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Probable area of cooperation with JICA

H

1. Reduction of Boiler Dry Flue Gas losses (Air Heater exit gas temperature is
around 15 to 20 C higher than design):

Boiler
i.  Study to suggest solutions using Boiler modeling and other performance
diagnostic tools for problems like shortfall in Main Steam / Hot Reheat
temperature, high RH sprays, boiler left - right temperature imbalance,
superheater / reheater tubes metal temperature increase, high AH inlet /
outlet flue gas temperature and other heat transfer areas / design related
problems
ii. Combustion optimization techniques
ili.  Experience sharing in the areas of works done for improving steam
parameters through modification in boilers
iv.  Technologies to reduce boiler erosion in boiler second pass
v.  Techniques for assessment of air ingress level and air ingress points in the
boiler
vi. Techniques to reduce air ingress from boiler pent house
vii. ~ Techniques to increase burner life (in some cases, the burner life is very
low)
viii.  Furnace - flue gas temperature and composition measurement techniques
ix.  Boiler soot blowing optimization techniques
Air Heater
X.  Air heater improved seals to keep the AH leakages below 8 - 10% on
sustainable basis; currently leakages 12 — 20% (depending on type of AH).
xi.  On line AH seal gaps measurement
xii.  Improved techniques for online air heater cleaning
xiii.  AH cleaning practices during OH — for effective cleaning in shorter
duration
xiv.  Other AH related O&M strategy to bring the flue gas temp at AH outlet

around 125 C

2. Turbine performance improvement

i

iL
iil.
iv.

v.
vi.

Condition assessment techniques of turbine internals (blades, diaphragms,
gaps, seals efc.

Turbine on line performance diagnostics tools and capabilities

Measures for efficiency improvement of turbines (HP /IP /LP Turbme)
In-situ repair of turbine internals (inter-stage seals efc)

Improved in turbine tip seals and gland seals

LP Turbine efficiency assessment and computation
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5.

80

9.

Turbine Auxiliaries
i.  FW flow calibration
ii.  Condenser air ingress assessment techniques and identification of air
ingress points
ifii.  Condenser tube cleaning techniques
iv.  Sharing of practices on usage of sea water as CW water and measures
taken to counter the problems ‘

Overhauls
i.  Tools, techniques and systems used to increase the gap between two
overhauls

ii.  Strategy for reducing duration of overhaul
iii.  Boiler inspection techniques during overhaul

System and practices for archiving boiler inspection, maintenance and design
refated information for analysis

Involvement of Japanese Institutions and Utilities in the cooperation
Supercritical Plants
i.  Development of O&M manual covering best practices of Japan Utilities to
have high availability and efficient operation
ii.  Dos and Donts of supercritical units

Cooling Tower — suggested improvements and optimization

Predictive maintenance technology and tools such as thermography, boroscopes
etc

10. Predictive maintenance for GSU Transformers
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1. NEED FOR RENOVATION & MODERNISATION
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Renovation & Mudernisation of these units has been conterfiplated in the near fyture dye
to the following: .
%23 )

> The units have already tlocked mgre than 1,00,000 hours of operation

T 6% » The residual life assessmerit studied of the unit have revealed deterioration in the
3 5 ()3 material groperties of turbingé & boiler pressuré parts which are continuously
Pl (k) bT’ subjetted to high temperature & pressure during thsir operation.

%5 %#87% > The coal quality supplied to the power plant over the years has also under gone
changes due to which limitations at time are felt jn some of the boiler auxiliaries.

Tk ST > ihe steam turbines installed are of earfier design. The operatichal efﬁcéency of these
turbines are inferior in comparison to the present generation of steam turbines.

TE R > The-environmental norms over the year have become stringent and the plant will be
= required to operate within the statutory norms.

> Stringent regulation of the grid.

2. RATIONALE FOR R&M:

Renovation & Modernisation has been seen as the quickest and most cost effective
option to continué generation from old power stations. It gives the opportunity to
leverage the technological advancement which has taken place in the powér industry so
as to continue econamical power generation.

The introduction of advance technologies is expected to result in:
Improved efﬂciency of Boiler & Turbine

Enhancement of Plant capacity.

Reduce green house gases & Pollutants.

CDM benifits

Over come obsolescencé T

Exterided life of the plant

Better operational flexibility & reliability.

V VV V V V V

By praper selettion of technologigs & feasible R&M solutions, it will be possible to not
only achieve the apove results but also remain competitive towards cost of delivered

anwen

Re M Group %% v e iTE T e .
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3. RENOVATION & MODERNISATION TECHNOLOGY OPTION
Possible technology optibns for R&M in different areas:

a) STEAM GENERATOR & AUXILIARIES

ew/m o > Adoption of higher steam parameters in Super heatérs / Re-heaters cycle to
““up?  achieve higher efficiency. .

’fﬁNﬂwt > Coal mill up gradatign, combustion optimization technique, introduction of low
’ nox burners, Fuel staging (re burning or three stage tomBustion) / Flue gas
mixing and / or Flue gas recirculation to reduce green house gases.

> Fuel flexibility upgrades / ¢o-firing options,
‘ Eofe
#¥mxr > Conversion of existing PF fired boiler to CFBC boiler for low emissjon to achieve

—> 5%3Fdc  CDM benefits. pitodod Fluod Pnordcs
» CFD'technology for uniform gas flow in various ducts in order to reduce auxiliary
power consumption.

FREA ) > ESP up gradation to reduce particulate emission/flue das conditioning / bag filter.
YA - ’
(‘/ b) STEAM TURBINE & AUXILIARIES

V%ﬁ%‘@ > Up rating of HP, IP & LP turbine modules with latest state of the art modules
f’“ 5 involving improved blading, improvised sealing arrangement, in order to achieve
2ot S higher output & efficiency on the existing footprint.

» Use of the advanced materials for various equipments to reduce failures and
1h\%4 2% ¢ improve maintenance overhauls. e.g. Use of titanium tubes in condenser, use of
B 15 A AL stainless steel for re generative heaters etc..

> Buggest ways of utilizing the stearh available over & above the requirement of
normal turbine operation i.e ‘'margin between Tutbine Max. Continuous Rating
{TMCR flow) and Boiler steaming rate (BMCR fiow).

> Suggest measures for reducing Auxiliary power consumption of the plant.
YT ¢) CONTROL & INSTRUMENTATION
Adoption of {atest state of the art includes:

> PADO ( Plant perfoymance analysis & optimization software)
> BPOS (Boiler performance optimization software)
> BFAS (Boiler flame analysis systern)

d) ELECTRICAL SYSTEMS

> QGenerator capability imprévement measures
> Transformer capability improvement measures

e) BALANCE OF PLANT SYSTEMS

> Effluent treatment system to achieve Zero discharge and meet environment
norms. :

> High concentration ash slurry disposal.
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Preface

A document on “Energy & Efficiency Management System’ was prepared for coal
stations and issued In the year 2005 with an aim to implement uniform system of
efficiency monitoring, performance testing, performance gap assessment, calculations
of key performance indicators and reporting. The document got an overwhelming
response and the system has been implemented in all NTPC stations. This has
Fm atlibom oo A - moms daemm en o o on s o o b Al Dl alamimmrs memamm B AR mmmmd e e gt
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development of appropriate Heat rate recovery action plans. The approach has yielded
benefits and overall improvement in efficiency in all NTPC stations has been observed.

We had invited comments on the document from the users on the contents, coverage,
tests frequency reporting formats on efficiency gaps etc. from stations and regions /
CC. CenPEEP team also visited all NTPC stations and obtained direct feedback on
manual, calculation procedures and Improvements based on experience of use. A need
was felt to revise the document to include various observations of stations, other users
and additional points not covered earlier. Accordingly, the document has been revised.

Unaccountable HR losses are currently one of the major areas of concern and vary from
10 kcal to 100 kcal in stations. To give due importance to this, a chapter has been~
added on the unaccountable losses; It describes calculation methodologies and
strategies for reduction of unaccountable losses. We have also included methodology for
calculation of losses on account of TDBFP.

Giobaily, turbine cycile and boiler math modeis are widely used for accurate
performance analysis and assessment. CenPEEP has been striving hard to popularze
uses of math models. It has also organized training and demonstration programs on
modeling and analysis. As a natural corollary to this effort, we have added a chapter on
modeling of plant and equipments, methodologies and likely benefits.

Some fine tuning has also been done in calculations and related procedure as well. The
reporting format has also been modified to bring out the performance gaps more
accurately with focus on exceptions in HR recavery action plan and its implementation.
We have also added latest learnings that has taken place through trainings and visits of
external experts to India and visits of NTPC engineers to utilities in Europe & USA.

We are sure that this revised document shall be useful to the people involved in the day
to day activity of efficiency monitoring and its improvement at station, region and
corporate. This document shail also be useful as a reference document for both the
newcomers and the practicing engineers.

ENERGY & EFFICIENCY MANAGEMENT SYSYEM i
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4—1 DADRI Station wise plant specification of NTPC
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4—2 DADRI Station wise Performance Date of NTPC
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4—3—A @FEROZE GANDHI UNCHAHAR THERMAL POWER STATION STAGEII, UNIT5

FIRST ANGLE PROJECTH
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4—3—B (2SPIAT SUPER THEMAL POWER PROJECT STAGE2
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4—3—B @SIPAT SUPER THERMAL POWER PROJECT STAGE2
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4—4 DADRI POWER STATION Operation Record of Power Plant

Name of Power Plant Dadri 210MW

No Item unit Unit 1 Unit 2 Unit 3 Unit 4 Unit 5
1{Unit capacity MW 210
2|Commence of operation .
3!|Boiler manufacturer BHEL
4|Boiler type -CE /
5|Type of Fuel Coal
6{low Calorific value of fuel keal/kg{ 3500
7|FDF inlet air temperaturé c 27
8|Flue gas temperature °C 136
9

10| Turbine manufacturer “| BHEL
11| Turbine type KwuU
12|Turbine capacity 210
13|Rated main steam pressure ata 150
14|Rated main steam temperature c 537
15|Rated reheat steam pressure ata 37.2
16}Rated reheat steam temperature c 537
17|Feed water temperature - C 247
18]Condenser vacuum mmHg 76| °
19|Condenser cooling type NDCT
20

21|Generator manufacturer BHEL
22|Generator type THW-200-2
23|Generator capacity MVA 247
24)|Generator voltage kv 16.5
25|Power factor 0.85
26

27|Plant efficiency %

28|Heat Rate kcal/kWh

29

30
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4—5 DADRI POWER STATION Plant Reliability & Availability(Coal station)

Name of power station: Dadri(Coal) (4X210 MW)

No. ltem Unit 2003 | 2004 | 2005 | 2006 | { 2007
1{Total operartion hour/Nu-ofyrs.. No. of yrs. of operafion {7 13
2|Planned outage Hrs.
3[No of planned outage Nos. 3 4 3 2

3(a) RlaRHEdIEUtagE e 2|3t 5Bl 0102) RI9) 322>
4|Unplanned outage Hrs b= o= ] - 2
5|No. of unplanned outage . \24i - 21 - 28 10 3

5(a) |Unplannedioatao SRR 5| 963 BRyR0I62 | RS 0Tl EEaE029 028
6|Boiler Unplanned outage Hrs =
7[No. of Boiler Unplanned outage Nos. 3 4 6 3 (4
8|Turbine Unplanned outage Hrs.
9[No. of Turbine Unplanned outage Nos. 4 0 1 4 0

10{Availability % 9252] 9577] 93.31 95.38 96.47
11| Totai Power generation( Gross) MU/Year 6181 1] 68312| 6768.1 7041.3 7232.4
12| Total Generation { Net) MU/Year
13|Max Power Generation MW
14}Mean power generation Mw
15{Load factor % 83.77 92 84 91.98 895.69 ~98.02
16{Fuel Consumption
17 |Station load MW
18|Station load ratio
19
20}Volume of flue gas
21}Volume of C02
22 i
23| No. of unit start/stop ( Total) -{Nos ( 28 24 32 13 5
24{No of unit start/stop { Cold) Nos.
25|No of unit start/stop { Warm) Nos.
26|No of unit start/stop ( Hot) Nos.
27728
29]List of Unplanned shutdown
30]List of main troubles
31| List of Main repatr works
32
33| Dialy & seasonal load profile Base loaqBase loadBase loa{Base load |Base load
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4—6 DADRI POWER STATION Performance Benchmark of Power Plant

Name of Power Plant & Unit No. @/adri 210 MV,\!j {no.5) —
, T T
No Item unit  |100% or near| lfewdoad D;,‘,}M DA“;\

1|Load (MW) : generator end MW 218.0 , :‘2."0

2|Load (MW) : transmission end MW

3|Plant efficiency 1 % |

4[Heat Rate kcal/kWh|

5|Boiler efficiency %

6

7|Fuel flow

8|Air flow 743.0

9]Air temperature (Air heater inlet) c 31.7 z7
10|Air temperature (Air heater outlet) ° 288.7
11|Flue gas temperature (Air heater inlet) K 344.9 , ,
12|Flue gas temperature (Air heater outlet) 139.0 ‘ (35
13{Flue gas O, (Air heater inlet) % 3.6 |
14|Flue gas O, (Air heater outlet) 6.6
15{Flue gas CO, 16.5
16
17{Main steam flow T/h 657.6
18|Main steam pressure ke/em® | 1508 150
19{Main steam temperature °C 536.7 537
20|Reheat steam pressure kg/cm? 36.3 37,2 -
21|Reheat steam temperature °C 536.6 537
22 iReheé;:er inlet steam pressure kg/cm2 38.0
28 Reheater inlet steam temperature °c 349.0
24|Reheater spray flow T/h 4.0
25
26|Feed water flow T/h 671.8
27|Feed water temperature (boiler inlet) ‘c 244.7 f ‘24-‘7
28{Feed water pressure kg/om? 171.0 |
29 _
30} Condenser vacuum 7l mmHg 64.0 ' \‘7(;.
31|Condenser cooling water temperature (in)|- T 26.0 -
32{Condenser cooling water temperature (out) 38.8 1
33
34|Generator voltage kv 16.8 165
35|Power factor 0.99 0.8%
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4—7 DADRI POWER STATION Environmental Requirements of Power Plant

No Ttem Singrauii | Talcher Th | Tenda | Badarour |  Dadi | gTReiiioe
1
2
3|Boiler flue gas
4} Sox
5 Nox ) ,
6] Solid particles| 84-138 112-118 121-141 86-141 79-112 150 mg/nm3
7
8{Waste water
8] pH 7.6-7.8 7.9-82 8-8.3 7.1-7.2 7.3-8.7 6.5-8.5
10 SS 50-58 47-88 31-91 96-106 24-90 100 ppm
11y GOD 154-182 118-140 20-33 104-124 56-90 250 mg/litre
12} Oil 1-1.2 ND 3.2-43 1.8-2.6 40-9 20 mg/litre
13
14
15

SS: Suspended Solid
COD: Chemical Oxygen Demand

ND: Not Detectable
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4—8 Fr-5EBEER (EREEH)

Major repair works normally done:  ( NT Pe, R 3545 /2 “ 2% Qé%z r2e -})
Boiler area

x

Boiler / furnace clean'/ g with high pressure water jet

Replacement of boile:%ﬂ)es / panels

Replacement of coal burners / nozzles and coal orifices

Repair / overhaul of burner tilt mechanism

Repair / overhaul of secondary air dampers and controls

Repair / replacement of boiler insulation

Repair / overhaul of safety valves

Repair / replacement of reheater and superheater spray control and isolating

valves

9. Repair of boiler casing to arrest air ingress

10. Repair of boiler pent house seals

11. Repair / replacements of expansion joints in air and flue gas ducts

12 Repair of flue gas ducts

13. Air heater cleaning with fire water and high pressure jets

14. Replacement of air heater seals

15. Replacement of air heater baskets

16. Cleaning of flue gas and air ducts

17. Overhaul of PA, FD, ID & Seal air fans and motors

18. Overhaul of flue gas side gates and dampers

19. Overhaul of mills (replacement of grinding rolls, bull ring segments, repair of
classifiers, mill gear boxes and other components of mills)

20. Repair / overhaul of gravimetric / volumetric feeders

21. Repair / replacement of coal pipe lines and bends

22. Inspection of critical pipings, hangers and supports and necessary corrections

23, Repair / replacement of boiler and ducts insulations

24. Repair of ESP passes / fields (emitting electrodes, collecting plates, hoppers etc,
evacuation systems etc)

25. Repair of bottom ash hoppers, clinkering grinders and bottom ash evacuation
system)

26. Repair of ash slurry pipelines

27. Repair / overhaul of ash slurry pumps

28.

S G A e
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Turbine and Auxiliaries Area

PHNANRABRN -

9.
10

i1.
12.

13.
14.
15.
16.

Condenser tube cleaning with high pressure jets and / or water powered scrappers
Replacement of condenser tubes

Repair / replacement of high pressure and low pressure valves

Repairs in HP heaters, if required (partition plate passing)

Overhaul of MS / RH stop and control valves

Overhaul of extraction valves, NRV etc

Overhaul of governing system

Cleaning of main oil tank, coolers, BFP oil system cooler, vacuum pump coolers
etc

Repair of steam ejectors

Overhaul of BFP, CEP, vacuum pumps etc if required

Cleaning of MS and HRH strainers

Overhaul of main turbine (bearings, diaphragms, gland seals, inter-stage seals
repair / replacements, blades repair / replacement etc)

Overhaul of generator and auxiliaries

Replacement of high energy drain valves

Repair / replacement of extraction lines bellows

Repair / replacement of insulations

17. Deaerator cleaning
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Balance of Plants / Offsite

Overhaul of CW pumps

Cleaning of CW ducts

Painting of CW ducts

Overhau!l of CW system valves

Cleaning of CT basin

Cleaning of CT fills

Repair / replacement of CT fills

Repair / replacement of CT nozzles

Repair / overhaul of CT fans

10 Repair / overhaul of raw water pumps

11, Repair / overhaul of fire water pumps

12. Overhaul / repair of instrument air compressors, plant air compressors, transport
air compressors

13. Overhaut of plant air conditioning system (overhaul of compressors, heat
exchangers, AHUs etc)

14,

e O e M
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4—9 KORBAXAWFEEIZHITHETEINMEIEDEL

BRIEF DETAILS OF TRIPS: KORBA 2006-07

NOTE: Trips given in Italics had occurred within 3 months of Overhaul completion date.

(R; Toble 2. No.n)

St..
NO

UNIT

TRIP DATE ’DURATION

ROOT CAUSE

CODE

% AVAIL..

LOSS

30-Apr-06

24:19

Loss of Excitation.
Auto/Manual  switch was
operated by mistake for
controlling excitation instead
of raise/lower buttons.
Change over to manual could
not be detected due to fused
indication and non availability
of Auto to Manual alarm in
facia..

ELEC

0.002

26-Jun-06

5:11

Fault of Ash Slurry pump 5A
motor extended up to incomer
to UAT 5B and 6.6KV bus B
tripped and unit tripped on
flame failure.

ELEC

0.014

11-Jul-06

3:31

FSSS 220 v DC supply MCB
tripped due to short circuiting
of HOTV solenoid. Unit
tripped on FSSS 220 V DC
supply failure.

C&l

0.010

15-Aug-06

2:43

BFP-C tripped on suction
pressure low and BFP-A
tripped on bearing temp high
after 8 minutes. Unit tripped
as both BFPs tripped.

G

0.003

25-Nov-06

26:01

Unit tripped on GT Buchholz
1st stage protection due to air
ingress through vent plug

manlea b AE mrnlae

gaar\ct Ul IGUPGLUI'UL Vi VUUIGH

bank-02 from radiator
leakage.

ELEC

0.028

27-Dec-06

7:40

Unit tripped on flame failure
due to PA Fan-B blade pitch
hunting.

OTHE
RS

0.021
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BRIEF DETAILS OF TRIPS: KORBA 2006-07

YOTE Trips geven in Jialics had gccurs cd walun 3 months of Ove haul completion date,

|SL.
NO

UNIT

TRIP DATE

DURATION

ROOT CAUSE

CODE

% AVALL.

LOSS

‘ §_‘16

15-Feb-07

933

Unit tripped on GENERATOR
STATOR E/F due to metallic
binding strip getting loose and
falling down

ELEC

0.026

19-Feb-07

‘ 6:20

Analog Control System supply
failure. One wire of 110 VAC
circuit got disconnected from
back plane of lamp driver
card's Maxtermi pin and
touched the adjacent
Maxitermi  connected  pin,
which carries 15 VDC. This
caused FSSS unit panel 15V
supply voltage fluctuations

(2.4

0.007

6 |{30-Mar-07

133

Generator Class-A protection
got actuated due to operation
of Generator Stator Standby
E/F relay due to blowing of B-
phase PT HT fuse

ELEC

0 004
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