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WHAT IS PADO? ENERGY

PROGRAMME

« PADO is a software based optimisation and diagnostics system based on
client-server architecture.

* It's a package rich in intensive information which aids plant operator to run
the plant with most optimum efficiency , availability and maintainability.

« Massive Computation Engine for Performance Parameters of Power Plant.
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POWER PLANT CONTROL & INDO-GERMAN

ENERGY

SUPERVISION PYRAMID PROGRAMME

UNIDIRECTIONAL
COMMUNICATION

FROM HMI TO PADO —-»//

BIDIRECTIONAL
COMMUNICATION

BETWEEN ==mpp
DCS & HMI

LEVEL-2
HMI
HMI - DCS INTERFACE

overall plant DCS
(SG, TG & BOP Controls)

LEVEL-3 - PADO
(MONITORING &
ADVISORY
PLATFORM)

o &

LEVEL-1
DCS

BIDIRECTIONAL

COMMUNICATION
BETWEEN  mep
PLANT & DCS
< FIELD SENSORS >

CONTROL AND MONITORING HIERARCHY IN A TYPICAL
MODERN POWER PLANT
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Current PADO Projects INDO-GERMAN
ENERGY

PROGRAMME

PADO for 16 units of NTPC
An On-line implementation of
SR::EPOS that compares the
actual status of plant
operation with the “best”
status by simulating the
entire process and identifying
potential cost savings to be
n'r . B realised.

b ”&;I.,{F, Also a life time monitoring
- Pt =, “- Siaakie: SR1 package that computes
| Slmhadrl Stg ] 2X500 MW (In operatlon) continuously the residual life

| Ramagundam Stg Ill 1X500 MW (SAT done)  ©Of tte plant. The abovi_ -

. packages are in operation for
1 Rihand Stg Il 2X500 MW (SAT do.ne). both units of NTPC’s
1 Talcher Stg Il 4X500 MW (Commissioned) Gl (e o e e
1 Vindhyachal Stg 1ll 2X500 MW (Commissioned) 4 years.
1 Kahalgaon 3X500 MW (FAT done)

1 Sipat 2X500 MW (FAT done)




New PADO Projects

I Dadri Stg 112X500 MW

| Korba Stg IlIl 1x500 MW

| Farakka Stg 1111 x500 MW
| Khaparkheda Stg Ill TX500
| Bhusawal Stg 12X500 MW
| Simhadri Stg Il 2X500 MW
| Jhajjar 3X500 MW

| Bellary Stg | 1X500 MW

| GEB Ukai 1X 490 MW

| DVC Maithan 2x 500 MW
| And many more..
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: _ INDO-GERMAN
Online Tool: ENERGY

Optimization Sequence PROGRAMME

1. All relevant data from DCS which goes into Optimisation
need to be validated i.e. all implausible values have to
be replaced by plausible values

2. All calculations are done every 5 minutes (not only
once a day) since the quality of coal and combustion
process is changing. Threfore the state of heating
surfaces must be monitored constantly.

3. Results are presented in user friendly manner:
state of comonents indicated by green, yellow, red and
losses expressed in Rp per hour

@ evonik E”*H
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Online Tool Functions PROGRAMME

OFFLINE SRv

Data Validation

Whatlf \ l
SRx (Datamanagement)
\ SR4
Diagnosis +

SRX Optimization
Visualisation

DCS

||||||||||
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Online Tool Screens (Overview) PROGRAMME

ﬂ File Edit Wiew Insert HTML-Lists Parameter Process Sheets Documentation ‘Window Help

= e R e I e 1 1= 1 e e S Y IR R N e ) | [5¢2272008 250:00 P-3:55:00 P
iy OVERVIEW Interface status: R dam 7 _5/22/2008 3:50:00 PM-3:55:00 FM
NTPC Bﬁﬂ' SR4 Calculation status: o T Tt T Foler | Messuiements
atus ~ —
E— N [ steady state | operating  [look plausibility
| E Generator el. output power gross B03 Mw
Unit efficiency net EELEA
Unit heat rate gross 234E keal/kw'h
1 Buoiler Load Index B3
L Boiler efficiency TS
Station load 15.0 W
main intervention during
controllable losses operation shutdown
* 02 at Eco outlst [ 0.0 Rs/h|
Air heater leakage 14798 Rz/h
Steamn pararmeter 4981.7 Rs/h
Condenser preszure 0.1 Re/h
Final P terperature 57.2 Rsth
- Main Stearn/Coal
Huot Reheat Steam
Cold Feheat Steam
Feed/Spray \Water
Condensate
| s C00liNG YW ater
. E’rimarydAir ¥
econdary Air
2] é [ 4] Flue Gas
Coaldair Misture
. -
g N z
b
/':_—:}' =
$ —— £ v
< | >

TURBIME CW¥CLE Em

A
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Boiler (traffic light colours) PROGRAMME
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24/09/2008 ES-ST_ING_neu

Indicating the state of heating
surfaces by traffic light colours
red = ,bad"”

yellow = ,not good”

green = ,good”
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Online Tool: Data Validation (1) PROGRAMME

ﬁ Flle Edit View Insert HTML-Lists Parameter Process Sheets Documentation ‘Window Help

: 3 VIE BRS¢ o | L { v Al D ad

] 2 e L 9 A S R B e |

5 values | |5/23/2007 1:55:00 PM-2.00:00 PM |

RAWVALUE1  RAWVALUE2  "RAW VALUE" CALCULATED VALUE
MS FLOW 1584 th VG 16251
FW FLOW 1543 th 1567th  AVG [_1558th 1612 th
SH SPRAY SUM T84Uh
SB STEAM
BLOW DOWN
MASS BALANCE (SHOULD BE ZEROD) - 13th Th

MS FLOW - FW FLOW - SH SPRAY + SB STEAM + BLOW DOWN =0

24/09/2008 ES-ST_ING_r N = ¥ Suouitoes Page 12



INDO-GERMAN

: : _ ENERGY
Online Tool: Data Validation (2) PROGRAMME
RAWVALUE1  RAWVALUE2  "RA CALCULATED VALUE

WS FLOW 1564 th 1584 th Y| 1584t 1625 h

FwW FLOW 1543t 1567 th 1555 th 1612t

5H SPRAY 16th 2th 15th 184 th

58 STEAM bth Bth hoth

?
BLOW DOWN (th (th (th
MASS BALANCE (SHOULD BE ZERD) - T

M5 FLOW - Fw FLOW - 5H SPRAY + 5B STEAM + BLOW DOWN =0

RAW VALUES

DCS

24/09/2008 ES-ST_ING @ EVONIK DO NOT MATCH THE
T S e BALANCE !
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Online Tool: Data Validation (3) PROGRAMME

I TU S | [l D3]

W Dutei Pearbein Aogicht Erdipen Fensler T =l =]

L e o o e e Y D A T | e | e |

) A Speasiviadar Magsersirom wor Damphermsuger [Watsum Block 5]

I )
Eaw measurement 1—/\

N _‘_‘“‘1‘1““ /
\/ Value by data reconciliation

o _{ v
Precision
tmeasurament
xa _§
=
w2
- L L T T T T T L T L T T
o %20 el s ) LB D L L s o] o) Foi FoR
[T O
AR T | [ Ty e ey ¥ T T ) — U BT TGRS ket Wad . § WFW o COVRIL 50 =R L T T
e iy, [ s |
a0 S-h WORELTVE T WE T Wy w g A
Detriarn 0804 199MN0 F1-193] Mot [Mementineens [VALID [O0M

ETFa

2410012008 Es-sT_inc_r - (&) EVONIK E”'EI Page 14
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PADO Data Validation (4) PROGRAMME

Support of PTC 6 by data validation

1.Installation of precision sensors
2.Enter the readings from sensors to Ebsilon model
3.Check the quality of measurements with data validation

Page 15
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INDO-GERMAN

: _ ENERGY
PADO Data Validation (5) PROGRAMME
point in time: 03.03.04 11:25:00
plasible vahie  data reconcilation successfll
mplausthle vahe data reconcilation not successfull
datapoint description rawvalue  plausibility checked value reconciliation data point value from reconcilia
JHACIOCPI0l |plaush. vae FW PRESS AT ECOIL 1963 kgfom (196 3 kgfens JHACIOCPIOLY (193 kgfem!
JHACIOCTIOl  |plaush. vahe FW TEMP AT ECOIL G K NHACIOCTIOLY  2571°C
JHADOICPIOl [plaush. vahe DRUM PRESS 1904 kgfom (1904 kgfens QHADOICPIOLY (1904 kgfem
JHADOICPI02 |plaush. vahue DRUM PRESS 1900 kgfom* 19010 kgfens OHADOICPIOZY (1900 kgl
JHADOICPI03 |plaush. vahue DRUM PRESS 189.7 kefom [189.7 kgfens OHADOICPIOZY (1994 kgl
WHAHIICTION  [plaush. vahse SH DESH IL TEMP (L) 4000°C  [4000°C NHARAICTIONY  4002°C
HAH2CTION  [plaush. vahse SH DESH IL TEMP (B) NL1C oLl NHAHZCTIONY  4011°C
JHAH2ICPI0L  |plaush. vahe SH DESH /L PRESS (L) 184.] kgom* |184.1 kgl MHAHZCPIOLY 1839 kefen!

ELrFd0A

B
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INDO-GERMAN
ENERGY

Presentation of Measurements (1) PROGRAMME

SB STEAM
SH SPRAY

Indicating not correct
measurements with violett colour

Page 17
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Presentation of Measurements (2) PROGRAMME

SHPL_M_T_INP_G

E

Dependencies l Formula ]

\

= SoHPL M T IMP_G - avg. walue - SH PLTH [/L HDR TEM [L] - checked value [473 °C]
#- SHFL_M_T_IMFL_G - SH PLTM [/L HDR TEM [L] - checked walue [473 °C)
+- SHPL_M_T_IMFR_G - SH FLTH I/L HDR TEM [R] - checked value [473 °C]

SB steam temperatures
measurements left and right
(left not plausible)

Ok Cancel

B

Page 18
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Presentation of Measurements (3) PROGRAMME

SHPL_M_T_INP_G

5B STEAM .
SH SPRAY T Dependencies l Formula ]
(S SHPL M T IMP G - avg. value - SH PLTH I/L HD'R L] - checked value [479 *C
Bl 4t p— SR SHFL M _T_IMP_G - avg. walue - SH PLTH |/L HDR TEM [L] - checked walue [473 *C]
1697 = SHPL_M_T_IMPL_G - SH PLTH I/L HD'R TEM [L] - checked walue [473 *C]

SHPL_M_T_IMPL_% - SH PLTH I/L HD'R TEM [L] - walidated value [473 °C]
= SHPL_M_T_IMPL_P - SH PLTH I/L HDR TEM [L] - plausible walue [* °C]
SHPL_M_T_INPL_N$% - SH PLTH /L HD'R TEM [L] - newral flag [-1 BIM]
= SHPL_M_T_INFL - SH PLTM I/L HD'R TEM [L] [ "C]
FOHAHZOCT123 #0103 - SH PLTH 1AL HD'R TEM [L] [ "C] ’)
SHPL_M_T_INPL_M - SH PLTH I/L HD'R TEM [L] - neural value [467 "CY
+- SHPL_M_T_INPR_G - 5H PLTH I/L HD'R TEM [R] - checked value "]

/ ] Caricel

Neural network generated the value 477 °C for not
available value of tag 70HAH30CT129 XQO03

| & oy & o |

24/09/2008 ES-ST_ING._r EVONIK E”EI Page 19

ssssssssss



Online Tool: Boller

STEAG Ketek IT - PADO Ramagundam, 7 - [BOILER]

INDO-GERMAN
ENERGY
PROGRAMME

E3

ﬁ File Edit Yiew Insert HTML-Lists Parameter Process Sheets Documentation  Window  Help - 8 X
= | T = = 1 B = 1 O e e S DR R 1 B | =] [Br2/2008 7-10:00 AM-715:00 &M
m [ o) SBE STEAM EBOILER 1584 bh| [zaloulated) Ramagundam 7 6/2/2008 7:10:00 AM-7:15:00 &4 7
mpc 8”{' SH SPRAY 0.0 t'h 1555451 tfg Imeasured] Status l Linit | Boiler |Measurem¢n_t_
L R T kol | steady state | operating  [lack plausibil
E0.4t'h E = § MS Generator el output power gross 505 1
169 °C b T2 Uh CRH Unit efficiency net 383
57 T Unit heat rate gross 2367 koal/khw
Boiler Load Index 1565 t
Boiler efficiency 276
BLOW DOwWH 142 7h Station load 15.0 kY
0.0tMh 414§2th RH SPRAY SO0TBLOWING OPTIMIZATION
HRH Heating Efficiencies Sootblowing
FLUE GAS TEMP SE T | Lever
- BIE T Surface At Min | SE Mo,
urnace. . . 3|Raw 1- uspendec
43 ka/on? F Mo [ B0 76.3|Row 1.5] Suspend
SH Division Parn. 922 850105110 _SB not req.
SH Platen 859 2a.00111-118 Iest SB
T T Ficheater 750 e5.0/119-124[ Comp SB
Low Temp. SH 101.8 85.0{63.15 m||_Suspendec
B7.38m
1535 tfh E canomizer 933 85.0{54.08 m|  Suspendec
16 E;j.-:jcmcz 4345 m[ 5B not req.
Fwf
ACT-/REF-COMPARISON
[ 2474 t7H]
Act Ref tonetary lo
18.%53 %|Excess air 02 at Eco outlet] 325 %ol 376 %Wal 0.00Rss
325 %ol 102 Bumner Gt ER T
BURNER TOTAL AIR FLUE GaS | 5H spray 457 th 00th
T TILT FURNACE | 0] Z1E0 /h] (calculated) RH spray #ouh] 00bh
idbatic 1717 Uh| [measured) cA T FG 2t Eco outlet
30 % 1040 Oh Boiler efficiency 876 % 879
Soot Blowing Legend
COAL B Compulsory SB =
FEI U] [measured) [ ] MestSE
250 th| [calculated] [ 5B Mot required
steag 3893 koalfka] HHY B v
< | &
current paint of time: 62720087 10:00 AM-7:15:00 AM S-values

24002008 es-sT_nG_r (& EVONMIK
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Sootblowing Optimization INDO-GERMAN

ENERGY
PROGRAMME
Hamagundam Fi B/2/2008 7 10:00 Akd-7:15:00 Abd
[k B niler [t easurements
Status steady state operating | [ook, plausibility
Generatar el output power grozs a05 kW
Uit efficiency net JhadE
nit heat rate grozs 2367 koaldkiwih
Boiler Load Index 1565 t/h
Boiler efficiency ar.b &
Station load 15.0 kwf
SOOTBLOWING OPTIMIZATION
: Efficiencies sootblowing
Heating Level/
Surface Act | Min | SB No. |
Fumace/snw'  [J[T 851 76.3|Row 15[ Suspendsd
5H Division Pan. [ 92.2] 850]105-110[_SE nat req. Compulsory Cleaning
SH Platen gB.q]  85.0/111-118 Mewt 5B
Feheater a0 8R0P113124)  Comp. SB
Low Temp. SH 101.8] B85.0|63.15m| Suspended
5735 m
E conomizer 343  85.0)54.06 m] Suspended
4345 m[ SE not req.

24/09/2008 ES-ST_ING._r @ EVONIK

INDUSTRIES
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Controllable Losses (1) INDO-GERMAN

PROGRAMME

- [TURBINE] M=

&f Process Sheets Documentation  ‘Window  Help - &
| e || ¥ v~ 2] <> ]| o] 2]|[5vares v 572372008 2.45:00 PM-250:00 PM
TUREINE CYCLE Controllable HF Dev. |Losses expr. | Monetary
HRH Losses Achual Reference [koal/kwh] [in extra fuel loss [Rsdh]
Thrattle temperature I | LA 0335 01 th)| -4
Thrattle pressure 169 ka/crf]|[ 170 kadonéal| 2 874 0.5 t/hll B34
1468 /]
ﬂ Reheat temperature R28 Tl BEF | 4.997]( D.8th|[C 1107
Reheat prezsure drop 4.4 ko/cr ]| 4.5 kglonal| 3672 0.6 th| 203

Condenger back pressure | -0.87 kafcr]|[ 057 kaofons]| -2 965 0.5 £k -1
Superheater spray flaw 305 th| 0.0 t2h| E.190]| 1.0th|[ 1364

B [4E0kalor?
Reheat spray flow 326 1h| 0.0 th| 20.344]] 36 LR 4614
Bl [ 4.4 ka/on?]Reheat pressure drop Final W/ temperature 76 L) 2543 || 0346 01wk 75
Blow dawn flow DOGH|__ 484bh]__ O.000j[ O.0th|| D
Ausdiany stear flow 3.6 Uh||___100Wh|L__ 2449 1.4tk Tee1

Frequency 4935 Hz|[_ 50.00 Hz| 0.042]( 0.0tk 23
take-up flow 222 th] 0.0 t2h| 43613 7.4 17k 608
TG heat rate grozs, actual 2054 keal/kwh TG heat rate net, actual | 2117 keal/khw'h]
TG heat rate grozs, reference | 2051 koal/kwh

Bl

Page 22
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Controllable Losses (2) INDO-GERMAN

ENERGY
PROGRAMME

Controllable HE Dev. |Losses expr. | Maonetar
Loszes Actual Feference [kzalkhwh] | in extra fuzl lozs [Fsd ﬁ]
Thrattle termperature | 533 T\ 537 "C||| -0, 335 0.1 th| 74|
Throttle prezsure | 1E9 ka/cnél|| 170 kafemeal| 2 879 0.5 t/h|| B3]
Feheat temperature | R8T R37 T 49571 D8R|l  1101]
Feheat pressure drop || 4.4 kg/cré]l[ 4.5 kalenéal|| 2E72l 0.5 th| 209]
Condenzer back pressure|| -0.87 kglcré]|[ -0.87 kadone]|| -2 965 0.5 thl| 1]
Superheater spray flow || 205 th|f] 0.0tk R 1.0R||  1364]
Heheat zpray fow | 22 5 thfl 0.0tk 20 944 2.5 || 4614
Final Py temperature || 285 T\ 2543 °C|| 0. 346|(] 0.7 t/h| 76|
Bilow dovr Fliow | 0.0 th| 48 4 th|| 0. 000 0.0 t/h| 0]
Auihiary steam How | 13.6 thlfl 10,0 L] 2. 449|| 1.4 | 1861 |
Frequency |  4938Hz|| 50.00Hz|| 0.042(| 0.0 thl|| 23

b ak.e-up Fow | 22 2 thfl 0.0tk 43 613 7.4tk SE05|
TG heat rate grozs, actual  [2064 keal/lafh] TG heat rate net, actual [ 2117 kealfkiawh|
TG heat rate gross, reference | 20681 kealkiwh)

B

Page 23
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Setpoint Optimization (1) INDO-GERMAN

PROGRAMME

4 STEAG Ketek IT - PADD Ramagundam 7 - [Set]
ﬁ File Edit “ew Insert HTML-Lisks Paramekter Process Sheets Documentation  Window  Help

O|w{d|8] &[B|@fx] A L | e slk] Y]V A[2] <]>]
Set point optimization
| act value || opt value |
(B oiler |
02 at Eco outlet 2208 % 2.00 2 al
Burner tilk 137 137

(Turbine Cycle |

b5 temperature R40.81 °C 545.00 °C
M5 preszure 171.31 katerf|| 17000 kgdonf
Reheat ternperature hak. 37 °C A48 00 °C

Condenser back pressure -0.88 ka/cnf -0.88 ka/cmf
Windbow Furn. preszure 8.5 T 6935 mmwC
P& HDR Preszure 209,02 rnrniC a158270.4
Unit Heat Rate grozz 236667 231

24/09/2008 ES-ST_ING._r @ EVONIK
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Setpoint Optimization (2) INDO-GERMAN

ENERGY
PROGRAMME
v ] .. :
v Set (elell nt Dptl mization ASIe G e 5
hy2372008 2:40:00 PM-:
| act value || opt value |

[Boiler |

02 at Eco outlet 4.27 % 5.00 =Wal

Burner tilt q°* q*

TobRe G | RECOMMENDED

MS temperature E30.55 C 545,00 °C SETPOINTS NOT

M5 pressure 17047 kgdené|[ 170.00 kgl

Feheat temperature 5a0. 45 *C 54500 *C SET

Condenzer back pressure -0.8Y kgdene -0.8¥ kgfcne

“whindbos Furn, pressure 72,90 S C 29,74 mmw/C

Fa HDR Pressure B0E.55 mrmw'C 2001

rit Heat R ate gross /, 2399 48 2338

@ EVONIK

INDUSTRIES
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Online Tool: Modules

OFFLINE

Whatlf

SRx
Visualisation
Konfiguration
Data Editing

Parameter Editing

@ evonik
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SPC

l

SRx (Dataserver)
-SR4

T

DCS

l

SRx (Dataserver)
-SR1

—>

INDO-GERMAN
ENERGY
PROGRAMME

SRv

Data Reconciliation

SR4

SRopt
SRceo
SRmt
SRbcm

Diagnosis +
Optimization

(ersor
SR1 Bffet
Life Time
Monitoring Page 26



INDO-GERMAN
ENERGY

Advantages of the Online Tool PROGRAMME

Improving the quality of measurements by
data validation

e Evaluation of boiler, turbines, condenser and other
components

e Optimization of unit operation (sootblowing, setpoints)

e Calculation of what-if scenarios

e Generation of daily and monthly reports

| &y & 0
e Enhance the efficiency of the power plant !

||||||||||
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THANK YOU
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