 + Wet Compression
198 Units in Commercial Operation* = = )
Total EOH > 13.212.000 + Siemens innovative 3D |
Lead Unit EOH >  280.000 Blades and Vanes 3+4
1981 Ongoing Development
= (118 MW; 32,4 %] + Hydraulic Clearance Optimization
m
4 Power Output i
RN - . =
'\V) 3% Hhmwd Taiwan Power Company .

&3 V94.2 Development roadmap

& & 4#F —Technology update of V84.2_,

& F 11

OSGT6-2000E (V84.2) 453 :
Bgood rapid startup properties,
Bvery high reliability and availability
Mmild fuel quality requirements.

® ¥ 7+t ¥ M hnFsperformance, reliability, availability
and flexibility.
B Compressor Mass Flow Increase
B Si3D Turbine Blades & Vanes
B¥et Compression
B HR3-Burner
BFiring Temperature Increase
BLifetime Extension 16

(Q\)’! 3% Hhmwd Taiwan Power Company ‘ |

/&4 Technology update of V84.2

21



F &7 Compressor Mass Flow Increasi}

Siemens Gas Turbine Modernization SIEMENS
SGT6-2000E / V84.2 — Compressor Mass Flow Increase

Your needs in general

= Emission reduction

= Efficiency
= Reduction of maintenance costs f) | Gas Turbine | Combined Cycls |
Power +2,71 MW +4,0 MW
C Efficiency 0%pts. +0%pts.
= R H *Subject to specific technical plant evaluation,
* Operational flexibility expected values with test tolerance @ ISO condtion,
* Reliability & availability  Cambiied Ciche dekas Ko oOeIT
Compressor Mass Flow Increase guarantees you
additional electricity only out of your gas turbine of 21,600 MWhlyear. 17
Assumption: 2,7MW power improvement, base ioad operation (approximately 8,000 operating hours ! year)

@eEthr=d

Taiwan Power Company .

/&5 Compressor Mass Flow Increase

F &7 Compressor Mass Flow Increasi‘i

Podesigmd tows o e s o ..}4
Y 0. . . | W) T
Inceeased t % P [T = (N B o
mass flow ‘l F | T b 5 l =
I M e ko o O e B ST A,y

“.,3 2
e, 19 oK\
AW N

»Cross section of the SGT6-2000E (V84.2) gas turbine

® The Compressor Mass Flow Increase includes the airfoil profile
modification of the first four rows of blades and vanes including
the inlet guide vane and instrumentation and control adaptations.
This upgrade has been designed to increase mass flow for higher
power output and exhaust energy from gas turbine.

@ ¥obbe Index - Combustor adjustment.
18

@ SE®HweI Taiwan Power Company ‘ ”

/#/6 Compressor Mass Flow Increase
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£ 5o fF Compressor Mass Flow Imma-,s;% =

=2 P 3

® The scope of this upgrade includes:
B Replacement of the first four rows of blades and
vanes
B New inlet guide vane position sensor
B Disk modification for blade locking (BM 800168 and
earlier)
B [nstrumentation and control modification for surge
control
B Thermal barrier coating on turbine stage 1 and 2
(if not present).
® Siemens recommend that the installation of this
upgrade be performed at a Major Outage (MO) .

'565’ 3% HpmI Taiwan Power Company ‘

/&7 Compressor Mass Flow Increase

#0042 Si3D

® Siemens innovative 3-Dimensional
blades and vanes are characterized
by an aerodynamic blade and vane
design with optimal efficiency as
well as ability for retrofitting
during service life.
® This generation of turbine stages
blades and vanes has a new,
optimized aerodynamic airfoil
designed with
B To enhanced material, coatings
B An improved cooling air path
B A reduction of parasitic losses. 20

';’&S’ 3% HPmD Taiwan Power Company ‘

#18 Si3D

23



& &4 - Si3D Blades and Vanes (Stages

I &fé"‘

Siemens Gas Turbine Modernization SIEMENS
SGT6-2000E / V84.2 - Si3D Blades and Vanes (Stages 1 & 2)

Customer needs in general

*) | Gas Turbine | Combined Cycle
Power +2.5 MW +1.5 MW
Efficiency | +0.66%pts. | +0.17%pts.

= Reliability & availability £t o spacts i phnlevfgaﬁls%nw o

= Operational flexibility ~Combined Cycle datas for one GT in a 3v1 CCPP

« Reduced lifecycle costs

= Significant CO2 abatement per MW

21

@ 3% hwd) Taiwan Power Company .

/9 Si3D Blades and Vanes (Stages 1 & 2)

# & > #F - Si3D Blades and Vanes (Stages 1 & h Rl

®This generation of turbine
stages blades and vanes has a
new, optimized aerodynamic
airfoil designed with enhanced
material, coatings, an improved
cooling air path and a
reduction of parasitic losses.

® Increased gas turbine power up to 2.5 MY

m |Increased gas turbine efficiency up to
0,66%-pts.

®m Reduced life cycle costs

m Compatible with the Siemens 41,000 EQH
maintenance concept upgrade.

22

@ 3% hwd) Taiwan Power Company ‘

/710 Si3D Blades and Vanes (Stages 1 & 2)
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& &4 - Si3D Blades and Vanes (Stages 1& %

® Siemens innovative 3-dimensional
blades and vanes for the turbine
stages modernization include :
B Turbine stages 1 and 2:
B Turbine vane 1 (including riffle
seals)
B Turbine blade 1
B Turbine vane 2 (including riffle
seals and U-shaped seal ring
segments)
B Turbine blade 2
B Cooling air throttle for vane 2
H Control optimization of corrected
turbine outlet temperature.

23

@ SEFHweI Taiwan Power Company . n

/] 11 Si3D Blades and Vanes (Stages 1 & 2)

& & 4F - Si3D Blades and Vanes (Stages 3 & 4)

Auvailable from spring 2013 ﬂ, E E

Siemens Gas Turbine Modernization SIEMENS
SGT6-2000E / V84.2 — Si3D Blades and Vanes (Stages 3 & 4)

Customer needs in general

i ' Gas Turbine | Combined Cycle
Power +1,1 MW + 0.4 MW
Efﬁqloncy +0,34%pts. _ *0.07f/.pt§.

* Reliability & availability St o ek docimec p'amw@"ag&mm
= Operational flexibility +Combined Cycle datas for one GT in a 3v1 CCPP
= Reduced lifecycle costs

= Significant CO2 abatement per MW
24

@ 3% hwd) Taiwan Power Company . n
/712 Si3D Blades and Vanes (Stages 3 & 4)
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7 FoF/F Wet Compression

Siemens Gas Turbine Modernization SIEMENS
SGT6-2000E / V84.2 — Wet Compression

Customer needs in general

» Up to 12% power output improvement *

= Efficienc » Power on demand
icency * Subject to specific technical plant evaluation,

* Reliability & availability SIPACNE NN S M8 RIS © (R0 o

= Higher operational flexibility
= Reduction of maintenance costs
= Emission reduction

Wet Compression gives you additional electricity of 30,000 MWhlyear.
Assumption: 12% power improvement based on 100MW gas turbine power output
peak load operation (250 days/ year, 10 hiday) n Power 25
. . .
@ 3% hwd) Taiwan Power Company ' !

£/ 13 Wet Compression

B F.O0F Wet Compreqn 73

® ¥et Compression has been a
reliable and proven method of
injecting water into the gas
turbine inlet.

® Wet Compression is perfectly
suited for upgrading peak load
machines,

® Wet Cmu)reSSion iS dESigl’led to Typical Gas Turbine Wet Compression
increase the power output of fomaratomanadion ue

the gas turbine by gl | || |
B reducing compressor inlet e ‘ ‘
temperatures, el [ | T e [ T
B intercooling the compressor g ‘
- - 8 —-—— —d s—+ ,~<
B increasing mass flow munndl ~
thlumt the tl.lrbille Amblent Temperature
»Typical GT Wet Compression Power Augmentation Curél
@ 3% hwd) Taiwan Power Company . !

/] 14 Wet Compression

26



T IF Wet Compreqn 75

3
S
4=
2
:
! Cooling Air
: ' H :
1 1 1 1
5-5—5—!
! Evaporative ! Inter Cooling Effect : Increased !
: Cooling :— : Mass Flow :
: Effect : : :
' i »Wet Compression” ; :
27
@ SEFHweI Taiwan Power Company ' !

/#] 15 Wet Compression

B F.O0F Wet Compreqn 73

® Wet Compression can be an effective system for recovering power
loss experienced at high ambient temperature. The mutual occurrence
of peak load electricity demand and high ambient temperature make
Wet Compression more beneficial and valuable,
® Benefits can include:
m Power increase of up to 15% and potentially more depending on the frame and
operational requirements
B Up to 3% gas turbine heat rate improvement
m Higher exhaust energy for increased steam production
m Greater operational flexibility.
® These benefits can lead to the ability to produce more power in
peaking and base load operation,
® Wet Compression is largely independent of the ambient relative
humidity, While somewhat higher performance improvement can be
available in a very hot dry climate, Wet Compression can be very
effective at times of high humidity, 28

@ SE®HweI Taiwan Power Company . !

/] 16 Wet Compression
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& F o 4F Wet Compression ,

®Besides a diligent original equipment manufacturer assessment of

the gas turbine and the involved power plant components, the scope
of this modernization includes:

B Compressor inlet Wet Compression water distribution system

with nozzles

B Inlet duct treatment

B ¥et Compression pump skid

B Piping between pump skid and distribution system

B Compressor coating (where required by gas turbine frame and

version)
B Compressor upgrade (depending on gas turbine frame and
version)
W Modification of existing control logic Gas turbine
customization.
29
DLEEHIHwD Taiwan Power Company .

@&
/& 17 Wet Compression

B F o FiF Wet Compression

TYPICAL HUMID CLIMATE CONDITIONS

non
] Dey Buih Teap 90%
90°F — i I \\ 20% ~ _—
85°F Evaporative Cooling \ 0% = T
g >< Potentia] 16°F (9°C) §
é 80°F 7 Y] 60% = o
= / \ 1
- ~ 50% = win N S——
SF wwBn | ] '\ & e
—— 40% ——
WE= 1 =] el . L
3 Dew Pzt S
6°F 500 1000 1200 1800 1600 1800 0 - _ : : ‘
L, . o181 v Oy e e &

>Wet Compression is largely independent of the ambient relative humidity.

30

@‘)\ & @ F hHw ) Taiwan Power Company . !

/] 18 Wet Compression
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FFOF HR3-Bum _m

Siemens Gas Turbine Modernization SIEMENS
SGT6-2000E / V84.2 — HR3 Burner

Customer needs in general

= Power
= Efficiency

« Extended range of stable combustion
fuel gas operation

= Operational flexibility « Protection against flame flash back
= Reduction of maintenance costs

» Decrease of NO -emissions by 5 -7 ppm

31

@ 3% hwd) Taiwan Power Company . {\

/] 19 HR3-Burner

& T 4F HR3-Burner

® The HR3 Burner Retrofit
design enhances the mixing of
natural gas fuel and
combustion air during the gas
premix mode, The design also
reduces turbulence of the
combustion airflow while
increasing its velocity
through the combustor,
Together, these features
contribute to more stable
combustion and can help lower
NOx emissions.

32

@ 3% hwd) Taiwan Power Company . (\

/&l 20 HR3-Burner
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Siemens Gas Turbine Modernization SIEMENS
SGT6-2000E / V84.2 — HR3 Burner

Customer needs in general
= Power

= Efficiency

= Extended range of stable combustion
fuel gas operation

= Operational flexibility « Protection against flame flash back
= Reduction of maintenance costs ‘

« Decrease of NO -emissions by 5 -7 ppm

33

Taiwan Power Company .

DeEErwed
/&l 21 HR3-Burner
£ & 4% HR3-Burner

Combustion Chamber and HR3 Burner

Complete HR3 gas premix skid for
one V84.2 combustion chamber

Taiwan Power Company '

/Bl 22 HR3-Burner
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f gég‘# HRs-Bu Eﬂﬂzm

Comparison of H and HR3 Burner design

H - Design HR3 - Design

Gas injection Gas injection
through through
separate tube vane
- Two Parts - One Part
~a Premix Gas Area of
~@ — .Dead-Water*
Compressor & NO Area of
\M\ .Dead-Water*
@ 23T hwd) Taiwan Power Company . |

/Bl 23 HR3-Burner

& T 4F HR3-Burner

H Burner HR3 Burner

Comparison of H and HR3 Burner design

H Burner seperated from diagonal swirlers HR 3 Burner includes the diagonal swirlers

@ SE®HweI Taiwan Power Company ‘ ”

/Bl 24 HR3-Burner
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84 HR3-Bumer
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Taiwan Power Company .

/Bl 25 HR3-Burner

F F 47 Firing Temperature Imrea:ﬁ ;

Siemens Gas Turbine Modernization SIEMENS
SGT6-2000E / V84.2 - Firing Temperature Increase

Customer needs in general

") ] Gas Turbine | Combined Cycle |
" Power +2 MW +3.3 MW
Efficiency| +0.12%pts. +0.15%pts.
iabili i il§ *Subject to specific technical plant evaluation,
* Reliability & availability o0 desapv sl
* Reduction of maintenance costs
Firing Temperature Increase guarantees you additional electricity out of
your gas turbine of 20,800 MWh/year. 38
Assumpuon: 2,6 MW power improvement, base load operation (approximately 8,000 operating hours / year)

@ 3% hwd) Taiwan Power Company ‘ .l

/& 26 Firing Temperature Increase

32



F B0 #F Firing Temperature Increase -
T Jmm
® The Firing Temperature Increase modernization involves the
replacement or modification of key turbine components, which
allows for an increase of the firing temperature. This
modernization can yield a power increase, heat rate
improvesent and additional exhaust energy.

»Firing Temperature Increase modernization increases turbine inlet
temperature while maintaining periods of operation

39
OERikEE) Taiwan Power Company .
/] 27 Firing Temperature Increase

F 5o #F Firing Temperature Increase T

o

P
-

®The Siemens Firing Temperature Increase is just one of
the many innovative modernization packages available.

®The scope of this modernization includes:
B Advanced mixing chamber design
B Advanced inner casing design
B New coatings and aluminized inner surface on turbine blades
and vanes stage 1 and 2 and on turbine vanes stage 3
® HR3 burner and flame tube modification
B Fast exhaust thermocouples recommended

40
R W R Taiwan Power Company ’

/& 28 Firing Temperature Increase
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Firing Temperature Increase + Si3D 1-2 + Si3D 3-4

Customer needs in general

*) Gas Turbine | Combined Cycle
Power +5.6 MW +6,0 MW i
| Efficiency | +1,12%pts. | +0,33%pts.

« Reliability & availability Pl b cintee ko B

™ Operatlonal ﬂeXIb"lty +Combined Cycle datas for one GT ina 3 vs. 1 CCPP

= Reduction of maintenance costs

@eEthr=d

Taiwan Power Company .

/& 29 Siemens Gas Turbine Modernization

I
3

4

£ Fw#F Lifetime Extension (LTE)

Equivalent Operating Hours/Starts
W Overall potential component risk prios to Lifetime Extension j

W Overall potential component risk with Lifetime Extension
W Overall potential component risk without Lifetime Extension

L

L~ A
o T

Risk

TR S R

Conceptual illustration only ~ actual results may vory

@ Major components of the Siemens V-frame gas turbines — especially
components of the hot gas path and rotor — are designed for a set operational
duration. For gas turbines being operated beyond the components’ eriginal
design life, the risk of operational failure can increase substantially. 42

@ 3% hwd) Taiwan Power Company '

/& 30 Lifetime Extension (LTE)
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£ & 4F Lifetime Extension

® The Lifetime Extension outage includes a detailed, unit specific
engineering analysis of the operation and maintenance of GT.
® Consideration of unit’ s available operational history, duty cycle,
findings and component sample investigations, GT operational
history and frame specific modeling,
® The unit specific investigation includes an evaluation of:
m Rotor
B Compressor
B Turbine
m Combustion section
B Burners.

43

@ 3% hwd) Taiwan Power Company .

/& 31 Lifetime Extension

SIEMENS

SGT5/6-8000H

Development, Design,
P-Type Validation

TPC visit Berlin, August 2011

Ingo Harzdorf
Operation Manager P-type test SGT5-8000H
Siemens AG, Energy Sector

© Slemens AG 2010. All rights reserved. 44
Energy Sector

Taiwan Power Company ‘

/# 32 Siemens SGT5/6-8000H
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& FFE Siemens SGT5/6-8000H

SIEMENS
Evolution of Siemens Combined Cycle Technology

2011

B —
SGT5-4000F SGT5-8000H SGT5-8000H:
(latest upgrade) (intro) (next steps)

— -
ccPP
Killingholme (2x1) = Didcot B (2x1) Mainz (1x1)

CCPP ccep

Irsching 4 (1S) SCC5-8000H (18)
2 x 450 MW 2 x705 MW 405 MW 550 MW > 600 MW
525 °C | 80 bar 540 °C /110 bar 565 °C /125 bar 600°C / 170 bar
2PR-non RH 3PR-RH 3PR-RH 3PR-RH, Benson

>~10 % points increase in efficiency over approx. 20 years

.?;::u SGTS&6-8000H, August 2011 Erergy Sector 45
@Sl SEFHhmwI Taiwan Power Company .

/# 33 Siemens SGT5/6-8000H

& B fE Siemens SGTS5/6-8000H

SIEMENS

Key Data
SGT6-PAC8000H

Fuel Nat. gas, #2

GT output 274 MW

Pressure ratio 19.5:1

Exhaust mass flow 595 kgl/s

Exhaust temperature 625 °C

Emissions, NOx 15 - 25 ppm (50 -100 %)

Fuel gas preheating 215°C
HRSG/WS-Cycle 585°C/150 bar

46

L ZThmd Taiwan Power Company . |
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e F4F Siemens SCC6-8000H

Key Data
SCC6-PAC8000H 2x1

Fuel

CC outputnet; 1S

CC efficiency net

Pressure ratio
Exhaust mass flow
Exhaust temperature
Emissions, NOx
Fuelgas preheating
HRSG/WS-Cycle

CC min load

CC effc. @50 % ccpaseioaa

SIEMENS

Nat. gas, #2

824 MW

> 680%

19.5:1

595 kgls

625 °C

15 - 25 ppm (s0-100 %)
215°C

585°C/150 bar

20 %

0.9 * base load effc. 47

Taiwan Power Company ’

/# 35 Siemens SCC6-8000H

B &7 Siemens SGT5/6-8000H i

SIEMENS

SGT-8000H / SCC-8000H
Significant Increase of CC Efficiency

Increased PR +0.2%

Increased TIT combined
with cooling air reduction + 0,8 %

Improved component
efficiencies

Fuel Preheating of 215°C +0,1 %

Eftcincy, %

+0,2 %

Advanced water/steam cycle + 0,4
%

Specific Power Output, kWp's)

Siemens H-class significantly increases efficiency by ~ 1,7%-pts.
in combined cycle without compromising plant flexibility

Taiwan Power Company .

/] 36 Siemens SGT5/6-8000H
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F FofE Siemens SGTS5/6-8000H

SGT6-8000H
Efficient & Flexible

Evolutionary 3D biading

HCO for reduced
cleaance l0sses

SIEMENS

anced Can Annular
ombi system

> 60% combined
cycle efficiency

g
2 30 Four stage turbme wilh

advanced matenals and
thermal barmor coating

Designed for >60% efficiency in combined cycle
and best in class operational flexibility

@eEthr=md

Taiwan Power Company .

/# 37 Siemens SGT5/6-8000H

F F o fE Siemens SGTS5/6-8000H

SGT-8000H engine concept

SIEMENS

based on harmonization and new technology

Siemens Design

Westinghouse Design

Harmonization of ‘V' and ‘W’ frames uses best features

from both and introduces new technologies on low risk

@eEEr=3

Taiwan Power Company ‘

/F] 38 Siemens SGT5/6-8000H

38
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F FofE Siemens SGTS5/6-8000H

SGT-8000H Gas Turbine SIEMENS
Compressor - Design Features & Advantages

istribution
- 4 rows of variable-pitch vanes (IGV)
- Air extractions for turbine cooling
-High-performance airfoils (HPA) in mid and rear compressor stages

?"'ﬂ‘m ffici R! nts: V; nable-pltdn inle
- Flexible and efficient operati a inlet
vanes regu hﬁemeairmassﬂowbmahhlnhlwpanwmr m

Compressor Rotor Blades Compressor Disk Variable-Pitch Guide Vanes

51
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/# 39 Siemens SGT5/6-8000H

£ F .42 Siemens SGTS5/6-8000H

Combustion - ULN applied to SGT-8000H
to achieve higher combustion temperatures reliably

Ultra Low Nox Combustion System ULN Features

= Proven low risk Platform
Combustion System (same burners in
50Hz and 60Hz version)

= 12 baskets with air cooled transitions

= Capability to achieve high combustion
and turbine inlet temperatures

= Large experience with can annular
systems

= >400 GT units with can-annular
system and with more than
12,000,000 OH !

= Good test rig to engine correlation for
risk reduction
= Long life time and low life cycle costs 52

@ 3% hwd) Taiwan Power Company . l]
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B F .42 Siemens SGTS5/6-8000H

SGT-8000H Gas Turbine SIEMENS
Combustion System - Design Features & Advantages

Design Features Advantages

-Can combustors with fuel nozzles, combustor . Low NOx emissions: fuel nozzles provide a
baskets and transitions arranged in an annular uniform lean pre-mixed fuel-air mixture which
array reduces combustion flame temperatures and

NOx emissions. A central premix flame pilot

- All combustor hardware is removable without provides flame stability at full load.

lifting cover

- Economical Low-NOx: Dry-low NOx
combustion technology is applied.

- Fuel Flexibility: Flexible, stable, and clean
operation with natural gas with a wobbe
index of +/- 5 % to +/-10 % and liquid fuels.

53

E@)E SEFHweI Taiwan Power Company . ‘

/# 41 Siemens SGT5/6-8000H

B &7 Siemens SGT5/6-8000H

SGT-8000H Gas Turbine SIEMENS

Combustion System - Design Features

Support Housing | /7, /-
Pilot Nozzle | Jé\v\/ o= m 3

le |/ i .
] SN = D-Stage |
f Pmx.-Pilot

Transition]

A Y,

A

Flow sleeve |\, | 7

C-Stage L
| Basket | ————
B o | | A
(A= :‘ — —| Transition Seals } f
=¥o e =D —_1_| *Exit Seals f
LY ) € Y | -Side Seals ‘
L Y ! v | | 54

E@% & @ F hw ) Taiwan Power Company . ‘
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F FofE Siemens SGTS5/6-8000H

Siemens SGT-8000H - efficient air-cooled turbine

= Four stage turbine for high efficiency stage loadings with
aerodynamic clocking of first 3 blade rows.

» Air-cooled turbine airfoils for assured cooling in operation
& plant flexibility.

= Directionally solidified R1 blade & new TBC systems for
increased TIT. No single crystal blades.

* Innovative secondary air system from aero engine
technology for efficient cooling air delivery and utilization.

» First stage blade and vane removable through the
combustor without cover lift

+ Single turbine vane carrier for shorter outages
= Conical flow path for HCO.

Application of proven base materials combined with new technologies
for higher efficiency 55
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SGT-8000H Gas Turbine SIEMENS
Turbine Blade and Vane Cooling

- Con
Row4 - Convection - = No Cooling
Rotor Row1 Film Convection
Blades Row2 Film Convection
Row3 = Cooling air is extracted from
Rowd eompb:'gssot . Itis then
fed to vanes blades. No
external cooler is applied.

Convection p —

Cooling »

impangement
Cooling
Film
Cooling
56
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Serviceability — a key design factor to assure SIEMENS
optimized outage time and higher availability

TVC roll out/roll in capability

* Roll out/in capability of the turbine
vane carrier enables exchange of
stationary turbine hardware without
rotor lift

* Sequence and tooling successfully
tested during final assembly and

prototype test

Removable compressor blades

= All rotating blades replaceable
without rotor de-stack or lift.

Removable turbine blades and vanes

\-‘“ ‘ .‘( /
\: : * All blades removable without rotor lift

* Vane 1 and blade 1 removable through
the combustion chamber

* Blade 4 removable to the exhaust end

R R W R Taiwan Power Company ‘
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& B fF Siemens SGT5/6-8000H

SIEMENS
Maintenance Plan for SGT6-8000H
Combustor Inspection 12,500 EBH
Hot Gas Path Inspection 25,000 EBH or 900 ES
Major Inspection 50,000 EBH or 1800 ES
Rotor Inspection with rotor destack
and NDE 2,500 Starts
Life Extension 160,000 EBH or 5000 Starts
Siemens separate the starts and operating hours
for improved customer benefit. 5
L ZThmd Taiwan Power Company .
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Governor
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SIEMENS

59
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SGT6-8000H

SIEMENS

274 MW .

60
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SGT6-8000H scaling philosophy

= SGT6-8000H is a direct scale of the SGT5-
8000H, except for fewer PCS combustion
cans (12 cans instead of 16 cans)

SGT5-8000H

R

Considered e.g. sizes of
During Design fillets, wall sizes,
of SGT5-8000H standard tooling

61
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E.On Kraftwerke‘s Irsching Plant SIEMENS
Units 1 - 5, as of June 2011

LUnit1=3 .
convent. ST's ~ =

=

iy = € <~ N N 62
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SGT5-8000H SIEMENS
Simple Cycle Start-up, Validated in 2008

Fast start-up capability due to air cooling concept

= Increased loading & acceleration rate reduces startup time
= Standard Loading: 25 Minutes to 375MW
= Fast Loading: 10 Minutes to 350 MW

Startup w/ fast loading !

o T~ ey | — i
1 N 2
-~ / — b
l’ : o A ull S

= - .
ol §
i £
Yl /2 -

/ 8
= <
. e - - T-m'_ 1290 409 1600, "o 63

From 0 10 274MW In 17 minu
Optimized Plant Flexibility SIEMENS W ks aboct 8 miwies oowing 9o fo e SOTE-B000H f acovlrst up
Plant Hot Start to full speed and another 11 minutes to 9o from 2ero to full lad oulput.

capability
in 30 min.

64
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Load tests: Plant fast shut down (FACY™) and SIEMENS
minimum stable load
-
o || o7 speed | [ST Speed =
\\“ EE §
2 m 8
S 2
g GT Load E
Plant min, load
~100 MW
| s ——————
—a Time e o Time

65
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Hot Start Tuning, Commissioning Complete SIEMENS
07. April 2011

Plant Start-up Time ~ 20.5 min Total Plant Load ~ 450 MW
PxRs .
Corspess | Y/}

) /"/ /
o g
///
" GTload | A4 /

L /._/ /
v @
b ¢ Y 1 1] 1 1 1 ) 1 1 1 1 ) 1 ' ‘ 1 1 1 ’ | VAl ] 1 1} 1]

AN BNN PED SEN BRR A AR O8N PAR Sap SRR AR AN 66
T e BN e ]

toton
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SGT6-8000H / SCC6-8000H SIEMENS
The answer to market and customer requirements

» H Class Performance
SGT6-8000H: 274 MW / 40 %
SCC6-8000H 2x1: 824 MW / > 60%

Reduced Emissions
15 - 25 ppm NOx, 10 ppm CO
330 g/kWh CO2

Improved Operational Flexibilty
15 and 35 MW/min. GT loading
400MW in < 25 min plant hot start

SGT6-8000H
successfully enters its test phase Improved Part Load Capability

Compact plant design
il utube.comiyser/Siemen Economy of Scale (less EUR/KW)
High Reliability and Availability

Resulting in Low Life Cycle Costs 67
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[F] 57 4 SGT6-8000H Test Center

0 — L PSGT6-8000H Test C@M@&I

SIEMENS

Pre-validation on component level

“~_ _J , Full Scale 60 Hz Compressor

- _m—

—— Y L~ '
Combustion system and compressor validation in test rigs and
under real engine conditions at the Berlin Test Center 70
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Overview remote monitoring tools LABORELEC
Crs -

D

71
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LABORELEC
CM to DC L —
@
smartsignal e —— 5.000MW >
Project : : ‘
“Future Vision I  ———
on CM" -1Vl | PROJEC
@ osicot.————— e 250.000 tags=>
_ -------------------------------------------------------------------- 120 shaft lines=>
e Mo
1985 // 2000 2003 2004 2005 2006 2011

72
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LABORELEC
2003: Future vision of CM GO =

CM activity should mainly be ‘steered’ by a "Diagnostic Cont
= offer services and develop products in the CM domain
* also ensure the knowledge management
= act as a forum for all business domains that are involved with CM

SHORT TERM
= installation of a “Comui Hatfi > @OSI olt,
= definition of a common strategy on CM

LONG TERM
* the development of a ( '
= the enhancing of remote monitoring facilities
= assuring the reliability of the instrumentation
= improving the monitoring of the gas turbine units

And, discuss implementation of CM in design phase of installations

ol LABORELEC © ;.

Taiwan Power Company .

FECH —FHERNTRERHK
( Earlier Failure Pre-alarm Monitoring 1:?: ) Z kB ]

LABORELEC
Where do we have to go ? e

m General Layout of Process (Company level)

PLANT 1 PLANT2 PLANT N

CENTER
Eedutadl] y *
b LABORELEC ® ¢ 74

Taiwan Power Company .
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X LABORELEC
Collaboration ? cor e
90 ﬂm |
Provide collaboration tools .
’LABORELEC RHpreic Camr

platforms between
R

different actors e o 5 S s
- N mu

Example :
PI RtWeb Parts R
Plants (O&M, Assets) can see S
each other’s CM data R

As can the central Maintenance &
the Laborelec experts

75
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LABORELEC

GO _Sartr

Vibration Monitoring
Some typical problems that can be detected with a performant
vibration monitoring....
<
)? D
IO' ‘\O“ "Q ‘ (o’ ;Cr

| coupting tautes | [ wabatamce | [ atigument problenss | [ bladeboss | [ bearing tautes |

LABORELEC © :br 7%
! 3% hwd) Taiwan Power Company ‘ l

£
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: g o LABORELEC
Vibration Monitoring e Swex
= Laborelec Vibration Monitoring System (LVMS)

= 14 experts available on-line

= More than 120 shaft lines monitored: steam turbines,
gas turbines and reactor cooling pumps (EU, S.A., ASIA)

E 30 Wt i PO 0 S SR
L *0 488 CERR REOAtHUNLE T e T PS
im0 808 DOSRENSesONNNNE

FECH —FHERNTRERHK
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LABORELEC
Combustion Dynamics e S

i
1

o
)
|

RCCCRTLLeLee

Monitoring - follow-up S
Triggered by SmartSignal R
Excel-sheets
Pl ProcessBook

Further insight in combustion dynamics
Data-mining of long term data
Detailed investigation of combustor

incidents
In collaboration with Electrabel NL 05|
a4

Goal: determine relation between é
ro3
£

dynamics and failures (and prevention)

02|

ot

78
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- LABORELEC
Performance Monitoring o e
Overvaw Performancs Monitaring - Ruien 5 I.E*umcun’ B«wf o _I
im -itnou.sc Performance Monitoring Herdersbrug Ebctrabel
2 Main View ==
Owtasipem o Do lmmatin DATA G

......
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LABORELEC

GO D5

Monitored with SmartSignal EPI*Center
[e]

9 CCGT's
7 single shaft with GE 9FA

1 single shaft with Siemens V94.3A
1 tri-shaft with Siemens V94.2
1 dual shaft with GE 9FB

2 St@ Plants (waste / furnac® gases)
2 N¥iclear Units (primary & secondary circuits)

s ®5000MW

4
L
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) o LABORELEC
SmartSignal : principle e aex

Robust, Real-Time Alerting
of imperciey; Problems
A

B
~
=1 _~ .
Rea-Time Sensce Data Dingnostic = } \
’ Fiules ' .
\ Engne & = X

\ Desermines if )
A L ! - Associstes Diagnosis: 1
\'\ ) = Du;‘,‘:';\: Darmstions Excussne Soa

v, - o with Knowm Leakage

£ . 1’ Preblens

» | et

A&

'}f’!ﬁ ~ I Ao

Porsosaized
Empiticat Medel
Removes Effects of

Normal Ozeration

Statsbcal Deviation
Detection

3% hwd) Taiwan Power Company .
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LABORELEC
SmartSignal : Principle e soex

EPI*Center uses an asset’s unique
configuration and data history as the

u basis for generating model estimates
Reference Data
= & z t
EP1*Conter 5 &
' Bul

Predictive Engine
Simitarity Based Modeling
& Mode!
98956 ;i
‘ 5HHHH scwa
L == J
Patterns of residual values in groups 5 & Residual
of sensors are often diagnostic of
equipment faults, such as seal
leakage, power Imbalance, bearing
& damage; et “ LABORELEC © ‘\r

Taiwan Power Company .
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LABORELEC LABORELEC
== SmartSignal: principle [T~

SmartSignal: principle

| h
methods use Alerts are generated on dynamic bands

hold limits on each sersor

= Most ¢

® Lovels chosen must cover all operational ranges
and be applicable for all ambient condetions

Oynamic Bands provide shen befors
meaching 8 et gh aamm

Early talse slarma are avouted

w Traditional monitoring techniques are lmited in their ability
to identify fadlures proactively

Dynamic bands represent the estimated value 101 each sensor

plis or mines an adowabie varance (based on model tuning)

Mactra Trg
The estmate and allowabie varance take mto conssderation
) SRS s P MW(J e = Matoncal Lehimor
porer &, A/ Nv‘-"nrv\‘v.‘ btV = Operational states
p—— = System conanons and relatod senson

* Readngs that exceed the dynamic bands tngger alerts
* Perssstent alerts tngger modents. usually after 3 hours

é ; F

83
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SmartSignal: principle LABORELEC

= SmartSignal’s solution provides diagnostics and
early warning by modeling related sensors together
Alarm

SenartSignal — Eacty Datection .,
Tore Ot -

Morions ai sionain e Sareoutly Famy Wasnng B

Saal 04 Drain T WWMWM%V —— ‘;._

Axial posttion QW”"“’cJ&U—%oxmmwﬁé’%m.m-

A 1t

Oyrars Bant

SR e (ST T IR PO :&W

Speed
Diach Temp S
v Y
EARLY STAGES OF ALARM then
EQUIPMENT DAMAGE SHUTDOWN
Aerting before tracditional Damage control
alarm lovels mode

34
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LABORELEC
Case 2: Cracked Liner e

85
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LABORELEC

CI20000, L2200 402 16
Gy

1, C
UNIT LOAD MIW - 39 / COMOUSTION : [CT-MBANCTEM VXA

19... - g
b3l LABORELEC © F
e ————————————— | 86
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Case 3: Combustion Dynamics usgiisl‘.ig

= (tis difficult to monitor CDs spectrums
® The CDs spectrums are in the frequency domain.

® Itis not to easy to compare the CDs spectrum data with other
ional sina data platform

P P

® The solution to monitor CDs:

B Itis necessary to divide the spectrum in bands to capture the
CDs peaks (frequency and amplitude)

® Relevant data from the CDs peaks has to be saved in the time
domain for trending

® The Pl system the common data platform for data process and
CM data (it allows to correlate CDs with other influencing

parameters) e —

23 % pmwI
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LABORELEC

GioE e

Case 3: Combustion Dynamics

® s very difficult to distinguish a fault with the classical analysis
tools (time consuming)

® Too many parameters are affecting the CDs and mostly are not
lineal correlated

® The CDs data obtained from the spectrum contain also too many
parameters (8 bands for 18 burners — for GE F9)

®  SmartSignal follow the CDS on-line and trigger the fault
(allowing the CDs analysis only when is needed)

® Early fault detection can distinguish if the CDs behaviour is
normal comparing the CDs data with normal behaviour
historical data

® Laborelec developed its own CD models for usage in EPI*Center

LEFpmD)
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LABORELEC

Case 3: Combustion Dynamics

® Potential hardware damage due to CDs

®  Hot tone is dang (150 Hz eigen-frequency of the liner), this can produce liner
deformation and cracking.

® Mode shape of the liner with six nodes in the contour. Triangular deformation

39
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