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A”SALDU Miglioramenti nella
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combinati: esperienze
recenti di Ansaldo
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- ITALIAN ELECTRICITY MARKET SCENARIO

- AE94.3A4 FLEXIBILITY PACKAGES

=MEL Reduction
= Grid Support

= Start-up Time Reduction

- CONCLUSIONS
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ITALIAN ELECTRICAL MARKET SCENARIO

Evoluzione del mix dei consumi elettrici lordi

TW/h, %
346
Altro— 1%
Petrolio—" 3%
Import 13%
S - —————

Example: California
prediction for 2020

Gas -2 + 13500 MW in 2 hours

2010 2020
Strategia Energetica Nazionale: per un’energi Load, Wind & Solar Profiles — High Load Case
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SUMMARY OF AE94.3A4 FLEXIBILITY PACKAGES

CO Catalyst -30+35 MW Regulating -15 MW 12/14
Blow-off (2RO
Antiicing -10 MW 5‘@ ey
MEL Reduction [ [¥ st

Cooling Valves  -3+5 MW

Blow-off open -8 MW (1 B.O.)

GT Load Up to 30 MW/min Humming  Combustion =——
Gradient (Up to 42 MW/min active stability LI

Grid Support with SAS-up) control mcreaseBL w
HCO ONFast  Up to 36 MW/min (ramps, BL)  cocimbusinn
Unloading R
GT cold load Up to 13 MW/min Purge Up to 20 min Ready
gradient credit

Start-up Time

Reduction BOP & HRSG Up to 40 min saved Start-up 06/14
logics strategy
optimization R customization
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Package

SUMMARY OF AE94.3A4 FLEXIBILITY PACKAGES

MEL
Reduction
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exp.

CO Catalyst -30+35 MW
Antiicing -10 MW S

Cooling Valves -3+5 MW e~ 4 \

Blow-off open -8 MW (1 B.O.)

5 .



[ ET\Eelell MEL REDUCTION: TESTED PACKAGES
ENERGIA

Anti-Icing + cooling valves + CO Catalyst

CO/NOxX
ANTIHANG | CATALIZZATO} ALOAD [MW TV1[
i He
0 30 78
‘/ -7 30 | 129(Tambg3)
‘/ 34 30 8,2
‘/ ‘/ -41 30 | 141(Tamb9,0)

> COMBINED CATALYST + ANTI-ICING

Load=25% P, / 1]}+s=21%
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MEL REDUCTION: TESTED PACKAGES
Anti-Icing + Cooling Valves + CO Catalyst

Y1
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channelfiter _showall | hideal |+ |

or .. Comment Value Unit
1
M v Actual Load M/
0 v CLG AIR VALVE GV2 1004
M v CLG AIR VALVE GV3 999
M v DPCC g mbar
M v Misura Emissioni CO ist. corr. 18,65 mg/Nm3
M v Misura Emissioni NOx ist. corr. 29,16 mg/Nm3
M v Misura Emissioni 02 15,88 %
I v POSN NG PREM CTRLY HGY 22,87 %
M /v POSN PILOT GAS CTRLY HP 235 %
I v PRES CIRC ROOM Gv2 6.8 bar
M v PRES CIRC ROOM GV3 40 bar
M v PRES COMPR OUTLET 1 Pv2l 91 bar a
I v Pos Compr Var Guidevanes HVL LVDT o %
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B 1A ‘C
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M v ACCELERATION SENSOR 2 062 q
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M vV Prom %
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MEL REDUCTION: TESTED PACKAGES

Blow-Off valves: A1.l opened

ANSALDO
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‘ SUMMARY OF AE94.3A4 FLEXIBILITY PACKAGES

Package

GT Load Up to 30 MW/min |
Gradient (Up to 42 MW/min I
HCO ON Fast  Up to 36 MW/min Jrr—
Unloading IS

Milano, 08 - 04 - 2014 9 .



?”EAFIIEHE LOAD GRADIENT: SAS-UP CONFIGURATION

v' Combustion Chamber cooling optimization

Control Valves GV2-3

Variable setpoint connected with Load Burner Insert redesign
& Ambient Temperature Holes reduction
Upgraded combustion l—\ TBC Increasing
system \ 4
B e D R4 . £+ A
Extraction R | e R 1| o i — P! L
E1 A
o, | Extraction AR ‘ ¥ ””"‘?’
Bl E2 . /\“',(?- 4 : 3 & !
.L':; Moo T 7T # N Pt Extraction RN ’ - : =N
) ‘/ﬁ— v AR “‘* b5 E3 N7 D 1‘: ¢ - 4 . w
\ i 557 7 3] = R 1‘*:‘ : |
Z [
nner extraction E3i
T ——rp = ——
/ \
| Inner extraction E2i : H :
Combustion Chamber gea_lmg Ring TV2 improved
. . esign
Internal housing Holes reduction to cool the External Housing Combustion
brick holders of the ceramic tiles Chamber
Reduction diameter of the cooling

holes
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GT LOAD GRADIENT IMPROVEMENT

v' Load Ramp Test: Initial Target 32 MW/min from Minimum to
97% Load

v" NOx Target < 30 mg/Nm?3 (Diffusion Pilot Burners + SAS up)
v' Target matched and improved: 42 MW/min with stable condition

115->270 MW Load 115->270 MW Load

32 MW/min 42 MW/min

A4 [ e chowsl | hdeol . 2
Cuesor 1 l:uf. V. Comment Vahae Urt Cursor T T
120122735 =YY . 17.15.59.060 H 171
S NS3IMW B v Pos Comge Var Guadevane: HVL 93 % 116.3Mw : 2125
M v OPCCOX 534 L H
’ W] Lot T
\ [ EAnE 5621 T fr
® T ——— = S ;\;an{czs = b 7 | M v TvidsDCS 107 T
L = e B v 0% dsDCS 22 mg/Nm3
b— "] W v C0d0Cs 07 P ] lv DPLCSX 575 mbar
B v (LG AIRVALVE GV2 07 % M v COdaDCS 11 mg/Nm3
B v CLG AR VALVE GV3 %7 % M v CLG AIR VALVE GV2 23 %
B v CCACCELERATION CHI 110 5 W [V CLG AIR VALVE GV3 248 %
B v CCACCELERATION CH2 110 o I v CCACCELERATION CH1 1,09 P
on I v CCACCELERATION CH3 108 " PO S et SR " et N U S [ v C.CACCELERATION CH2 1.09 o
v Uit relativa da DCS 6538 % ) I [V CCACCELERATION CH3 1.07 q
I v FNOAM / T024X1 *®1 x I |V Umidita relativa da DCS 805 %
o Yy I v POSNNGFREMCTRLY HGV 453 % : I v PNORM / T024.X1 970 %
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=== > == T =v2 WV YMIN 05432 722 %
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Combustion Dynamics Combustion Dynamic:
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AHEAHIE[TE GT LOAD GRADIENT IMPROVEMENT
= A

v" Fast Unloading load rate increase with HCO on
v" Unloading 100% — 5% IGV @ 36MW/min

v charmelfter_showal | tide
1 1 ! color | ... comment | value | Unit
N : !
| \.—- i "

Ehgl
M v VIBR ASS CUSC GEN LCCAN A 060 /s
[7 [V VIB ASS CUSC GEN LOC CAN A 157 m/s

80% A I v POTENZA ATTIVA 00 Mw
M v TETC 596  °C
[ [v GT TETC CONTROL ON 0ff
M [v FG.PILOT CV POS. 20 %

No impact on bearlng V|brat|on and combustlon stability

[0 [¥ ACCELERAZIONE C.C. CAN 1 0o
[V ) VigR &S COMPRESSORE 7 /s
BV VIBRAGS CUSCTURBCAN A 359 s
I [V PRESS ARIAUSCITACOMPRESSORE 183 bar
[ [v 16V POSITION 00 %
I [V TURBINE RELATIVE EXPANSION CH. 21 m
V2
v3

. - Unloading35MW/min
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‘AHSALDO

Package

SUMMARY OF AE94.3A4 FLEXIBILITY PACKAGES

Tested

Start-up Time
Reduction
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GT cold load Up to 13 MW/min
gradient

BOP & HRSG

Up to 40 min saved -
logics “

optimization e



ANSALDO

ENERGIA
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GT COLD LOAD GRADIENT
FSNL->MEL @ 13 MW/min

Y3 Y2
80 % -

60 %
60 % -|

40 %
40 % -

20 % -
20 % -
0%+ 0%

Y1

| Cursor 1

Off ATKRIE
10,67 Mw/
8.40 bar
1.76 kg/s
0.28 mm
6.9°C
12,8°C

/

Cursor 2
09:26:24.274 ( 00:09:18)
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27 !
M (N1.7)y """ T
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channel fiter  show all

Color
=1

=y2

I

AUR SR YR GRS

=Y3

hide all
V.. | Comment Value
v PRESSIONE DIFFERENZIALE CAMERZ 366,7
[v PNORM | NORMALIZED LOAD 47.4
v HPGZ2 |POSN NG PILOT 2CTRLY 435
v HGY |POSN NG PREM CTRLV 27.3
v HYL |POS COMPR VAR GUIDEVAN 116
v YMIN |ENTIRE COMBUSTION LOAD € 56,3
v ATKRIE |OTC TEMP CTRL ACT Off
v PEL |ACTIVE LOAD 125,79
v Pv2 |COMPRESSOR OUTLET PRESS 11,15
v FEGVB |SETPOINT MASSFLOW NG P( 7,29
v SPOSTAMENTO ASSIALE ROTORE 0,06
v TVl |COMPRESSOR INLET TEMPERZ 6,7
v EGTEMP |GAS TEMPERATURE 12,8

< <

ACCELERATION SENSOR 3 0,56
ACCELERATION SENSOR 1 061
ACCELERATION SENSOR 2 053
HUM1 |HUM MONITORING CC __ME 2,8
HUM2 | HUM MONITORING CC  __ME 26

WATK |OTC-TEMP SETP EFFECTIVE 5776
WLTR [IGY-TEMP SETP EFFECTIVE  562,9
ATK | TURBINE OUTLET TEMP CORF 564.1

mbar
mbar

‘C

‘C
°C

13 MW/min->0K

4

10>125 MW in 9 min
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BOP & HRSG LOGICS OPTIMIZATION

HRSG start-up ramp
optimisation: variable GT load
gradient as function of HRSG

HP drum pressure

SAVED UP TO 15’

ST minimum steam conditions

for start up (permissives) SAVED UP TO 20°

Better operation of drains and
vents to reduce steam lines
warming up time

lll

SAVED UP TO 5’



CONCLUSIONS: GT LOAD RANGE UPGRADE

GT LOAD RANGE .
65% | 0%

60 %

57 % @ k/
50 % 2008 | @ U Ferrera

La Casella
Turano

Moncalieri

Escatron

Nox < 50 mg/Nm3 + »  Nox <30 mg/Nm3
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CONCLUSIONS: GT LOAD GRADIENT UPGRADE

GT LOAD GRADIENT

+220%
+150%

| La Casella
2008 | Rizziconi

Ravenna

13 MW/min

Milano, 08 - 04 - 2014 17 .




CONCLUSIONS: START UP TIME REDUCTION

HOT START-UP TIME FOR REF. 1+1 CCPP

90 min

{ 2008 |
A/

- Automatic Sequence -
- Improved By-pass Management 80 min

\@ 50 min
\\\,// 45 min

- GT cold load gradient: 13 MW/min

- HRSG start-up ramp optimization ‘

- ST start-up time optimization | |
- New ST Rotor Stress Evaluator v

Milano, 08 - 04 - 2014 18 .
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Thank you
for your attention
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' MINIMUM ENVIRONMENTAL LOAD REDUCTION
ENERGIA

Antiicing
+ Compressor Bleed: APower, Cost Q Efficiency
« External heat Exchanger: APower, Efficiencya Cost
Main CC & Burner improve
LA CO Catalyst
IMW] High APower, High efficiency
- AE94.3A2 / Q Cost, Outage (= 2wks)
AE94.3A4

140 i /
! Ravenna 2010

120 : /
|

La Casella 2012

100

La Casella 2012 ‘l’
95

CcO cata|yst ,/:éin, U I

I

I

I

|
v v H Time
2000
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ANSALDD . CONTROL SYSTEM PACKAGES

Ramp
Stabilit

y
HUMMING ACTIVE CONTROL

*Humming Monitoring to improve Combustion Stability Control Logic
*Acts on Fuel Valve & TETC control to prevent instability growth

EMISSIONS CONTROL

*Integration of exhaust composition measure in control logic

FUEL FLEXIBILITY

*Modify the control strategy to rapidly compensate the fuel quality
change

Cooling valves control optimization

‘ +*Cooling valves control optimization based on GT load

Tuning4seasons

{ - Gas / air control optimization based on ambient and operating
conditions

Antiicing control

*SW modification to enable compressor bleed antiicing for MEL
reduction

Milano, 08 - 04 - 2014




ANSALDO «EFFICIENCY>»

EFFICIENCY
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