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Table0-2 Recommendation Plan of Sudy Items (1/5)
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Table0-2 Recommendation Plan of Sudy Items (2/5)
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Table0-2 Recommendation Plan of Sudy Items (3/5)

Efficiency Reliability Remaining life
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Table0-2 Recommendation Plan of Sudy Items (4/5)

Remaining life

Reliability

Efficiency
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Table0-2 Recommendation Plan of Sudy Items (5/5)

Remaining life

Reliability

Efficiency
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Table 0-3 Practical Proposals for Efficiency Improvement

Korba #6 Singrauli #4 Rihand #2 Unchahar #3
500MW 200MW 500MW 210MW
OH Shut Down 1 Apr. - 4 May, 27 May - 10 Jul., 1 Apr. - 7 May, ?7?
(as on Mar. 2010) 2010/11 2010/11 2010/11 2011/12
Turbine Seal Fin v v v
AHSeal |
SDuU v v
FRS v v
C&I Optimization v

Table 0-4 Results of Economic/Financial Evaluation of Practical Proposals

Korba #6 Singrauli #4 Rihand #2 Unchahar #3
500MW 200MW 500MW 210MW
OH Shut Down 1 Apr. - 4 May, 27 May - 10 Jul., 1 Apr. - 7 May, ?7?
(as on Mar. 2010) 2010/11 2010/11 2010/11 2011/12
Turbine Seal Fin NOT viable Viable with a Viable with a
certain Increment of | certain Increment of
Unit Efficiency Unit Efficiency
(Small Investment.) | (Small Investment.)
AH Seal S —
SbuU Viable with a Viable with a
certain Increment of | certain Increment of
Unit Efficiency Unit Efficiency
_(Large Investment.) | (Large Investment) |
FRS Viable with a NOT viable
certain Increment of
Unit Efficiency
(Large Investment.)
C&I Optimization NOT viable

EREAKASH - WNEDRASH - PEEHHAST

-17 -



000



1Y RENOREFEDNBHBRE

I PALFILUKR—
O O
ooo O O
0 I ST 1-1
02 I SO 1-1
10 I S STTPRSRTRTSR 1-1
I TSRS STRST 1-1
0L T TSR 1-3
0T PR 1-3
0 TS 1-5
0 RS 1-7
LIST OF TABLES
Table 1.8-1 Member of JCA SHUAY TEAM ....c.coiiieeeesereeeee et 1-9
LIST OF FIGURES
Fig. 1.7-1 COUNEEIPAIT TEAIM ..ottt sttt b e s b st b bt saeebesbesbesaeesbesbesbesneenbenbe s 1-7
Fig. 1.8-1 I TSP 1-8

BREARRIDSH - WNEHKRASH - PEEHHASH
1-i



1 Y RENHREFERREH TR
2P FILK=

god 0O [
1.1 000040

goboooboooboobobooboboobooobooboooooboobooooboooooon
goboobooooboobooobooooboobooobooboooboobooobobon
goboobooobbooboboobuoobboobooboooboobooooboobooon
goo

obobobobobobobboooobobo el oooooooooooooooo n
U sbooobboobobooboboobooobbooboobbooboobobooobooonboo
gobodbooobooboobboobuoobbobobooboooboobooooboobooon
goboooboooobooonbooo

goobooboobooboobboobodobooooboobooobooboboboboooboo 400
gobodoboooobooboobuoobbooboobbooboooboboobooboobon
goboooobooo

gobooooooobboobobooobbooooooooboooobbooooobooon
ONTPCOOOOODOOOOOObOOobOOobooobooooo

oboboobOoJcAbboooooooboobob20080 120 0000000000000
goboobooobobooobooobboobuooboboobooboooon

1.2 O0O0O0O0

obooboboboboboob 2000

(1) NTPCODOOODOOOODOODOOODOOODO

(29 boOOoOOOO0ODOoUOOOOOOOUODOOobOOODOoOD

1.3 0000

gbobobJcAdnooooooooboOonD 3bubobobobobobob 2008 0 12
gbOd 20100 100000

gobogzoo8d 120020000 20
goboogzooo0 50020100 20
oobobogdz2000 50020100 100

1.4 0000000

gbgdbz20080 1000JCAODO0O0OOOOOONTPCOODODOODOD SowdOOooOOo
oboboboooooooooooooooboobobobobDomIcADODOODOO NTPC
gbobobobobobobobo

BREARRIDSH - WNEHKRASH - PEEHHASH
1-1



1 Y RENHREFERREH TR
2P FILK=

(1)) 0000 3d scopeof Worksd

gbooboboobobootbooobobotboboboboobobbobobobobosr o
gobogbooobbooo® oaoboboood

1) 0ODOoO0OO
a9 000000
by 000O00000000000
0 000000000
d 000000000
e 000000000
ff 0000000000
g 000/M000000/0000000000
hy 00000000000000000
) 00000
j) 0oOOO0O
k 000000
) BFPTOO
m 00000
n 00000
0 000000O00000O00O0
p 0000
¢ 000000000000 O0AMOOODOOOOOOO
n 0000
9 000000000000
ty cOMOOOOO

2 DOooooooo
000000000000 000000ONTPC DODODDODOO00DO0O00o0o0oooogooos

o000 oo oo ooooooooooon
0o0o0ooooobooooobouooooboooooon

0 Korba4ODOO 600

O Singrauli 4000 600

0 Rihand2O0 00 300

O Vindhyacha 7 0 O

0 Unchahar2O0 00 300

BRBRGRAA - WNBHKRAH - PEEHKRAL
1-2



1Y RENOREFEDNBHBRE

P4 FILUIR—

gopboooooobaosgooooa

15 O00040don

goboobooooboobooooboobbooboobobon

)
2
©)
(4)
©®)
(6)
()
©)
9)

goboobooobobooboooboboood
goboobooooboobooobooboboobooobo
gobooboooobooboogoobooosaMUinognoboonooonoo
gbobobobobobobobo
gbobodgboooboobooobbooboobboobod
gobodgboooboabooaobog

gobooobobooooooon

goooooo

goboobooooboobooonoobg

(100 00000000 0000ORMOOODODOOODODOOOONODOODO
(1) 0000

(12 00000000000000

(13 coMOOOO0O00

(14 0000000000000000000000000

(15 0000000000000000000

(16 000000000000 O00O0O0OOO00O00O0O

(17 000000000000000

16 OOOOOOO

NTPC ODODOOOOOO0OO0OO0OO0O00ooooooooooooooboobobbboboboboboon
usAIDIOO O0bOOooOoboooooooooooboooooooooboboboboboobo

RN
RN
RN
RN
RN

D

oboboboobooboooooobobobooooboooousAIbObDgooooooo
gbooboooOooONTPCODODODODODOODODODODODODODODODODOD
OOOONTPCODODUODOODODODOODOODOODOOOOOOONTPCOODOODOODODOOD
obooboobooboooooooNTPCODODODODODODODOOODOOOO0ObOODOObOODOD
uboobooobooobooooo

gooo

1) J0bOdboboobobobobobobuobooINTPCODODODODODUODOD
RN

2) DOobOO00oooOoobooOoooooo
UO000000oo0ooooOoONTPCOOOOONTPCOOOOOOOOO0OOOO0O0

BREARRIDSH - WNEHKRASH - PEEHHASH
1-3



1Y RENOREFEDNBHBRE

P4 FILUIR—

3)

4)

5)

6)

7)

8)
9)

U s5000000000000000000000D00O0 1980 00001985 0O0OOO?2000
goobooobbooobbooobboooobbooobbooobbooon
goobooobbooobbooobboooobbooobbooobbooon
NTPCOUODDOOODOOS00000000ONTPCODOODDOODOOODOODDOO0
gbobooboob sgoboobbooxobooooboobbooboobobon
googNTPCOOODDOODOOODOOOo0oDOoon

gboobooboobo3sgoooooooooooooooooooooobobobob oo
ugobbooobbuooobboodobboooobbooobbuooobbooab
ubbobobuodgbooboboooooab

gbobooboobbusAIDODOO0oOoooooaNTPCOODDOO0DOOo0onoDon
ubbooboobbooboobboobooobbooboono NTPCOODDOO
gbobooboobobooobooboooboobboobbooboobobooobooo

gboboobobooooboobooboboooobobooboboooboboon
goooo

gbobooboobooooboobooboboobo3gbooonboonboobobon
gbobooobooboooboooon

gboobooooboobooboooboooobooobooboboboobobobobooo
gboobooboobobooboboboboboboboboboboboo

gbooboooooobo oroooobogoobog3booooooooooooooog
gbobooboobobooboboboboboboboboboboboo

100 0000000O0O00DOO0ODbOOOsS0/22001020/00000

1) oooboobogoooo0 2000 20000000000 DO0ODOO0OODOODO

> 200

gbooboooboobooooooooooon

» 100 U D4000000

oo 0 1) ooboboobooooobooobobooboooboooo

ugboboggoo

2 0ODO0O00O0OO0O0DoOoood

u

OO0 0O 1) 0O0O00ODOOOD0ODOO0DO Operation& Maintenancel 0000000

U
0 3 OD0O00DOOUOOOOO0OOOoUoDOoOobOboOoooo

12)00000000000000OD0O00O0 40/2006000/006000800/0000

goobooobbooobboooboboooobbooobbooobbooon
gboboobogobbooboobobooboooon

B¥yooooooooooooooooooopo3oooooboboobooooboooboobooo

gbooaoo

BRBRGRAA - WNBHKRAH - PEEHKRAL
1-4



1 Y RENHREFERREH TR
2P FILK=

4000000000000 0O0O00DOoOoeco,00boooboboOooobooooDoes
OO00O0)Yoooooooooo

/)y oooooooooooboooooooooooooobooboboOoooo

lecOMO0O0DOOO0OO0ODOOODOOOOOO0ODOODODOOOODOODOODODOOOODOO
goobooobbooobbooobboooobbooobbooobobooon
gbobooboobbooboobobobgooboeovmboooboooboboobobon
gbobooboobbooboooeoMmbogoobooboobbooboobobon
ubobooboobbooboobboobooboboobbdnAM00610AM0O06200 O 0O
gbooboooboobooo
gbbooboobobooboooboboobooobbooboonoboooo

1nO0O00D0o0boo00bOoOooob cenPEEPODOOOOODOODOOOOODOODO
vbobooobooooooooooooooooooooooooooooo

17 OO00dodooooooaad

gobodboooobooobooobooobooboooobooboobboobooobon
goooooboognd

1) OoOD
O OO0 (Ministry of Power)
0 NTPC(CenPEEP) D OO DO ODODO

(2 00000000

NTPC OO0 DOO0D0OO00ODbO00bOooobooobooobooboboooboboooboon
goboboobobooobboobbooobooobooobooobboooboboonbobg
goboooobooNTPC DOUOD0O0OO00D0OO000bO000bOo0boobogaNTPC DO0D0OOd
Ub0D0O00b000DbDCounter Part TeamUO O O CPOOODODOOO0OOOODOCPOOODODOO
goboobooobboobbooboobboobbooobodn CenPEEPO DO DOOODOO
gobooobooboooooooon

Counter part team member are
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Mr. M.K.S Kutty
Mr. A.K Mittal
Mr. A K Arora
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> C/PTeam Member (Power Station):

- Korba Power Station:

- Singrauli Power Station:

- Rihand Power Station:

Boiler:

Turbine:

Electrical:

C&l:

EMMG:

Boiler:

Electrical:

C&l:
EMMG:

Maintenance Procedure;

Pump Performance:

Condenser Performance:

Boiler:

Turbine:
Electrical:

C&l:
EMMG:
Planning:

Mr. Ramesh Babu
Mr. P. Jetha

Mr. P. Upadhyay
Mr.S.K. Ghosh

Mr. H.P. Dewangan
Mr. B.R. Das

Mr. B.K. Urmliya
Mr. J.S. Pandey

Mr. S. Wyas

Mr. S. Das

Mr. R.B. Dwivedi
Mr. S.K. Choukikar
Mr. A.A. Prasad
Mr. M.K. Malviya
Mr. P. Khare

Mr. A. Kumar (APH)
Mr. B. Bhattacharya
Mr. B.K. Singh

Mr. H.S. Sahu

Mr. K. Ganguly

Mr. K.N. Chaudhary
Mr. B.K. Saha

Mr. SK. Thakele
Mr. A. Kumar

Mr. J.S. Thakur

Mr. B.K. Singh

Mr. B. Bhattacharya
Mr. S. Patra

Mr. V.C. Shukla
Mr. Sadhukhan

Mr. S. Upadhayay
Mr. S. Kumar Singh
Mr. A.K. Sharma
Mr. A.K. Dutta

Mr. P. Kashyap

Mr. L.K. Behera
Mr. V.S. Georpe
Mr. SK. Parida

Mr. T.K. Naroi

Mr. C.K. Samanta
Mr. F. Rahman
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- Vindhyachal Power Station; Operation: Mr. V. Thangapandiyan
EMMG: Mr. D. Varadargjan
Mr. S. Banerjee
- Unchahar Power Station:

C&l: Mr. PK.Gupta
EMMG: Mr. D.Paul
CP (NTPC)

Persons who take responsibilities for:

Study Team (JICA) * ’." * * *

Overall Project Coordinator ~ Unit A Unit B Unit C
CenPEEP CenPEEP J

Fig. 1.7-1 Counterpart Team
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Japanese Support

| Electric Power Development. Co., Ltd. |

| Kyusyu Electric Power Co., Inc. |

| The Chugoku Electric Power Co., Inc. |

Team Leader

Deputy Team Leader

J

—| turbine |
—| electricity |
—| control |

remaining life
assessment technology

efficiency assessment

technology

CDM

—| financial analysis

coordinator

_|

—| training in Japan

|
|
|
J

Fig.1.8-1 ODOOOOODO
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Government of India

Ministry of Power

MOP

State Government

CEA SERC
Central Electricity Authority State Electricity Regulation Commission
CERC SEB
Central Electricity Regulation State Electricity Board
Commission
NTPC SPGC _
NTPC Limited State Power Generation Cooperation
NEEPCO _ SETC
North Eastern Electric Power State Electricity Transmission Cooperation
Corporation ty p
oower i PFCC . SEDC
ower Finance Lorporation State Electricity Distribution Cooperation

NHPC
NHPC Limited

THDC
THDC India Limited

SJVN
Satluj Jal Vidyut Nigam

PGCIL
Power Grid Corporation of India Limited

REC
Rural Electrification Corporation

Fig.21-1 Sructure of Power Sector
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4) NTPC Limited (NTPC)

NTPCOOSEB U DOUOUOODOODODOO0ODOOODOOOO0ODOO0ObOO0O0oDbOOo0oboooonooDg
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5) NHPC Limited (NHPC)
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6) Power Grid Corporation of India Ltd. (PGCIL)
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7) Power Finance Corporation (PFC)
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8) Power Trading Corporation (PTC)
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9) Rural Electrification Corporation (REC)

gbobobobobobooobooboooooo eobdboboboboboboooseEB
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10) North Eastern Electric Power Corporation Ltd. (NEEPCO)
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11) Tehri Hydro Development Corporation Ltd. (THDC)

Bhagirathi OO Tehri OO0 O00OO0OO0ODOOODOOO0OOOOOODOOODOOOOODOO
Uttar Pradesh O 0 OO0 OO0 O0O0D0OOODO

12) Reliance Energy Ltd. (REL)

Reliance Energy Ltd.[0 00 Maharashtra, Karnataka, Kerala, Andhra Pradesh, Goa O 0 00 0 O 941MW
oddooodoomubomuoooooo kBsoMwioooodooooooooooooao

13) Jai Prakash Associates L td.
Jai Prakash Associates Ltd.[J [0 Himachal Pradesh 0 Uttarkhand 0 0 O O O 00 300MW, 400MW [

oobooooo0oooooooOobOoOolo0oMW O KarchamWangtoco D OO OO OOODOO
gbobobozoogogoooooooooon

14) Tata Power Company Ltd.
Tata Power 00 O 00 O Maharashtra, Jharkahand O 0 Karnataka 0 MaharashtraO O 0 0 0 0 O O

000000 2323Mwd 000000000000 0000D0PowerGridO00O000OODO0O
gopooooognd
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NR: North Region

WR: West Region

SR: South Region

ER: East Region

NCR: North Central Region

Fig. 2.1-2 Organization Chart of NTPC
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Table2.1-1 Power Demand and Supply Position

Energy Energy Energy Peak Peak Peak
Year |Requirement| Availability | Shortage Demand Availability shortage

(GWh) (GWh) (%) (MW) (MW) (%)
2001 522,537 483,350 7.5% 78,441 69,189 11.8%
2002 545,983 497,890 8.8% 81,492 71,547 12.2%
2003 559,264 519,398 7.1% 84,574 75,066 11.2%
2004 591,373 548,115 7.3% 87,906 77,652 11.7%
2005 631,554 578,819 8.4% 93,255 81,792 12.3%
2006 690,587 624,496 9.6% 100,715 86,818 13.8%
2007 737,052 664,660 9.8% 108,866 90,793 16.6%
2008 777,039 691,038 11.1% 109,809 96,785 11.9%

Source: MOPAnnual Report 2008-09

2010002080 000000000007M11% 000000000000 11%000
gobobooobooboooboboobbuoobobooboboooobooobobooooboonbobg
gooooboboooooooo

oeibdbobobobobobuobobobooboDo
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Table2.1-2 Power Demand and Supply Position by District
(Apr 2008 to Mar 2009)

Energy Peak
Region Requirement | Availability | Shortage Demand | Availability | Shortage
(GWh) (Gwh) (%) (MW) (MW) (%)
Northern 224,218 199,928 10.8% 33,034 29,504 10.7%
Western 245,486 213,724 16.0% 37,240 30,154 19.0%
Southern 204,086 188,865 7.5% 28,340 26,244 7.4%
Eastern 82,127 78,370 4.6% 12,901 11,689 9.4%
North-Eastern 9,407 8,134 13.5% 1,820 1,358 25.4%

Source: CEA Home Page-Monthly Review of Power Sector
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Table2.1-3 Amount of Power Consumption by Sector (1995 to 2004)

(GWh)
Year Domestic Commercial Industrial Traction  Agriculture Misc. Total
55 934 546 5,323 405 316 435 7,959
60 1,492 848 9,584 454 833 630 13,841
65 2,355 1,650 18,876 1,057 1,892 905 26,735
68 3,184 2,126 25,891 1,247 3,465 1,439 37,352
73 4,645 2,988 32,481 1,531 6,310 2,292 50,247
78 7,576 4,330 47,728 2,186 12,028 3,445 77,293
79 8,402 4,657 45,956 2,301 13,452 3,316 78,084
84 15,506 6,937 63,019 2,880 20,961 4,765 114,068
89 29,577 9,548 80,694 4,070 44,056 7474 175,419
91 35,854 12,032 87,288 4,520 58,557 9,394 207,645
96 55,267 17,519 104,165 6,594 84,019 12,642 280,206
01 79,694 24,139 107,296 8,106 81,673 21,551 322,459
02 83,355 25,437 114,959 8,797 84,486 22,564 339,598
03 89,736 28,201 124,573 9,210 87,089 22,128 360,937
04 95,659 31,381 137,589 9,495 88,555 23,455 386,134
Source: CEA General review 2006
(GWh)
400,000 —
350,000 1
300,000 , , T
& Domestic [J Commercial 7] =
250,000 [ Industrial B Traction 1=l
200,000 B Agriculture [ Misc. u gialEl
150,000 ——_ i Bl
100,000 i — :f;
50,000 j[ = H SIE
0 = ] D D =] H
55 60 65 70 75 80 85 90 95 00
YEAR

Fig. 2.1-3 Amount of Power Consumption by Sector (1995 to 2004)
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O Key Inputs for Accelerated Development of Indian Power Sector for 11th Plan and Beyond Reportd0]
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Table2.1-4 Forecast of Power Demand

Year Energy (x10° GWh) Installed Capacity (MW)

GDP 8% GDP 9% GDP 8% GDP 9%
2006-07 700 700 140,000 140,000
2011-12 1,029 1,077 206,000 215,000
2016-17 1,511 1,657 303,000 331,000
2021-22 2,221 2,550 445,000 510,000

Source: Key Inputs for Accelerated Development of Indian Power Sector for 11" Plan and Beyond Report

000000 110500000000000000000 1,0290 1,077x10°GWh0 0 0 0 O
000 206,0000 215000MW0 0000000000000
(4 000000000000

1995000 2007000 00000000000000 Table 2150000000 19960 O
0 2000000000000 48%00000000

0000000000000000000000000

U oooboooobd 21,658MW 0O 0O 35909MW 0 0O 0O 0O 14,251MW0O O 65.8%0 O
U oboobobobg e1,01o0MW OO 90,907MW O 0 0 0O 29,897MWIU [0 49.0%01 O
U ooooboogoo 2225Mw 00 4120MW 0O 0 00O 1,895MwWO O 85.2%0 0

UoboboobobgbgoeozeMw OO 11,125MW O O O 0O 10,223MWIO 1133.4%0 U

Table2.1-5 Power Generation Capacity by Energy Sources (1995 to 2007)

Year Hydro Thermal * Nuclear REP Total Addition
(MW) (MW) (MW) (MW) (MW) (%)
95 20,986 60,083 2,225 - 83,294 -
96 21,658 61,010 2,225 902 85,795 3.0
97 21,904 64,005 2,225 968 89,102 3.9
98 22,479 67,566 2,225 1,024 93,294 4.7
99 23,857 70,193 2,680 1,155 97,885 4.9
00 25,153 72,343 2,860 1,270 101,626 3.8
01 26,269 74,429 2,720 1,628 105,046 34
02 26,767 76,762 2,720 1,628 107,877 2.7
03 29,507 77,969 2,720 2,488 112,684 4.5
04 30,942 80,902 2,770 3,812 118,426 5.1
05 32,326 82,410 3,360 6,191 124,287 49
06 34,654 86,015 3,900 7,760 132,329 6.5
07 35,909 91,907 4,120 11,125 143,061 8.1

Source: CEA Annual report 2007-08
*: Thermal: included in coal, gas and diesel
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Table2.1-6 Power Plant Capacity by Sector (as on 2008 Mar ch)

(MW)
Type Central Sector State Sector Private Sector Total
Hydro 8,592.0 26,086.8 1,230.0 35,908.8
Thermal 35,649.0 46,486.3 9,7715 91,906.8
Nuclear 4,120.0 0.0 0.0 4,120.0
Renewable (incl. small 0.0 2,116.3 9,009.1 11,125.4
hydro, biomass etc)
Total 48,361.0 74,689.4 20,010.7 143,061.0
Percentage (%) 34 52 14 100.0
Source: CEA Annual report 2007-08
Table2.1-7 Trend of Power Plant Capacity by Sector (from 2005 to 2008)
(MW)
Y ear Central Sector State Sector Private Sector Total
2005-2006 1,320.0 1,363.0 785.8 3,468.8
2006-2007 3,890.0 1,671.0 1,291.8 6,852.8
2007-2008 3,240.0 2,898.0 4,593.8 10,731.8
Tota 8,450.0 5,932.0 6,671.4 21,053.4
Percentage (%) 40 28 32 100.0

Source: CEA Annua report 2007-08

20000 8 O0OUODOOODLOOOOOODOON 152148MWOO0OMODO Table2.1-80 O
gooooo

Table2.1-8 Power Plant Capacity (as on 2009 August)

Type of Sation Installed Capacity (MW) Ratio (%)
Thermal 97,869 64.3
Cod 80,284 52.8
Gas 16,386 10.8
Qil 1,200 7.9
Hydro 36,917 24.4
Nuclear 4,120 27
Renewable (incl. small hydro, biomass etc) 13,242 8.7
Total 152,148 100

Source: MOP web site on September 2009
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Table2.1-9 Thermal Power Plant PLF

Year Central State Private Overall
2000-01 74.3 65.6 73.1 69.0
2001-02 74.3 67.0 74.7 69.9
2002-03 771 68.7 78.9 721
2003-04 78.7 68.4 80.5 72.7
2004-05 81.7 69.6 85.1 74.8
2005-06 82.1 67.1 85.4 73.6
2006-07 84.8 70.6 86.3 76.8
2007-08 86.7 71.9 90.8 78.6
2008-09 84.3 71.2 91.0 77.2

0000 o < 00000 (MWh)/O
() = 5000 (Mw)x24(h)x365(0 )

x 100
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Table2.1-10 10th 5-Year Plan (Actual)

(MW)
Particular Hydro Thermal Nuclear Total
Original Program 14,393 25,417 1,300 41,110
Capacity Slipped (6,507) (14,554) (220) (21,281)
Backup Added 0 1,251 100 1,351
Total 7,886 12,114 1,180 21,180

Source: National Electricity Plan, CEA. April 2007
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Table2.1-11 5-Year Plan (Target and Actual)

Tar get Achievement o

Plan (MW) (MW) %
1s¢ (51-56) 1,300 1,100 84.6
2nd (56-61) 3,500 2,250 64.3
3d (61-66) 7,040 4,520 64.2
4in (69-74) 9,264 4,579 49.5
5th (74-79) 12,499 10,202 81.6
6th (80-85) 19,666 14,226 72.3
7th (85-90) 22,245 21,401 96.2
8t (92-97) 30,538 16,423 53.8
9h (97-02) 40,245 19,015 475
10 (02-07) 41,110 21,180 51.76

Source: White Paper on Strategy for 11th Plan, CEA. August 2007
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Table2.1-12 11th 5-Year Plan

(MW)
Particular Hydro Thermal Nuclear Total
Under Construction 12,115 50,509.2 3,160 65,784.2
Committed 3,392 11,213.7 220 14825.7
Total 15,507 61,722.9 3,380 80,609.9
<Breakdown>
Central Gov. Sector 8,654 21,496 3,380 33,530
State Gov. Sector 3,362 22,0014 0 25,363.4
Private Sector 3,491 18,225.5 0 21,7165
Total 15,507 61,722.9 3,380 80,609.9

Source: CEA IRP Division. Jun 2009

oiwooogbooooboobonnooooboooboboon MOPOCEAD CIO Confederation
of IndianIndustryD D 0 D000 0000000000000 DOO0O0OO0O0DO0O0D
U oboboobobogoboooobooooooooooooooog
Oogoooooooooon
gooobobooobogooboog

BREARISH - WNEBDRIASH - PEELKASH
2-12



1Y FENDAEMERUESFIEHRE
JPAFILUIR—

g ooobbooboobbooboobo

U buobboobuooboobobooboooon

Uoboobboobooboobboobooobooboon
3y 012050000

0120 5000000201200201700 50000000000000000000O00O00O
0oodooooooooooooboooooooob oo oooonoooooooao
012000000000000000000O00O000000O0 120000000 82,200MW O
0o0o0ooooooooooooooooooooogooos3so00oMwW OO 0oooooag
0o0o0 11,0000 13,000MWOOOOOOOO 40000MW O 0O0O0OOOODOOOOOOOO0O
o000 oooooooooooao
0o0ooooooooooooooooo

(2 DO00OO0O0OOODODOO0O0O04dOUltraMega Power Projects]

oo ooooooooooon

oouMPPOOODOOODOOOO

O0o0ooooOoooDooonDnb 4o0oMwWwOODO/OO@GOMWXxs O0H)ODOOOOOOODOFRFSO
OoobOooboOoOooboooboOoboooobOoOonbOd (Build, Own and Operate : BOOO [O)
gbbuodobbuoobuoobooobobooobboobbuoobboobbooboboo
gbooooobooooooboobooboboocecobonooboobooooonoon

215 0000

() 000000
0000000020030 0000000000 30000020060 10000000000

00000000000000000

9 00000000000000000000000

by 0000000000000 000000000000000

c UoooobooooOoooooooOoobomoobooboboooooobboOobobooo
gboobogobooabod

d 00000000 DODOOO0OOoODOoOg
goboogboboggood

1) OO0O0DOoOoooon

2) 0JO0DOOoOoOoooooo

3y DOobhOboOoood

4 JO00O0O0DDOOOOOOoOoDOoO
5 0000000

BREARISH - WNEBDRIASH - PEELKASH
2-13



1Y FENDAEMERUESFIEHRE
JPAFILUIR—

6) 000000000 DOOO0OO00DDOOOOO0O0ODODOObOOOODOOOD

(2 D0OO0ODOCOOOOOoONTPCODOOODO

20080 300000 UOO0OOUODOObOOOODONTPCOOODOOOODOODOOOTabe
21130000

BREARISH - WNEBDRIASH - PEELKASH
2-14



q1-¢

=]

%

RSVUTERD - RSEUTEMY - RSERIE:

Table2.1-13 State-Wise Estimated Aver age Rates of Electricity (updated up to 31.03.2008)

S Name of Utility Tariff Domestic 1kW Domegtic 4kW | Domestic 10kW | Commercial 2kW |Commercial 10kW|Commercial 30kW|Commercial 50kW/| Agriculture 2HP | Agriculture 5SHP | Agriculture 10HP
No. effectivefrom | 100kWh/mth 400kWh/mth 100kWh/mth 300kWh/mth 1500kWh/mth 4500kWh/mth 7500kWh/mth 400kWh/mth 1000kWh/mth 2000kWh/mth
1 [Andhra Pradesh 01-04-2007 238.50 396.63 492.25 599.33 624.67 628.89 629.73 29.38 23.75 21.88
2 [Assam 04-08-2006 310.00 411.50 445.00 528.33 528.33 536.31 536.31 240.00 240.00 240.00
3 |Bihar 01-11-2006 233.20 U 294.05 362.52 515.87 U 503.85 500.09 499.33 51.50 RE 51.50 RS 51.50 R&

76.32 R 51.94 R 61.50 US 61.50 US 61.50 US
4 |Chhattishgarh 01-10-2006 189.10 238.50 334.58 436.41 519.17 519.37 519.41 32.50 32.50 42.50
5 |Guarat 01-04-2007 348.00 U 462.00 U 526.80 U 564.58 595.42 590.14 589.08 55.00 55.00 55.00
264.00 R 368.50 R 427.90 R
6 [Haryana 01-11-2006 356.20 410.05 450.82 468.00 468.00 468.00 468.00 17.50 17.50 17.50
7 |Himachal Pradesh 01-04-2007 216.00 263.50 283.00 450.67 437.33 448.44 447.56 208.00 205.00 204.00
8 [Jammu & Kashmir 01-04-2007 129.50 188.88 214.75 222.00 262.00 268.67 270.00 49.50 40.33 27.50
9 [Jharkhand 01-01-2004 163.00 U 183.00 182.00 438.67 438.67 438.67 438.67 28.75 28.75 28.75
74.00 R
10 [Karnataka 01-11-2006 29243 D 418.30 D 482.32 D 637.88 D 651.18 D 653.39 D 653.84 D 45.00 G 45.00 G 55.00 G
29243 E 413.05 E 47392 E 618.63 E 630.53 E 63251 E 63291 E 110.00 H 110.00 H 115.00 H
260.93 F 381.55 F 442.42 F 609.87 F 623.18 F 625.39 F 625.83 F
11 |Kerala* 01-04-2006 187.00 398.89 517.61 727.84 889.90 962.74 969.98 74.80 74.80 74.80
12 |Madhya Pradesh 16-04-2007 347.44 U 442.25 U 463.18 U 615.86 617.31 617.55 617.60 188.75 213.50 221.75
341.74 R 430.38 R 451.05 R
13 [Maharashtra 01-05-2007 270.36 422.57 560.09 533.98 599.14 646.83 650.81 90.00 | 90.00 | 90.00 |
75.00 J 75.00 J 75.00 J
14 |Meghalaya 01-10-2004 180.00 246.25 275.50 409.33 446.67 452.89 454.13 116.00 116.00 116.00
15 |Orissa 01-04-2007 135.20 247.00 286.00 384.80 443.04 452.75 454.69 102.00 102.00 102.00
16 |Punjab 01-04-2006 247.10 374.15 408.80 469.30 469.30 469.30 469.30 0.00 0.00 0.00
17 [Rajasthan 01-01-2005 41750 U 396.88 U 392.75 U 556.67 554.00 555.78 556.13 78.75 75.60 74.55
390.25 R 363.81 R 358.53 R
18 [Tamil Nadu 01-04-2007 120.00 216.25 269.50 602.00 607.60 608.53 608.72 0.00 0.00 0.00
19 [Uttar Pradesh 10-05-2007 249.00 U 359.00 U 359.00 U 452.33 U 452.33 U 452.33 U 452.33 U 224.00 U 224.00 U 224.00 U
59.00 R 209.00 R 239.00 R 209.00 R 269.00 R 279.00 R 281.00 R 45.00 R 45.00 R 45.00 R
20 [Uttaranchal 01-04-2006 215.00 215.00 215.00 315.00 W 315.00 W 315.00 W 315.00 W 81.60 U 78.00 76.80 U
365.00 M 365.00 M 365.00 M 365.00 M 69.00 R 65.40 R 64.20 R
21 [West Bengal 01-04-2007 248.33 U 406.43 U 529.24 U 44327 U 583.96 U 604.05 U 608.07 U 147.00 147.00 147.00
237.11 R 39149 R 523.26 R 44148 R 583.59 R 603.93 R 608.00 R
22 [Arunachal Pradesh 01-02-2000 162.50 211.88 231.75 370.00 390.00 393.33 394.00 - - -
23 [Goa 01-04-2002 122.00 170.75 216.50 327.00 357.00 373.67 377.00 102.00 102.00 102.00
24 [Manipur 03-09-2002 262.20 299.70 302.20 302.20 302.20 381.80 381.80 272.20 272.20 272.20
25 [Mizoram (Distt.HQ & sub.Divn.Area)| 25-07-2005 170.00 247.50 249.00 266.67 266.67 266.67 266.67 69.94 69.94 69.94
Other Areas 180.00 195.00 198.00
26 [Nagaland 01-04-2006 272.00 310.25 337.70 398.00 431.60 467.20 438.32 150.00 150.00 150.00
27 [Skkim 01-04-2006 105.75 266.06 322.43 335.25 396.45 408.15 410.49 180.00 247.50 326.25
28 [Tripura 01-07-2006 215.00 365.00 365.00 353.33 456.67 456.67 456.67 87.46 87.46 134.92
29 [A&N Islands 01-07-2003 130.00 275.00 326.00 406.67 465.33 475.11 477.07 90.00 90.00 90.00
30 |Chandigarh 01-08-2005 179.00 304.00 304.00 347.00 347.00 347.00 347.00 165.00 165.00 165.00
31 |Dadra & Nagar Haveli 01-10-2006 130.00 172.50 204.00 248.33 265.67 268.56 269.13 55.00 55.00 55.00
32 |Daman & Diu 01-10-2006 130.00 172.50 204.00 248.33 265.67 268.56 269.13 55.00 55.00 55.50
33 | Delhi BY PL/BRPL/NDPL 01-10-2006 277.20 346.50 434.70 596.75 596.75 622.76 622.76 162.20 162.20 162.20
34 |Delhi NDMC 01-04-2006 158.00 252.25 327.70 462.00 525.00 525.00 525.00 - - -
35 | Lakshadweep 01-09-2004 100.00 300.00 300.00 480.00 480.00 480.00 480.00 - - -
36 | Pondicherry 16-04-2002 55.00 113.75 150.50 274.74 325.34 333.78 335.47 0.00 20.67 19.83
37 | Torrent Power Ltd. (Ahmedabad) 01-04-2007 345.15 399.26 427.64 527.88 586.51 592.79 594.54 311.64 311.64 311.64
38 |Kolkata (CESC) 01-04-2007 279.84 462.48 533.62 450.53 579.26 597.30 600.91 - - -
39 |D.V.C. (A) Bihar Area 01-09-2000 - - - - - - - - - -
(B) West Bengal Area - - - - - - - - - -
40 [Durgapur Projects Ltd. 01-04-2007 189.00 254.93 264.33 272.43 293.40 294.83 295.12 479.39 479.39 479.39
41 |Mumbai (B.E.ST) 01-04-2007 123.77 317.59 597.01 503.62 947.60 1,079.63 1,106.03 - - -
Mumbai (Reliance Energy) 24-04-2007 235.99 449.24 613.86 658.16 841.40 828.34 828.34 115.41 115.41 115.41
Mumbai (TATA'S 01-05-2007 240.12 444.52 648.92 736.65 691.45 964.82 964.82 -

U: Urban, R: Rural, D: Bangalore Metro Area, E: Areas under other local bodies,

F: Areas under Village Panchayats, G: General, H: Urban feeders, I: Category 1 Zone Areas, J Category 2 Zone Areas,
* In Kerala, Kerala Sate Electricity Regulatory Commission has approved continuation of the existing tariffs (effective from 01.10.2002) and other charges by the Kerala Sate Electricity Board.

: Without TOD meter, W: With TOD meter
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Table2.1-14 OO0O0OOOOOCOOOO

Project (G gg::f ) Approval Date
Uttar Pradesh Power Sector Restructuring Project 150 April ,2000
Second Renewable Energy 130 June, 2000
Rajastan Power Sector Restructuring Project 180 January, 2001
Powergrid System Development Project —I| 450 May, 2001
Powergrid System Development Project —I11 400 January 2006
Rampur Hydropower Project 400 September, 2007
Haryana Power System Improvement Project 330 August, 2009
Coal-Fired Generation Rehabilitation 180 Jun, 2009
Power System Development 1V - Additional Financing 400 October, 2009
Power System Development 1V 600 March 2008

Total 3,220

Source: World Bank website (India)

() 0000000

0000000 (ADB)O O Gujarat, Madhya Pradesh, Kerdla, Asssm OO0 000000000
goboboobboobobooboobouooobuooobooooboooboboooboboonbg
OO00O0OO000O00DbOO200000 20000 00000000OUSMB20ml.OOO0O0ODOO
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Table21-15 OOODOOOOOOOOOOOO

Proje oo | Approe
Power Transmission Improvement (Sector) Loan 250 2000
Gujarat Power Sector Development Program (Policy Loan) 150 2000
Gujarat Power Sector Development Program (Project Loan) 200 2000
Madhya Pradesh Power Sector Development Program 150 2001
Madhya Pradesh Power Sector Development Program (Project L oan) 200 2001
State Power Reform Project 150 2002
Assam Power Sector Development Program 150 2003
Assam Power Sector Development Program (Project Loan) 100 2003
Power Grid Development | (Sector Loan) 400 2004
Uttarkhand Power Sector Investment Program 300 2006
Madhya Pradesh Power Sector Investment Program 620 2007
National Power Grid Devel opment Investment Program 1000 2008
Integrated Renewable Energy Development Project 200 2008
Uttarakhand Power Sector Investment Program - Project 2 300 2009
Mundra Ultra Mega Power Project 450 2009
Energy Efficiency Enhancement Project in Assam 200 2009
Total 4,820

Source: Asian Development Bank

(3) USAID

vusAliDOOOogooooooooboogobooboobboobooboboooboonooo
OOONTPCOOODDOOOOOODOODOOOO NTPCOODO Center for Power Efficiency and
Environmental Protection(CENPEEP) D 0 0 0000000 OOO0O0OOO0ODOOOOOO0O0ODOO
gobooboooboobbooboon
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Table3.1-1 List of NTPC Coal Fired Thermal Power Plants

Total Capacity (MW) and
Name of L ocation Capacity Commissioned Day Boiler Turbine
Power Plant (MW) Unit MW Date Manufacturer | Manufacturer
Singrauli Uttar Pradesh 2,000 |l 200 Feb 1982 BHEL BHEL (LMZ)
I 200 Nov 1982 |BHEL BHEL(LMZ)
Il 200 Mar 1983 |BHEL BHEL(LMZ)
v 200 Nov 1983 |BHEL BHEL(LMZ)
V 200 Feb 1984 BHEL BHEL(LMZ)
VI 500 Dec 1986 |BHEL BHEL
Vi 500 Nov 1987 |BHEL BHEL
Korba Chattisgarh 2,100 |I 200 |Mar 1983 |BHEL BHEL
I 200 |Oct 1983 BHEL BHEL
Il 200 Mar 1984 |BHEL BHEL
v 500 May 1987 |BHEL BHEL
\% 500 Mar 1988 |BHEL BHEL
VI 500 Mar 1989 |BHEL BHEL
Ramagundam | Andhra Pradesh 2,600 |I 200 |Nov 1983 |Ansado Ansaldo
[ 200 May 1984 |Ansaldo Ansaldo
Il 200 Dec 1984 |Ansado Ansaldo
v 500 |Jun 1988 BHEL BHEL
V 500 Mar 1989 |BHEL BHEL
VI 500 |Oct 1989 BHEL BHEL
\1l 500 |2005 BHEL BHEL
Farakka West Bengal 1,600 |l 200 |Jan 1986 BHEL BHEL
I 200 Dec 1986 |BHEL BHEL
Il 200 |Aug1987 |BHEL BHEL
v 500 |Sep 1992 BHEL BHEL
\% 500 Feb 1994 BHEL BHEL
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Total Capacity (MW) and
Name of L ocation Capacity Commissioned Day Boiler Turbine
Power Plant (MW) Unit MW Date Manufacturer | Manufacturer
Vindhyachal Madhya Pradesh 3,260 |l 210 | Oct 1987 USSR USSR
I 210 | Jul 1988 USSR USSR
Il 210 Feb 1989 USSR USSR
v 210 Dec 1989 |USSR USSR
V 210 Mar 1990 |USSR USSR
VI 210 Feb 1991 USSR USSR
Vi 500 Mar 1999 |BHEL BHEL
VI 500 Feb 2000 BHEL BHEL
IX 500 |Jul 2006 BHEL BHEL
X 500 Mar 2007 |BHEL BHEL
Rihand Uttar Pradesh 2,000 |l 500 Mar 1988 |BHEL BHEL
I 500 |Jul 1989 BHEL BHEL
Il 500 |Jan 2005 BHEL BHEL
v 500 |Sep 2005 BHEL BHEL
Kahalgaon Bihar 2,340 || 210 Mar 1992 |BHEL BHEL
[ 210 Mar 1994 |BHEL BHEL
Il 210 Mar 1995 |BHEL BHEL
v 210 Mar 1996 |BHEL BHEL
V 500 Mar 2007 |BHEL BHEL
VI 500 |Jul 2007 BHEL BHEL
Vi 500 | Sep 2007 BHEL BHEL
Dadri Uttar Pradesh 840 |l 210 | Oct 1991 BHEL BHEL
I 210 Dec 1992 |BHEL BHEL
Il 210 Mar 1993 |BHEL BHEL
v 210 Mar 1994 |BHEL BHEL
Talcher Kaniha | Orissa 3,000 |l 500 Feb 1995 BHEL BHEL
1| 500 Mar 1996 |BHEL BHEL
Il 500 |Jan 2003 BHEL BHEL
v 500 |Oct 2003 BHEL BHEL
V 500 May 2004 |BHEL BHEL
VI 500 Feb 2005 BHEL BHEL
Unchahar Uttar Pradesh 1,050 |l 210 Nov 1988 |BHEL BHEL
I 210 Mar 1989 |BHEL BHEL
Il 210 |Jan 1999 BHEL BHEL
v 210 | Oct 1999 BHEL BHEL
\% 210 | Sep 2006 BHEL BHEL
Talcher Thermal | Orissa 460 |1 60 BHEL BHEL
I 60 BHEL BHEL
Il 60 BHEL BHEL
v 60 BHEL BHEL
| 110 BHEL BHEL
] 110 BHEL BHEL
Simhadri Andhra Pradesh 1,000 |l 500 Feb 2002 BHEL BHEL
I 500 |Aug2003 |BHEL BHEL
Tanda Uttar Pradesh 440 |1 110 BHEL BHEL
] 110 BHEL BHEL
Il 110 BHEL BHEL
v 110 BHEL BHEL
Badarpur New Delhi 705 |1 95 | Jul 1973 BHEL BHEL
I 95 |Aug1974 |BHEL BHEL
Il 95 Mar 1975 |BHEL BHEL
v 210 Dec 1978 |BHEL BHEL(LZM)
\% 210 Dec 1981 |BHEL BHEL (LZM)
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Total Capacity (MW) and
Name of L ocation Capacity Commissioned Day Boiler Turbine
Power Plant (MW) Unit MW Date Manufacturer | Manufacturer

Sipat Chattisgarh 1,000 |I 660 |UC* Dusan Power Machines
I 660 |UC* Dusan Power Machines
[l 660 |UC* Dusan Power Machines
v 500 |Nov 2008 |BHEL BHEL
V 500 |Aug2009 |BHEL BHEL

*UC: Under Construction

Coal Based Joint Ventures

Durgapur West Bengal 120

Rourkela Orissa 120

Bhilai Chhattisgarh 574

NTPCOUODOOODOOOOoOgo1e8200 200MW O OO0DOOOO0OOODODOOODLOODOO
gobodbiese o scoMmw oonooooooooobobooobodesoMw OO0 OO0
goooboooobboooobbboooobbbooooobbooooobboooooobog

OOONTPCO SEBO O Badarour D00 OO Unchahar DO OO Talchee OO OO0 D0 O TandaO O
goboobobooobooboobbooboobboooboobobobbooboobobon
gobboobOoO 15-30%0 0 0% 0000000 ognoboonoooaNTPCOODOOn
goooboobooobooboooboo

Table3.1-2 Adoption Plan of High Efficiency Power Plant

Sub-critical units Super-critical units

Efficiency(HHV base) Rihand I1: 38% | Simhadri 11: 38.26% | Sipat-l: 39.14% Barh: 39.96%
Unit Size (MW) 500 500 660 660

MS Pressure (kg/cm?) 170 170 247 247

MS Steam Temp (°C) 537 537 537 566

RH Steam Temp (°C) 537 565 565 593
Commissioned year 2005 (Under Construction) | (Under Construction) | (Under Construction)

00000000000k e.31- 1000000000000 O00O00DODOObOOO0ODOOO
gobooboobboobooboobboobooboboobooobooboobDbon
000000005800 0000000000000 00DO00DO0O000O0OdSmhadi0d
0 0 Ramagundam O O O Talcher KanihaO O 0 0 O O KahalgeonD OO O OO OOOOODO
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Fig.3.1-1 Location of NTPC Thermal Power Plant
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Source: NTPC Annual Report

Fig. 3.2-1 NTPC PLF vs. Average PLF Other Generatorsin India
(including coal, gas and liquid)
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Table3.2-1 NTPC Coal Fired Power Plant: Plant L oad Factor

(%)
Power Plant 2005-2006 2006-2007 2007-2008 2008-2009
Singrauli 88.5 83.8 91.9 90.7
Rihand 60.5 91.9 95.7 97.2
Unchahar 95.7 82.2 98.0 93.7
Tanda 86.4 91.1 919 89.4
Dadri 92.0 95.7 98.3 994
Badarpur 70.0 86.7 89.1
Korba 87.0 89.7 96.4 96.2
Vindhyachal 925 70.6 90.7 93.1
Sipat 0.0 53.9
Farakka 81.8 81.3 83.8 76.8
Kahalgaon 89.3 56.1 42.4 58.5
Talcher-Kaniha 80.6 90.0 94.2 85.8
Talcher-Thermal 87.6 88.1 86.6 92.7
Ramagundam 86.5 88.9 90.4 94.5
Simhadri 88.4 92.1 88.8 97.4
Average 85.9 83.7 824 87.2
—&— Singrauli
120.0 —B— Rihand
A Unchahar
100.0 B Tanda
A N —_—
e e— — —Jl— Dadri
o __——~ —— /’/_u
< 7
N - %

Vindhyachal
60.0
Sipat
@ Farakka
400
Kahalgaon
Talcher—Kaniha
20.0 -
Talcher—-Therma
Ramagundam
0.0 . .
2005-2006 2006-2007 2007-2008 2008-2009 Simhadri
Year

800 - e —e—Badarpur
L 2
./ —Jl—Korba

Source: NTPC Annual Report

Fig.3.2-2 PLF for each Power Plant
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Unchahar PS (#2 #3, 210MW)

Vindhyachal PS (#7, 500MW)

Singrauli PS (#4, 200MW #6 500MW)

Korba PS (#6, 500MW)

Rihand PS (#2, 500MW)

Fig. 4.3-1 Five Model Power Sation
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Table4.3-1 Itinerary for Visit to 5 Candidate Power Stations
Day Date Night Stay Activity
1 17-May Sunday Delhi Arrival at Delhi via JAL471(17:45), TG315(20:45), etc.
2 18-May Monday Delhi Meeting at CenPEEP, Noida, Meetings with Alstom India and NASL
3 19-May Tuesday Vindhyachal Guest House |Departure To Vindhyachal; Delhi to Varanasi by Flight IC-406 Air India (10:05 - 11:20)
Varanasi to Vindhyachal by Car (12:00 - 18:00)
4 20-May | Wednesday | Vindhyachal Guest House |Vindhyachal Unit 7
5 21-May Thursday Vindhyachal Guest House |Vindhyachal Unit 7
6 22-May Friday Vindhyachal Guest House |Singrauli Unit 4
7 23-May Saturday Vindhyachal Guest House |Singrauli Unit 4
8 24-May Sunday Rihand Guest House Departure to Rihand by Car (10:00-12:00)
9 25-May Monday Rihand Guest House Rihand Unit 2
10 | 26-May Tuesday Rihand Guest House Rihand Unit 2
11 | 27-May | Wednesday Delhi Hotel Departure to Delhi via Varanasi; IC-405 Air India (15:40 17:00); Stay at Hotel
12 | 28-May Thursday Korba Guest House Depatrture to Korba; Delhi - Raipur flight IC-869 Air India (05:50 - 07:30);
13 | 29-May Friday Korba Guest House Korba Unit 6
14 | 30-May Saturday Raipur Hotel Departure to Raipur by Car (15:00 - 20:00); Stay at Hotel;
15 | 31-May Sunday Delhi Raipur to Delhi by Flight IC 869, Air India (08:05 - 10:40)
16 1-Jun Monday Unchahar Guest House |Departure To Unchahar; Delhi to Lucknow by Flight IC-411 Air India (08:05 - 09:00)
Lucknow to Unchahar by Mini Coach (09:30 - 11:30); Unchahar Unit 3 - 2nd Half
17 2-Jun Tuesday Unchahar Guest House |Unchahar Unit 3
18 3-Jun Wednesday Delhi Unchahar Unit 3 - 1st Half; Departure to Delhi - 2nd Half
Unchahar to Lucknow by Car (14:00 - 16:00)
Lucknow to Delhi by Flight IC - 812 Air India (17:50 - 18:45)
19 4-Jun Thursday Delhi Meeting at CenPEEP, Noida, Meetings with Alstom India and NASL
20 5-Jun Friday - Meeting at CenPEEP, Noida / Delhi, (Meetings with Alstom India and NASL)
Leave for Japan by JAL(19:35), TG316(23:30), etc.
21 6-Jun Saturday - Arrive in Japan
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Table4.3-2 Brief Detailsand Criteria of Power Plant Selection

No | Criteriaof selection/ plant name Korba Singrauli Rihand | Vindhyac | Unchahar \ Badarpur /
ue** U4 U2 hal U7* U3 u4*
1 | Location (State) Chatisgarh UP UP MP UP \ Dehi |
2 | Capacity (MW) 500 200 500 500 210 \ 210 |
3 | Turbine Make KWU LMZ GEC KWU KWU \LMZ |
4 Boiler Make*** BHEL BHEL ICL BHEL BHEL EHEH[
5 Overhaul Scope**** B+IP+LP | B+HP+IP | B+IP+LP B B+HP+IP \B/
+LP +LP
6 |Age 1989 1983 1989 1999 1999 1078
7 | Cost effectiveness 2 3 3 3 2 V
8 | Possibility asamode plant 3 3 2 3 2 ¢
9 | Motivation of power plant personnel 3 3 3 3 3 / 3\
10 | Actual plan for rehabilitation 3 3 3 2 1 [ 2)
11 | Budget capability 3 3 3 3 3 [ 3\
12 | Safety and hygienic site 3 3 3 3 3 [ 3]
13 | Accessibility to the site 2 2 2 2 2 / 3 \
14 | Necessary data & information available 3 3 3 3 3 2
15 | Shut down period***** 10ct—30 | 1Aug— | 9Aug—17 | 1duly—25| 11 Oct— /1Ju|y—\
Oct09 | 14 Sept 09 Sept July 09 | 14 Nov 09 |/ 20 July
16 | Past improvement plan was not applied 3 3 3 3 3 3
e *Presently six units are shown but after having confirmation of re-engineering study by JICA, one of Vindhyachal /Badarpur
will be selected.
e **Most of the 500 MW unitsin Indiaare of thistype/ similar
o ***BHEL and ICL boiler are CE design
o ****B_Boiler, HP-HP turbine, IP-1P turbine, LP-LP turbine
e *¥*¥** Shut down period: As per current plan; some changes may be required to be made after unit selection
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Table4.4-1 Itinerary of July visit

Shimizu Miyagi Morooka Hayakawa vakabe Kuba Fujimori Okame Koizumi Kawashima Hirose Selo fiki Kuroda Scot
vag Ve (Kyuden Sangyo ! (Fui) (Fuj) (Fuj) (Fuj) (Torishima) (Torishima)
17 Fri Activity Arrival at Delhi | 17
Stay Dehi Delhi | | | |
18 | sat | Actvity Holiday | | | 1 18
Stay Delhi Delhi | | | |
Delhi to Varanasi IC 406(10:15)
B || em || seidy Varanasi to Vindhyachar (car) =
Stay Vindhyachar Vindhyachar | | | |
20 | Mon | Activity Singrauli #6 | | | | 20
Stay Vindhyachar Vindhyachar | | | |
Vindhyachar to Varanasi (car)
2L | Tue | Actviy Arivalat Dehi Varanasi to Delhi IT 334 (13:45) Dehi to Japan 2
Stay Dehi Dehi Dehi Dehi Dehi Deli Dehi Dehi Dehi | | |
Internal preparation
22 | Wed | Actvity Meeting with CenPEEP 2
Stay Delhi Delhi Delhi Delhi Delhi Delhi Delhi Dehi Dehi | | |
Delhi to Raipur IC869 (05:50)
23 | Thu | Activity Raipur to Korba (car) 23
Korba #6
Stay Korba Korba Korba Korba Korba Korba Korba Korba Korba | | |
24 | Fi | Actviy Korba #6 1 1 1 2
Stay Korba Korba Korba Korba Korba Korba, Korba Korba Korba | | |
July [ 25 | sat | Activity Korba #6 1 1 1 25
Stay Korba. Korba Korba Korba Korba. Korba Korba Korba. Korba \ \ \
Korba to Raipur (car)
2 | Sun | AV | gaipurto Delhi T3657 (18:20) &
Stay Delhi Delhi Delhi Delhi Delhi Delhi Delhi Delhi Dehi | | |
Delhi to Varanasi IC 406 (10:15)
27| Mon | Adiity | ™\ anasi to Rihand (car) z
Stay Rihand Rihand Rihand Rihand Rihand Rihand Rihand Rihand Rihand |
28 | Tue | Activiy Rihand #2, #3 Arval at Delhi [ 28
Stay Rihand Rihand Rihand Rihand Rihand Rihand Rihand Rihand Rihand Delhi Delhi Delhi Dehi
Delhi o Varanas IC 406(10:15) Delhi to Varanas IC 406 (10:15)
20| Wed | Actity Rivand #2,#3 Varanasi to Vinchyachar (car) Varanasi to Rihand (car) »
Stay Rihand Rihand Rihand Rihand Rihand Rihand Rihand Rihand Rihand Vindhyachar Vindhyachar | Vindhyachar | Vindhyachar Rihand Rihand
AM : Rihand #2,#3 AM : Rihand #2
30 | Thu | Actvity Rihand to Singrauli (car) Singraul #6 Rihand to Singrauli (car) 30
PM : Singrauli #4, #6 PM : Singrauli #4
Stay Vindhyachar Vindhyachar | Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar | Vindhyachar | Vindhyachar Singrauli Singraui
Singraulito Varanasi (car)
3| Fi | Actviy Singrauli #4, # Singrauli #6 Varanasi o Delhi IC-405 (15:40) o
Stay Vindhyachar Vindhyachar | Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar | Vindhyachar | Vindhyachar
T | sat | Actviy Singrauli #4, # Singraul # 1
Stay Vindhyachar Vindhyachar | Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar | Vindhyachar | Vindhyachar
2 | Sun | Activy Holiday Singrauli # 2
Stay. Vindhyachar Vindhyachar | Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar Vindhyachar | Vindhyachar | Vindhyachar
Vindhyachar to Varanasi (car)
Vindhyachar to Varanasi (car)
3| Mon | Activiy Vindhyachar #7 Baranach t Delhi W 724(1440) Vindhyachar to Unchahar (car) Varanasito Delhi IT 334 (13:45) 3
Delhito Japan
Stay Vindhyachar Vindhyachar | _Vindhyachar Delhi Delhi Dehi Dehi Unchahar Unchahar | |
Meeting with CenPEEP Payment
Augus| 4 | Tue | Activiy Vindhyachar #7 Dot fo Japan Deli 1o Japan Document review Unchahar #3 4
Stay Vindhyachar Vindhyachar | Vindhyachar Delhi Unchahar Unchahar \ \ | |
Vindhyachar to Varanasi (car) Unchahar to Lucknow (car)
5 [ Wed | Aty | \oanasi o Delhi 9W-724 (14:40) Document review Lucknow to Delhi 6E-341 (13:00) °
Stay Delhi Delhi Delhi Delhi Dehi Dehi \ \ \ \
6 | Thu | Activity Meeting with CenPEEP Meeting with CenPEEP \ \ \ | 6
Stay Delhi Delhi Delhi Delhi Delhi Delhi \ \ \ |
Spare day Spare day
T R Aty Delhito Japan Delhi o Japan !
Stay \ | | [
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Table4.5-1 #3 Site Work Schedule

Sep Oct. Nov
27(28| 29|30 1| 2| 3| 4|5[6|7|8|9|10|11]12|13|14[15|16|17|18|19|20|21|22|23|24|25|26|27|28|290|30|31|1|2|3|4a|5|6|7|8|o|10]11|12]13|14[15[16]|17[18|19|20|21|22|23|24|25|26|27|28|29]30
un|Mon| Tue|Wed| Thul Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri| Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat]Sun|Mon| Tue|Wed Thu Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thul Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon
Singrauli #6 I [ Postponed
Shut down Rihand #2 4—————----'——————---——————--——
Unchahar #3, #2 Unchahar #3 | Unchahar #2
m—
BARASRAEARS JICAINDIA_| @ \@ [ Japanese Embassy
T 1
Meeting at CenPEEP o “— [ ‘ Lq.p LS
f -
1&C Meeting [Boiler RLA Meeting]
#2 Steering committee L
e
Rihand #2 |7~ Singrauli Korba #6
Meeting at P/S r~ F T F |
(P—test) g o e > O
| #4] ] -
Action Performance test PN "8 s [ Singrauli ]
T
Pump test | | e | > | 1 [ Meeting | |
{ Singrauli #5 | ;i Unchahar #2
Boiler RLA +—+— > < >
{ Unchahar #3 |
18C assessment < ~
< >
Electrical n > > ¢ < >
(Data collection) [ Rihand #2 1 1 Singrauli 1 [ Korba #6 |
Financial L I
pre-investigation AR ¢ >
(CDM bidding, & >
evaluation h 4
Mr.Shimizu D pjpo|p|D|D|D|D|F|J
s (SR oo | Forve ]
Mr Miyagi (B) D plp|p|D|D|D|D|F|J
Mr.Koizumi (T) D D|D|IDID|D|D|D|F|J
Mr.Morooka (P—test) D p|p|p|D|D|D|D|F|J
ICA Mr.Yoshida (Financial) D D|D|{D|D|F|J
STUDY
TEAM Mr.Fujimori(Elec) D D|(D|D|D|D|D|D|F|J
MEMBER
b: Delhi stay Mr.Okame (G&1) plp|bp|D|D Lﬁm plo|o|F|y
F: Flight to Japan
J: Arrival at Japan |Mr.Nakanishi (C&I) D|D|D|D|D D|D|D|F|J
(4)Service provider|,) |\ (8 RLA) olo Unchahar p|F|y
Kyuden sangyo (%) ,_‘_‘_‘_|
Boilor RLA (3 moople) b|D Singrauli Unchahar D|F|J
Mr.Yotsumoto(CDM) D|{D|D|D|F|J
Torishima (+) Rihand Singrauli [ Korba |
Pump (2 people)
Yokogawa (¥)
18C (5 people) Unchahar
Korba 6+2(6+2|6+2| 5
Guest house stay  [Rihand 6| 6 | 6 |6+2]6+2|6+2|1+2
Number of people
Singrauli 6 | 6+2|6+2|6+2 1+8| 148 | 148 | 148 | 148 | 1+8] 1+8
Unchahar 2+5|2+5 | 2+5| 2+5| 2+5 1+8|1+8 | 1+8| 1+8| 1+8| 1+8| 1+8| 1+8 | 1+8
27(28| 29|30 1| 2| 3| 4|5|6|7|8|o|10|11]12|13|14[1516|17|18|19|20|21|22(23|24|25|26|27|28|290|30|31|1|2|3|4a|5|6|7|8|o|10]11|12][13|14[15[16|17[18|19|20|21|22|23|24|25|26|27|28|29]30
un|Mon| Tue|Wed| Thul Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri| Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat]Sun|Mon| Tue|Wed Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thul Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon
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Table4.6-1 #4 Site Work Schedule

Feb
Iltem 1/12|3|4|5|6|7|8|9|10(11|12|13|14|15|16|17|18|19|20|21|22|23|24|25|26(|27|28| 1|2 |3 |4 |5|6|7|8|9]|10 Remarks
Mon| Tue Wed| Thu| Fri | Sat | Sun{Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue |Wed Thu| Fri | Sat | Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue (Wed| Thu| Fri | Sat | Sun|Mon| Tue |Wed|
Main Sch. |Japan to Delhi *
Workshop

Seminar .

#3 Steering committee

SNHEWSHINEL <)

Delhi to Japan Prdlibig

Meeting with CenPEEP - -

&

50

Meeting with JICA & Embassy
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Attachment 4 & Information Request Matters

Seminar (Separate meeting as for Workshop)

Workshop [Diagnosis of boiler problem

Combustion simulation

Boiler RLA

AH performance improvement

Seal fin replacement

Condenser assessment

Separate Pump assessment

Meeting
(Boiler, | Control system assessment

Turbine,  |BFPT parameter assessment

Electrical,
cal, Generator assessment
Performance, | Transformer assessment
08&M) -
Analysis of present performance and performance decrease &
Improvement of plant performance and application
Review and improvement of past and present O & M
procedure
Financial analysis
Preparation of CDM application (pending)
Mr.Shimizu b|p|b|b/D/D/D/D|D|D|D|D|D|D|D|D|F|J
JICA -
sTupy |Mr-Mivagi(B) p|lp|p|D|D|D|D|D|D|D|D|D|D|D|D|DJ|F|J
TEAM  |Mr.Koizumi(T) bp|p|b|D/D/D/D/D|D|D|D|D|D|D|D|D|F|J
MEMBER |\ Hayakawa (B RLA) plp|p|p|lp|p|p|p|p|p|b|p|bp|D|D|F|J
D:DemistayMr.Fujimori(EIec) b/p|/p|pD|D/D|/D|D|D|D|/D|D|D|D|D|F|J
F:Flightto [Mr.Nakanishi (C&) p|/p|pD|pD|D|D|D|D|D|D|D|D|D|D|D|F|J
Japan . . .
I Arrival at Mr.Yoshida (Financial) D|D|/D/D|D|D|D|D|D|D|D|{D|D|D|D|F|J
Japan
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June
8 | 9 | 10|11 (12| 13| 14|15 (16| 17|18 | 19| 20|21 (22|23 |24 |25|26|27|28(29|30|31| 1| 2|3 |4 |5|6|7 8|9 1011|1213 14| 15| 16| 17| 18| 19|20 |21 |22|23|24|25| 26|27 (28| 29|30
Sat | Sun|Mon| Tue Wed| Thu| Fri | Sat | Sun|Mon| Tue|Wed| Thu| Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri | Sat | Sun|Mon| Tue |Wed| Thu| Fri | Sat | Sun|{Mon| Tue |Wed| Thu| Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri | Sat | Sun|Mon| Tue | Wed|
Shut down Korba #4
P > < I
< 4 > \ >
Kick—off ‘ Piping assessment ‘ Piping assessment
Turbine RLA ¢ ! ! ! »
(Korba #4) Turbine RLA J
¢ > ¢ >
‘ Steam Path Audit ‘
Action
5th VISIT
[ |
Meeting at CenPEEP [com |
— Guide line/ Manual HWrap*up‘ Wrap—-up of Work shop
#3 Worlk shop |
(Financial CDM)
CDM Contract < >
Mr.Shimizu D|D|[D|D|D|F|J
Mr.Miyagi(B) D|{D|D|D|D|F|J
Mr-Koizumi (T) D | [ Korba | Flu b) Korba plo|o|D|D|F|u p|p|D|D|D|F|U
UICA Mr.Morooka (P-test) DI/ D|[D|F|J
STUDY
TEAM Mr.Fujimori(Elec) D|D|D|F|J
MEMBER
Mr.Nakanishi (C&I) D/ D|D|F|J
D: Delhi stay
F: Flight to Japan
J: Arrival at Japan |MrHayakawa (B RLA) D|[D|D|F|J
(X):Service provider|Mr.Yoshida (Financial) D|D|D|D|D|F|J
Mr.Yotsumoto(CDM) D/ D|D|F|J D/ D|D|F|J
Alstom Japan*
| Korba | { Korba |
NASL*
Guest house stay
Number of people Korb
(+ XX : Number of ["°™2
service provider)
8| 9 |10 11| 12| 13| 14| 15|16 |17 18|19 20| 21|22 |23 |24|25|26|27|28|29|30|31] 1 2|3 |(4|5 (67|89 |1011({12]|13|14|15 16| 17| 18| 19| 20| 21|22|23|24|25| 26|27 |28| 29| 30
Sat | Sun|Mon| Tue |Wed| Thu| Fri | Sat | Sun|Mon| Tue|Wed| Thu| Fri | Sat| Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat|Sun|Mon| Tue|Wed| Thu| Fri | Sat | Sun|Mon| Tue|Wed| Thu| Fri | Sat | Sun|Mon| Tue|Wed| Thu| Fri | Sat | Sun|Mon| Tue |Wed|
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Table4.8-1 #6 Site Work Schedule

September

Item 2612712812930 (31f1|2|3|4|5|6|7|8|9|10(11|12|13|14|15|16|17|18|19|20|21|22|23|24|25|26|27|28|29|30 Remakes

Thu| Fri | Sat | Sun|{Mon| Tue|Wed Thu| Fri | Sat|Sun|Mon| Tue|Wed Thu| Fri | Sat|Sun|Mon| Tue Wed| Thu| Fri | Sat| Sun|Mon| Tue Wed| Thu| Fri | Sat | Sun|Mon| Tue|Wed| Thu

Main Sch.

Preparation Works

a) Final Draft Report (including Guideline/Manual) V |Report send by e-mail to NTPG

Japan to Delhi DdBe
#2 Seminar

SNHEWSHINEL <)
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#5 Workshop

#4 Steering committee

Delhi to Japan D dBe

Meeting with CenPEEP -

Meeting with JICA & Japan Embassy

#2 Seminar

Guideline and Manual

#5 Workshop

Separate | Gyjideline and Manual

Meeting — -
(Boiler, |Combustion simulation

Turbine, I Tyrhing RLA, SPA
Electrical,

cel,  |Transformer assessment

Performance, [cpm
0&M, CDM,

Finance) |Finance

Japan  [Mr.Nakanishi (C&I)

J: Arrival at |\ Yotsumoto (CDM)

Mr.Shimizu D D|D|(D|D|D|{D/D|D|D|D|DJ|F|J
JCA  |Mr.Miyagi(B) D|D|[D|[D|[D|D|D|D|D|D|D|D|F]|J
STUDY  |Mr.Koizumi(T) D|D|D|D|D|D|D|D|D|D|D|D|F|J
TEAM
MEMBER Mr.Morooka (P-test) D/ DD/D|D|D|D|D|[D|D|D|D|F|J
Mr..Hayakawa (B RLA) D/D|D|D|D|D|D|D[D|D|[D|D|F|J
D: Delhi stay| P
. Mr.Fujimori(El D/ D|D|D|D|D|{D/D|D|D|D|DJ|F|J
F: Flight to ujimori(Elec)
D D|D|(D|D|D|{D/D|D|D|D|DJ|F|J
D D|D|D|D|D|D/D|D|D|D|DJ|F|J
D D|D|{D|/D|D|D|D|F]|J

Japan

Mr.Yoshida (Financial)
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Table5.1-1 ScopeMatrix

July 6, 2009
No |[Plant name Korba #6 Singrauli #4 ( #6) Rihand #2 ( #3) Vindhyachal #7 Unchahar #3 g:::i:iz: In charge *0 Remarks
1 |Location (State) Chatisgar up up MP up
. #4 200MW
2 |Capacity (MW) 500 #6 500MW 500 500 210
3 |Turbine Make KwWU #4 LMZ #6 KWU GEC KWU KWU
4 |Boiler Make BHEL BHEL ICL BHEL BHEL
B+HP+(IP)+LP
5 |Overhaul Scope *1 B+IP+LP #6: B+LP B+IP+LP B B+HP+IP
6 |Age 1989 1983 1989 1999 1999
7 |Shut down period *2 1 Oct — 30 Oct #6: fg .S_:sb—zngci?;OOQ 150ct — 23Nov 18July — 16Aug |11 Oct — 14 Nov
8 |Diagnosis of boiler problem - - - @) - At operation JST (Miyagi,Morooka)
9 |[Combustion simulation - - - (@) - - Jsc
Alstom in USA and Indonesia are
10 |Boiler re—engineering - - - - - - - not in the position to carry out this
work.
11*5|Boiler RLA o (@) (@) - %3 o At shut down JSC three of four
12%5|AH performance improvement (@) (@) o o o - JST (Miyagi,Morooka) two of five
13*5|Turbine RLA @] o —x4 - (@) At shut down Alstom three of four
14 |Turbine steam path audit (@) O - - o At shut down Alstom one of three
15 |MS/HTR/LTR piping assessment (@) - (=) - @] At shut down Alstom one of four
one of four
16 [Seal fin replacement O (@) (@] - O At shut down JST Advice to site work
Site work done by NTPC
Honing is blasting.
17 |Turbine blade honing - - - - - - - Procedure and specification to be
provided by JICA ST.
18 |Condenser assessment — (no trouble) QO (#6) — (no trouble) - — (no trouble) At operation JSC one of four
19 [Pump assessment O BFP O cwp O BFP, CWP - - At operation Jsc two of four
(Future renovation at next - -
20 |Control system assessment overhaul after 2009 is (renovation ABB 2006) (renovation Yokogawa 2009) - (@) At operation JSC one of four
approved) except for BMS, Governor except for BMS, Governor
all system
21%5|BFPT parameter assessment — (no BFPT) O (#3) — (no BFPT) - JST (Koizumi,Morooka) _[three of four
22%5|Generator assessment - - JST (Fujimori) three of four
23*5|Transformer assessment - JST (Fujimori) three of four
24%5 Analysis of present performance _ _ JST(Miyagi, Koizumi, TORS, three of four
and performance decrease Morooka)
. JST(Miyagi, Koizumi,
25%5|Plant performance test - At operation N TORS, three of four
o Morooka, Fujimori, Okame)
Review and improvement of past o o o JST (Miyagi, Koizumi,
26%5 - - Fujimori, Okame, TORI10, three of four
and present O & M procedure
Hayakawa, Morooka)
27 |Financial analysis - - JST(Yamaguchi) TORI11, three of four
28%5 Improvement of plant _ _ JST(Miyagi, Koizumi, TOR12 three of four
performance and application Morooka, Fujimori, Okame) |
29 [Preparation of CDM application - - JST(Yotsumoto) TOR13, three of four
*0: JST: JICA Study Team, JSC: Japanese Service Company, A: Alstom (Alstom Japan and NASL) O : applied, —: not applicable
*1: B-Boiler, HP-HP turbine, IP-IP turbine, LP-LP turbine colored cell : selected (NO.8 to 29)
*2: Shut down period: As per current plan; some changes may be required to be made after unit selection In order to carry out Financial analysis(NO.27) and CDM application(NO.29),
*3: In spite of our reply as per e—mail dated 7th April, it was found through confirmation with a potential service company that we could not
implement boiler RLA of Vindhyachal #7 due to the short period for contract and preparation work until unit shut down.
*4: Alstom UK, witch is an only remaining company who can carry out NO.13 for GEC turbine, is not in the position of carrying out this work.
*5: Inorder to carry out Financial analysis(NO.27) and CDM application(NO.29), all relating study should be carried out for the identical unit.
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Table5.1-2 Shut-down Schedule and Scope of Boiler RLA and Turbine RLA

Planned M odified
No. Plant name

Shut down B T Shut down B T
1 | Korba#6 1 Oct — 30 Oct 2009 4 v' | After Dec 2009
2 Singrauli #6 10 Sep — 4 Oct 2009 4 4 Oct — 28 Oct 2009 v
3 | Rihand #2 15 Oct — 23 Nov 2009 v 29 Oct — 7 Dec 2009 v v
4 Unchahar #3 11 Oct — 14 Nov 2009 v 1 Sep — 5 Oct 2009
5 | Unchahar #2* | N.A. 11 Oct — 14 Nov 2009 v

*: Newly proposed by NTPC.
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Table5.1-3 Scope Matrix

September 17, 2009

No [Plant name Korba #6 Singrauli #4 ( #6) Rihand #2 ( #3) Vindhyachal #7 | Unchahar #3(#2) g::;‘l';z: In charge *0 Remarks
1 _|Location (State) Chatisgar up up MP up
. #4 200MW
2 |Capacity (MW) 500 #6 500MW 500 500 210
3 |Turbine Make KWU #4 LMZ #6 KWU #2 GEC KWU KWU
4 |Boiler Make BHEL BHEL #2 ICL BHEL BHEL
#4: B+HP+(IP)+LP #3 B+HP+IP
5 |Overhaul Scope *1 B+IP+LP #6: B+LP #2 B+IP+LP B #2 B+LP
6 |Age 1989 #4 1983, #6 1986 #2 1989 1999 #3 1999, #2 1989
. #3 1 Sep - 5 Oct
7 |Shut down period *2 Dec. 2009 - June 2010 (??) 46 240';3})22;1006?3009 #2 290ct - 7 Dec 18July — 16Aug #2 11 NO:: -14
8 |Diagnosis of boiler problem - - - O - At operation JST (Miyagi,Morooka)
9 |Combustion simulation - - - (@) - - JSC
10 |Boiler re—engineering _ _ _ _ _ _ _ Alstom in .U.SA and Indonesia .are not
in the position to carry out this work.
11*5|Boiler RLA o O(#6) O(#2) - %3 O (#2) At shut down JSC three of four
12%5|AH performance improvement o O#4) o o o - JST (Miyagi,Morooka) |two of five
13%5| Turbine RLA o o O#2) - o At shut down Alstom three of four
14 [Turbine steam path audit o O O@#2) - o At shut down Alstom one of three
15 [MS/HTR/LTR piping assessment o - (=) O#2) - O At shut down Alstom one of four
one of four
16 |Seal fin replacement (@] O (#4) (@] - O At shut down JST Advice to site work
Site work done by NTPC
Honing is blasting.
17 |Turbine blade honing - - = - - - - Procedure and specification to be
provided by JICA ST.
18 |Condenser assessment — (no trouble) O (#6) - (no trouble) - — (no trouble) At operation JSc one of four
19 |Pump assessment O TBFP O CWP (Stage I) O MBFP(2A), CWP(2A) - - At operation JSC two of four
20 [Control system assessment (Future renovatlor? at next (renovation ABB 2006) (renovation Yokogawa - O#3) At operation JSC one of four
overhaul after 2009 is approved) 2009)
except for BMS, Governor
all system except for BMS, Governor
21%5|BFPT parameter assessment - (no BFPT) O (#3) (@) — (no BFPT) - JST (Koizumi) three of four
22%5|Generator assessment O#4) - - JST (Fujimori) three of four
23%5|Transformer assessment | O(#6) - JST (Fujimori) three of four
24%5 Analysis of present performance _ _ JST(Miyagi, Koizumi, TORS, three of four
and performance decrease Morooka)
. JST(Miyagi, Koizumi,
25%5|Plant performance test - At operation TORS, three of four
o Morooka)
Review and improvement of past O®2) o JST (Miyagi, Koizumi,
26%5 O(#4) - - Fujimori, Nakanishi, |TOR10, three of four

and present O & M procedure

27

Financial analysis

Improvement of plant

Hayakawa, Morooka)

JST(Yoshida)

TORI11, three of four

JST(Miyagi, Koizumi,

28%5 performance and application - - Morooka) TORT2, three of four
29 |Preparation of CDM application - - JST(Yotsumoto) |TOR13, three of four
*0: JST : JICA Study Team, JSC : Japanese Service Company, A : Alstom (Alstom Japan and NASL) O : applied, —: not applicable
*1: B-Boiler, HP-HP turbine, IP-IP turbine, LP-LP turbine yellow cell : selected (NO.8 to 29)
*2: Shut down period: As per current plan; some changes may be required to be made after unit selection gray cell : stopped the action
*3: In spite of our reply as per e—mail dated 7th April, it was found through confirmation with a potential service company that we could not In order to carry out Financial analysis(NO.27) and CDM application(NO.29),

*4:

implement boiler RLA of Vindhyachal #7 due to the short period for contract and preparation work until unit

Alst UK—witeh !

h + NO-13-f

+h, £

+ thi e

¥

Y

GEC-turbi +

P YHhE

pany
*5: Inorder to carry out Financial analysis(NO.27) and CDM application(NO.29), all relating study should be carried out for the identical unit.
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Table5.1-4 ScopeMatrix

No |Plant name Korba #6 Singrauli #4 ( #6) Rihand #2 ( #3) Vindhyachal #7 Unchahar #3(#2) gg:s;{i‘z‘:‘ In charge *0 Remarks
1 |Location (State) Chatisgar uP upP MP uP
. #4 200MW
2 [capacity (Mw) 500 6 500MW 500 500 210
3 [Turbine Make KWU #4 LMZ #6 KWU #2 GEC Kwu Kwu
4 |Boiler Make BHEL BHEL #2 ICL BHEL BHEL
#4: B+HP+(IP)+LP #3 B+HP+IP
5 |Overhaul Scope *1 B+P+LP 46 BrLP #2 B+IP+LP B 42 BeLP
6 |Age 1989 #4 1983, #6 1986 #2 1989 1999 #3 1999, #2 1989
. _ #4 : Feb 2010 (2) . _ #31 Sep — 5 Oct
7 |Shut down period *2 Dec. 2009 — June 2010 (??) 46 18 Oct — 11 Nou 2009 #2 April — May 2010 18July = T6AUE | 4y 15 0ot o 11 Now 2009
8 [Diagnosis of boiler problem - - - [ - At operation JST (Miyagi,Morooka)
9 [Combustion simulation - - — o - - Jsc
Alstom in USA and
10 |Boiler re—engineerin _ _ _ _ _ _ _ Indonesia are not in the
&l 3 position to carry out this
work.
11*5|Boiler RLA o O#6) o - *3 O (#2) At shut down Jsc three of four
12%5|AH performance improvement o O#4) [e) o o - JST (Miyagi,Morooka)  |two of five
13%5|Turbine RLA o o ow) - =} At shut down Alstom three of four
14 [Turbine steam path audit o [} ow2) - [ At shut down Alstom one of three
15 |MS/HTR/LTR piping assessment o - () ou) - [ At shut down Alstom one of four
one of four
16 |Seal fin replacement e} O @#4) o - o At shut down JsT Adbvice to site work
Site work done by NTPC
Honing is blasting.
’ . Procedure and
17 |Turbine blade honing pocifiontion to be
provided by JICA ST.
18 [Condenser assessment — (no trouble) O #6) — (no trouble) - — (no trouble) At operation Jsc one of four
19 |Pump assessment O TDBFP(6B) O CWP (Stage 1) O MDBFP(2B), CWP(2B) - - At operation Jsc two of four
(Future renovation at next - -
20 [Control system assessment overhaul after 2009 is (renovation ABB 2006) (renovation Yokogawa 2009) - O#3) At operation Jsc one of four
approved) except for BMS, Governor except for BMS, Governor
all system
21%5|BFPT parameter assessment - (no BFPT) O #3) o - (no BFPT) - JST (Koizumi) three of four
22%5|Generator assessment O®G#4) - - JST (Fujimori) three of four
23+5| Transformer assessment O#6) - - JST (Fujimori) three of four
45| Analysis of present performance _ _ JST(Mivagi, Koizumi, | 1ope whiee of four
and performance decrease Morooka)
25%5|Plant performance test - At operation JST(Mivagi, Koizumi,  |roRg three of four
© Morooka)
Review and improvement of past o © JST (Miyagi, Koizumi,
2645 O#4) - - Fujimori, Nakanishi, TOR10, three of four
and present O & M procedure
Hayakawa, Morooka)
27 [Financial analysis - - JST(Yoshida) TOR11, three of four
2gs5|ImProvement of plant _ _ JST(Mivagi. Koizumi.  [10p15 three of four
performance and application Morooka)
29 |Preparation of CDM application - - JST(Yotsumoto) TOR13, three of four

O :applied, —:not applicable

sellow cell : selected (NO.8 to 29 gray cell : stopped the action

In order to carry out Financial analysis(NO.27) and CDM application(NO.29),

#0: JST : JICA Study Team, JSC : Japanese Service Company, A : Alstom (Alstom Japan and NASL)

*1: B-Boiler, HP—HP turbine, IP-IP turbine, LP-LP turbine

*2: Shut down period: As per current plan; some changes may be required to be made after unit selection

*3: In spite of our reply as per e—mail dated 7th April,

the short period for contract and preparation work until unit shut down.

*4: Alstorm-UK witehi "

h

+ NO-13 for GEC-turbi

th it £

*5: Inorder to carry out Financial analysis(NO.

27) and CDM application(NO.29), all relating stu

dy should be carried out for the identical unit.

it was found through confirmation with a potential service company that we could not implement boiler RLA of Vindhyachal #7 due to

4N L£raC

SNHEWSHINEL <)

&

50



8-G

=

%

RSVUTERD - RSEUTEMY - RSERIE:

Table5.1-5 ScopeMatrix

No [Plant name Korba #6(#4) Singrauli #4 ( #6) Rihand #2 ( #3) Vindhyachal #7 Unchahar #3(#2) Reauired In charge *0 Remarks
1 |Location (State) Chatisgar upP uP MP uP
: #4 200MW
2 |capacity (MW) 500 16 500MW 500 500 210
3 |Turbine Make KWU #4 LMZ #6 KWU #2 GEC KWU KWU
4 |Boiler Make BHEL BHEL #2 ICL BHEL BHEL
#4: B+HP+(IP)+LP #3 B+HP+IP
5 |Overhaul Scope *1 B+IP+LP 6 Bl #2 B+IP+LP B 42 BLP
6 |Age 1#4:1987, #6:1989 #4 1983, #6 1986 #2 1989 1999 #3 1999, #2 1989
) _ #4 : Feb 2010 (?) . _ #3: 1 Sep — 5 Oct
7 |Shut down period *2 #4: 8 May — 16 June 2010 46: 18 Oct — 11 Now 2009 #2: April — May 2010 18July — 16Aug #2: 18 Oot T 11 New 2009
8 [Diagnosis of boiler problem - - - [e) - At operation JST (Miyagi,Morooka)
9 |[combustion simulation - - - [e) - - Jsc
Alstom in USA and
10 |Boi N _ _ _ _ _ _ _ Indonesia are not in the
oller remengineering position to carry out this
worl
11%5|Boiler RLA o O(#6) O#2) — *3 O #2) At shut down JSC three of four
12%5|AH performance improvement [e) O(#4) o o o - JST (Miyagi,Morooka)  [two of five
13%5| Turbine RLA O#4) o o) - o At shut down Alstom three of four
14 |Turbine steam path audit O@#a) o Ow2) - O At shut down Alstom one of three
15 |MS/HTR/LTR piping assessment O#4a) - (=) o2 - o At shut down Alstom one of four
16 |Seal fin replacement o O (#4) o - o At shut down JST Progedure to be
provided by JICA ST.
Honing is blasting,
: . _ _ _ _ _ _ _ Procedure and
17 |Turbine blade honing cpacifioation to be
provided by JICA ST.
18 |Condenser assessment — (no trouble) O (#6) — (no trouble) - — (no trouble) At operation Jsc one of four
19 |Pump assessment O TDBFP(6B) O CWP (Stage I) O MDBFP(2B), GWP(2B) - - At operation Jsc two of four
(Future renovation at next - -
20 |Control system assessment overhaul after 2009 is (renovation ABB 2006) (renovation Yokogawa 2009) - o®3) At operation Jsc one of four
approved) except for BMS, Governor except for BMS, Governor
all system
21+5|BFPT parameter assessment - (no BFPT) O (#3) o - (no BFPT) - JST (Koizumi) three of four
22*5|Generator assessment OG4) - - JST (Fujimori) three of four
23%5| Transformer assessment Oe) - - JST (Fujimori) three of four
2445|Analysis of present performance _ _ JST(Miyagi, Koizumi, ORS, three of four
and performance decrease Morooka
25%5[Plant performance test - At operation "ST(":,'I’:Fg'ég;'Z“’“" TORS, three of four
O@#6)
O#2) o —— B "
Review and improvement of past JST (Miyagi, Koizumi,
2645 P P O®a) - - Fujimori, Nakanishi, TORI0, three of four
and present O & M procedure
Hayakawa, Morooka)
27 |Financial analysis - - JST(Yoshida) TORT11, three of four
ogwg|Improvement of plant _ _ JST(Miyagi, Koizumi, TOR12, three of four
performance and application Morooka)
29 |Preparation of CDM application - - JST(Yotsumoto) TORI13, three of four

O :applied, —:not applicable

In order to carry out Financial analysis(NO.27) and CDM application(NO.29),

#0: JST : JICA Study Team, JSC : Japanese Service Company, A : Alstom (Alstom Japan and NASL)

*1: B—Boiler, HP—HP turbine, IP-IP turbine, LP-LP turbine

#2: Shut down period: As per current plan; some changes may be required to be made after unit selection

*3: In spite of our reply as per e—mail dated 7th April,

the short period for contract and preparation work until unit shut down.

*4: Alst UK. witeh i )

h

£ NO.13 for GEC turbi

+inth iti £

K

*5: Inorder to carry out Financial analysis(NO.:

27) and CDM application(NO.29), all relating stu

dy should be carried out for

the identical unit.

it was found through confirmation with a potential service company that we could not implement boiler RLA of Vindhyachal #7 due to
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Fig.6.1-1 Boiler Side View
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Table6.1-1 Design Coal Analysis Data
No. Item Unit Design Remarks
1 | Coal Proximate Analysis
- Moisture % 20.5
- Ash % 30
- Volatile Matter % 23
- Fixed carbon % 26.5
-GCV Kcal’kg | 3,700
2 | Coal Ultimate Analysis (by Calculation)
- Carbon % 39.35
- Hydrogen % 233
- Nitrogen % 0.79
- Sulfur % 0.3
- Oxygen % 6.73
- Moisture % 20.5
- Ash % 30
Table6.1-2 Design Coal Ash Analysis Data
No. [tem Unit Design Remarks
1 SiO, % 62.7
2 AlLOs % 24
3 Fe 04 % 6.5
4 TiO, % 1.82
5 P,0s % 0.4
6 SO; % 0.55
7 CaO % 1.3
8 MgO % 1.75
9 Na,O % -
10 K,O0 % 0.98
11 Ash Fusion Temp. °C >1,400

ubobooboooboboobodbooobooboobboobooboooobooobooo
goboooooboobooobuoobobooboobobooboobboooooobooboon
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» Slagging
Slageing index = Fe,O; + CaO + MgO + Na,O + K,O S
agging Index = SiO, + AlLO; + TiO,
Criteria Slagging index
Low below 0.6
Medium 0.61t02.0
High 2.0t02.6
Severe Over 2.6

» Fouling potential

Criteria Na,O + K,0
Low Less than 3.5
Medium 35-50
High Over 5.0

» Erosion Index
. Ash in Coal x (Si0, + 0.8 x Fe;0O3 + 1.35 x Al,O3)
Erosion index =
100

Criteria Erosion Index
Low <15.0
Medium <25.0
High >25.0

Table6.1-3 Comparison Table Vindhyachal Design Coal and Imported Coal in Japan

Item Vl(?ggé agl;?ln;eﬁl:ggoglc))al Imported Coal in Japan
Slagging 0.04: Low 0.03: Low
Fouling potential 0.98: Low 3.4: Low
Erosion Index 31: High 17: Medium

(2 0ODOOOOOOOOO0

oooooobtbooobooobooobboobbooobboobboobDbogbobo
gobodboooboobtoooboobuoobbooboboobuooboooo soomw
0000000 (Heat output/Heat input x 100) 0 0000000000 OOO0DO0O
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Table6.1-4 Design Heat Recovery Rate

Heat Output | Heat Absorption
No. Item F'OE’t"/Sa‘e T(?,’gg" E’kr ﬁjnrz)e (kcal/h) ratio (%)
9 (Calculated) | (Calculated)
1 Economizer in 1501.8 253 192.8 1.21 x 108 10.8
out 1501.8 318
2 Furnace in 1501.8 318 3.77x 108 33.8
out 1501.8 360 188.5
3 LTSH in 1501.8 364 1.20 x 108 10.8
out 1501.8 393 184.7
4 | SH Spray 0 —
5 Division Panel in 1501.8 393 1.23x 108 11.1
out 1501.8 466
6 | Platen in 1501.8 466 0.82 x 10% 7.4
out 1501.8 540 176.2
RH Spray 0 —
Reheater in 1338.3 336 43.1 1.55x 10° 13.9
out 1338.3 540 414
9 Total 9.78 x 10% 87.8

gooogooboooboooboooboboooboooboboobobooobobooooboobo

ooo
Table6.1-5 Heat Recovery Rate
No. ltem Unit Design Dated: | Dated: | Dated: | Dated: | Dated:
02.2001 | 04.2004 | 01.2005 | 06.2009 | 12.2009
1 |Load MW 500 502 484 513 518 506
2 | Furnace % 33.8 33.2% 34.7* 30.6* 29.3* 30.1%*
3 |HP Turbine Inlet Temp. |C 537 515 526.9 536.7 523.9 533.7
4 |SH Spray t/h 0 0 0 130 56 24.3
5 |RH Spray t/h 0 1.2 11.2 27 38 13.6
6 |Fuel Heat input/MW Kcal/kg/MW |2.23x10° |2.42 x10°[2.33 x10°|2.47 x10°|2.61 x10° | 2.58 x10°
7 |HPH (6A, 6B) in service 6A, 6B 6A 6A, 6B 6B NA NA
Note: * Calculated by Study Team. Assumption figure was utilized.

3

HPH: High Pressure Feed Water Heater

gogno

gboboboobooooooooobobobobooooooooboobobobOobo
gboboboooooooooooobobobobobobObdDivisionSHOOODOO
gbobobobobobobobob0oebU0mbOObOOO 2.6em0O 000 Vindhyachal #7
gboboboo4bobooboboobob o4am000Ooo0OOoO0OO0OO0OODO0ODOODODODO
gbobobooooooboobobooboooooboboboboboobooboobobobobo
goobobobobobobobobobobUobobUobobUobubUuboo
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Table6.1-6 Boiler Furnace Dimension Comparison Table

Sametype | Vindhyachal
No. [tem Unit | of Boiler in Unit 7
Japan FW
1 |Rated Output MW 500 500 l
2 | Boiler High (HT) m 56 63
3 |Bottom of SH Panel to m 14 16 «—Ff —
roof (H4)
4 | Top Burner level to m 17 18 t
Bottom of SH Panel (H3
(H3)
5 | Burner Zone (H2) m 10 13
Burner (6 stages) | (10 stages)
6 |Hopper Bent to bottom of m 3 5 —
burner (H1)
7 |Hopper bend to Bottom of | m 30 36
SH Panel (HH (H1-H3))
Furnace width (FW) m 16 19 Eﬂ
Furnace depth (FD) m 15 16
10 |Furnace Area m’ 229 303
11 |Furnace Volume m’ 10,700 16,424
12 | 1st SH Panel (Dev SH) No. 6 48 H2|
13 | Panel Pitch (No./FW) m 2.6 0.40 = —
14 |2nd SH Panel (Platen SH) No. 28 25
15 |Panel Pitch(No./FW) m 0.57 0.76
16 |Coal Calorific value kcal/kg 6600 3700
17 |Ash % 16.6 30
—v

(4)

gogno

goboobooboobobooboonoobo
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Fig.6.1-2 Outline of Seam Flow Diagram (Same type of Boiler in Japan)
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Fig. 6.1-3 Out line of Seam Flow Diagram (Vindhyachal Unit 7)
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Fig. 6.2-1 Calculation Procedure of the Coal Combustion Simulation
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Fig. 6.2-2 Typical Flow Pattern in Tangential Fired Boiler (3)
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No heaters in complex flow zone

Modified Case
Heater 1

Modify Div Panel
Area=1633[mZ]

Base Case
Heater O

Original Div Panel
Area=1644[m?]

We will be able to judge the effect by comparing Modified Case with Base Case.
15Right & Left Deflection (Heat Flow) Heat Recovery Percentage
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Fig. 6.2-3 Outline of the Calculation Process (5) + Evaluation of the New Idea
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Fig. 6.2-4 Isothermal Surface = 1000 degin SH Zone
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Fig. 6.2-5 Effect of the Right & Left 2" Air Bias (1-1)
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Fig. 6.2-6 |sothermal Surface = 1000 degin SH Zone by Changing 2" Air Bias
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Fig. 6.2-7 Effect of 2" Air Biason the R& L Deflection
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Table6.2-2 Effect of 2" Air Biason the R& L Deflection

Plus value = Left (high), Minus value = Right (high)

Evaluation Item R&L Deflection of Heat Recovery
(Division Panel + Platen)
Pattern Tilt Straight | Straight | Straight | Straight | Straight
-20 -10 0 10 20
Bottom -30 -11.09 -7.26 5.32 -21.13 -31.15
(JK) -10 8.86 5.04 3.48 7.58 16.57
0 9.12 10.44 12.19 2.73 2.12
30 16.60 12.54 6.81 -21.47 -17.45
Bottom2 -30 -10.56 -35.46 13.56 -6.97 32.81
(GH) -10 10.51 26.68 7.37 11.90 5.54
0 10.19 9.57 11.84 10.41 -6.33
30 6.92 4.69 3.79 -19.69 -26.42
Middle -30 14.77 28.75 16.10 -22.15 19.48
(EF) -10 11.68 10.28 14.51 13.93 11.04
0 15.81 11.52 -12.53 -19.81 16.65
30 25.65 31.01 27.20 7.83 -17.76
Top2 -30 3.11 9.21 3.45 3.29 14.61
(cD) -10 14.00 19.51 5.57 3.98 19.86
0 11.01 19.53 16.13 -12.36 2.90
30 8.34 13.91 11.36 -46.92 -9.20
Top -30 -0.50 7.53 6.78 -2.13 13.82
(AB) -10 11.28 17.70 15.16 479 8.44
0 18.98 13.82 7.66 453 -7.87
30 28.00 23.44 -4.92 233,22 -2.01
Average ABS(df%) 12.35 15.90 10.29 13.84 14.10
Max(ABS(df%)) 28.00 35.46 27.20 46.92 32.81
Left Left
(Sgr:?é?:;l) Div | [Div ] Pitl Cross1 Div| [Div] Pitl
L1 L2 L1 L2
L=LLL ] L=LLR 1
. %
Fron - _ Front %(f -
[ ( \\
— D 1 ||
RERRE Div | | Div R=RRL Div | | Div
R1 | |R2 | PItR R1 | [R2 | PItR
Right rRight
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Cross2 Div | [Div |RItL Cross3 | r5iv] [Div ] Pil
L1 L2 L1 L2
L=LRR \ L=LRL \
% 1 \ %__
S ZNY N Elm
R=RLL \ R=RLR 7 \/
Div | |Div Div | | Div
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Fig. 6.2-8 Improvement of the R& L Deflection by Changing the Heater Combination (1)
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Fig. 6.2-9 Effect of the Heater Combination on the R& L Deflection under the Bias Condition
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2) Unchahar Unit2(20090 110 40 ~110 90)
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Table6.3-1 Summary of Boiler RLA in Singrauli Unit 6
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Table6.3-2 Summary of Boiler RLA in Unchahar Unit 2
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Table6.4-1 AH Annual Inspection Items
. Partstobe . :
I nspection items inspected I nspection details Remarks
(1) Rotor system Rotor post Visual inspection
Liquid Penetrant Testing (PT)
Diaphragm Visual inspection, plate thickness measurement
Shell plate Visual inspection
Grating Visual inspection
Pin rack Visual inspection, pitch measurement, parallelism
measurement, roundness measurement, pin wear
measurement
T bar Visual inspection, circularity measurement, plate
thickness measurement
Rotor tire (SDS) Visual inspection, flatness measurement
(2) Rotor support bearing | Bearing Visual inspection,

overhaul (as necessary)

Lubricating oil

Replacement of lubricating oil

Air seal cover

Replacement of gland packing

(3) Rotor guide bearing

Bearing

Visual inspection

Lubricating oil

Replacement of lubricating oil

Air seal cover

Replacement of gland packing

(4) Lubricating system

Oil pump

Overhaul

Accessories

Overhaul

(5) Heating elements

Low-temperature
layer

Weight measurement, plate thickness measurement
Sampling inspection of baskets
Steel element: erosion, cracked, looseness.

Mid-temperature
layer

Weight measurement
Sampling inspection of baskets
Steel element: erosion, cracked, looseness.

High-temperature
layer

Weight measurement
Sampling inspection of baskets
Steel element: erosion, cracked, looseness.
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_ Partsto be . .
I nspection items inspected I nspection details Remarks
(6) Rotor drive system Reducer Overhaul

Pinion gear

Wear inspection

Air motor

Overhaul

Air motor coupling

Visual inspection
Centering

Electric motor
coupling

Visual inspection
Centering

Pinion shaft seal

Visual inspection, or carbon seal replacement

Accessories Air motor filter replacement

(as necessary)
7) Seals Radial seal Visual inspection, measurement, adjustment, *
P )

replacement (as necessary)

Axial seal Visual inspection, measurement, adjustment, *
replacement (as necessary)

Post seal Visual inspection, hole repair *

Bypass seal

Visual inspection, measurement, adjustment,
replacement (as necessary)

Static seal

Visual inspection, repair (as necessary)

Sector plate Visual inspection, parallelism measurement, *
adjustment, replacement (as necessary)
Axial plate Visual inspection, roundness measurement, *
adjustment, replacement (as necessary)
(8) AH soot blower Drive unit Visual inspection, measurement
Gasket replacement
Tube Visual inspection, guide roller inspection
Deflector plate Visual inspection,
replacement (as necessary)
(9) Sensor drive system | Drive unit Overhaul

(SDS)

Protection unit

Gas- and air-side side roller inspection, replacement

(as necessary)

Lower limit
detector

Detection roller inspection, replacement (as
necessary)

(10) Other

Casing

Visual inspection (Repair holes due to ash cut)

Note: * maintenance point for prevent of leakage
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Table6.6-1 Summery of test result

No. Test position Alr[lkeg/kh]r ate

1 | A-BFPT gland sealing portion (Rear) 49.3
2 | B-BFPT gland sealing portion (Rear) 23.5
3 | LP turbine gland sealing portion (Packing and Bellow flange) 13.3
4 | HP flush tank, flush box-1 and Drain flush tank B 12.3
5 | Others 15.9

Total 114.3

6.7 OOOOO

(1) OO
00000000000000000000000000000000000000000
00000

ubobogdgboobbdg NTpPCcOOOOooboooobuoaobobooz20090 10000000
good

Unit Pump Test Date
1) Korba power station #6 Turbine driven BFP (6B) October 21&22
2) Rihand power station #2 Motor driven BFP (2B) October 13
CWP (2B) October 14
3) Singrauli power station Stage I CWP (NO.09) October 26&27
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1) KorbaOOOOOODOOODOOOOOO(6B)
000000000000000000000

Pump flow rate (I/sec) 254.3
As-New Pump Head (m) 2,316.5
Current Pump Head (m) 2,168.0
Change from As-New (%) -6.4
As-New Pump to Power (kW) 6,340.8
Current Pump to Power (kW) 6,327.9
Change from As-New (%) -0.2
As-New Efficiency (%) 82.1
Current Pump Efficiency (%) 77.8
Change from As-New (%) -5.2

ugobogobooobooobuooobboooboooboboobooobooobobo
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2) RihandDODOOOOOOOOO(2B)
000000000000000000000

Pump flow rate (Vsec) 267.7
As-New Pump Head (kg/cm’) 2142
Current Pump Head (kg/cm2) 210.5
Change from As-New (%) -1.7
As-New Pump to Power (kW) 6,945.0
Current Pump to Power (kW) 7,840.7
Change from As-New (%) +12.9
As-New Efficiency (%) 81.0
Current Pump Efficiency (%) 70.5
Change from As-New (%) -13.0

gbobobooboooooooooboboboboooooobooboobobobobo
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3) Rihand 0O OO 0O (2B)
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goobooboobobd2b0 1ggbooboboobooboboobooobooobooo

gobooboogooboo

Pump flow rate (Usec) 8,351.6
As-New Pump Head (m) 26.4
Current Pump Head (m) 25.1
Change from As-New (%) -4.9
As-New Pump to Power (kW) 2,725.1
Current Pump to Power (kW) 2,639.7
Change from As-New (%) -3.1
As-New Efficiency (%) 85.1
Current Pump Efficiency (%) 83.7
Change from As-New (%) -1.6

4) Singrauli Stagel CWP (09)

ubboobogbobooboboaboaonbodg

Pump flow rate (m'/sec) 16,6543
As-New Pump Head (m) 24.4
Current Pump Head (m) 25.5
Change from As-New (%) +4.5
As-New Pump to Power (kW) 1,334.0
Current Pump to Power (kW) 1,560.0
Change from As-New (%) +17.0
As-New Efficiency (%) 83.0
Current Pump Efficiency (%) 73.8
Change from As-New (%) -11.0
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Diaphragm SECTION A-A
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Fig.6.8-1 SampleDrawing
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. NTin: -1.3% | nTin: -0.7%
CASE Design Eff. np: Design np: -0.6%
Turbine [nin % 85.8 84.7 85.2
Steam Flow t/h 41.2 41.2 41.2
BFP A Turbine output kW 6601 6515 6556
Pump FW Flow t/h 869 869 869
BP efficiency % 80.5 80.5 80
BFP efficiency % 80 80 79.5
Pump shaft power kW 6515 6515 6556
. nTin: -5.8% nTin: -3%
CASE Design Eff. np : Design np 3%
Turbine |nin % 85.8 80.8 83.2
Steam Flow t/h 40.5 40.5 40.5
BFP B Turbine output kW 6468 6077 6264
Pump FW Flow t/h 819 819 819
BP efficiency % 80.5 80.5 78.1
BFP efficiency % 80 80 71.6
Pump shaft power kW 6076 6076 6264

(2) Rihand #3

gbobooboobobooboooobooooooooooooooooo0oOnUBFP AOBFP
BOOOOOOOOOOOOOODODOO0OOO0O 6%IOO0O0OO0OO00O00O0O000O00b0O00b0000
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(3) Korba#6

CASE | Design Eff.

BFP A |Turbine [nin % 82.9
Steam Flow t/h 39.6

Turbine output kW 6173

Pump FW Flow t/h 910

BP efficiency % 81.1

BFP efficiency % 81

Pump shaft power kW 6533

BFP B |Turbine [nin % 82.9
Steam Flow t/h 40.1

Turbine output kW 6241

Pump FW Flow t/h 916.7

BP efficiency % 81.1

BFP efficiency % 81

Pump shaft power kW 6584
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Table6.11-1 Generatorsfor Assessment

Unit Main specifications
Korba #6 588 MVA, 16.2 kV, Stator: water cooled
Rihand #2 605 MVA, 20 kV, Stator: water cooled
Singrauli #4 235.3 MVA, 15.75 kV, Stator: water cooled
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6.11.2 Korba#6 0O OO OO
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Table6.11-2 IR Test and PI Test Results

Test item Test record Evaluation ‘ Remark
Current condition assessment
IR test 0.0628930 MQ Not available
PI test 0.994 Not available =IR (8 min) / IR (1 min)
RLA
PI test - Not available ‘

Three phases are measured at the same time.
IR(): Insulation resistance test record

6.11.3 Rihand #2000000O

1) OO

Rihand #2200 000000000000000O0000O00O000O0O0000O0OPIODO0OTandO O
goboboobobooobboobbooobooboboooboooboboooboboonbobg
O Tableo6.11-30000PIDODOO0OOOO0ODOO0ODOO0ODOO0O0OOO0ODOO0OOO0O0OOO
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Table6.11-3 [IR Test and PI Test Results

Test item Phase Test record Evaluation Remark/standar d
Current condition assessment
IR test 3-phase 1000 MQ Good JP>50 MQ, NTPC >21 MQ
PI test 3-phase 3.75 Good JP, NTPC >2.0
Tand test R 0.0074 Good JP: Atand < 2.5%
(ATand) Y 0.0108 Good
B 0.0124 Good
Remaining life assessment
PI test 3-phase - Not available | Variations in PI data
Tand test - — Not available | No more than one test result

6.11.4 Singrauli# 000000

1) OOd

Singrauli#4 D0 0 0000000000000 O0DOO0O00O0O000O0O0000PIOO0O TansO
gobobooboboodoboboobbuoobobooobooooboooobooooboonbobg
0MOo0D0o00OO00DOoO0bOO00DO0oU0DbDO@max)DOOOOO0ODDOOOD CSingrauli
gobobooboboodoboboobbuoobobuooboboooobooobobooooboonoobg
UboboobooobDbooboPIdDOOTand O ODODOO Table6.11-40 000
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Table6.11-4 Current SatusAssessment and RLA

Phase Test record Evaluation Remark/standard

Current condition assessment
IR test R 3100 MQ Good JP>50 MQ, NTPC > 17 MQ

Y 3500 MQ Good

B 1900 MQ Good
PI test R 2.58 Good JP, NTPC >2.0

Y 2.86 Good

B 2.11 Good
Tand test R 0.0001 Not available |JP: Atand < 2.5%
(ATang) Y -0.0003 Not available | The test voltage is low.

B 0.0002 Not available
Partial - — Not available | The evaluation items differ from those in Japan.
discharge test No explanation given.
RLA Operation years Year
PI test R 32 years 2015 Up to the caution level ™'

39 years 2022 Up to the danger level !
Y 29 years 2012 Up to the caution level
36 years 2019 Up to the danger level"

B — Not available | The PI data does not show a deteriorating trend.

Tand test All phases - Not available | The test voltage is low.

*1: Possibly due to variations in the stator dryness
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Table6.12-1 Unitsfor Transformer Assessment

Unit Main specification
Korba #6 Single phase 200 MVA x 3 units, OFAF >, Sealed type
Rihand #2 Single phase 201.7 MVA x 3 units, OFWF, Sealed type
Singrauli #6"' Single phase 200 MVA x 1 unit™, OFWF, Sealed type

*1: Originally, Study team planned to assess the GT of Singrauli#4, but the GT of Singraul#4 is of an open type. This means
that CO+CO, analysis, which is one of the RLA methods, cannot be applied to it. Therefore, Study team assessed
Singrauli#6 instead of Singrauli#4.

*2: Two of the three GTs have been replaced recently, and there is no need for the assessment. The other transformer is
assessed.

*3: OFAF: Oil-forced air-forced type
OFWF: Oil-forced water-forced type
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6.12.2 Korba#6 O OOOOOOOO
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Table6.12-2 Current Condition Assessment and RLA for Korba#6 GT

‘ Phase ‘ Test record Evaluation Remar k/standard
Current condition assessment
IR test R 3500 MQ Good Smallest value among the values measured
Y 3500 MQ Good between High Voltage—Ground, Low
B 3750 MQ Good }glztaggg 1\ii;zound, and High Voltage—Low Voltage
Dissolved gas R - Good
analysis Y - Good
B - Good
CO+CO; analysis R 0.4305 mL/g Caution Caution > 0.2 mL/g
Y 0.5082 mL/g Caution Danger > 2.0 mL/g
B 0.5943 mL/g Caution
Furfural analysis R 0.00389 mg/g Caution Caution > 0.0015 mg/g
Y 0.00467 mg/g Caution Danger > 0.015 mg/g
B 0.00312 mg/g Caution
RLA Operation years Year
CO+CO, analysis R 53.7 Sep.-2042 | Up to the average service life"!
Y 45.5 Jul.-2034
B 38.9 Dec.-2027
Furfural analysis R 445 Jul.-2033 | Up to the average service life"™
Y 37.1 Feb.-2026
B 55.7 Aug.-2044

*1: The average service life point was set to 1.1 mL/g, which is the average between the caution level (0.2 mL/g) and the
danger level (2.0 mL/g).

*2: The average service life point was set to 0.00825 mg/g, which is the average between the caution level (0.0015 mg/g)
and the danger level (0.015 mg/g).

6.12.3 Rihand#20000D00O0O0OO

(1) OO
Rihand#2 0000000000000 000000000000000000000000
00000000000000000000000CO+Co,000000000000000
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goboboobboobboobbooobogceco+co, bbuogobogonoooonooo
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Table6.12-3 Current Condition Assessment and RLA for Rihand#2 GT

‘ Phase ‘ Test record Evaluation Remark/standard
Current condition assessment
IR test R 707 MQ Good Smallest value among the values measured
Y 979 MQ Good between High Voltage—Ground, Low
B 235 MQ Good };i)lztaggg 1\ii;zound, and High Voltage—Low Voltage
DGA R - Good
Y - Good
B - Good
CO+CO; analysis R 0.95 mL/g Caution Caution > 0.2 mL/g
Y 0.90 mL/g Caution Danger > 2.0 mL/g
B 0.97 mL/g Caution
Furfural analysis R 0.16328 mg/g Danger Caution > 0.0015 mg/g
Y 0.07161 mg/g Danger Danger > 0.015 mg/g
B 0.07161 mg/g Danger The measured values are not reliable.
RLA Operation years Year
CO+CO; analysis R 23.9 41395 | Up to the average service life"!
Y 25.1 Jul.-2014
B 23.4 Nov.-2012
Furfural analysis R - Not available | Up to the average service life”
Y - Not available | The measured values are not reliable.
B - Not available

*1: The average service life point was set to 1.1 mL/g, which is the average between the caution level (0.2 mL/g) and the
danger level (2.0 mL/g).

*2: The average service life point was set to 0.00825 mg/g, which is the average between the caution level (0.0015 mg/g)
and the danger level (0.015 mg/g).
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Table6.12-4 Current SatusAssessment and RLA for Singrauli #6 GT

‘ Phase | Test record Evaluation Remar k/standard

Current condition assessment
IR test HV-LV 800 MQ Good HV: High voltage coil, LV: Low voltage coil

HV-E 500 MQ Good fp Eagf(t)hMQ

LV-E 400 MQ Good -
DGA R - Good
CO+CO, analysis R 1.38 mL/g Caution JP Caution > 0.2 mL/g

JP Danger > 2.0 mL/g

Furfural analysis R 0.0283 mg/g Danger JP Caution > 0.0015 mg/g

JP Danger > 0.015 mg/g
The measured values are not reliable.

RLA Operation years Year

CO+CO; analysis R 18 Jun-2005 | Up to the average service life”
32.7 Sep-2019 | Up to the danger level

Furfural analysis R - Not available | Up to the average service life™

The measured values are not reliable.

*1: The average service life point was set to 1.1 mL/g, which is the average between the caution level (0.2 mL/g) and the
danger level (2.0 mL/g).

*2: The average service life point was set to 0.00825 mg/g, which is the average between the caution level (0.0015 mg/g)
and the danger level (0.015 mg/g).

6.125 Korba#6 DO OO ODOOOOO3000
400000 NTPCOODOOOOOKerba#6 U DO OODOOOOOODODOOO
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Table6.12-5 Current Condition Assessment and RLA for Korba#6 GT (2010)

\ Phase \ Test record \ Evaluation \ Remark/standard
Current condition assessment
Dissolved gas R - Good
Analysis Y - Good
B - Good
CO+CO, analysis R 0.4400 mL/g Caution Caution > 0.2 mL/g
Y 0.5194 mL/g Caution Danger > 2.0 mL/g
B 0.6074 mL/g Caution
Furfural analysis R 0.00463 mg/g Caution Caution > 0.0015 mg/g
Y 0.00541 mg/g Caution Danger > 0.015 mg/g
B 0.00386 mg/g Caution
RLA Operation years Year
CO+CO; analysis R 53.7 Sep.-2042 | Up to the average service life"!
Y 45.5 Jul.-2034
B 38.9 Dec.-2027
Furfural analysis R 38.2 Mar-2027 | Up to the average service life™
Y 32.8 Oct-2021
B 45.9 Nov-2034

*1: The average service life point was set to 1.1 mL/g, which is the average between the caution level (0.2 mL/g) and the

danger level (2.0 mL/g).

*2: The average service life point was set to 0.00825 mg/g, which is the average between the caution level (0.0015 mg/g)

and the danger level (0.015 mg/g).

6. 130 00U odaooonn
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Table6.13-1 Differencesin the Boiler Performance Test Procedure between Sudy Team and NTPC

[frequency of test]
No. Item Sudy team NTPC
1 |Boiler performance Measured. Measured.
............................... [once per year] cerereee e,  ONCE pEF MoONtH]
2 | AH performance Not measured. Measured.
................................ [as necessary] rtrereeneneneene. fONCE eVery 3 months]
3 | Coal ultimate analysis |By analysis. By formula using proximate analysis
4 | Flue gas analysis By gas analyzer By portable gas analyzer
(Utilizing “Orsat”, “simple gas analyzer”
for checking purpose only).
5 |Frequency of reading | Once every 30 minutes in a two hour test | More frequent reading than Study team
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(2 DOUOOOoO0ODOoODOO0ODOOnO NTPCODOO

Table6.13-2 Differencesin the Turbine Performance Test Procedure between Study Team and

NTPC
[frequency of test]
No. [tem Sudy team NTPC
1 |Testitem Only turbine heat rate Turbine heat rate
.................... [once per year] crerrerreee e e eeenennennenss. | ONCE PEr MoONth]

HP&IP cylinder efficiency

............................ [once every 6 months]
Condenser performance
[once per month]

HP heater performance
[once per month or once every 3 months)

2 | Frequency of reading | Once every 30 minutes in atwo | More frequent reading than Study team
hours test

Uooooboo3000000020090 10000 Korba #6U Singrauli #40 Rihand #2 O 00 O
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goobooboogbobooooo

3 boobooooooo

U3000000000000000 Korba#6l Singrauli#40Rihand#2 000000000
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Table 6.13-3 Differencesin the Actual Performance Test Practices between Sudy Team and NTPC

No.

Item

Sudy team

NTPC

Test Implementation
Team

A) Organization: Operation Section
B) Implementation: Subsidiary Company
and Service Provider

Organization: EEMG
Implementation: EEMG

Preparation of Test
(day before)

A) Confirmation of measurement data
value

A) Not applied.
B) Not applied.

B) Calibration of
Instrument/measurement devices, as
necessary

Test implementation

A) Meeting with relevant parties before
start of test

B) Confirmation of Operating conditions
of test run

C) Calibration of Gas analyzer

D) Measurement timing is notified by
paging every hour for ash
sampling/local indicators value

E) Field Measurement
* Flue Gas Composition & Temp
* Coal sampling
* Fly Ash sampling
* Bottom Ash sampling

A) Not applied

B)Load is not fixed at rated out put
C) Same as Study team

D) Not applied

E) Same as Study team
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Provide) DO OOOOOOONTPCOOODOOODOOOOOOODOODOOOODOOO
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Fig. 6.13-1 Coal Sampling Plastic Bag
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Fig. 6.13-2 Fly Ash Extraction Valve for Sampling

Fig. 6.13-3 Fly Ash Sampling Storage Bin

.14 dooooooo&eMinnooononn

6.141 000000000000

0000000 300 Korba#6URihand#20Singrauli#4 0000000000000 0O0O0O0O
goood

6.14.2 0000

gobooobooobooboobooonobooboobbooboboooboboooooboon
gobooboooobooboooboooobooboooboobooboboobuoobooon
ubobooboooobg soHzO0Oooooooooooobooooooooboobooooboo
goboobooooboobooobobooboobbooboobboobooobooboobon
goboobooooboobooobobooboobbooboobooooboobooboobon
UobodboooobuoobooobbodnddPlant Load Factor: PLFO O 100%0 000000
gobooooobooon

BREARISH - WNEBDRIASH - PEELKASH
6-59



1Y FENDAEMERUESFIEHRE
JPAFILUIR—

6143 0000000(0O)

1) oOoOnO

U000 unt00O000000DOO0D0DOOMO0OO000bO00bOO00D0bOo0LOmbo
0000000000 EEMGO Energy and Efficiency Management GroupU 0D OO0 D0 OO0 D000
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. - GM
SRF Safety Finance HR Vigilance (0&M) C&M TS TAC EMG MED
Operation .
TQM FM MTP & Chem. Maintenance EEMG
. . . Civill
CHP MGR Boiler Turbine | | Electrical cel CHP Ash
Structure
Abbreviations
C&M:  Contract and Materials (Purchasing) MGR:  Merry Go-around
CHP:  Coal Handling Plant MTP:  Maintenance Planning
EEMG: Energy and Efficiency Management SRF:  Special Repair Facilities (Workshop)
EMG: Environment Management Group TAC:  Township Administration
FM: Fuel Management TQM:  Total Quality Management
HR:  Human Resources TS: Technical Services
MED:  Medical

Fig. 6.14-1 Typical Organization of a Coal Fired Thermal Power Station
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Fig. 6.14-2 Typical Organization of EEM Group
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Table6.14-1 Format of the Daily Plant Report for Efficiency

Description Unit No. Description Unit Unit No.
Generation MU Make-up Water MT
Plant Load Factor | % Make-up Water %
Run Hours Hrs. HR Coal Kcal/Kwh
Availability Factor | % HR Qil Kcal/Kwh
Partial Loading % Unit Heat Rate Kcal/Kwh
Coal Cons. MT Load at 8 AM MW
Sp. Coal Cons. Kg/Kwh Max. Load MW
Oil Cons. KL Min. Load MwW
Sp. QOil Cons. ML/Kwh MVAR Max. Mvar
GCV Coal Kcal/Kwh MVAR Min. Mvar
GCB Oil KcallLit
Aux. Power MU
Aux. Power %
Partial Loss due to
Grid Restriction MU Shut Down MU
Grid Disturbance MU Coal Quality MU
ABT/High Freq. MU Coal Shortage MU
Equipment MU Others/Coml Const | MU
Startup/Stab MU Excess Gen MU
Generation Loss due to
No. of Outage No. Grid MU
Planned S/C MU Comml Const MU
Forced S/D MU Coal MU
Bus Voltage Max. | KV Total
Bus Voltage Min KV Coal Received MT
Grid Freg. Max Hz. Usable Coal Stock | MT
Grid Freg. Min Hz. HFO Stock KL
Declared Cap MU Forebay Level M
Schedule Gen MU
Actual Gen MU
Remarks
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Table 6.14-2 Format of the Unit Trip Analysis Report
Unit No. Outage No. :
Report No. Outage Code :
01 | Date of Tripping
02 | Time of Tripping
03 | Status before Unit Tripping
Unit Load
Mills in Service
No. of Oil Guns i/s
No. of BFPs
No. of IDs
No. of FDs
No. of Pas
No. of CC Pumps
No. of CW Pumps
Any other information
04 | First Up Protection Acted
05 | Similar Occurrence in Last Two Years
06 | Other Relays Protection Acted
07 | Supporting Documents
(SOE/PTL/Alarm Logs)
08 | Any Operation Done prior to Tripping
09 | Analysis of Tripping
10 | Root Cause of Tripping
11 | Remedial Measures Taken
12 | Time & Date of
Boiler Light Up
Unit Synchronization
13 | Date of Completion of Last Over-haul
/ Type of Overhaul
14 | Constraints during Restoration
15 | Recommendation / Action Plan
16 | Any Specific Learning / Feed Back
S.No. Recommendation Action Plan Responsibility Target Date

/ Schedule

17 Signature / Date
HOD (EEMG)

AGM (0&M)
GM

HOD(Operation)

HOD (Electrical)

HOD (C&l)
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Table 6.14-3 Comparison Tablefor Power Sation Management System

Item NTPC Japanese electric utilities
1SO9001 Already applied Already applied
I1SO14001 Already applied Already applied
5 S's (Seiri (organization), Seiton (neatness), | Already applied This is not applied as a system, but
Seiso (cleaning), Seiketsu (standardization), similar activities are conducted in a
and Shitsuke (discipline)) day to day exercise.
CMMS Already applied Already applied
Preventive maintenance (PdM) Already applied Already applied
Spares control system Already applied Controlled at each power station

company-wise

Know-how sharing system (Sharing of case | Already applied Already applied
examples of accidents and technical
information to other power stations)

Work improvement suggestion system Already applied Already applied
(feedback system)

NTPC U0 OOO0O0OO0OO0Ooboboobooooboooboobooooboobbooboobooonoo
gobooobooboooooo
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goognd
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000005000 Oo&M 00 00O LMIO Local Management Instruction[] (0 0 O )O0 00O OO
gobooboboobooooboon

1) Chemical control of the Water/Steam Circuits of Drum Type Boiler

2) The Safety Operation and Maintenance of Pulverizer Fuel Plant

3) Long Term Storage of Power Plant and Equipments: General Consideration and Preservation

4) Prevent and control Boiler Tube Failures (Boiler Dept.)

5) Reporting arrangement in the event of serious incident (Op Dept.)
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(1) Korba#6
1) 0Oooo
a) Jogoood
Item Unit 2006—2007 2007—-2008 2008-2009
Generation MU 3682.200 4220.530 4115.310
Load factor % 84.07 96.1 93.96
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by oooooog

Year ltem Duration of Outage
(day)
20062007 | ECONOMISER TUBE LEAKAGE 1.7
REHEATER TUBE LEAKAGE (58 MTR RHS NEAR SB 119) 2.1
SCW TUBE LEAKAGE 0.7
2007-2008 | ECONOMISER TUBE LEAKAGE 2.1
SCW & LTSH TUBE LEAKAGE 2.0
PLATEN SUPER HEATER TUBE LEAKAGE 1.0
2008-2009 | PLATEN SUPER HEATER TUBE LEAKAGE 1.1
(2) Rihand #2
1) ODO0OO
a) Jooogd
Item Unit 2006-2007 2007-2008 2008-2009
Generation MU 4126.877 4173.972 4361.960
Load factor % 94.22 95.036 99.59
by dooooono
Year ltem Duration of
Outage (day)
2006-2007 | No major unplanned shutdowns due to trouble -
2007-2008 | No major unplanned shutdowns due to trouble -
2008-2009 | LTSH tube Leakage. LTSH INLET HDR-14 TUBE NO. 6A,6B,7 1.4
Tube leakage in RH. REHEATER II STAGE FIRST PANEL FROM LHS. 1.3
Tube leakage in 2nd pass. 1)LTSH INLET HDR 14,TUBE 2.5
9B,10A,10B,10C,11B,11C. 2) WATER WALL, CORNER D,RHS WALL,
(7TH TUBE TRANSITION)
Bottom Ring Hdr leakage. 4 C-corner manhole gasket leakage 1.3
LTSH tube Lkg. + Boiler Misc works. 2.7
(3) Singrauli #4
1) O0OOO
a) UOonoooo
Item Unit 20062007 2007-2008 2008-2009
Generation MU 1529.220 1692.602 1777.500
Load factor % 87.28 96.35 101.46
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by doooooo

Duration of
Outage (day)
2006-2007 | Tube Leakage 2
Low vacuum
Due to excit. System/6.6kV Bus problem/132kV system problem
DDCMIS commissioning
2007-2008 | Excit. System
DDCMIS stabilization
APH problem
2008-2009 | Tube Leakage
Generator Aux-Elect.trippings
Others

Year Item

— N W= = NN N =
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Fig. 6.14-3 Typical Patrol Kit
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Fig. 6.14-4 Noise Inspection with Listing Rod
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Fig. 6.14-5 Indication of Normal Working Value
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Table 6.14-4 Safety Patrol Check Sheet

Check Sheet about Patrol for Safety (Night patrols and joint patrols by two or more sections)

Date of patrol

Scope of patrol

Conducted by

Focus points

Check points

Result

Request
for action

Result of
action

- Working area
- Sign
- Passage

Check that working areas are properly marked off and indicated as such.
(Looseness, sagging, doorway, etc.)

Check that passages are secured for general traffic. (Detours, passage
width, and height of 1.8 m or higher)

Check that sufficient temporary passages are provided. (Gradient shall not
exceed 30 degrees, and non-slip measures and handrails of 90 cm or
longer shall be provided for passages with gradients of 15 degrees or
more.)

Check that an acceptable number of appropriate signs are posted in
easy-to-see directions and positions.

- Work floor
- Opening
- Scaffolding

Check that work at a height of 2 m or more is done properly. (Work floors,
handrails, lighting and ladder, steps, etc for access)

Check that ladders have fall prevention measures. (Fixing, slip prevention
and angle holding fittings)

Check that scaffoldings are built properly. (Load indication, scaffolding
plates with a width of 20 cm, a thickness of 3.5 cm and a length of 6 m or
more, and work floors with a width of 40 cm or more, clearance of 3 cm or
less and handrails of 90 cm or more)

Check that openings are properly fenced and have caution signs.

Check that scaffoldings have indications of the maximum load, the name of
the person responsible for building the scaffoldings, the name of
construction and other required information in easy-to-see positions (near
stairways).

Prevention of
electric shock

Check that welders, power distribution boards and other electric devices
are inspected at the start of work using check sheets.

Check that power distribution boards and electric machines and tools are
used properly (usage and stickers for indicating completion of inspection).

Check that cables and wires are installed properly. (Indication of
destination, protection of charged parts, damage, routing, rain prevention,
etc.)

Check that grounding wires are installed properly.

Work involving

oxygen Check that closed spaces and areas involving an oxygen deficiency risk
deficiency and are properly marked off and have signs.
other risks
Check that work areas are in good order (marking-off methods,
construction tags, work tags and others).
- Order Check that work spaces are in good order. (Space is secured, tools are in
- Arrangement good order and there is no oil leak or protrusion.)
- Cleaning Check that the required tools are provided for the proper disposal of waste,
- Clothes such as trash cans and used rag cans.
Check that workers wear clothes suitable for their work. (Safety hard hats,
safety shoes and various protective gear.)
Check that there is no problem with smoking areas (places, indications,
ash trays, fire extinguishers, buckets, curing and others).
Check that gas cylinders are installed properly (fall prevention, caps for
transport, charge indication, etc.).
- Smoking Check that there are measures for protecting equipment and facilities from

- Fire prevention

falling sparks during welding or cutting and check that there is no
flammable material in the vicinity.

Check that fire extinguishers are provided at intervals of 20 m or less by
walking distance when using the boiler main building periodic inspection
floor.

Other findings
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Fig. 6.14-7 Entry and Exit Management Board
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1)
2)
3)
4)
5)

6)
7)
8)
9)

Typical Activity chart for Overhauls

Major specification and construction drawing of debris filters in Japan
Techniques for boiler tube cleaning after cutting (before welding)
Information about intelligent soot blowing systems

Spray control valves — advancements for zero passing (water leakage). Specification and CV curve

(example) and RH spray valves in Japan.

Enclosure specifications for noise reduction

Boiler fast cooling procedure

Information of online condition monitoring for transformers

Information about generator condition monitoring and diagnostics

10) Test procedures for boiler and turbine performance tests

11

) Test procedures for AH tests

12) Monthly efficiency management table format

13) Sample of a Japanese performance test report

14) Honing based on Alumina blasting specifications and procedures

15) AH basket water washing procedure

16) Boiler RLA procedure
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17) Japanese Boiler RLA system

18) Stator coil cooling water quality management and criteria

19) Japanese periodical inspection item list for generators

20) Japanese periodical inspection item list for generator transformers
21) How to analyze the CO+CO, RLA method and Furfural RLA method
22) Troubleshooting and information sharing (Electrical trouble)

23) Stator coil cooling water quality management and criteria

24) Japanese periodical inspection item list for generators

25) Japanese periodical inspection item list for main transformers

26) How to analyze the CO+CO, RLA method and Furfural RLA method
27) Troubleshooting and information sharing (Electrical trouble)

28) Japanese insulation diagnosis criteria for electrical machines

29) Sample of typical Japanese insulation diagnosis of generator stator coils
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6.15.1 000000 Conceptd
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gbobodgboobobuogbobooobuooboobbooboobbooboo

000000000000 000DbO0DbOOCost Benefit AnalysisD OO0 OO0 QOO0 OogO
00000000 Db0O0b000ObOOCest of Capitall D D O0DOO0OOOOODOOOOOOO
goboobodboboboboobboooboobooboboobo0bDbooboobbOon
gobodbotbooobuoobbooboobboooboobodbDbooboobbooboboo
00 000DCF Approach] 0O O OO0
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6.15.2 00000 Scopeld
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Table6.15-1 Current itemsfor Financial Analysis

P_Iant. Korba#6 Singrauli #4 Rihand #2 Unchahar #3
(#=Unit)
Boiler Air Heater Air Heater
Renovation Renovation
(Chapter 6.4)* (Chapter 6.4)*
Turbine | Turbine Turbine Turbine
Seal Fin Replacement | Seal Fin Replacement | Seal Fin Replacement
(Chapter 6.13)* (Chapter 6.13)* (Chapter 6.13)*
Control New System for
System Optimization of
Combustion & Soot
Blower
Installation
(Chapter 6.9)*
Note: * References are to technical improvement proposals in this report
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(1) cBAOOOODO O Image of CBA Method

® How to find incremental Profit CBA’s Criteria 15 Slmpl_e
A. Current Fuel Cost (100)  Possibility ofmggnﬂé‘ﬂom
B. Possible Fuel Cost after improvement (90)
C. Fuel Cost Reduction: Profit *( A less B: 10)
* Thiswould be recognized asinitial incremental profit
D. Incremental Cost by installation* (5)

* If there are any extra costs caused by the implementation (such as the
materials, maintenance and/or scrapping property), these should be included as
additional incremental cost.

_» Sufficiently Plus—\>lmplement

E. Net Incremental Profit *(C less D : 5)>

NSlight, Negative — Reconsider

* CBA is based on a practical accounting policy, so, in accordance with the
existence of the depreciation cost related to the implementation, we should
carefully evaluate the incremental profit.

Fig. 6.15-1 Image of the CBA-Cost Benefit Analysis
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(29 cBAOOOODOOOCBA Practicell

CBAUOUOUOO0OOODODODOO Korba #6 O Air Heater Seal Renovation by Sector Plate Drive Unit
(Spu)yOoooboooo
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/ )
A. Current Fuel Cost = Generation X Fuel Consumption Rate x Fuel Unit Price
(kWh) (kg/kWh) (Rs.kg)
= x X
(kWh) (kg/kWh) (Rs.kg)
B. Possible Fuel Cost due to = X ] x
improvement of unit efficiency (kWh) (kg/ kWh) (RS /kg)
C. Fuel Cost Reduction (= A-B) = Rs.10,068,920
Sufficient Return?
D. Incremental Cost of Installation : Rs. 8,103,168 In comparison with the
implementation cost,
E. Net Incremental Profit (= C-D) : Rs. 1,965,752 (years 1-4) incremental profit can
F. Future Net Incremental Profit  : Rs. 10,068,920 (from year 5)* cover the cost
*1: This figure was calculated by Capacity and annually-averaged PLF of the power plant
*2: Due to completion of depreciation on the end of year 4
- y

Fig. 6.15-2 Process of evaluating cost benefit by incremental profit
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Brand-New 1yr later  after maintenance 2 yrs later after maintenance 3 yrs later
Degradetion of Improved 100.50%  100.49% 100.50%  100.49% 100.50%  100.49%
Performance (a)
Degradation Coefficient (r)
= a/(100.50%) 1.0000 0.9999 1.0000 0.9999 1.0000 0.9999
Averaged Improved Performance for simulation 1st year 2nd year 3rd year 4th year and following
Average of each year of beginning 100.495% 100.495%  100.495% ( as same as a before..)
and end above "a’

Fig. 6.15-3 Degradation of Air Heater Seal Renovation by SDU or FRS at Korba #6
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(Rs)
45,000,000 -
40,000,000 | o )
Cover instllation cost in 3.3 years
35,000,000 -
30,000,000 - Rs. 67 Million incremental profit in
25,000,000 | 8,103,168 x4 years = 32,412,670 10 years
20,000,000 | == r--5 == ===
1 1 1 1 1 1 1 1
15,000,000 | | | P T T OO STTI
S S N Vo Lol e
10000000 | ot IO e
5,000,000, 1,865,559 o9psIRT
0 e T et ez
(Ycar) \ N O Y o b: .......... j '0) ............... g £\ """"""""‘b N \Q
Depreciation Period Net Incremental
Profit

Fig. 6.15-4 Anticipated long term incremental profit with the concept of degradation

6.15.3.3 0 00 0 O O Sensitivity Analysisl
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() OO0O00OO0000O0O0O00OJ Sensitivity Analysis Practiced
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(Rs.)
45,000,000

40,000,000

35,000,000 Profit would be more than 135% up in
30,000,000 year 10 with fuel price escalation

25,000,000 Fuel Price Escalation  ——
10 %/year [
20,000,000 (10 %/year)
10,000,000 L
5,000,000 — 9,968,727
1,865,559 ] -

0 (Year) " ' !
» O Y > ) “ © A ® ) )
Y Depreciation Period

l Net Incremental Profit [0 Additional Increment due to Fuel Escalation Fuel Unit Price l

Fig. 6.15-5 Anticipated additional incremental profit dueto fuel price escalation
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6.15.3.4DCFO0OO0O0OOOODCF approachO

> NPV
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0000000000 (Discounted Cash Flow Approach : DCFH) O 0D 000D OOOOOODOO
0000000000000 00oU0b000U0b0OU0O0UDnOOd (present values : PVs)
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> IRR

00000000 Olnternal Rate of Return(IRR) D 00O OOOOOOIRR 000000000
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00000000000000000NPVO IRROOOOO)NPY OOOOOOOOOCODO
00000 @RR)OOOO
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gboboobboobboobboobboobmboooboobooboooboonoDo
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» BCR
O0O0D0O (Benefit Cost Ratio : BCR) U O DO UOOOOODOOOOOOODOOOOOODO
gbobogobuodobobooobuoobobod

» Cost of Capital

00000 Cost of CapitaD)D 00 D0 DOO0DODOODODOODOODODOODOOOOOOOO
0000000000000 o0@m@moboddooobo0o0ooooodgnd CenPEEP
J0000O0OgONTPCOOOODODODODOOOOO DCFOOOOOOoOoooono 12%000
goooooooon

NTPCOOOOO 1 0000000ONTPCOODOOOOOODODOODOODODOOOOOOOn
dooooooooooooooooooooooooooooooooooooooo
doooooooooooooooooooooooooooo

“ the significance of the financial management through control of the cost of capital as the one of the
corporate objectives, “ (for the financial soundness) to continuously strive to reduce the cost of capital
through prudent management of deployed funds, leveraging opportunities in domestic and international
financial markets’ .0 from page 1 of 33rd Annual Report[]

() DCFOOODOOOODOOODCFApproach in Practiced

DCFOUOOOOOODDOODDDOOOOOOKorba #6 [ O Air Heater Seal Renovation by SDU
gbobobobobobuobobobobobobOooD e1s32-UCcBAODODOODOO
goobooooos»wiiobooboobobuoobuoobboobooboecBaAlboooog
dbobobobbboboobooboobobobooobouoooboUooooooboooogNTPCO O
gobobobobobobobobobobUobUubUobuobUobuobo
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CF (Rs.) Findings by DCF Approach
20,000,000 - - N
» Sum of the present values (PVs)
9,968,727 i i
10,000,000 - is Rs. 56.3Mil (A)
Y09 663 (As a nominal, Rs.99.7Mil in 10
Year | years.)
1 2 3 4 5 6 8 9 /1o _ )
Investment for Air Heat » NPV.isRs. 23.9Mil
~10,000,000 | nves mt?n or AIr Heater .
Renovation (SDU) (=A-Rs.32.4Mil for Investment)
3,209,663=9,968,727 i . .
~20000.000 - - - > IRR is 28.2% (high rate of
/000, 1+D.Rate)10 |
-32,412,670 (1+D.Rate) i
i return)
~30,000,000 - » BCR is 1.7(good investment
value)
-40,000,000 - .
» PO is 3.3 years (short recovery)
\ Y,
Air Heater Seal Renovation (by SDU)
Year 0 1 2 3 4 5 6 7 8 9 10
1 Profit by Fuel 10,068,920 10,068,920 10,068,920 10,068,920 10,068,920 10,068,920 10,068,920 10,068,920 10,068,920 10,068,920
Improved Performance with Degra 100.500% 100.495% 100.495% 100.495% 100.495% 100.495% 100.495% 100.495% 100.495% 100.495% 100.495%|
Incremental Profit with Degradation (Brand-New) 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727
Accompanied O&M Cost
Other Profit or Loss
Future Cash Flow (FCF) 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727 9,968,727
Investment 32,412,670
Present value of FCF 8,900,649 7,947,008 7,095,543 6,335,306 5,656,523 5,050,467 4,509,346 4,026,202 3,594,823 3,209,663
Discount Rate 12.0%
IRR 28.2%
NPV Rs 23912861
POA 3.3years
BCR 17

Fig. 6.15-6 Evaluation of long term incremental profit by DCF approach

OO0 DCFOUOODOOODNDOKorba #6 [ Air Heater Seal Renovation(SDU)O 0 O OO OO
05%00000000 R2%0000000000000O00O00ODOO 1o00b0o0oooon
0000000 DOO0bOO0DOObOODbOoDbOOo

6.15.3.50000000000 Conclusion -the Economic and Financial Analysis
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O SbubDdn FRSOOODOOOODOOOODOOO NPYUOODOOOOOOOO Turbine Seal Fin
Replacement U OO 100 0000000000000 0O0OO0OO0O0O0OO0O
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Table6.15-2 Comparative Analysis Table of “ Economic and Financial Analysis’

Plant Unit Korba #6 Singrauli #4 Rihand #2 Unchahar #3
500 MW 200 MW 500 MW 210 MW
ltems Ar Heater by SDU(AH-S) Turbine Seal Fin (T SF) System for
Air Heater by FRS(AH-F) Air Heater by FRS(AH-F) Optimization(Cl)
Turbine Seal Fin (T SF)
Lifetime of (AH-S) 10 years|(AH-S) 10 years|(TSF) 6 years|(C) 10 years
2| Improvement ltem (AH-F) 10 years|(AHF) 10 years
g (TSF) 6 years|(TSF) 6 years
Tg_ Installation Cost (AH-S) medium (AH-S) medium (TSF) low ()] high
S (Relative Value) (AH-F) medium (AH-F) medium
(TSF) medium (TSF) low
ccompanied O&M Cost  |(AH-F) low (AH-F) low _ (CI high
Net (AH-S) big (AH-S) medium (TSF) medium () negative
Incremental  |(AH-F) big (AH-F) medium
CBA Profit(Relatively) |(TSF) small (TSF) small
Cost Benefit POA (AH-S) 3.3 years (AH-S) 5.6 years (TSF) 1.2 years (CI NA
Analysis (AH-F) 3.9 years (AH-F) 7.0 years
(TSF) 4.1 years (TSF) 1.2 years
'(Dg);oo‘;rgaﬁf‘aﬂ‘; 12% 12% 12% 12%
- NPV (AH-S) big medium (&) negative 4
(AH-F) big (AH-F) negative
DCF | (TSF) negative 3
Discounted | IRR (AH-S) much higher than 12% much higher than 12%  |(Cl) NA
Cash Flow (Excess12%  |(AH-F) much higherthan 12% |(AH-F) lessthan 12% (IRR is negative)
Approach ‘profitable) (TSF) lessthan 12%
Analysis BCR (AH-S) more than 1 (AH-S) more than 1 (TSF) morethan1 (CI NA
‘ (AH-F) more than 1 (AH-F) lessthan1 (BCR is negative)
(TSF) lessthan 1 (TSF) more than 1
Huge NPV, IRR much A certain volume of Goodly volune of NPV, Due to huge installation
higher than 12% stands NPV, IRR little higher IRR much higher than costand expensive
for "Good Investment". than 12% stands for 12% stands for "Good accompanying
Financial (AH-S) Short recovery (POA3.3), "acceptable”. Recovery (TSF) Investment". Rapid ©) maintenance fee, this
Comments No accompanying cost Period is not Short Recovery (POA1.2), No item would notbe a
Excellent (POA5.6), No accompanyng cost profitable. Even after
accompanying cost Excellent depreciation period,
Good incremental profitand
Huge NPV, IRR much NPVis Negative, so it NPVwould be negative
higher than 12% stands could not be
for "Good Investment". Recommended. If we
Short recovery (POA:3.9), make some practical
No accompanying cost efforts (e.g. Reduction of
(AH-F) Excellent (AH-F) installation cost by20%,
and/or extend life time),
NPVwould be positive
and we might choose this
proposal.
NPVis Negative, so it A certain volume of
could not be NPV, IRR much higher
Recommended. If we than 12% stands for
make some practical "Good Investment".
efforts (e.g. Reduction of Rapid Recovery
(TSF) " installation cost by209%, (POAL.2)
and/or extend life time), Good
NPV would be positive
and we might choose this|
proposal.

Color stands for the level of |:|Excellent

recommendation by
Financial view point
(reference purpose)

[ cood
l:| Not recommended

(Huge return(NPV) and the rapid recovery of the installation cost would be expected)

(Sufficient return(NPV) and the short time recovery of the installation cost would be expected)

(Huge installation and/or accompanying cost in comparison with a incremental profit)
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6.154 00000000000 Environmental Value Added Analysis

coouoouotoooooooooobonooonoouoooooboooonooooooboon
U e6.15320" 00O UOUOOO” Db OoO0oOoooo0ooooooooooooooooooDoo
goodoooooooooooooooooco, oo booooooon
Formula
‘FQrmuIa
ission/Unit (kg -coykwh) =

Fuel Consumption Rate(kg / kWh) X Carbon Content of Fuel (%) X Relative Atomic Weight (44/12)

CO, Emission = CO, Emission/Unit X Generation
(kg-CO,) (kg-CO,/kWh ) (kWh)

Fig. 6.15-7 Formulasfor Calculating CO, Emission per Unit and in Total

Cost Benefit for Emission Reduction (CBER)

co,000000DOoOOobOOd(@CBER)DOCO,00DODOOOOOOODDObOOOnOoon
gobooboooooobobooboooboobooobooboooboobooobbon
gobooooog

CBERUUUDODOOOOOUOMIOOO Air Heater Seal Renovation U 11 11 O 10 O [(Turbine Seal
Fin Replacement 1 000 6 00000000 O0OOOO co,0booooonooonooonog
000000 o0oobo0boo0oob0o0b00o00DbOoU0 CBERODODOOoOoonoooooDon
0oo0boOoooooo

Cost benefit for Emission reduction = Investment / CO, Reduction

6.154.1000000000000Conclusion - Environmental Value Added Analysis

gobodboobbooboobboobuoobbooboco,buougbboobooobon
gobodbooobooco,ubboononouogboooboabod
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Table6.15-3 Comparative Analysis Table of “ Environmental Value Added Analysis’
Plant Unit Korba #6 Singrauli #4 Rihand #2 Unchahar #3
500 MW 200 MW 500 MW 210 MW
Items Air Heater by SDU(AH-S) Air Heater by SDU(AH-S) Turbine Seal Fin (TSF) System for
Air Heater by FRS(AH-F) Air Heater by FRS(AH-F) Optimization(Cl)
Turbine Seal Fin (TSF) Turbine Seal Fin (TSF)
] Lifetime of (AH-S) 10 years|(AH-S) 10 years|(TSF) 6 vears|(cl) 10 years
> Improvement Item (AH-F) 10 years|(AH-F) 10 years
8 (TSF) 6 years|(TSF) 6 years
_g Installation Cost (AH-S) medium (AH-S) medium (TSF) low (cn high
S| (RelativeValue) (AH-F) medium (AH-F) medium
| (TSF) medium (TSF) low
L1 Accompanied O&M Cost  |(AH-F) low (AH-F) low — (CI) high
CO2 Reduction (AH-S) big (AH-S) medium (TSF) small (CI) medium
(for lifetime) (AH-F) big (AH-F) medium
(Relative Value) (TSF) small (TSF) small
Reduction Cost Rate |(AH-S) low (AH-S) low (TSF) medium ((©))] high
(Rs./t-CO2) (AH-F) low (AH-F) medium
(Relative Value) (TSF) high (TSF) low
With a goodly volume With a certain volume Although a small Although a certain
of Reduction, Costis of Reduction, Cost is volume of Reduction, volume of Reduction,
Financial relatively lowest relatively low Cost is relatively Cost is relatively
Comments (AH-S) Excellent (AH-S) Good (TSF)  medium (Cl)  expensive
Good Careful examination
about the cost-
i v W — balance would be
ith a goodly volume ith a certain volume necessary.
of Reduction, Cost is of Reduction, Cost is
relatively low relatively medium
(AH-F) Excellent (AH-F) Good
Although a small Although a small
volume of Reduction, volume of Reduction,
Cost is relatively Cost is relatively low
expensive Good
(TSF)  careful examination |(TSF)

about the cost-
balance would be

necessary.
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6.16CODMO O DO OO

NTpCOOQOOoOoDOoooogoobogoo ecoMmuognooooooogooooooooooaagy
goboobooooboobooobooboobbooboobooobooboobbon
gocoMmugoooonD pDDOODOOODOOODODOOOOOODOOCDMOO0O0O pPDDOO
gobooboooobooooo

6.16.1 CDMO O O

() Ooooo

goobooobomey7d 200000000000 000D0O0 3000000000000
20050 200000000000 D0O0DLDOOODO0ODOOODOODOOObLO0ODbDDO
gobooboboooboobbooboobbooboobooeoMdbbooooooooDg
gobooooo30b0goog

CDM (Clean Development Mechanism) ¢

Entity in Developed Country
IET (International Emission Trading)

Carbon Credits
JI (Joint Implementation)

GHG Abatement Project
in India

Fig. 6.16-1 Kyoto Mechanism

(2 coM OO0

coMOgooogoo 12gbobogboobogboobobobobobobobobonDg
gbobobobobobobobobobooboboobooo 1booooooooboooo
gbobobobobobobobobobooboboobooobobobo T1oooooobooo
gbobobobobobobobobooobooooboooo

coMmubogoooooooooooooooooooooooo 1oobobgoooboonDg
gbobobobobobob r1ooooboboooboooobooooobooooooooooonoo
goiocoocoMmbOgboobobolgooooooooooooooooooooooonoo
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BREARISH - WNEBDRIASH - PEELKASH
6-93



1 Y RENHEEMERNESHERE
2PALFILUIR—+

Host Party (non-Annex I) A total emission cap of
=no emission cap An Annex | Party
Annex | Party
will get CERs

Specific place in Specific place in
A host Party X

A host Party X

o

Non-Annex |

Parties will

benefit from
project activities
\ resulting in CERs

N -~

T~

e

Fig. 6.16-2 Outline of the CDM

(3 cOMOODOOODOOODOOO

CDM OUOUODOE OO OOOoOooboooobooboooboobboobooboobon
gobooobooobboobooobobooboolb oM ODuooboooooboobooobogd

OO0O0O000O0OCEROOOOOOO
@ CER Transaction

Project _ Approval Cycle
Implementation

Project Design

Project Preparation DOC‘ime”t
[ I
Validation Approval CER
by DOE by DNA
Project Construction | |
UNFCCC

Project Operation

v

Generation of
Carbon Credits

v

Verification/Certification
bv DOE

v

UNFCCC / EB Issues
CERs

ERPA: Emission Reduction Purchase Agreement
DOE: Designated Operational Entity

DNA: Designated National Authority

EB : CDM Executive Board

|
1
1
1
|
1
1
1
|
1
1
1
|
1
I v
: Registration with
1
1
1
|
1
1
1
|
1
1
1
|
1
1

Fig. 6.16-3 CDM Project Cycle
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(4 PDDOOCO

ubbogboobbmobboobuoobmuooboobbooboooboaboo
gogboboobboodobboobbuoobobuooobooobooobobooobboobbg
ggbobodgbobuodobbodod pDD OOOO0OOOOOODOOODODOOOO0OOOOOPDD
gbbodgbogbbogoebbbOogobuoobbooboogobuooboobburbbU
gbobogboobboobooaobbodo sugbooobbuooboobobuooboabbg

gobodgood

Table6.16-1 Item of CDM PDD (version 3.2)

SECTION A General description of project activity

SECTION B Application of a baseline and monitoring methodology

SECTION C Duration of the project activity / crediting period

SECTION D Environmental impacts

SECTION E Stakeholders’ comments

Annex 1 Contact information on participants in the proposed Small Scale project activity
Annex 2 Information regarding public funding

Annex 3 Baseline information

Annex 4 Monitoring Information

) DOOOOoO0OO
ubobooboooboboopbbO0O0O0O0OO0OoO0OoOoOoOoOOo0oboOoOooobOonooonoon

gobooboooboboobooobobooboooobboooooa pDDOOOOOOODOO

gobooobooooboobooooboobooboooboooo

ubobooboooboboobooobooboobooooboobobooobao eoMm Oogooo

goboooboooooboooboobooooooan

1) OoOoOooDoogao
gbobobooboooooooooboboboboooooobooboobobobobo
00 0AMO0061 O AMO0062 0000 0O 0

Table 6.16-2 Large Scale Approved Methodologies applicable to existing Thermal Power Station

Approved AM 0061 AM 0062
M ethodologies No.
Area Energy Industry Energy Industry
Key word Energy efficiency improvement, Energy saving | Energy saving, Energy efficiency
Scope Power Plant Power Plant (Turbine)
Title of Methodology for rehabilitation and/or energy | Energy efficiency improvements of a
Methodologies improvement in existing power plants power plant through retrofitting turbines
— Version No. — Version0.2.1 — Version01.1

6-95

BREARISH - WNEBDRIASH - PEELKASH



1Y FENDAEMERUESFIEHRE
JPAFILUIR—

2 Dooooooooo

uoboogobouooobooobuooobobooobooooboobbooobooobobo
gbobogbooobbooooaobbg3sbuobboAaMS-IOnooo naoooaoogd
gobo coMmuboboobouoobooboobood

Table 6.16-3 Methodologies of Small Scale CDM

Meth. No. Scope
AMS-1I A~E Renewable energy project activities within a maximum out put capacity of 15 MW (or an
appropriate equivalent)
AMS-I1 A~J Improvement in energy efficiency which reduce energy consumption on the supply and/or
demand side, shall be limited to those with a maximum output of 60 GWh per year
AMS-III A~Z Emission reductions of less than or equal to 60 kt CO, equivalent annually
AA~AH

6.16.2 PDD Draft0 000000

(1) PDDDraft 0000000
1) 00000

“PREPARATION OF PDD Draft” FOR THE STUDY ON ENHANCING EFFICIENCY OF
OPERATING THERMAL POWER PLANTS IN NTPC-INDIA

2) OO0

Ernst[] Young Pvt. Ltd.

3y DO0OO0ODOOOOoOoOoOooon

Table6.16-4 Period of Execution and Scope of the Work

Fiscal year | Period of Execution Scope of the Work

2009 From December 2009 | - Collection of necessary data and information
and February 12,2010 | - Selection of AM
- Making plan and policy for the preparation of PDD Draft

2010 May 2010 and - Preparation of PDD Draft
September 2010 - Planning of schedule of preparatory works for CDM procedure for
submission and approval

(2 ODOOOoOoO0ODOOODOOOOoOOoDOOOoOOoOoOooOOoO

PDDDraft U0 OO OOODOI20100 20000 3000400000000 OO0DODOD0ODOO
O (Singrauli #4, Korba#6 D 0 0 Rihand #2)DO 00000000000 OO00OO0ODOOONTPCO
gobobooooboooboobooooooooboboboboobooobobobobooboog
ooobob0b0ob@OoBbobobob0obUobUb OO “turbine seal fin replacement”
000000000 0Db0O00O0“urbine seal fin replacement”’ OCDM OO 0O O00O0O0OO0O0O0O
00O 000 0O “regular maintenance activity and housekeeping measures”0 0 0 0000000 O0O0
U0 0O O Singrauli #4 U0 O O Korba #6 [0 0 U O O O “Air heater performance improvement”] [J [ [J
oooboboo
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UO0OD0ORhand#2 0000000000ONTPCOODOOODO DO U “turbine seal fin replacement”
0 0O 0O O “BFP performance improvement”l U 0 00 0O 0 OO

Table6.16-5 Finalized thermal power generation unit and ener gy efficiency improvement measures

Thermal power | Proposed energy efficiency improvement measures

generation unit | Initial measure proposed Final measures selected

Singrauli #4 Air heater performance improvement Air heater performance improvement

Turbine seal fin replacement —

Korba #6 Air heater performance improvement Air heater performance improvement

Turbine seal fin replacement —

Rihand #2 Turbine seal fin replacement BFP performance improvement

(3 bOOoOoOoOoDOoOooOooaO

gboboboobooooooooobobobobooooooooboobobobOobo
gboboboNTPCOODODOODODODODODODODODODODODODODO3
b pDDOOOODOOODOOODOOODOOOODOOOOOOOODOOO AMS IIL.BOO
gbobogobooooooobobooboooooboboboboboobooobobobobo
gbobobobobobobobobob

6.16.3 PDD Draftd O O

(1) Singrauli #4
1) DOoOoooooooooood
a) 00000000 DODOO000

Air Pre-Heater performance improvement at NTPC Plant, Singrauli, Uttar Pradesh

by doooooooooo
gbooobobooboobbooboobbooboobobooboooobooobooon

1. 00000o0ooobogoboogon FRS)
2. 0000000000000DO0ODO0O(SDLY)

gboobooobooboobobooboobooobuobboooooooobobooobooon
gboooobooboboooboobobooboobobod

c) Uobhooboogon

Name of Party involved ((host) indicates a host party):........ccceeceeveevieneniensennnenne India
Private and/or public entity(ies) Project participants (as applicable):..................... NTPC Ltd.
Party involved wishes to be considered as project participant (Yes/No): ............... No
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d)

gboogoobooboooboooo

00 O O O The project activity is located at Sonebhadra District, Uttar Pradesh, India. The project
activity is located between 230 50'24" N Latitude, 820 16'12" E Longitude & 430 m above mean

sea level

CDM 0O O O As per the ‘Indicative simplified baseline and monitoring methodologies for selected

small scale CDM project activity categories’, the project falls under

0O0O00O0O0OOoOO I-Energy Industries (renewable/non-renewable)
oooooooon Type 1I - Energy efficiency improvement projects
ooooooon B - Supply side energy efficiency improvements - generation

gogooo

. 000000000Db0OOoooOonFrS)
2. 00000000000 00O0OO0DOOEsDbY)

2) OD00D0O0O0OOODOOOOOOODOOOooDoOO

a)

b)

goboobooooboobooobooboobboobooobboobooboboon
gooog

Type - II - Energy Efficiency Improvement Projects
Title - A.M.S II B “Supply side energy efficiency improvements - generation”
Reference - A.M.S II B (Version 9, EB 33)

gogbogbobooobooooboob
goboogbboobouoobbooboobbooboobbooboo

Table 6.16-6 Applicability Criteria and Justification as per selected methodology in
Singrauli #4

oooooooooooooo goooooooobooooooobooon
gooogoooon
gooobgoobbobooboobo (gooooobobobbbooooooboboobo
goobooooooooooobbo0 (goooooboobobbboooooobooboobob
goobooooooboooooobbo0o (ogoooboobobbboooooobooboobo
gobbooooobooboooobbooog (boo

gooopooooooooogd
gooobgobgbobeoGWh ODO |DO00O0O0OO0ODODDOOOOOOODOO
gobbogeoGWh ODODDOOODLODO |DODDO32.18GWh, 0O OO
oooobbobobooboooboobo
o000 woGwhthO O OOOoOOOO

oo
oo0oobooboobo0obDo0obo |boooobobobbbo4000bDbobO
goooooooogog gooooogoo
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O000 (kea/kWh)ODOODOOODOOOD(CEA OO)OODODOODOOODOOODDOODO
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uogbobooboooobooboboooooboooobobooooboobboooooooboooon
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Party involved wishes to be considered as project participant (Yes/No): ............... No
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U O O O The project activity is located at Rihand District, Uttar Pradesh, India. The project activity
is located between 24°3'0" N Latitude, 82°49'60" E Longitude

CDM 0O 0O OO As per the ‘Indicative simplified baseline and monitoring methodologies for selected
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Table 6.16-8 Applicability Criteria and Justification as per selected methodology in Rihand #2
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Table6.17-1 Recommendation Plan of Study Items (1/5)

Efficiency Reliability Remaining life

No. P VAx Korba#6 (#4) Singrauli #4 (#6) Rihand #2 (#3) Vindhyachal #7 Unchahar #3(#2)

1 00O (State) Chattisgarh upP uP MP upP

2 oooommw) 500 #4 200MW 500 500 210

#6 S00MW

3 goooooo KwWU #4 LMZ #6 KWU #2 GEC KwWuU KwWU
]
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]

5 oooooo B+IP+LP #4: B+HP+(IP)+LP #2 B+IP+LP B #3 B+HP+IP
(Cooo) #6: B+LP #2 B+LP
ooo #4 1987, #6 1989 #4 1983, #6 1986 #2 1989, #3 2004 1999 #3 1999, #2 1989
gooooo #4:9 Mar -12 June 2010 #4: 27 May - 10 July 2010 #2: 10 July - 18 Aug 2010 18July - 16Aug 2009 #3:1 Sep - 5 Oct 2009

#6: 18 Oct - 11 Nov 2009 #2: 18 Oct - 11 Nov 2009
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Table6.17-1 Recommendation Plan of Study Items (2/5)

Reliability Remaining life

Efficiency
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Table6.17-1 Recommendation Plan of Study Items (3/5)

Efficiency Reliability Remaining life
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Table6.17-1 Recommendation Plan of Study Items (4/5)

Reliability Remaining life

Efficiency
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