Annexure 1: Operating Conditions used to calculate Primary Reserve requirement

Summer Peak Base Case

D R Res
Power Plant Pgen Pmax Pmin Mw.s roop eserve |Reserve (

(MW/Hz) | ([+ve) ve)
470 500 200 2245 250 30 270)
1350 1450 1150 7250 725 100 160
4730 4840 3840 24013 875 50 550
155 202 25 724 101 a7 130
Malzkand PP 70 a2 a1 286 41 1 13

DARAL KHWAR

JABBAN 22 22 12 36
DARGAI 13 15 5 29

PEHUR 10 28 5 38

GML-ZAM 3 17 5 39

KRM.GRHI 5 5 0 3

JAGRAN 7] EE] 5 55

MARALA SH 7 B 1 15

Small Hydro [ ] 14 F 20|
NANDPR 5 14 3 18

RENALA 1 1 1 1

SHISHI 2 2 1 2

RESHUN ] a 7 a

JINNAH 35 56 pTl 243

150 258 rrl 512

I 24 26 10 73

a CHINIOTPP 77 3] 20 57
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FATIMA 12 66 25 234
AL MOIZ 17 30 10 135
100 184 65 559
K2 Unit 1032 1040 730 5535
K3 Unit 1032 1040 730 5535
CHASHNUP 1241 1263 B00 9170
165 180 75 304 90| 15| a0}
NSHTCHN 172 195 68 345 58 23 104]
NISHT-PWR 183 195 68 345 58 6 121
AGL-IPP 145 156 68 231 78 11 77]
KEL 115 124 44 143 62 5 71
LIBERTY Tech 160 188 69 333 94 28 31
LIBERTY Power 179 194 50 823 90| 16 9
HUBCO Narowal 175 190 77 311 o5 15| 98
FNDTION 152 166 63 1109 77 14 £9
479 500 477 2611 233 21 2
275 412 200 1458 153 137 75
523 640 206 4241 307 51 383
236 340 240 1296 150 44 56
GUD-CCPP 354 480 340 3259 240 86 54
1038 1098 730 5968 512 60 308
940 1025 720 5581 315 85| 210
931 1050 750 5706 450 55 241
1035 1105 84D 3441 515 80 185
364 372 298 7357 124 ] B6,
163 175 119 837 2 12 44
165 185 120 524 &7 20 45
180 204 120 375 o5 24 60
165 190 121 508 [E 25 44
ENGRO Power 113 130 40 B54 E5| 17 73
NANDPR 434 474 315 4006 126 40 119
PRT CFRP 420 450 330 1636 180 30 30
LUCKY 560 E0& 303 2485 242 45 257
SECL 1120 1200 600 4632 480 80 520
SAHIWAL 1160 1242 660 4856 457 82 500
280 300 110 1146 120 20 170
THAL NOVA 280 300 110 1146 120 20 170
HUB CHINA 341 625 270 1950 250 284 71
175 350 175 1141 140 175 0
AESPKGN 335 350 170 931 140 15, 165
110 120 25 396 48 10 £5
QAD-SOLAR 50 100 0
APRO Solar 70 100 0
CREST ENE 50 100 0
BESTGREEN 70 100 0
ZENFA SOLAR 75 100 0
315 0
38 50 16
38 50 16
7 50 16
38 50 0
38 50 0
38 50 0
38 50 0
E 50 0
35 50 0
35 50 0
35 50 0
LAKESIDE 38 50 0
METRO-2 5 58 0
MASTER GR 7 50 0
36 50 0
36 50 0
21 30 0
65 39 0
5 50 16
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Summer Off-peak Base Case

Power Plant Pgen | Pmax | Pmin Mw.s Droop | Reserve |Reserve (
(MW/Hz) | (+ve) ve)
MANGLA PP 420 570 170 2559 285 150 25
Ghazi Barotha 1116 1450 1100 7350 725 334 1
3940 3948 2698 19336 BE4 8 1242
155 202 5 724 101 47 130
Malakand PP 70 82 41 285 a1 12 29
DARAL KHWAR 30 EF] 20 160 16 2 10
30 108 20 216 54 78 10
[ 127 B0 276 51 62 o
130 130 70 455 [i 0 60
10 72 10 252 36 62 0
124 150 58 750 75 26 56
a7 B4 30 &7 42 47 7
B0 100 10 200 50 20 70
114 114 | 570 0 0 96,

360

1ABBAN 22 22 12 35

DARGAI 13 15 5 29

PEHUR 5 23| 5 EE]

GML-ZAM 3| 17 5 39

KRM.GRHI 5 5 0 3

1AGRAN 24 a3 5 59

Small Hydro [MARALA SH 7 g il 15
MAMDER 3 14 3 18

RENALA 1 1 1 1

SHISHI 2 2 1 2

RESHUN a a 2 a

JINMAH ET)| ETH 24 249

137 245 69 492
I 24 26 10 73
a CHINIOTPP 27 62 20 57
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Ddpdss

FATIMA 32 66 25 254
AL MOIZ 17 30 10 135
100 184 65 559
1032 1040 730 5595
1032 1040 730 5535
CHASHNUP 926 947 500 7078
NSHTCHN 110 195 BE 345 £l 85 42
NISHT-PWR 109 195 ] 345 98 BE 41
AGL-IPP 140 156 ] 281 78 16 72
KEL 44 124 44 149 62 BOD
Liberty Tech 63 188 63 333 34 119 0
Liberty Power 194 154 90 B39 0 0 104
FNDTION 156 166 63 1109 77 10 93
500 500 477 2611 0 0 23
416 430 125 3010 135 14 291
290 300 210 2163 50 10 B0
GUD-CCPP 480 4E0 340 3259 0 0 140
776 1098 730 5968 512 322 46
934 1050 750 5706 430 116 184
532 1105 40 3589 515 173 32
360 372 298 2337 174 12 62
123 175 119 837 82 52 4
125 130 B& 621 65 5 59
ENGRO Power 100 130 40 G54 65 30 &0
354 354 248 2914 0 0 106
PRT CFPP 840 500 B60 3271 360 ] 180
600 606 303 2485 242 & 297
1200 1200 00 4692 0 0 B00
SAHIWAL 1160 1242 B60 4856 437 B2 500
300/ 300 110 1146 0 0 130
THAL NOVA 300 300 110 1146 0 0 150
HUB CHINA 300 625 270 1950 250 325 30
AESLALP 175 350 175 1141 140 175 0
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16

23 50 16
20 50 16
27 50 0
27 =] 0
27 50 0
27 50 0
27 50 0
25 50 0
23 50 0
20 50 0
26 50 0
31 58 0
26 50 0
20 L0 0
20 50 0
15 30 0
35 93| 0
25 50 16
20 50 10
23 L0 16
23 50 0
23 =] 10
20 50 0
23 50 0
20 50 16
25 L0 16
25 50 0
30 50 0
0

22470| 26807 14726| 115061

6933

2905

5852
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Winter Peak — Base case

Droop [Reserve| Reserve
Plant Type Power Plant Pgen Pmax Pmin Mw.s
Ty ge (MW/Hz)| (+ve) | (-ve)
Ghazi Barotha 526 580 460 2300 290 54 66,
Turbela PP 500 650 375 3267 325 150 125
Malakand PP 3 23 14 82 0 0 10
DARAL KHWAR 30 68 0 340 ET] EE 10

GOLEN

20

50

100

]
5]

Elt]

ALLAL

DER-KWR

KHNEHR

PATRIND

NBOMNGSC

GULPUR

CHASMA

KAROT

EI:II:II:IEI:II:IE

JABBAN 11 11 5 18

PEHUR 5 5 5 7

GMLZAM 5 9 5 20

KRM.GRHI 5 5 0 3

AGRAN 10 10 5 18

small Hydro 720 en 7 7 a 0
NANDPR 3 14 & 15

JINNAH 39 33 24 101

SHISHI 2 2 1 3

94 102 56 185

oW 24 26 10 73

CHINIOTRP 27 62 20 57

Bagass Trun 3 2 2 142

AL MOIZ 17 30 10 135

93 150 72 407

| [ 1032 1032 730 5552
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78 3] 82
0 0 138]
38 78| 49|
62 10| 70
NISHT-P'WR 98 5 122
LIBERTY Tech 78 17| 109]
HUBCO Narowal 106 53 B2
Foundation 170 186 63 1247 87 16 107
GUD-CCPP 480 480 340 3259 0 0 140)
UCH 1 550 550 477 2893 0 0 73
Engro Power 110 110 a5 553 a 0 21
Engro Thar 602 602 300 2095 0 o 302
BALLOKI 1135 1185 730 6463 555 54 405
TRIMMU 1141 1200 840 3739 559 59| 301
UCH2 372 372 298 2397 0 0 74
HBES 1155 1185 750 6465 555 34 405
TEL 301 301 110 1150 0 0 191
SECL 850 1230 600 4809 492 380 250
LUCKY 303 606 303 2485 242 303 0
THAL NOVA 300 300 110 1146 0 o 150
Hub China o

[y
&

20 50 16
5 50 16
2% 50 16
2 50 0
38 50 [
0
0
0
0
0
0
0
0
0
3

75057| 6219 1309| 4313
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Winter off-peak — Base Case

Small Hydro

Power Plant Pgen Pmax Pmin | Mw.s Droop | Reserve | Reserve (
(MW/Hz) | (+ve) ve)

Turbela PP 210 390 210 1872 195 180 0
Malakand PP 3 23 14 82 0 0 10
DARAL KHWAR 15 15 10 75 0 0 5
GULPUR 20 20 10 40 0 0 10
CHASMA S8 58 18 290 0 0 40
EAROT 90 20

JABBAN 11 1 6 18,
JAGRAN 10 10 5 18,
MARALA SH 7 7 4 13
RESHUN 3 L 2 7
RENALA 1 1 1 1
JINNAH 34 34 21 &3
SHISHI 2 2 1 3

68 69 35 150

JDW

CHINIOTPP

FATIMA

AL MOIZ

FNDTION a0 90 17
GUD-CCPP 120 o0 a
UCH1 89 42 Q
Engro Power 100 110 a9 553 55/ 10 11]

ENGRO Thar

BALLOKI

TRIMMU

6167

52826
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Annexure 2: Technical data of power plants and minutes of meetings with
stakeholders

Calculations for Frequency Regulation Characteristics (B)

To maintain system frequency according to grid code requirement, there are requirements
on frequency regulation characteristics along with maintaining minimum primary reserves
on the generating units. According to the grid code,

Target frequency is 50%£.05 Hz which will be maintained during normal operating
conditions

Frequency Sensitive Band (50%.2 Hz) allow Frequency variations while ramping
up generation and load pick-up, i.e., after N-1 the frequency need to be stabilized
within this level but through secondary control will be ramped up to target
frequency level

Tolerance Frequency Band (50%.5 Hz) are protected periods of operation of the
system during contingency period

Contingency Frequency Band (49.3 Hz - 50.5 Hz) is the maximum expected
absolute value of the instantaneous Frequency after the occurrence of an
imbalance, beyond which SO shall deploy emergency measures such as Demand
Control or Automatic Low Frequency Demand Disconnection.

A Significant Frequency Disturbance Event is deemed to have occurred if the
Frequency falls below 49.3 Hz or rises above 50.5 Hz.

According to the above criteria, the reserves and frequency regulation need to maintained
in @ manner that during N-1 contingency the frequency nadir do not violate contingency
frequency band and after activation of primary reserves the frequency settle within
frequency sensitive band. As.

Where,

_ AP
B ﬁg+ﬁl

Af

Af is the steady state frequency;

AP is the active power imbalance;

B, is the load damping; and

By is the sum of frequency regulation from all generating units.

In the above equation, B, and g, equals to;

Where,

@=Z@i

P;
&.Bg,i= Ri'fn
Pl d'D
pie Dt 2
n

75



Operating Reserve Policy

Pi is the rated power of generating unit i

Ri is the governor droop of generating unit i
fn is the nominal frequency

Pioad is the connected load

D is the load damping

If, during contingency of N-1 (K-2 tripping resulting in 1040 MW of power imbalance),
steady state frequency has to be maintained at 49.8 then the frequency regulation
requirement with governor dead band of 0.05 Hz will be:

_ AP

B By + B

1040

By + B

Af

(2—.05) =

MW
By +Bi =015 *1040 = 6933 ——

if Proga = 20000 MW and Damping is 2, then

Piga "D 200002 MW

- =800 ——
A f 5 Hz

» By = 61332~

with droop of 4%, the available genertion with FGMO will be
2P
Ri-fa
When 90% of reserve power is provided by NTDC and 10% by KE, 11040 MW of NTDC

generating units will be operating on FGMO mode and 1226 MW of KE generating units will
be operating under FGMO mode.

By = > Z P, = 6133 %.04 %50 = 12,266 MW

The study has also analyzed the BESS with droop of 0.5 % and capacity of 500 MW, the
frequency regulation provided by the BESS will be

BESS — ﬂ with PBESS =500 MW, RBESS = 05% > BBESS = 2000 MW/HZ
RBEss'fn

The implementation of BESS will minimize the frequency regulation requirement from
generating units thereby less generation on FGMO will be required.

Governor Droop analysis: Dated May 03, 2023

Event Summary
Time of Event: May 03, 2023, 14:34:20

Frequency drop trend
14:34:20 - 50.31
14:34:32- 49.54
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14:34:37 - 49.27
Generation: 15,300 MW,
Under frequency stage - 1 Operated due to tripping of K-2 (550MW).
Load tripped due to under frequency = 406MW.
Manual opening = 124MW.
Total = 530MW.
ROCOF Operated = No.
System normalized @ 1450hrs.
Data Summary- Frequency Trend

03 May 2023 14:34:20 ~ 14:35:07
50.4 0.04

502 0.02
iInl frrrnrnnnn 11 0
49.8
496 0.02
494 -0.04
49.2
-0.06
49
48.8 -0.08
48.6 -0.1
O - N M T W OIS NN O NMT W OMN I ANOT g 0D ANMT I OMN®DNQDQ o N®MT W WON
NaaddaddddadadnmofanmmonagTTIIggTIITIOLNNLDOLNDNNNNOOOO QOO0
P EEEEEEEEEEEEEEEEEEEE EE R R R
L B B g B B e O B B T B B B I B I T T T T T S S B S o S B S S T s B S B B B B
R R R A A R R B A I A A I R A A 1 a /R R s A/
= ROCF (HZ/Sec) =———HZ
Data Summary- Plant Data
Rated | Operating Delta P | Hz @ Max Settling Time
Plant Unit MW MW % Max MW max MW % Op MW (Sec) Droop Setting
SECL | Unit#1 620 619 100% 636 17 50.27 3% 20 5%
SECL Unit#2 620 324 52% 336 12 50.27 4% 17 5%
Lucky | Unit#1 608 608 100% | 620.13 12 50.02 2% 18 5%
HBS GT-1 410 4 100% 424 12 50.17 3% 12 Generation further dropped till 49.3 Hz. 4%
HBS GT-2 410 404 100% 413.8 10 50.26 3% 12 Generation further dropped till 49.3 Hz. 4%
400
HBS ST 400 100% 411 10 50.17 3% 18 4%
Bhilcki GT-1 410 394 96% 409 15 50.302 4% 16 Generation further dropped till 49.3 Hz. 4%
Bhikki GT-2 410 392 96% 406 14 50.26 4% 11 Generation further dropped till 49.3 Hz. 4%
Bhikki ST 400 322 81% 343 21 50.026 7% 60 Load remaind setlled at 330 MW. 4%
Balloki GT-1 410 381 94% 394 13 50.138 3% 11 Generation further dropped till 49.3 Hz. 4%
Balloki GT-2 410 392 96% 410 18 50.138 5% 12 Generation further dropped till 4.3 Hz. 4%
Balloki ST 400 384 96% 403 19 50.26 5% 54 4%

Observations

e Most plants were operating at rated load so margin for frequency response was not
available/very minimal.
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« A momentary increase in Generation is observed but not sustainable (Probably due
to ROCF).

e Increase in generation was from 2 ~7% of operating load.
e« Maximum generation point was reached from 50.302 ~ 50.02.

e Most generating units achieved maximum generation in 3-5 seconds of frequency
drop and then gradually reduced generation to initial dispatch time within 20 Secs.

Observations- RLNG Plants

e All GT's dropped generation after initial momentary response with a drop in
frequency. This situation further Jeopardized frequency management. This is likely
due to reduction in input fuel pressure as a result of change in compressor speed.

BALOKI BHIKKI HAVELI

Pre Incident Operating MW 381 393 384.6 397.472 394.073 332.088 £411.307 403.514 £00.406
Minimum MW 367.305 | 376.655 384.6 378.692 | 374.229 | 331.942 | 393.283 | 384.254 | 399.217

Delta 13.695 16.345 o 18.78 19.844 0.146 18.024 19.26 1.189
Unit BLKGT-1 | BLKGT-2 | BLKST | BKIGT-1 | BKIGT-2 | BKIST |HBSGT-1 | HBSGT-2| HBSST

Observations- Coal Fired Plants
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Lucky SECL -1 SECL-2

» Primary frequency response should be in accordance to frequency sensitive band

Response band
03 May 2023 14:34:20 ~ 14:35:07
50.4 0.04
50.2 0.0z
50
1 ni I I I
498 I I I
496 -0.02
494 I 0.04
452 I
-0.06

-0.08

45

48 8
48.6 0.1

14:34:20
14:34:21
14:34:22
14:34:23
14:34:24
14:34:25
14:34:26
14:34:27
14:34:28
14:34:29
14:34:30
14:34:31
14:34:32
14:34:33
14:34:34
14:34:35
14:34:36
14:34:37
14:34:38
14:34:39
14:34:40
14:34:41
14:34:42
14:34:43
14:34:44

14:34:45

14:34:46
14:34:47
14:34:48
14:34:49
14:34:50
14:3451
14:3452
14:34:53
14:34:54
14:34:55
14:3456
14:3457
14:3458
14:3459
14:35:00
14:3501

m ROCF (HEZ/Sec)

T
=]

Recommendations

e Primary frequency response capability analysis to be carried out in consultation
with IPPs & Industry notables as per demonstrated values and any additional
margin (if available).

e Working document/Operating Procedure to be developed and presented to the
authority based on capability analysis & S.0. Operational modalities.

e It is mandatory to operate IPP(s) at partial loads to get primary frequency
response.

e Gas Turbine based IPPs to be asked to justify drop in generation in response to
frequency drop.

e Principally Secondary frequency response is essential for an effective
implementation of primary frequency response. However, till the time AGC is not
available operation team has to develop an SOP to timely become aware of a
Primary response trigger and manage system accordingly.
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MoM with RLNG-fired power plants
DATE: 29-08-23

Venue: NPCC Committee Room

Agenda:

Financial & Technical Implications of adjusting Primary Reserves Technical Limits in
Thermal Power Plants in accordance with Grid Code 2023

Participants:

» Wajid Ali Chatha, Manager (Regulatory Affairs & Grid Code Compliance), NPCC
with team.

Abdul Basit, Manager (Research & Development), NPCC, NTDC.

Saeed Ahmed (Additional Manager RCC), NPCC, NTDC

Mr. Imtiaz Ahmed, Deputy Manager, NPCC, NTDC

Representatives from Punjab Thermal Power (Pvt) Limited

Representatives from Quaid-e-Azam Thermal Power (Pvt) Limited

YV V VYV

» Representatives from National Power Parks Management Company (Pvt) Ltd.

Discussion:

» The Grid Code 2023 provision states
0C 5.4.7.2. (d) A Frequency Dead band of no greater than
+ 0.05 Hz may be applied to the operation of the Governor
Control System. The design, implementation and operation
of the Frequency Dead band shall be agreed with the SO
prior to commissioning of the Generating Unit/Station.

» The above-mentioned provision regarding the frequency dead band is replicated from
the Grid Code 2023. It should be noted that all the IPPs thermal power plants possess
the technical capabilities to comply with the GC23 OC 5.4.7.2 (d) provision.

» Currently most of the GPPs are non-complaint with the above-mentioned provisions
as they are following dead band of 2005 Grid Code with +0.5Hz dead band.

» Punjab Thermal, being a relatively new plant have disabled its frequency response
altogether & have mentioned that enabling the primary frequency response causes
problems for them in invoice settlement.

» NPCC recommended that initially dead band of frequency response of selected
Thermal Generation Units be reduced to 0.2Hz for trail purposes & dead band should
be gradually reduced further to align with the 0.05 Hz limits based on the findings of
trail period & activation of frequency response on all eligible plants.

» The independent thermal power plants were asked to provide all the technical
specification, limitation of maximum power provided by machine in response to
variations as well as the flexibility provided by manufacturer on withstanding the
frequency variation of +0.5Hz of their GUs. This data will be used by NPCC R&D
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Section to produce an accurate model of frequency response on the system with
respect to the +0.2Hz dead band limit.

» Before agreeing to any formal agreement, a trial period will be conducted to examine
the practical implications of implementing the above-mentioned provision on the
Thermal Power Plants and the System.

» Major issue highlighted by plats was that since the plants are given a set value of MW
to dispatch, enabling the governor response at +0.05Hz would make it practically
impossible for plant to maintain a single energy level output. QATPL raised concern
regarding the billing process of the energy dispatched with the governor response
enabled at £0.05Hz and requested that a comprehensive methodology that accurately
encompasses the dispatch orders of NPCC and response of GUs with the
implementation of GC23 provisions.

» It was agreed that a dispatch compliance monitoring mechanism will be developed
and implemented so as to accurately monitor the power output of thermal plants
relative to the system frequency.

» CPPA team mentioned that existing PPA’s don’t allow an upper dispatch tolerance
level so once a formal frequency response mechanism is agreed subsequently some
terms of PPAs might require amendments.

MoM with coal-fired power plants
DATE: 18-09-23

Venue: NPCC Committee Room

Agenda:

Technical Implications of adjusting Primary Reserves Technical Limits in Coal Based IPPs
in accordance with Grid Code 2023

Participants:

1) Wajid Ali Chatha, Manager (Regulatory Affairs & Grid Code Compliance), NPCC.

2) Abdul Basit, Manager (Research & Development), NPCC, NTDC.

3) Saeed Ahmed (Additional Manager RCC), NPCC, NTDC.

4) Salman Gul, Dy Manager (Regulatory Affairs & Grid Code Compliance), NPCC.

5) Mubashir Hussain, Dy Manager (Reg Affairs & Grid Code Compliance), NPCC.

6) Imtiaz Ahmed, Deputy Manager, NPCC, NTDC.

7) Mirza Shoaib Ahmed, Asst Manager, (Reg Affairs & Grid Code Compliance), NPCC.

8) Representatives from The Hub Power Company Limited (Thar Energy Limited)

9) Representatives from The Hub Power Company Ltd (ThalNova Power Thar Pvt)

10)Representatives from Port Qasim Electric Power Company (PQEPC)Power
Project

11)Representatives from Lucky Electric Power Company

12)Representatives from Shanghai Electric (SECL) (Thar Block-I)

13)Representatives from China Power Hub Generation Company
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Discussion:
» The Grid Code 2023 provision states

0C 5.4.7.2. (d) A Frequency Dead band of no greater than
+ 0.05 Hz may be applied to the operation of the Governor
Control System. The design, implementation and operation
of the Frequency Dead band shall be agreed with the SO
prior to commissioning of the Generating Unit/Station.

» The above-mentioned provision regarding the frequency dead band is replicated from
the Grid Code 2023. It should be noted that all the IPPs coal-based power plants
possess the technical capabilities to comply with the GC23 OC 5.4.7.2 (d) provision.

» NPCC team mentioned that it is assessing a step wise application of the dead band for
frequency response of selected Thermal Generation Units be reduced to 0.2Hz. This is
for the purpose of conducting studies/demos on the response of the system by the
changes in the mentioned settings. Later once the frequency response becomes active
at all respective IPPs. the dead band will be further reduced to 0.05 Hz.

» The independent coal-based power plants are required to provide, Unit’s operation
status, DCS Trend along with Excel sheet of following in maximum resolution of Unit
Active Power (MW) & System Frequency, Governor droop status along with frequency
dead band, limitation of maximum power provided by machine in response to
variations as well as the flexibility provided by manufacturer on withstanding the
frequency variation of +0.5Hz of their GUs. This data will be used by NPCC R&D
Section to produce an accurate model of frequency response on the system with
respect to the +0.2Hz dead band limit.

» Before agreeing to any formal agreement, a trial period will be conducted to examine
the practical implications of implementing the above-mentioned provision on the
Thermal Power Plants and the System.

» [PPs were instructed by NPCC that all instances of abnormalities of load variation due
to change in frequency should be sent to NPCC for examination and further
proceedings.

» Representatives from HUBCO along with other participant shared their concern
regarding frequent and abrupt frequency variations in the system and requested that
NPCC operate the system within the safe technical limits so as to avoid such
fluctuations.

» HUBCO stated its concern that with the primary frequency reserves activated and the
dead band reduced to +0.2Hz, the generation units will be adversely affected due to
the sudden and continuous variations in frequency of the system. If the current
practices of NCC continue in the future, the IPPs will be forced to either increase their
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dead band range or disconnect from the system as their equipment is their first
priority.
» Representatives from HUBCO opined that it would be more effective for all power

plants to enable their Primary Frequency Response simultaneously, as a step-by-step
activation would not be productive.

» NPCC team informed that as per 0.C. 5.4.13 of the Grid Code 2023, System Operator is
in process of preparing a comprehensive reserves management policy to be further
submitted to Authority for review. Concerned raised by Plants shall be dually
considered in the reserve management policy draft.

MoM with CPPA-G
DATE: 25-09-23

Venue: NPCC Committee Room

Agenda:

Dispatch variability due primary frequency reserve

Participants:

CPPA-G: Mubashar Ahmad Qureshi (CTO), Atif Rafique, Bilal Rafique, Bilal Ijaz

NPCC: Sajjad Akhtar (G.M, System operations), Wajid Ali Chattha, Saeed Ahmad, Taswar
Abbas, Imtiaz Ahmad, Salman Gul, Mubashir Hussain, Mirza Shoaib Ahmed

Discussion:

» Itwas highlighted by NPCC team that sessions have been conducted with GPPs & CFPPs
to discuss activation of Frequency reserves at their respective facilities in line with
provisions of Grid Code 2023. These plants have highlighted that in case of operating
in frequency sensitive mode, plant’s dispatch will be varied with change of frequency
outside the dead band which can lead to deviation of NEO from actual dispatch
instruction and since currently there is no provision of tolerance in lower dispatch
variation so plants will be subject to financial implications.

» CPPA team clarified that contractually NPCC is mandated to operate and control power
plants within the permissible Technical Limits. Moreover, IPPs are also obligated to
follow NPCC despatch instructions. Contrary, all the associated financial implications
shall remain attributed to IPPs in its entirety. However, operational instances of
power plant while operating on frequency sensitive mode, if any, shall be verified by
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NPCC otherwise CPPA could not compute actual quantum of FTADL and other related
financial implications accordingly.
» Both parties agreed on following action items:

e Plants should be asked by NPCC to submit their consent / comments regarding
activation of frequency sensitive mode operation in writing.

e Considering the possible dispatch variation while operation of power plants in
frequency sensitive mode, a prior strategy for dispatch instruction compiling and
verification needs to be developed to avoid complexity at later stage. Following
comprehensive dispatch analysis, a trail period of 7 ~ 15 days may be considered
to observe behaviour of different plants.

e Since adequate frequency reserves availability is a regulatory obligation along
with a genuine requirement of system stability, thus necessary amendment in
PPA’s will be required following a mutual consensus with the IPPs.

PPA 8.3 Turbine Governor Operation test reports

CHINA POWER HUB
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CPHGC
2x660MW Coal-Fired Power
Project
ARTICLE VIII TESTING AND
CAPACITY RATINGS OF THE PPA
Section 8.3(a)(iv) Part- |

Steam Turbine Governor Operation

TEST PROCEDURE TO DEMONSTRATE COMPLIANCE WITH THE PPA
BETWEEN
CENTRAL POWER PURCHASING AGENCY (GUARANTEE) LIMITED
AND

CHINA POWER HUB GENERATION COMPANY LIMITED

85




Operating Reserve Policy

Steam Turbine Governor Operation

Steam Turbine Governor Operation
This test procedure is prepared and released by CPECC NWPEDI - TEPC for the use of PPA related

test to be carried out at CPHGC 2x660MW Coal-Fired Power Project

Date:

Accepted for use by EPC :

(Name & Signature) : j}; (F“";)

Accepted for use by China Power Hub Generation Company Ltd.:

(Name & Signature): }:{l\i”ﬂ ULW&)

Accepted for use by Engineer:

(Name & Signature): ),\,g)\/ .(,:oa

Operating Committee Approval (signature)

No. NAME SIGNATURE
VO IMANSOoR HugsA N 1 o
2 ~/
Al ABRAS A S /k/

R P 5%
Mol e o
ks | ek

| kS sk

=)

o
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Steam Turbine Governor Operation

I. CONCERNING

Complex: CPHGC 2 660MW Coal-fired Power Project

Employer: China Power Hub Generation Company Lid. (CPHGC)

EPC: CPECC NWPEDI - TEPC

Engineer: SG3

Power Purchaser: Central Power Purchasing Agency (Guarantee) Limited (CPPA-G)

IL. OBJECTIVE

Frequency stability is one of the prevailing concerns of a Transmission System Operator, whose
duty is the flaw-less operation of the Grid. Operation of ¢lectrical Grids must be reliable.

Stage
The test is part of Commissioning Tests afier synchronization of CPHGC 2 X 660MW Coal-fired
Power Project with the Grid.

PPA reference (s}

Technical requirements on the test after synchronization in the PPA shall meet the following

document.

Article VIII Testing and Capacity Ratings

Section 8.3 Testing upon and after Synchronization of the Complex and Commissioning
Tesis

BAapiv) Steam turbime Over Speed Protection

PPA Schedule 7 Commissioning and Testing

IIl. CRITERIA FOR COMPLIANCE
Criteria for compliance will be that:

Bt 73 ot Py A

Ar 3%
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Steam Turbine Governor Operation

In accordance with Schedule 7 of Power Purchase Agreement:

The Operation of the speed governor will be demonstrated over its range, the droop being adjusted
from 3% to 8%.

IV.METHOD OF TESTING

i
proOPY%=L9D 1000
. (dp/p)

df=frequency difference
{=system frequency
dp=load variation

p =unit load

a. Test Coordination

The co-ordination of the test will be done by CPECC NWPEDI - TEPC. The Engineer shall be

informed on a continuous basis in order to provide his consent to proceed,
k. Pre-conditions

1} List of monitored variable has been loaded in and ready for record

)  Get the consent from NPCC for the test

3) Prepare boiler and steam dispesal for the load variation

4) Warn the Grid operator of exact date and time of test, as the Grid may be upset due to the effect

of load variation.
¢. During Test

1) The Unit is running stable at 60%, 73% and 90% Load. Test shall be performed for droop
settings of 3%, 4.5% and 8% at each of above set loads.

2) Generator shall run ot rated speed synchronized with the Grid.

Wrp1, o5~ Mo AR
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Steam Turbine Governor Operation

3) Give an interference signal from DCS against the droop settings at 3%, 4.5% and 8% cach.
Frequency injection (disturbance) applied at different steps are £0.067 Hz (+4r/min)and =0.1 Hz
{£6r/min) and last for | min, required by standard GB/T30370-2013 Guide of primary
frequency control test and performance acceptance for thermal power generating units.

4) Record the speed of the generator, the active power Pn, main steam pressure.
5) Repeat step 3 for three different loading conditions of 60%, 75% and 90%.
6) The Unit goes back to Base Load

d. End of Test

The end of each test will be the point at which all readings have been taken,

e. Results

After the test is finished, all relevant documents will be copied and signed by all Parties involved.
This means that only these documents may be used for determination of the results. In case of
electronic recording, it is required to create printouts as far as possible or copies of files will be

handed over.
V. PROTOCOL

The protocol shall contain all used printouts and plant data information. It shall be clear if the test is

in compliance with the requirements of the PPA.

Signed for acceptance of the Test result!
CPHGC CPPA/NTDC EPC SGS
Sign: Sign: Sign: Sign:
Name: Name: Name: Name:

%@2 By g Aa
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Steam Turbine Governor Operation

Doate: ‘ Date: Date: | Date: -|I
I

! Please put initials of all involved party representative on each separate page of the Procedure

B L 5 4
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Steam Turbine Governor Operation

Log Sheet Turbine governor aperation Test

Droop 3%

Load 6% Load 75% Load 9% Load

Frequency
(0.067) | 0067 | (003 [ 00 | (006T) | Q06T | (0.3 | O (0.067) | 067 | @00) | Ol
Difference (HZ)

Load variation
After

14,667 | 14.667 | 293 | 2903 | (4667 | 14667 | 293 | 29.3 | 14.667 | 14.667 [ 29.3 | 293

Stabilization
(Mw)

Load before Test

(MW

Steady load after

Test (MW)

Actual Load
variation after

stabilization
(W)

Stability time (s} |

Log Sheet Turbine governor operation Test

Diroop 4.5%
Laoad 6% Load 75% Load 90% Load
Frequency
{0.067) | 0067 | (0.1 0.1 (0.067) [ 0067 | (0.1) 01 (0.06T7) | 0067 | (0.1) | O
Difference (HZ)
Load variation

978 | .TE | 196 | 1946 | 978 578 | 1946 | 196 | 998 978 | 196 | 196

%@L B o5 A g
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Steam Turbine Governor Operation

Stabilization
(MW}

Loid belore Test

(MW

Stcady load afier

Test (MW)

Actual Load
variation aficr
stahilization
(MW)

Stability time (s)

Log Sheet Turbine governor operation Test

Droop 8%

Load 60% Load 73% Load 9% Load

Frequency
Difference (HZ)

(0LO67) | 0067 | (01) | 0 | (D067 | 0067 [ (0.0 | 0.1 | {0u067) | 0LO6T | (0.0 | 0.

Load variation
Afler
55 55 165 | 165 5.5 55 165 | 165 5.5 535 16.5 | 16.5
Stabilization
MW)

Load before Test

(MW)

Steady load after

Test (MW)

Actual Load
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Steam Turbine Governor Operation
variation afler
stabilization
(MW)

Stability time {(s)

Performance acceptance list

UNIT Date Time

index Standard requirement Experimental value{mean)

Droop%a 3%-8%

Response time less than 3s

Stability time less than 60s

Dead bund +0.033HZ

Signed for acceptance of the Test result!

CPHGC CPPA/NTDC EPC SGS

Sign: Sign: Sign: Sign:
Name: Name: Name: Name:
Date: Date: Date: Date:

! Please put initials of all involved party representative on each separate page of the Procedure.

= wh 3 Fg AA
=
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BALLOKI
B‘J. ’ Ota
Zt
\/ b “‘
= 1223 MW CCPP BALLOKI| ‘aa%d
Turbine Governor Droop
Date: 15-05-2018 Time: LLSShrs
To ,9!" }V"
Dp Injection | Droop % GT-1 | Intermedinte | GT-2 | Intermediate ST | Complex
mHz (%) Load Load GT-1 Load | Load GT-2 Lesd Laad Lond
/ (MW} (MW) (MW (MW} MW [ MW
. “100miiz i 0 283 303 5 |30 317 91
+100mHz 4 80 300 274 37 204 304 866
~200mHz 4 T8e | 300 am 300 338 m 997
+200miiz 4 80 187 149 295 256 305 $10
BT 3 70 277 300 282 3m 310 911
+100mHz q 70 251 263 0 262 303 828 |
“200mHz 4 70 260 EJE) 280 34 308 945
~200mHz 3 70 b1 244 283 241 92 'ﬁ’;‘_‘l
280mliz < 70 282 nz2 280 2 3 941
+300mHz 6 50 300 262 306 263 309 (1)
o) tssmn: 7 %0 308 343 s |39 326 1023
Signed for acceptance of readings’
tEmplo)erlNESPAK NFPC/CPPA-G HEV/GE i LE
s wm =y IR 7|
Sign: (' Glgn M’ Sign: 7)% ; |
Name: oy felawe Bekf | Name: ¥ Name: Tang Dhswitn Neme: 2AF AR TXPAL
D-le '7/5'/1‘? 1Date \(}ghg Date: 201k T, 15 ‘Dnte: ‘_,—1 _(“{y.[?

! please put initials of all involved party representative on each sepurate page of the Procedure

e AR odonct] 1+ €4 No 4 (E Jurttfyadovw Lia—
Harbin Electric International Co. Limited ’ Page 1
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1230 MW CCPP HBS

L TEST ACCEFTANCE
The table belew is: for different ‘droop séttings and frequency injection for GTs and the

resulting responsge on §T will be recérded: N -
_EL'LQ"— Frani gk Tiva + {00 PH.

4 Droop 2% | Droop 3% | Droop Dnsop Droop | Droop | Droop

df injected in k. dp db b #dp | s%dP | 6%dP | 7% dP | 8%dP
£100mHz [ 10% b
£150 mHz 10%

P2 +200 miz 10%

Lo +250mHz 10%

. - ’-5”"% BT L
04 £300 iz R .
T300mIE_ 2o

Fox Agﬁ"'—d{ |

-9‘.7 +350 mHz - 10% | :
| ~35oniE 5 2tk
=jeomily 327404
0.3 ¥400 miLz ' 10%
I oo liE 334

Ahbove.chart medified as per requirement. Test Rarge 2-8%.

Doy @ 2% ond 03 A whe nod  Fertad o
B Aok el odlow e . Poasens  atlodisd

‘Dats Logging Devices.

Power Construction Corporation of China (Power Chinn}

: . 13, Page7/9
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1230 MW CCPP HBS

L TEST POINTS

The table bolow is for frequenty injection for GTs and the resulting responscon 8T will be

recofded, GT# 02 |

Teas 4nu.mbcr 1 Doml‘:]z’ . HUG_‘“HZ. 5 meéh; . +206m_l—1z._%
. - ..,.(and Varlation) i!‘f'?.fd Variation) | tLoud Variation) | ([.oa¢ Variation)
Intermediate complex load . - &??Q_ ‘? fad
1: 70% Joad (M%) R ;E. ‘2 2] %. 33
Intermediate complex | 520 820 320 219
load 2: EU;:E;?;:‘ %W) Mior 340 30} 341 280

Set Spoed Droop For the above test L‘ o

Load verses Time Trend will be taken for the above,

Power Construction Corporatigt of Chisa (Power China) /Z
- -

Ty Pl

,c/éj.lé L Page 649

96




Operating Reserve Policy

1230 MW CCPP HBS

I TESTACCEPTANCE
The inble below is for different droop settings and frequency injection fer GTs and the
q 'T' j resulting response oi 8T will be recorded.
o . | Droop 2% | Drodp 3% _. Dioop Proop | Droop' | Droop | Droop
df injected in w2 dp b 4%dp | s%dp | 6%dP | 7%dP | BY%adP
+100 mHz 10%
£150 mHz : 10%
=200 mHz ; 10%
e |
#250'‘mHz 5 e i
i M7
. - . 3AEMIN
£300 niHz g soomhZ 3N
. . 2 A3oomiE) T3fmw
j — . L .
£350 miHz ) . —3,99‘(_!!_3 'ﬁ%ﬁh -
i X | | i ot
' A Shorriz| BEAW
400 mHz Lo | 10%
) . : ] 2 e A e LT

Above chert modified as per requirement. Teat Range2-8%.
Biwip @ 2% amd $FL were oot Asrded e

Per A'm_a - A

Data Logging Devices

Power :O.lls‘ttl.jlctinﬁ Cdrporation of China (Power China}

{13/ Prge 719

97



Operating Reserve Policy

g

1230 MW CCPP HBS

L TEST POINTS

! recorded.

The table below is for frequency injection for GTs and the resulting responsc on ST will be

GT #o| $3d Tire 120 AM.
Test numher -100mHz +100milz -200mFz :1'—:-200111 Hz
- _—'___ - _(boad Variation) | (Load Variation) | (Load Variation) | (Load Variation)
0
Intermediate complex load 28] 2¥ 280 280
1:70% lond (MW) | 41 v i 319 329
Intermediate complex B‘fum 33 220 319 32l
load 2: 80% load (MW) K{W 357 30| 3 6} 280

-

>

&
Set Speed Droop for the above test ..... %.

Load verses Time Trend will be taken for the above.

Power Construction Corporation of China (Power China)

g H A

,/A L Page 6/9

u
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LUCKY COAL

Steain Turbine Goveriior Operation

L.og Sheet Turbine Governor Operation Teat

DATE 2022-03-07 TIVE: _ 10:20-15:00
Brocp% . 4.5% i )
load _ 60% 5% 00%
Frequency
) ) 0.0667(0.0867 0.1 | .01 (-0.0667(0.0667 | -0:1 | 0.1 [-0.0667]0:0667 | -0.1 ! 041
Diffarefica{HZ) |

Load variation

After -9.8 98 |-196(196( -9.B 98 (195|186 | 98 9.8 |-196|19.8

stabilization(MW).
12:33| 1440 | 14:44 | 14:55 |14:47

Start time 11:05_| 11:01 | 41:13 |11:10] 12:26 | 12:28 [12:30
Load before Test . . . .
vy 396 | 397 [396.8|305.8| 494.3 | 404.7 | 495 [494.9; 594.7 | 502.4 |503.4(503.8
Steady load after )
3859 1 408.4 |377.6i415.2( 484.8 | 504.86 |475.8 |514,4| 585,71 [ 603.1 |574.5(613.6
Test{MW}
Actual Load

varlatlon after =101 94 [-192[194| -2.5 99 |-192|1a5| -96 10.7 -1_8.9". 18.1

stabilization(MVV)

Stability time(s) 45 48 43 [ 47 38 48 -45
Respanse lime(s) 23 2.8 1.7 [ 15 1.3 1.8 1.6 1.3 1.8 1.7 1.9 [ 16 |

35 31 30 36 31

Performance acceptance list
e | Stndad vequien value(meny |
Diroop¥% 3%~8% 4.5%
Responge time Less than 3s ok
Stability time. Less than 605 ok
Deagd band, +0.033HZ +21pm

Sign for acceptance of the test result
Issued by LEPCL CPPA-G/NTDC SEPCONI
b T )

s | |l | 25
I N‘ j)’ﬂﬂ Wﬁ@

gf;nmr_
07/0% ooz

Name | AHGAN T RaUADCHRD

Dee | 9 MAR 2021 | hssmen senam
FhmaR 2020
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5 2 C »
J 17 f o i
/. f/l (j/l K L‘%’r { s
. N Steam Turbine Governor Operation

Log Sheet Turbine Governor Operation Test

DATE: 2022-03-07 TIME: _ 10:20-15:00
Droop% 3%
load 60% 75% 90%
Frequency
-0.0667)0.0667 | -0.1 | 0.1 |-0.0667|0.0667 | -0.1 | 0.1 [-0.0667|0.0667 | -0.1 | 0.1

Difference(HZ)

Load variation
After -14.7 | 147 |-29.3 (293 | -14.7 | 14.7 |-290.3]|293 | -14.7 | 147 |-290.3| 293

stabilization(MW)
Start time 10:30 | 10:26 | 10:46 |10:38| 12:35 | 12:37 | 12:39 [12:41| 14:24 | 14:22 |14:26 |14:29

Load before Test
(MW)
Steady load after
Test(MW)
Actual Load
variation after -14.1 | 135 |-291 (289 | -144 | 148 |-2901 | 29 | -145 | 149 |-296 | 29.1
stabilization(MW)
Stability time(s) 46 49 48 | 50 45 38 46 | 47 49 31 40 | 52

Response time(s) 2.1 24 19 | 1.8 1.5 1.3 12 | 1.8 1.5 1.8 21 | 23

397.5 | 395.5 | 396.6 [ 396 | 494.5 | 495.6 |494.7 [494.8| 593.8 | 594.1 |594.6 |594.3

383.1 | 408.9 [367.5(425.5| 480.1 | 510.4 |465.6 |523.8| 579.3 | 609 | 565 |623.4

Performance acceptance list

Index Standard requirement Experimental value(mean)
Droop% 3%~8% 3%
Response time Less than 3s ok
Stability time Less than 60s ok
Dead band +0.033HZ +2 rpm

Sign for acceptance of the test result

Issued by LEPCL CPPA-G/NIE)S‘J SEPCOIII
; T | y
Sign "‘7@-——‘ EAREED Anman ’)%;\' ¥
- " u )
Name | AMGA N ZRIHAS %ﬁ"}m Tiag by
Fplm-

Date | 9™ MAR 2022 | jpmns arstnv 0/03 /o2
7' mAR 2022

100



Operating Reserve Policy

. Steam Turbine-Governor Operation

Log Sheet Turhine Governor Gperation Test

BATE: 2022:03:07 TIME: . _10:20-15:60
Droop% 8% .
load 60% I 75% 0%
Frequéncy

-0.086730.0667 -0.1 | 01 |-0.0867|0.0667| 0.1 | 0.1 |-0.0867]0.0867| -0.1 | 041
Difference(HZ)

Load variation
After -5 & -1 11 -5 5 -11 11 -5 5 =11 11
stabilization(NVW)

__ Start time 11:24 | 11:20 | 14:30 | 11:27 12:15. 12:13 | 12:33 {12:17 | 14:48 | 14:49 [ 1450 [ 14:51
Load before: Test
(MW)
Steady load after
Test{(MW)
Actual Load

3854 | 394.9 | 306.2 | 395:9 | 494.9 | 495.0. | 495.1; | 485 | 592.8 | 583.6 | 594.4 | 584.1

380.7 | 400 (3853 407 [ 480 | 500.5.;483.3 |505.6| 588.2 | 598.9 | 683.5 | 606:2

varlationafter | -47 | 51 [-109)19.1 | 49 ) 49 |-108| 406 | 46 [ 53 [-100 111
stabilization{VVy) '

Stability time(s) 55 37 42 40 a6 40 42 40 ) 41 44 24 20
{ Responsefime(s) | 2.1 22 1.8 1.5 21 1.6 1.9 | 1.7 1.3 1.2 16 | 1.7

Performance acceptance list

Index Standard requiremient Expetimental value(mean)
Droop% 3%~8% 8%
Response time Less than 3s ok
Stability-titme Less thian 60s ok
Dead band +0.033HZ +21pm

Sign for acceptance of the test fesult

Issued by LEPCL CPPA-G/NTDC SEPCOIIL

Sign ﬁﬁﬁ‘_’_—z EAREED Anmien 7'%\ 2y
7"y E

Neme | Augae TReunS] Soa e | TMO%PYS
Date >

2 mar zan | o2 | Yo

7R AR a2
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CPHGC

(PN

Steam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:__1 Date:___Aug 05 2019 Start Time:__11:16 End Time:__11:39

Droop 3%
Load 60% Load
Start time 11:21 11:16 11:38 11:26
Frequency Difference (HZ) 0.067 -0.067 0.1 -0.1
Speed Difference (rpm) -4 4 -6 6
Load variation After
-14.667 14.667 -29.3 29.3
Stabilization (MW)
Load before Test (MW) 394.7 396.43 396.3 395.58
Steady load after Test (MW) 380.68 411.1 367.15 425.07
Actual Load variation
-14.04 14.66 -29.16 29.4
After stabilization (MW)
Frequency before Test (HZ) 49.839 49.815 50.026 50.10
Steady Frequency after Test (HZ) 49.907 49.836 49.987 50.173
Stability time (s) 57.00 43.41 47.00 54.14
Response time (s) Isec Isec Isec Isec
Performance acceptance list
Index v Standard requirement Experimental value(mean)
Droop% 3% OK
Response time less than 3s OK
Stability time less than 60s OK
Dead band +0.033HZ (+2rpm) OK

IV i S VY A

Page 1 0f 17
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Steam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:__1 Date:_July 302019 Start Time:_ 20:28 End Tinie:__21:435

Droop 3%
Load 75% Load
Start time- 20628 20:38 20:58: 21:44
Frequency Difference. (HZ) 0.067 0,067 ol <0.1
Speéed. Difference (rpm) -4 4. -6 6
Load variation After
-14.667 14.667 -29.3 29.3
Stabilization (MW)
Load befare Test (MW) 494.58 495.67 -495,19 493,97
Steady load after Test (MW) 479.94 500.71 46520 52237
Actual Load varidtion ;
. ) ~14.63 14.038 -29.9 28:405
After stibilization (MW)
Frequency before Test (HZ) 50.425 50,583 50.56 50332
Steady Frequency after Test (HZ) 50.418 50.536 50.551 50.174
Stability time (s} 37.94 56.00 44.46 25.30
Response time (s} 1sec Isec Igec 1sec

Performance accepiance list

Index Standard requirement Experimental value{mean)
Droop% 3% OK:
Respense time less than 3% OK
-Stability time less than 60s OK
Dead band [ £0.033HZ (F2rpm) OK

P,

Y~ @/ “Lcam & §f~\ M

Page 2ofl7
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Steam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:__1 Drte: Julv 31 2019 Start Time:__12:37 End Time:__13:06

Droop 3%
Load 90% Load
Start time 12:37 12:42 13:03 12:49
Frequency Difference (HZ) -0.067 -0.067 0.1 -0.1
Speed Difference (rpmy) -4 4 -6 6
Load variation Afier
i -14.667 14.667 29.3 29:3
Stabilization (MW)
Load before Test (MW) 594311 594311 593.33 593.701
Steady. load after Test (MW) 579.533 608818 564,52 £23.00%
Actual Load variation
) ) -14:778 14.507 -28.809 29:308
After stabilization (MW)
Frequency before Test {HZ) 50071 49.90 50.402 49955
Steady Frequency after Test (HZ) 50.086 49.94 50,343 50,007
Stability time (s) 44.93 48.95 49 37.78
Response time (5) 1sec 1sec Esec 1sec

Performance a¢ceptance list

Index Standard requirement Experimental value(mean)
Droop% 3% OK
Response time | less than 3s OK
Stability time less than 60s OK
Dead band +0.033HZ ( £2rpm) oK.

Page 3.0f17
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Steam Turbine Governor Operation

Log Sheet Cf Turbine goverior operation Test
UNIF:__1 Date:__Aug 05 2019 Start Time:__09:52 End Time; _11:07

Droop 4.5%
Load 60% Load
Start time 09:52 10:55 1101 1106
Frequency Difference (HZY 067 -0.067 0,1 -0.1
Speed Différence (fpm) -4 4 -6 &
Load variation After .
. .78 9.78. -19.6 19.6
Siabilization (MW)
Load before Test.(MW) 396.1% 396.06 395,58 396:19
Steady load after
386.28 405.83: 375.89 415,23
Test (MW)
Actual Load variation
. 9.9 9.76; -13.68 19.04
After stabilization (MW) :
Frequency before Test (Hz) 50.467 50.34 50499 49.997
Steady Frequency after Test (HZ) 50.475 50.399. 50.349 50,054
Stability time (s) 56,00 40.00 51.00 43,00
'Rﬂspons'e-time {s) 1sec 1sec sec 1sec
Performance acéeptance list
Index Standard requirement Experimental value(mean)
Droop% 4.5% OK
Response time less than 3s OK
Stability time less than 60s 0K
Dead band +0.033HZ (E£2rpm) OK

7~ @/ e @4’ “?-,,\ M\’ g

Page 4 of 27
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Stesm Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:_ 1 Date:_ July 30 2019 Start Time:_ 19:34 End Time:_ 19:57
Droop 4.5%
Load 75% Load
Start time 19:34 19:39 19:43 19:56
Frequenicy Bifférence (HZ) 0.067 -0.067 0.1 0.1
Speed Difference (rpm) -4 4 -6 [
Load variation Affer )
: Lo 9.78 9.78 -19:6 19.6
Stabilization (MW)
Load before Test (MW) 495.55 49470 494.94 494.27
Steady load after .
485.83 504.60 475.2% 514.09
Test (MW)
Actual Load variation .
9,719 9902 -19.65 19,87
Afier stabilization (MWY )
Frequency before Test (HZ) 50.081 50:417 50.335 50,46
Steady Frequency after Test (HZ) 50156 50:487 50.358. 50.428
Stability time (s) 47.12 43.72 54,00 33141
Response time (5) Tsec ksee Isec 1sec

Performance accepiance kst

Index- Standard requirement Experimental value{mean)
DroopYe 4.5% OK
Response time less than 3s OK
Stability time Tess than 60s OK
Dead band +0.033HZ (*2rpm) OK

Page’s of 17
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=

Steain Turbine Governor Operation .

Log Sheet Of Turbine governor operation Test

UNIT:__1 Date:_ July 31 2019 Start Time;__10:27 End Time:_ 12:27
Droop 4.5%
Load 90% Load
Start time 10:46 10:27 10:51 12:26
Frequiency Difference (HZ) 0.067 -0,067 0.1 0.1
Speed Difference (rpm) -4 4 -5 6
Load variation After . :
o 9,78 978 -19.6 5.6
Stabilization (MW)
Load hefore Test (MW) 504,311 593,945 593,335 597,969
Steady load after .
584,546 603,732 573.699 612,243
Test (MW)
Actial Toad variation
-9:766 9.787 -19.636: 19.274
After stabilization (MW)
Frequancy before. Test (HZ) 49,719 50,125, 50,171 50.271
Steady Frequency after Test (HZ) 49977 50114 50.150 50362
‘Suability time (5) 56 40,82 32.97 54.27
Response time (s) 1see 1sec Isec 1sec

Performance acceptance list

Index Standard requirement; Experimental value(mean)
Droop% 4.5% ' OK
Response time less than 3s. OK.
Stability time' less than 60s oK.
Dead band +0.033HZ (£2rpm> CK.

~ T F R Mvd“&

Page-6of 17
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Steam Tarbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:_ 1.  Date:__Aug 052019 .  Start Time:__09:21 End Time: _0%:41
Droop 8%
Load 60% Load
Start time 09:21 09:24 09:31 0940
Frequency Difference. (HE). 0.067 0,067 0.1 0.1
Speed Differeiice (rpm)- -4 4 -6 [
Load variation After .
=5.5 33 =11 1
Stabilization (MW}
Load before Test (MW) 395.94 395.7 396,19 366,19
Steady load after .
= 390,60 4009 385.05 106.9
Test (MW)
Actual Load variation .
. 25.24 524 ~11,13 10,74
After stabilization (MW) ’
Frequency before Test (HZ) 50324 50.104 50.115 50.096
Steady Frequenty dfter Test(HZ) 502135 50.091 50.288 50.149
Stability time: (s} 34.00 33.00 5400 47.00
Response time (5) Ises Isec Tsec ‘1sec

Performance acceptance list

Index Standard _reﬁu‘irement Experimental value(meat)
Diroop% 8% OK
Response time less than 3s OK
Stability time less than 60s OK
Dead band . +0.033HZ (£2ipm) OK

2 @/ R @/ i\ ijtv 8

Paga 7 0f17
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Steam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:__1 Date:_ July 302019 _ Start Time:__17:50  Fnd Time:__18:21
Droop 8%
Load 75% Load
Start time £7:50 18:20 18:06 18:10
Frequency Difference (HZ)} 0.067 0067 0.1 -0.1
Speed Difference (rpm) -4 4 -6 6
Load variation After
o -5.5 5.5 -11 11
Stabilization (MW}
‘Load before Test (MW) 495.55 49531 494.702 494,458
Steady load after
489:65 500.806 484.041 505,778
Test (MW)
Actusl Load variation ) . .
. _ 5,902 5.49 +10,66, 11.316
After stabilization (MW}
Frequency before Tes_t.(_HZ)_ 50,438 50451 49.987 49.994
Steady Frequency after Test (HZ) *50.412 50.435 49.877 50,021
Stabiiity titie (3) 41.21 44,00 41.11 39.86
Response time (3) 1sec 1sec 1scc. 1sec
Performance acceptance list.
Index Standard requirement Experimental value(mearn)
Droop% 5% OK
Response time less than 3s OK
Stability time less than 60s- OK
Dead bahd +0.033HZ (£2rpm) OK

@ 5 L b
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Steam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test
Stait Time;__08:54 End Time:__106:20

UNIT:_1 Date:_ July 31 2019
Droop 8%,
Load 90% Load
Start time 08:54 09;02 09:14 16:19
‘Frequency Differenice (HZ) 0.067 -0.067 - 0.1 0,1
Speed Difference (rpm) -4 4 5 &
Loed variation After
. 55 55 -1t 1L
Stabilization (MW)
Lioad before. Test (MW) 593,823 593,701 593.945 594,356
Steady lond after o '
. 588,332 369,318 582,959 605.591
Test (MW) :
Actual Load variation’ ) .
-5.49 5.617 -10.986 11035
Afier stabilization (MW)
Frequency- before. Test (HZ) 49971 50364 50.22 50,18
Steady Frequency after Test (H_Z')' 49,934 50.338 50.23 50,137
Stability time (5) 3998 55.98 53 34.84
Response time (8) Isec 1see Isge 1sec
Performance acceptance list-
Index Standard requirement Experimental value(mean)
Droop% 8% 0K
Response time less than 3s QK
Stability time less than 60s OK
Dead band +0.033HZ (X2rpm) OK
L .
. M7 = q
‘Page9 of 17
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Steam Turbine Governor Operation

CPHGC CPPA W NTDC EPC IE(SGS)
Sign: ‘%/r %r.n /V Slgm_%ﬁ Slgn.?ﬁ,‘ a&% ign: Mddﬂ‘@uﬂ/
Name: ! Name: Name; Name: Name: .
Gu Yu Muhammad Mughees Liu Zhaoyong Hugh Xiang
Senior Shoukat Ali Anmed Chief Engincer | Project
Manager Manager Asst Manager Manager

‘Technical Protection and

. g iControl .
Sign: M Sign: ﬂ W
Na_.me?"l Name:
Sahibzada M. Mohsin
Abdul Haseeb Khan
Asst Manager Asst Manager
Technical Protection and.

Control
Date: p}/ 0%17 Date: A-v.ﬂ 04,2014 Date: 29 o83l Date:Zﬁﬂ-Vg-\"; Date:
- - DAA "\.-.'\y
T T~ G S . T
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Steam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:__2Z. Date:__July 30 2019 Start Time:__16:51 ~  End Time:_ 21:18

Droop 3%
Load 60% Load 75% Load
Starttime 16:51 16:59 | "17:07 17:13 20:55 2100 | 2106 | 2117
-Frequency Difference.(HZ) 0.067 -0.067 [ER ] -0:1 0.067 -0.067 0.1 -0.1
Speed Difference (rpm) -4 4 -6 6 -4 4 -6 6
Load variation After . . . . . ;
L 14,667 | 14:667 | <393 203 | -14.687 | 14667 | -203 29.3
Stabilization (MW)
Load before Test (MW) 39558 | 395.82 | 39643 | 39631 | 404.824 | 494.458 | 495312 | 494,824
Steady load-after , . )
. 38154 | 41033 | 368.12 | 425.58 | 480.572 | 509.604 | 466.626 | 521.808
Test (MW)
. Actual Load variation e
. . 21403 | 1452 | 2831 | 2027 | 14252 | 15146 | -28.686. | 26.983
After stabilization (MW) i
Frequency before Test (HZ) 49927 | 49995 | 49.918 | 49.756 | 50208 | 50.522 | 50444 | 49.695

Steady Frequency after Tesi (HZ) 49.832 50.04 49795 | 49:835 __50.223 50522 | 50353 | 49723

Stabifify time (s} 5300 | 4950 | 095 | 4900 | 3324 | 2035 ! 5783 | 3531

Respanse time (s} 1sec Isec lsee Isec isec Tsec 1sec Iséc

Performance acceptance list

Index Standard requirement . Experimental value(imean)
Droop% 3% OK
Response time less.than 3s OK
Stability time less than 60s OK
Dead band +0.033HZ (+2rpm) OK

2 ([ e & owp
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e

Steam Turbine Governor Operation.

Log Sheet Of Turbine governor operation Test

UNIT: 2 Date:__July 312019 = Start Time:__11:01 End Time:_ 12:18

Droop 3%
Load 90% Load
‘Starl ime 11:01 11,07 11;317 12:17
Frequency Difference (HZ) 0.067 -0.067 .1 0.1
Speed Difference (rpm) -4 4 -6 6
Load variation After
-14.667 14.667 -29.3 283
Stabilization (MW)
Load before Test (MW) 593.823 593.701 594.256 593:701
Steady load after . .
' 579.016 608.472 564.282 622.876
Test (MW) ) )
Aciual Load variation . .
.. . -14.807 14.97 29973 29175
After stabilization (MW) )
Prequency before Test (HZ) 50.143 499 50,194 30:258
Steady Fréquency-afies Test (HZ) 50.096 30,059 50,11 30,287
Stability time (8) 39.7 432 47.89 57.28
Response time (5) Isec 1sec 1566 Isec

Performance acceptance list

Index Standard reguirement Experimental value(mean)
Droop% 3% OK
Response time less than 3s OK
Stability time. less than 60s oK
Dead band +0.033HZ (X 2Zrpm)

Page 120f 17
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Steam Tirbine Governor Operation

Log Sheet Of Turbine governor operation Test
UNIT:. 2 Date;__July 30 2019 Start Time:_ 16:20 End Time:__20:39

Droop 4.5%
Load 60% Load 75% Load
Start time 16:20 16:32 16:38 16:43 20:20 20:27 20032 20:38
Trequency Differance (HZ) 0.067 0067 0.1 «0.1 0.067 | .-0.067 0:1 -0.1
Speed Difference-(rpm) -4 4 -6 6 -4 4 -6 6
Load vatiation. After
-9.78 9.78 19,6 19:6 -9.78 9.78 -19.6 19.6

Stabilization (MW)

Load before Test (MW) 396,802 | 395.703 | 393,825 | 395,705 | 494.58 | 495.679 | 494.824 | 495.068
Steady foad after . ..
387.158 | 405.485: | 376,782 | 415356 | 485,181 | 505.200 | 475.903 |.514.722
Test (MW) - ? :
Actual Lead variation

o 9643 | o782 | -10043.| 1065 | 0300 | 9321 | -18.921 | 19.455%
After stabilization (MW) ' '

Frequengy before Test (HZ) 50.009- | -50.326 50.38 50406 | 49.733 | 50417 | 50396 | 50.537

Steady Prequency afier Test.(HZ) 49.973 50316 | 50.253 50448 | 49.739 50.403 50.37 S0.515

Stability time (s) ) 3699 | 4856 | 5400 | 4385 | 50.00 54.00 | 43.00 | 3769

Response dime (g) Isec Isec Isec 1sec lsec lsec lsec Isec

Performance acceptance list

Hdex . Standard requitement Experimental value(mean)
Droep% 4.5% OK
Response time lessthan 3s OK
Stability time less than 60s OK
Dead band +0.033HZ (+21pm) OK

7 J& e g’ :%‘ H’de q
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Steam Turbine Governor Operation

Log Sheet Of Turbine governor-operation Test

UNIT:__2. Date:__July 31 2019 Start Time:__10:19 End Time:___10:52

Droop 4.5%
Load 90% Load
Start time 10:19 10:26 10:32 1051
Frequency Difference (HZ). 0.067 -0.067 0.1 0.1
Speed Difference (rpm) -4 4 o6 6
Load variation After ' |
978 9.78 -19.6 19.6
Stabilization (MW)
Load before Test- (MW) 593.579 594,556 593.701 594.067
Steady. load after )
. 583,983 603,711 574.065 613.661
Test (MW) ; :
Actual Load variation ) L
L -9.594 9155 -19.636 19.594
After stabilization (MW) :
Frequency before Test {HZ) 50,148 50.019 50,105 50.169
Steady Frequency afier Test (HZ) 50.139 50.149 50,124 30,160
Stability time () 29175 3417 38.38 327
Response time (s) lsec Isec Isec Isec

Performance acceptance list

Index Standard requirement Experimental value(imean)
Droop% 4.5% oK
Respornse time less than 3s OK
Stability fime less than 60s OK
Dead band +0.033HZ (+2rpm) 0K

Z G & oo @
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Steam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:__ 2 Date:__July 30 2019 Start. Time:_15:27 End Time;_ 20:09

Droop 8%
Load 60% Load 75% Load
Start time 15:27 13:35 15:46 15:50: [4:A40 19:47 19:53 26:08.
Frequency Difference {HZ) 0.067 -0.067 0.1 -0.1 0.067 0067 a1 -0.1
Speed Diffetence (rpm) -4 4 -6 6 4 4 -6 6
Load vasiation Afier ,
. . -5.5 55 -11 11 5.5 55 -11 11
Stabilization (MW)
Load before Test (MW) 395337 { 396.314 | 396.069 | 396.060 | 495.67% | 494.946 | 495.435 4_94.9'46
Steady load after L . .
. 390.24 | 401.196 | 385.501 | 406.75 | 489.697 | 500.456 | 484.167 | 506.177
Test (MW)- :
Actual Load variation
- -4.39 4.883. -10.56 10.686 -5.982 5:.510 -11.267 | 11231
After stabilization (MW)
Frequency before Test (HZ) 50.308 | 50238 5005 | 49.896 | 50.339 | 50397 ; 5{.447 50,123

SteadyFrequcn‘cy.aﬁngmt HZ) | 50255 | 50194 | 50009 | 49858 | 50.197 50.4 50.446 | 50.191

Stability time (5). 49368 | 45494 | 51.576 | 5746 | 3400 | 3313 | 4030 | su0d

Response time (5) 1sec. lsec 1sec lsec Isec [sec isec 1sec

Performance acceptance fist

Index Standard requirement Experimental value(mean)
‘Droop% 8% oK
Response time less than 3s OK
Stability time less than -60s OK
Dead band +0.033HZ C:E2rpm) OK

I,‘-\./

S R
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Stéam Turbine Governor Operation

Log Sheet Of Turbine governor operation Test

UNIT:_2  Date: _Julv31 2019 Start Time:__08:56 End Time:_09:18
Droop 8%
Load 90% Load
Start time 08:36 09:402 09:07 09:17
‘Frequency Difference (HZ) 0.067 -0.067 0.] 0.1
Speed Difference (rpm} -4 4 -6 13
Load variation After
) 55 5.5 -11 1
Stabilization (MW)
Load befare Test (MW} 593.579 593.975 594.32 593.727
Steady load aficr '
588.574 599.508 583.3 604.809
Test (MW)
Actuzl Load variation
) -5.05 5.534 -11.02 11.083
 After stabilization (MW) .
Frequency before Test (H1Z) 50,123 50.366 50.035 50423
Steady Frequency after Test.(HZ) 50212 50.376 50.02 50.461
Stability time (s) 47.6 27.46 27.45 42
Response time (5) 1sec E 1sec 1sec
Performance acceptance list
Index Standard requirement Experimental value(mean)
Droop% 8% oK
Response tiine less than 3s OK
Stability time less than 60s oK
Dead.band +0.033HZ (X 2rpm) OK:

T8 W e
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Steam Turbine Governor Operation
CPHGC CPPA 1 NTDC EPC IE(SGS)
Sign: .‘%/’) @@\/1 Sign_%f sign_:a.\)lag%] sign-:.],\,ﬂpg/:ai
. Y .f'/ ] >

Name: ! Name: Name: Name: Name:
Gu Yu Muhammad Mughees Liu Zhaoyong Hugh Xiang
Sehior Shoukat Ali Ahmed Chief'Enginect Project
Manager Manager Asst Manager Manager

Technical Protection and

.| Control .,
X L —

Sigm: ,‘;W Sign: XW

Name: Name:

Sahibzada M. Mohsin

Albidul Haseeb Khan

Asst Manager Asst Manager

Technical Protéction and

Control
Date: fﬂ/ 0%4 Date: F\»«aﬂﬁ‘ml.s Date: ’7"%?’”67 Date:zol‘?.oa-of %te:-
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EPTL CFPP

(7

) Steam Turbine Governor Operation

Log Sheet Turbine governor operation Test Unit 1

Droop 3%

Load 60% Load (198MW) 75% Load (248MW) 90% Load (297MW)
Frequency ’

Difference -0.067 | 0.067 -0.1 0.1 -0.067 | 0.067 -0.1 0.1 -0.067 | 0.067 -0.1 0.1
(HZ)

Load Variation
after
Stabilization
(MW)

741 -7.41 14.67 | -14.67 | 7.41 -7.41 14.67 | -1467 741 -7.41 14.67 | -14.67

Load before
Test (MW)

197.91 | 198.15 | 198.15 | 198.29 248 247.73 | 247.86 | 247.73 | 297.35 | 298.86 | 297.13 | 297.05

Steady Load
after Test (MW)

205.40 | 190.52 | 212.74 | 183.32 | 255.31 | 240.34 | 262.83 | 262.69 | 304.58 | 28942 | 311.55 | 282.0

Actual Load
Variation after
Stabilization
(Mw)

749 -7.63 14.59 | -14.93 | 7.31 -7.39 1493 | -14.96 7.23 -7.39 | 1442 | -15.06

Stability Time
(s)

48 47 39 50 40 28 44 37 26 36 21 40

Response Time
(s)

Performance acceptance list

Index Standard requirement Experimental value(mean)

Droop% 3%-8% 3%

Response time less than 3s OK

Stability time less than 60s OK

Dead band 10.033HZ +2% RPM

=1 ;’\; ok
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Steam Turbine Governor Operation

Log Sheet Turbine governor upération Tast Unit 1

Droop

45%

Load

80% Load (198MW)

75% Load (248MW)

90% Load (297MW)

| Fregquency
| Difference
(HZ)

-0:057

0.087

0.1 0.1 -0.087

0.067

-0

01 | -0.087 | vo87

04

01

Load Variation
after
Stabiization
(R

5594

9.78 <9.78. 4.94

878

4978 494 | 454

9.78.

-9.78

Load before
Test (W)

198.35

186.02

19802 | 19802 | 247.67

24784

247.95-

247,86 | 287.08 | 206.91

28719

296.59

SteadyLoad
after Test. {MW)

202,96

193.13

207.5 | 188.46 | 25267

247,89

‘25778

23825 | 301,83 | 291.82

6.8

287.62

Actual Load
Variation after
Stabllization
(M)

461

489

9.68 9,68 50

9.83

-9.81 475 | -4.9%

961

-8.07.

Stability Time
(s}

43

35

853 52 38

33

30

a1 17 20

20

Response Time
(s)

Periormance acceptance list

Index Standard. requirement Experimental value(mean)
Droop% 3%-8% . 4,.5%
: Response time lessthan 3s OK
Stability time: less than 605 oK
Dead bang +£0.033HZ . +2% RPM

R0 \;;}
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Steam Turbine Governor Cperation

L.og Sheet Turbine governor operation Test Unit 1

Droop ' 8%
Load B0% Load (J98IW) . '75% Load:(24BMW} a0% Load (297MW)

Frequency
Difference -0.067 | 0.067 -0.1 a1 -0.067 0.067 -0.1 0.1 -067 | -6.067 -0.1 041

{HZ)

Load Variation
after
‘Stabiization
(v

278 278 550 | " 8.50 278 278 550 -5.50 278 -2.78 ] -5.50

Load before

. ig843 | 198.07 | 19845 | 197.62. | 247.95 | 247.86 | 247.95 | 247.59 | 287.11 | 29746 | 297,33 | 207.27
Tast (MW} ’ k

Steady Load

) | 20086 | 19524 | 20356 | 19219 | 28081 | 24581 | 26341 | 24234 | 2088 | 20464 | 30271 | 20072
aftar Test (M}

Actual Load
Variation after
Stabllization
(M)

Stability Time.
(s)

Response Time
{8

2,53 -2.83 5.41 -5,63 268 -2.85 546 -5.25 2.69 2.82 5,58 +8.50

a9 k<Ll a8 31 27 27 a3 2 " 25 23 A

Performance acceptance list

Index Standard requirement Experimental valua(mean)
'D@p% 3%-8% 8%

Response tima . less than 3s ' 0K

Stability time less than 605 oK

Dead band +0.033HZ | 2% RPM

292 };? O
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Steam Turbine Governer Operation

Signed for acceptance of the Test result’

. EPTL CPPAG / NTDC EPC Engineer
w‘ . [,,[ g io s'EQW Sign:W “Sign: 9‘ B
Name: . . Name: ' ' N'ame.:_, _ Nare: 7, g
Imesn lscier oy Peaddiohibam|  Lucheigt Lra Chay
Date: g- ; Date: Daie: Date; 39T —
2] "o lghrore |7 72V} 010 | TR 20
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.

Steam Turbine Govemor Operation

Log Sheet Turblne governor cperation Test Unit-2

Droop ' 3%
Load 60% Load {198MW) 75% Load (248MW) 80% Load (297MW)
Frequency 0,067 | 0.0687 | -0 o4 |.-0.067 | 0.067 { -0 04 | -0067 | 0067 | -G 5]

Cifferehca  {HZ)

Load Variation
afier Stabilization
(MW
Loadbefora Test | so774. | 10813 | 19018 | 18771 | 2408 | 2aszs | 24mi03 | 248 207 297 | 20801 | -206:8%
(M)

747 | 741 | 1467 | #1457 | T4l | 741 14.6?'. 1467 | 7.4 747 | 9467 | -14.87

SteadyLosd after | pgs27 | 1so74 | 21Zs0 | 8308 | 25508 | zeves [ 'ze276 | 20047 ap3,7 .1 oses | @172 | 282
Tedt (M) )

Actual Load
\fariaticn after
Stabilization {(MW)

TS5 =7.38 14.77 ~14.83 78 -7.38 14,72 =14.63 743 -T2 1481 -14.81

Stability Tire (s)

Responise Time (s}

Performance acceptarice list

Index Standard retuirement ' Experimental valug{mean)
Drood% ' 3%-8% 3%

Response time less than 38 oK.

Stability time . less than 60s N oK

Diead band - 0,033HZ +2% RPM

123



Operating Reserve Policy

Staam Turbine Governor Operation

L.og Sheet Turbine governor operation Test Unit-2

‘Droop 4.5%
Load 60% Load {198MW) ] 75% Load (248MW;) .60% Load (297MW)
Frequency -0.067 | 0:087 | -0 01 | -oosy | dos7 ! -0 G | -0.067 | GoBT | -04 0.1

Diffarence. (HZ)

Load Variation
aiter Stabilization

(MW)

404 | -4D4 | 978 | 278 Wpa | 494 | 978 | 948 454 | 484 | 978 [ 978

Load beforeTest | qusoo | 10645 | 1ma28 | 19780 | 2etied | 24808 | 26891 | 24766 | 29708 | 29681 za7tt | 207.08
{niw)

Steady Load after 205 | 19027 | dores | 18813 | 2s2e4 | st | 28764 | doea | J048 | 20078 | 30702 28714

Test{MW}

Aclual Load )

Varistion after 431 | -a88 87 B 5t 497 | o5z | -9ea | aye | csde § o8 | -G08

Stabilization {MW)

Stability Tirme (s) 40 4 86 58 3 3 38 20 38 18 34 48
1 2 H 2 3 1 1 1 1 2 2z 2

Response Time. (s)

Performance acceptance list

Index ' | Stendard f_equir_é_ment .Experimantal valus(meari)
Broop% 3%0-8% . £5% .

Response fime . less than 35 oK

Stability-fime . less than 60s .Ok

Dead band +0,033HZ +2% RPM
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v

Steam Turbine Governor QOperation

Log Sheet Turbine governior operation Test Unit=2

Droop ' 8%

Load 60% Load {158MW) 75% Load (248MWY) | 90% Laad (207MW)

Fréquency -0:067 | 0067 | 01 o4 | 0067 | 0.067 | -0 04 | ‘ows7 | 0wos7 } 04 ol
Difference {HZ)

Load Variation
after. Stahilization
(M)

278 | 278 | 580 | 550 | 278 | 278 | B8O £53 | 278 | =278 | 550 | -6:50

Load before Test ased | ey | 19736 | 19788 | pee0d | 2477 | 248.0% 248.00 | 206.65 | 20683 | 287.05 | 296.8%
(v

Stoady Load after | ogs | 13634 | 20ns1 | 9208 | 2072 |-2esba ] zssss | 2zéd jea.gy | 2aBss | 30257 | 20113

Test (MW)

Actual koad ) _
| variation atter 28 278 | 558 | 552 | 288 | 7 [ 583 5.5 o | -288 | 552 | -5e8

Stabilization (MW).

Stabiity Time () a7 30 # 44 15 19 ] 28 50 40 41 a7

Reeponse Time (s} 2 1 2 1 1 1 2z 2 2 1 2 1

Performance acceptance list

index ' Standard requiremient | Experimental Qal_ue{mean) 4‘
Droopda 3%-8% 8% )
Response time less. ﬁ]an 3s OK

- Stabiity time less than 60s OK

.Déad band +0.033HZ . +2% RPM

N
2962 Oﬂﬁ/’&? %{
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Steam Turbine Govemor Oparation

Signed for acceptance of the Test result’

EPTL CPPA-G/NTDC EPC Engineer
Sign: .Sign: Sign: ey’ Sigr'\:' ~
S odiatd | A A | TR 3a¢d
Name; . | Name; 7 Name; Narhe: L‘
Impan lasmg | R asens | Fuchuglosg | Lin Chany
Date:% ) Dé /fﬂ Datel 5 5. 8¢, 2a\q Date: ;9/?. &_' Z" Da_te:%—jm_—.lcl
: 7
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SAHIWAL COAL
Log Sheet Turbine governor operation Test
Test calculation table
Date: 2017.9.26 Time: 17:08
Steam Turbine No.: 1
Droop% 3%
Load 75% Load
Frequency difference(Hz) (0.067) 0.067 (0.1) 0.1
Load variation after
14.667 (14.667) 29.3 (29.3)
stabilization(MW)
Load Before Test(MW) 495 494.71 496.88 496.09
Steady load after
509.67 479.426 525.44 467.4
test(MW)
Actual s Load variation
14.67 -15.284 28.554 -28.69
after stabilization(MW)
Stability time(s) 55 48 56 56
Performance acceptance list
Date: 2017.9.26 Time: 17:08
Steam Turbine No.: 1
Index Standard requirement Experimental value (mean)
Droop% 3%~8% 3%
response time less than 3s 1s
Stability time less than 60s 54s
Dead band +0.033Hz +2rpm

M s, (P

h, QC%M
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Test calculation table

Date: 2017.9.13 Time: 14:52

Steam Turbine No.: 1

Droop%
Load 60% Load 75% Load 90% Load

5%

Frequency

(0.067) 0.067 (0.1) 0.1 (0.067) 0.067 (0.1) 0.1 (0.067) 0.067 (0.1) 0.1
difference(Hz)

Load variation
after

8.8. (8.8) 17.6 (17.6) 8.8. (8.8) 17.6 (17.6) 8.8. (8.8) 17.6 (17.6)

stabilization(

Mw)

Load Before

Test(MW)

401.087 399.78 399.272 | 402.039 | 501.319 | 500.085 | 500.375 | 501.755 | 599.808 | 601.188 | 598.864 | 598.864

Steady load
after 408.496 | 392.662 | 415.396 | 384.891 | 509.018 | 491.296 | 517.371 | 484.541 | 609.105 | 591.456 | 617.022 | 582.375

test(MW)
Actual s Load

variation after
7.41 -7.118 16.124 | -17.148 7.699 -8.789 16.998 | -17.214 9.297 -9.732 18.158 | -16.489

stabilization(
MW)
Stability
_— 50 36 49 53 31 25 59 47 55 48 51 49
Performance acceptance list
Date: 2017.9.13 Time: 14:52
Steam Turbine No.: 1
Index Standard requirement Experimental value (mean)
Droop% 3%~8% 5%
response time less than 3s 1s
Stability time less than 60s 46s
Dead band +0.033Hz +2rpm

Fo, s [;;%?
09—
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Date: 2017.9.26
Steam Turbine No.: 1

Test calculation table

Time: 13:34

Droop% 8%
Load 60% Load 75% Load 90% Load
Frequency
(0.067) 0.067 (0.1) 0.1 (0.067) 0.067 (0.1) 0.1 (0.067) | 0.067 (0.1) 0.1
difference(Hz)
Load variation
after
5.5 (5.5) 11 {11) 5.5 (5.5) 11 (12) 5.5 (5.5) 11 (11)
stabilization(M
W)
Load Before
396.875 | 395.567 | 397.601 | 394.986 | 495.654 | 496.017 | 495.509 | 495.363 | 594.579 | 594.405 | 594.651 | 593.852
Test(MW)
Steady load
402.599 389.83 408.714 | 384.891 | 502.046 | 488.899 | 506.592 | 483.578 | 600.171 | 588.913 606.877 | 582.066
after test(MW)
Actual s Load
variation after
5.724 -5.737 11.113 -10.095 6.392 -7.118 11.083 | -11.785 5.582 -5.492 12.226 | -11.786
stabilization(M
w)
Stability time(s) 42 51 41 54 45 36 27 27 47 29 32 40
< Performance acceptance list
Date: 2017.9.26 Time:13:34

Steam Turbine No.: 1

Index Standard requirement Experimental value (mean)
Droop% 3%~8% 8%

response time less than 3s 1s

Stability time less than 60s 39s

Dead band +0.033Hz +2rpm

Signed for acceptance of readings

CPPA-G/NTDC

The Company

TPRI

Engineer

hO .

Sign:

g5 Lo
Date: %/2»‘?

Sign 2}@74

Nalr/‘{;:o()(w 079

Date:

Name:

Date:

Sign: /-.i}ﬁé'- %

TomXsgpwa.
V.

Sign: $ ‘jZ;g
Name: Xm)/ov

Date:_;\,/)_ 2 L?

o)o/.af‘z?
L |

129




Operating Reserve Policy

Log Sheet Turbine governor operation Test

Test calculation table

Date: 2017.9.25 Time: 19:37
Steam Turbine No.: 2
Droop% 3%
Load 75% Load
Frequency
(0.067) 0.067 (0.1) 0.1
difference(Hz)
Load variation after
14.667 (14.667) 293 (29.3)
stabilization(MW)
Load Before Test(MW) 494.838 497.235 496.146 495.565
Steady load after
509.458 482.564 525.053 467.02
test(MW)
Actual s Load variation
14.62 -14.671 28.908 -28.545
after stabilization(MW)
Stability time(s) 53 58 56 54

Performance acceptance list
Date: 2017.9.25 Time: 19:37
Steam Turbine No.: 2

Index Standard requirement Experimental value (mean)
Droop% 3%~8% 3%

response time less than 3s 1s

Stability time less than 60s 55s

Dead band +0.033Hz +2rpm

S el ¢S
e
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Test calculation table
Date: 2017.9.14 Time: 13:23
Steam Turbine No.: 2
Droop% 5%
Load 60% Load 75% Load 90% Load
i (0.067) | 0.067 | (0.1) 01 | (0.067) | 0.067 | (0.1) 0.1 | (0.067) | 0.067 | (0.1) 0.1

difference(Hz)

Load variation
after

8.8. (8.8) 17.6 (17.6) 8.8. (8.8) 17.6 (17.6) 8.8. (8.8) 17.6 (17.6)

stabilization(

Mw)

Load Before
Test(MW)

400.054 | 401.071 | 400.417 | 401.071 | 504.426 500.14 500.431 499.67 601.462 | 600.009 | 601.099 | 600.736

Steady load
after 409.278 | 3925 | 416.832 | 384.22 | 512996 | 49157 | 518.952 | 482.927 | 609.96 | 591.221 | 618.458 | 583.522

test(MW)

Actual s Load
variation after
9.224 -8.571 16.415 | -16.851 8.57 -8.57 18.521 | -16.743 8.498 -8.788 17.359 | -17.214
stabilization(

MW)

Stability
48 38 49 55 55 46 45 56 49 38 34 47

time(s)

Performance acceptance list

Date: 2017.9.14 Time: 13:23
Steam Turbine No.: 2
Index Standard requirement Experimental value (mean)
Droop% 3%~8% 5%
response time less than 3s 1s
Stability time less than 60s 47s
Dead band +0.033Hz +2rpm

%Ww\ 1'?3?7% i2=
W.QCBM.
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Turbine Governor Droop

This Test Procedure is prepared and released by HEI for the use of PPA related tests
to be carried out at:

~> 1180 MW CCPP BHIKKI
Date

Accepted for use by client
Authorized signature

HEI Authorized Signature

Operating Committee Approval

1 Syed Igbal Mehdi/CPPA(G) M
I {25

. 2 Syed Haroon Masood/CPPA(G) W
3 Masud Saify/NPCC
0% %J

4 Syed Wasim Ur Rehman/QATPL

S Shamsul Aziz/QATPL //\

6 Akhtar Hussain Mayo/QATPL

Harbin Eletric International Co., Ltd - Page2/5
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I. CONCERNING

Complex : 1180 MW CCPP BHIKKI
EPC . Harbin Electric International Co., Ltd
Employer : QUAID-E-AZAM THERMAL POWER (Pvt) Ltd.

II. OBJECTIVE

This plan shall be used if “grid code” tests of frequency containment ( primary frequency
. response) are requested (by customer, grid operator, or relevant third party) and if other test
protocols are not made available by those bodies.

Frequency stability is one of the prevailing concerns of a Transmission System Operator
(TSO), whose aim and duty is the flaw-less operation of the grid. Operation of electrical grids
must be reliable, handling future generation mix, whilst often being constrained by existing
infrastructure. To help meet these challenges, TSOs have developed grid codes. Among other
requirements, grid codes define minimum performance requirements of generating units
connected to the grid.

This document will focus on one important aspect of grid code, which is grid frequency
support.

Stage

The test is part of commissioning tests after synchronization of BHIKKI power station with the Grid
System.

CPPA-G reference(s)

Technical requirements for the after-synchronization tests in the PPA. Following statements are

provided.

Article VIII Testing and Capacity Ratings

Section 8.3 Testing Upon and After synchronization o

Section 8.3(a)(iv) Turbine Governor Operation

PPA Schedule 7 Commissioning and Testing B

Harbin Eletric International Co., Ltd - / Page3/5
#
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III. TEST METHOD

The following steps shall be performed before the test session.

e Governor testing software is ready on unit controller for generation of frequency steps. This
module can only be used by ALSTOM personnel. This enables to inject artificial frequency
step.

e Manual of this software has been received and reviewed by on-site personnel.

e List of monitored variables has been loaded in and is ready for records.

o Note that those three items shall be made available by Steam turbine controls requisition team.
Please revert to engineering if this is not the case.

e Moreover, the following actions shall be led:

e Share the procedure with end customer or grid operator. Get their buy-in related to the
objectives and expected outcomes (pass criteria) of the test.

e Prepare/foresee boiler and steam disposal for the various loads.

‘ o Inform the grid operator of exact date and time of test, as the grid may be upset due to the
effect of load variation

IV. TEST PERFORMANCE

e Each test point lasts 15 minutes, and then the load is returned to original conditions.

o Steps (xx mHz deviation applied on 0 second) are initiated from the Steam turbine controller
screen as well as the return to normal mode.

e Records are started before the step is initiated and stopped when test is finished and
stabilization is reached.

¢ Signal list shall be exhaustive, and can be confirmed by engineering.

e This is advised, among these signals, to keep monitoring “live”, at least: (Gen Active Power),
(Actual Speed), (Artificial Filtered Speed), (breaker position).

V. TEST POINTS

-100 mHz +100 mHz -200 mHz +200 mHz
Test number
. Intermediate load
1:70% load # = =" ”
Intermediate load
2: 80% load #5 #6 #7 #8

Harbin Eletric International Co., Ltd / Page4/5
B n
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VL. TEST ACCEPTANCE (hovo~vr Qweof’ feu ) ] [
o Amplitude of active power response is stated above. Correspondence table can be
given for other couples of droop/sustained frequency injection ... Csmpany/ =P &onbic for w0
perform e Test o Drocplh 1) d P cubjed 4o sqsfen cu i tons ’
df injected in
mHz Droop 4% dP Droop 5% dP Droop 6% dP Droop 7% dP
4200 mHz
+250 mHz
+300 mHz
+350 mHz

o Save trends and forward them to engineering via Engineering for review and technical

support. Shet W altafe k-

VII. SIGNED FOR ACCEPTANCE OF THE TEST PROCEDURE

4 -
EMPLOYER/NESPAK| CPPA- G/ya'ﬁc | HEI/GE ALSTOM LLE

Sign: Wiig,ﬂ }slgnj% W

Name: Mawsoss AL trNamMUJ* M Name: AR (B) |Name: ,7/;\-11)\4@
Date: lb/oW/ﬂ}Dale ’LL(‘ / /5/

Y (==

Date: Vb -H2e1% Dat 16'! 2’78

Harbin Eletric International Co., Ltd Page 5/5

B
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Turbine Governor Droop Test Log Sheet

Date: 16-04-2018 Time: 14:30

Turbine Governor Droop Test

Dp Injection | Droop(%) % GT-1 | Intermediate | GT-2 | Intermediate ST Complex
mHz Load Load GT-1 Load Load GT-2 Load Load Load

-100 4 70 274 311 273 311 306 932

+100 4 70 272 256 273 256 287 806

=200 4 70 272 305 271 302 291 895

+200 4 70 271 236 274 237 284 755

-100 4 80 315|333 ?\[‘ 3161333 N\, |32 993 % ’
+100 4 80 315 37 297 Yriis 321 1 q7 %7 326 w1 q20 &5
-200 4 80 316 354 316 354 331 1041

+200 4 80 315 279 316 278 308 865

+250 5 70 273 236 274 234 289 761

-300 6 70 274 314 273 316 309 939

+}60 -3s50 q 7 70 271 315 273 314 300 928

iz
PVS
FEMHMNQMM/ CPPA-G | HEUGEALSTOM _ LE
¥ 7
Sign: V Sign:q&\/ﬂe’v Sign: M, Slcg«rr;l /l,[
\ . :
Name: MA“}:\MT‘ NameMM = A Name:HAN (21 Name:/"//)y’/\'fl TS~
Shakest
Date: o-4-20 & Date: (6 ‘17‘ Lf’{ _ Date: /6[6V'ZWIK | Date: [/ é/‘ff/?:\a 7(

g hes o 98
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PQEPC CFPP
Pasec
i ’ Steam Turbine Governor Operation
Log Sheet Of Turbine Governor Operation Test
UNIT, 1# Date: 2018.2.2 Time:__12:17-16:56
Droop 3%
Load 60% Load *75% Load 90% Load
Start time 1220 | 1247 | 1232 | 1224 | 1459 | 1506 | 1503 | 15: 13 | 16: 45 | 16: 47 | 16:56 | 16: 52
Frequency
2 -0.067 0.067 0.1 0.1 0,067 0.067 0.1 0.1 -0.067 0.067 0.1 0.1
Difference(l1Z)
e e 14.667 14.667 2 3 2
stabilization(MW) . ~14. 9.3 =293 14.667 | -14.667 | 293 293 14.667 -14.667 29. =293
Load before Test(MW) 3959 3955 3915 396.3 496.1 495.1 4955 | 4940 5932 593.6 5946 594.6
~ Steady load after
TesMW) 4104 3810 4259 367.1 5104 480.6 5246 | 4649 607.8 579.0 6239 565.2
Actual Load variation
——_ 145 -145 284 =292 143 -14.35 29.1 -29.1 146 -14.6 293 294
afier stabilization(MW)
Stability time(s) 409 49.18 519 514 38 473 417 42 39.6 41 54 44.1
Response time(s) 1 ] 1 1 | 1 1 1 1 1 1 1
Performance Acceptance List
Index Standard requirement Experimental value(mean)
Droop% 3%-8% 3%
Response time less than 3s Ok
— Stability time less than 60s Ok
Dead band +0.033HZ +2 r/min

A =) AT
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Steam Turbine Governor Operation

Log Sheet Of Turbine Governor Operation Test

UNIT, 1# Date: 2018.2.2 Time:__11:57-16:40
Droop 4.5%
Load 60% Load 75% Load 90% Load
Start Time 12 02 | ane 57 12003 | 12010 | 140 51 | 14e a8 | 140 56 | 140 54 | 160 29 | 16 25 | 16 40 | 16 0
Frequency
) 0067 | 0067 | 01 | 01 | -0067 | 0067 | -0 0.1 20067 | 0067 | 0.1 01
Difference(11Z)
Load variation after
S 9.78 978 | 196 | <196 | 978 | 978 | 196 -19.6 978 | 978 196 | -196
stabilization(MW)
Load before Test (MW) | 3942 | 3965 | 3046 | 3962 | 4949 | 4952 | avas | 4945 | 5933 | 5948 | 5950 | .,
— Steady load after
4049 | 3872 | 4153 | 3766 | soss | 4856 | 5143 | 4753 | 6030 | S851 | 6146 | 5739
Tes(MW)
et Loed Veriaien 107 93 | 207 | -196 | 99 9.6 19.8 19.2 97 9.7 196 19.5
after stabilization(MW) ’ = L : il - -19. s 9. ! 195
Stability time(s) 43 427 | 398 | s 389 50 50 427 465 37.8 56 393
Response time(s) 1 1 1 1 1 1 1 1 1 1 1 1

Performance Acceptance List

Index Standard requirement Experimental value(mean)
Droop% 3%-8% 4.5%
Response time less than 3s Ok
-~ Stability time less than 60s Ok
Dead band +0.033HZ +2 r/min

A A F
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Steam Turbine Governor Operation

Log Sheet Of Turbine Governor Operation Test

UNIT, 1# Date: 2018.2.2 Time:__11:31-16:18
Droop 8%
Load 60% Load 75% Load 90% Load
Start Time nas | nar | ores2 | onas | owama | a3 [ e | 143e | reo7 | 1S58 16 | el
Frequency
20067 | 0067 | -0.1 01 0067 | 0067 | 0.1 0.1 0067 | 0067 | 01 | 01
Difference(11Z)
Load variation 55 o 3 " g
RO ;i 5. 196 | -196 55 55 | 196 | -196 5 55 | 196 | -196

Load before Test (MW) | 3955 394.5 396.8 3972 4942 4963 | 4954 | 4939 593.8 5952 | 5933 | 5948

- Steady load after
402.3 389.0 4133 3785 500.1 4905 | SR 471.7 599.4 589.7 | 6099 | 5783
Test(MW)
Actual Load variation
e 62 -5.5 16.5 -18.7 5.9 -5.8 164 -16.2 5.6 55 166 | -16.5

after stabilization(MW)

Stability time(s) 40 38 46 47 40 512 42 336 418 516 51 | 481

Response time(s) 1.03 1 1 1.024 ! 1 1 1 1 1 1 1

Performance Acceptance List

Index Standard requirement Experimental value(mean)
Droop% 3%-8% 8%
Response time less than 3s Ok
3 Stability time less than 60s Ok
Dead band +0.033HZ +2r/min
PQEPC CPPA / NTDC SEPCOIII SGS
Sign: ﬁb-% SignW [ sign: %»M Sign: ﬂ\ﬂ(.%
Name: Liu Chao Name: Javaid Aslam Name: Yu Fan Wei Name: Li Xiao Hui
Date: 0}‘/)}'//8 Date: ?//7/ /')«0 (€ Date: Uyal//g Date: Jy‘n/ﬂ

139



Operating Reserve Policy

PR v C

Steam Turbine Governor Operation

Log Sheet Of Turbine Governor Operation Test

UNIT, 24 Date: 2018.2.2 Time:__13:18-19:53
3%
L___—_—'———— I
Load 60% Load 75% Load 90% Load
Start time 19:43 19:40 19:53 \ 19:46 ] 18:04 18:01 B \ 18:07 13:18 13:21
Frequency . e
. 0067 | 0.067 0.1 0.1 0067 | 0067 | 0.1 0.1 40.067 0067
Difference(HZ)
Load variation afler
o 14667 | -14.667 | 293 293 | 14667 | 14667 | 203 | 293 | 14667 214667 | 293 293
stabilization(MW)
Load before Test 1
96. ; j . ; . i 1
MW 396.1 3959 | 3950 | avss | a9sa | avaz | 4956 | 4951 593.1 5940 | 5951 | 5936
A\
Fl@y load after
4108 sa13 | 4237 | 3661 | swo | a0 | 5250 | 4659 607.7 5792 | 6240 | 5638
Test(MW)
Actual Load
variation after 14.7 -146 287 294 146 146 295 292 146 -14.8 289 298
stabilization(MW)
Stability time(s) 434 457 42 43.5 474 378 54 a1 494 53.5 462 a4
Response time(s) 1 1 1 1 1 1 1 1 1 1 1 1
Performance Acceptance List
Index Standard requirement Experimental value(mean)
Droop% 3%-8% 3%
™ Response time less than 3s Ok
Stability time less than 60s Ok
Dead band +0.033HZ +2 r/min

a A AT
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Steam Turbine Governor Operation

Log Sheet Of Turbine Governor Operation Test

UNIT 2i

Date:

2018.2.2 Time:__13:04-19:34

—e 2O

Droop

4.5%

|

Load 60% Load

90% Load

75% Load

Start Time 19: 25 | 19: 21 | 19:34

19:28

Frequency
Difference(HZ)

-0.067 0.067 0.1

0.1

L.oad variation afler
stabilization(MW)

9.78 -9.78 19.6

Load before Test
(MW)

396.2 3969 | 3957

-19.6

396.2

Steady load afier
Test(MW)

406.0 387.1 | 4154

376.8

Actual Load
variation after
stabilization(MW)

98 197

-194

Stability time(s) 43 47

49

Response time(s)

Performance Acceptance List
Index Standard requirement Experimental value(mean)
Droop% 3%-8% 4.5%
) Response time less than 3s Ok
Stability time less than 60s Ok
l: Dead band £0.033HZ I £2 r/min

H

AY
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Steam Turbine Governor Operation

Log Sheet Of Turbine Governor Operation Test

UNIT, 2# Date: 2018.2.2 Time;__12:43-19:11
Droop 8%
Load 60% Load 75% Load 90% Load
Start Time 19: 04 | 19:00 1941 | 1907 17:31 1728 | 1742 | 17:34 12:49 ‘ 1243 | 1300 | 12:56
Frequency
, -0.067 0.067 0.1 0.1 -0.067 0.067 0.1 0.1 -0.067 0.067 0.1 0.1
Difference(HZ)
Load variation
afler 5.5 5.5 196 196 55 55 196 | -196 55 5.5 196 | -196
stabilization(MW)
Load before Test : =
WS 3960 | 3968 | 3969 | 39%.1 495.1 4952 | 4947 | 4939 5939 5042 | 5940 | 5942
Steady load after o b
f 1. 33 | 37 | soos | 487 | sin2 | 4774 99.5 883 | 6105 | 3775
Test(MW) 7 58
"Actual Load variation |
afler 55 55 164 -164 55 55 165 | 165 56 59 | 165 | -167
stabilization(MW)
Stability time(s) 495 39.7 396 50 398 355 49.7 454 452 36 44.3 37
=
Response time(s) 1 1 1 1 1 1 1 1 1 1 1 1
Performance Acceptance List
Index Standard requirement Experimental value(mean)
Droop% 3%-8% 8%
Response time less than 3s Ok
e e 0
Stability time less than 60s Ok
Dead band +0.033HZ 4 2r/min

LDLW v"/n//i

Date: L/ :),/7,0/ &

PQEPC CPPA / NTDC SEPCOIII
3 ?
Sign: #l& Sign:%fL//W Sign: Erv)w Sign%f/?
Name: Liu Chao Name: Javaid Aslam Name: Yu Fan Wei Name: Li Xiao Hui

pate: 02/92/13

Date: 67/01/ '\2
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Turbine Governor Droop Test Log Sheet
Date: 16-04-2018 Time: 14:30

Turbine Governor Droop Test

Dp Injection | Droop(%) % GT-1 | Intermediate | GT-2 | Intermediate ST Complex
mHz Load Load GT-1 Load Load GT-2 Load Load Load
-100 4 70 274 311 273 3n 306 932
+100 4 70 272 256 273 256 287 806
=200 4 70 272 305 271 302 291 895
+200 4 70 271 236 274 237 284 755
-100 4 80 315 333 316 333 326 993
+100 4 80 315 k3 24 1q§\§§’{ns 3 )?; 326 ¥4 920 %‘&5
-200 4 80 316 354 316 354 331 1041
+200 4 80 315 279 316 278 308 865
+250 5 70 273 236 274 234 289 761
-300 6 70 274 314 273 316 309 939
380 -3sp | 7 70 271 315 273 314 300 928
H
9
| _EMPLOYER/NESPAK | _N?b’é/—g_mn?c _ | HEUGEALsTOM | 1k ]

s et Rl e G

Name: m“:;_‘:‘t\i_ ‘Namegm = A fName:Hﬁ’U (21 iName:%‘;—’/\zﬂ Tpldre—

| Date: o420 IDate: (64 ro!d Date: I6/6V/W{K | Date: [ @/‘1/7’“1{1
=

Koo o Ghaks : 98

/1
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1263 MW Punjab Thermal Power Private Limited

A 8.3 (ad (iv) Varbine Governor Dreap Test

As per approved procedures, frequency injection will be applied on individual GTs independently and
the frequency response will be checked. GT(s) will be on prime frequency response. Steam Turbine
(5T) will be on sliding pressure mode and will respond with lag which will be noted in the
correaponding log sheet of the approved commissioning procedure of PPA 8.3 (a) (iv). Below are filled
reference tables for Gas Turbine(s) loads. The values are driven from the fonmula given in above
mentioned procedure and depicted below as well with Gas Turbine(s) rated load of 410 MW (gross)
each al reference site conditions,

ar
Diroop % =-E-x]lﬂ':l
ra

The methodology of test and 1est acceplance criteria shall remain as per approved commissioning
_procedure which is same &s of Simple Cycle mode, The fest resulis from simple cycle on both GTs are
attached herewith for reference.

mHz mHz | mHz mHz mHz mHz= mHz mHz

| -100 +100 | 200 | 4200 <300 +300 400 =400 ‘
| Test | (lead | (Load

(Load | (Load |y oa | (Load = (Load | (Load |

nmmber - - -
Variatio | Variatio | Variatio  Vardato Vﬂ'ﬁﬂtiﬂ Variatio  Variatio | Variatio
e e e A . R B B
Intermedi |
| e Minld Mim -14 Min 20 | Min-29 Wi 43 Klin =43 A0 b =50 bW
|complex | e ywo | omw o Mw MW MW
lead 10
J00 GT | dSsed) | (Beee) |[|4.am=ﬁ [(195ae) | (23sec) | (19sec) | (26sec) | (23
| lovad
MW |

[ Actual | T 2343 |T0 2336 | Ti 009 | Ti 0030 | T 0048 | To 038 | i OLI0 | T) 0i2l |
i GT Load | Fv 287 Py 287 P 287 P IE7 Py ZRT Py 287 P IET P 287

M T: 23:55 [ T: te06 | T2 019 | T2 0040 | Tz 00:58 | Tz 0108 Tz 01220 | T2 0E:30
(MW) Py 311 P 264 B: 330 Py 243 P 137 m 17 | Py 337 By 237

AP M |APZI | AP43  |APad | AP S0 AP SO | AP 30 AP W |
Stabilizati | [ |
on Time 148 sz 14 st 30 36 e 0 soe 30 s6e H) poc 30 sec
(seconds) | |
| Intermedi | |
| ate | Mnle | Min-16 | Min33  Min-33 Min Mine | SOMW* | ciinn
| complex | MW MW W MW AIMW AWM
Sﬁﬁf&d {Bs00) | (Bso) | (Bseh | (4Bsmc) | (0sc) | (0so) | Ghee) | (g
(MW) | |

Actual | T 0803 [Ty 0324 [ 10 0535 | T 0546 | Ty 05SE | T 080 | T 0822 | Ti el |
GTload (P 328 |F 328 |P 328 P 328 [P 324 Py 328 Py 328 P, 328
(MW) Tr 0523 [T: 0934 | Tz 0543 To 0556 | T: U608 | T: 0820 | T3 06:32 | Tx e

: P: 350 (P 306 | Py 3T2 P2 284 Pz 378 P ITH P: 37 1

AP 3 lar22 AP | AP M Al 50 AP S0 AP 50

China Machinen Engineering Corporation (CMEC)
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Stabilizati l
onTime | pee | 13scc | 25sc | 24sec | 30sec 30 se¢ 30 sec 30 5
(seconds)

®  ‘0OfM backed recommendations regording the incorporated MW limiter against frequency response to
be provided by PTPL before COD. 70% load js considered 287TMW and 80% load is considered 328
MW as per rated conditions.
Droop Setpoint — 4%.
GT(s) total response time is within 30 seconds. The maximum of load gradient value calculated
from the formula against the corresponding load percentage will be achieved in 10 seconds.
(The response time of G Ts agreed at the time of simple cycle testing at GTs is antached herewith)

GT load vanation at different droop settings as per (est points given in approved commissioning
procedures (8.3 (a) (iv) Turbine Droop Governor Test

Gas Turbine Load - 70% (As per Table at Section VII of Procedure)

Droop | 2% 3% 4% 5% 6% 7% 8%
Setpoint o | 1
i n}le)cfled N/A | +150 | -150 | 4200 | -200 | +280 -250 | +300 | -300 | <350 | 350 +400 | <400
| mHz | mHz | mHz | mHz | mHz | mHz | mHz | miiz mbz | Mz miz | mHz
| | ‘
DP | NA |, g 2 B 2 3 Min 41 MW
Varlation Mind4l MW Min 41 MW | Min 41 MW | Min 41 MW | Min 41 MW
| 01:36 | 01:47 | 02:00 | 02:12 | 02:28 | 02:37 | 02:51 | 03:03  03:15 | 03:33 0348 | 03:57
| Load |NA
Before "
. Test at 287 | 87 | 287 | 287 | 287 287 | 287 | 287 | 287 | 287 | 287 | 287
_LGIMW) 1 e . |
. Load | NA |
a(:r(;l";st 254 322 243 330|243 330|243 330 243 330 ‘237 330
LMW i F_ = | bl [ A |
| Load | N/A [
Variation | |
aln“ 0 0 ‘ 0 . l
ility | 0 0 0 0 0 0 0 0 0
atGT
(MW) B (- el _ | |
Stability | N'A 17 16 24 244 | 25 23 23 248 265 | 245 29 28
Time (s) | see  sec | sec | sec | soc | sec | sec | sec | sec | sec | s | sec

¢ The power plant was designed in 2017 as per the prevailing Grid Code.
¢ OEM range for the droop settings are 3% to 8%. (OEM settings are attached herewith).
e The test is to be conducted keeping in view the limits allowed by OEM.

[4
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M= 1263 MW Punjab Thermal Power Private Limited A‘ l

GT(s) total response time is within 30 seconds. The maximum of load gradient against the calculated
from the formula against the corresponding load percentage will be achieved in 10 seconds. (The
response time of GTs agreed at the time of simple cycle testing at GTs is attached herewith)

PTPL CPPA-G - CMEC/SIEMENS \ 0

—— \ .y
Sign: Aitz/’f Sign: ‘é‘% Sign./ é } Sign: C;é'?/
Name: ""C,—'" Name: ?\—! N‘S"‘ Name: #4F> MENROT | Name: )Qto /4{'(41

Date; 31-05-292% SR .23
: 23 Datc: 33 - oy -21% ‘M 23-04-2
B |

AD
Tss Ao
% S, Coant winasd (:] N/7L(
. Naore C/ O
\M)’?’ Ao T\ S\hs
2, Nemge _Sﬁnnz‘hn'
MU‘MV‘WM‘& F'@p‘\/ o
23)0c) 253

o ——— S

China Machinery Fgincering € orporation (€ M1LC)
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=

1263 MW Punjab Thermal Power Private Limited

EPA K3 i) Gv) Turbine Governor Droo pTest

L~

As per approved procedures, frequency injection will be applied on individual GTs independently and
the frequency response will be checked, GT{s) will be on prime frequency response. Steam Turbine
(ST) will be on sliding pressure mode and will respend with lag which will be noted in the
corresponding log sheet of the approved commissioning procedure of PPA 8.3 (a) (iv). Below are filled
refierence tables for Gas Turbine(s) loads. The values are driven from the formula given in above
mentioned procedure and depicted below as well with Gas Turbine(s) rated load of 410 MW (gross)
each at reference site conditions.

£
Droop % =£—xlm
F

The methodology of test and test acoeptance criteria shall remain as per approved commissioning
procedure which is same as of Simple Cycle mode. The test results from simple cycle on both GTs are

attached herewith for reference.

[ =100 +100 =200 +200 304 [ .-+3m m_ +400 :
| Test "“:}'T:d milz | m::’ HL‘:IJI-T:l mHz mHz mHz mHz |
mhar | oK v{mﬂ, : Jr:m Lﬁu (Load | (Load  (Load | (Load

varistlp | Vanaiin | o ® | Variatio | Variatio  Variatio | Variatio
I S N O T . T A T A
Intermedi i '
[ awe Miald | Min-14 | Min29 | Min-29 | M43 Miz -3 |_'-|}M'A-" 30 MW
complex |y MW | MW MW MW MW
load 1: [
F0%% GT (T sech (5 =eh (13sec) | (14 3cc) {23 e (22 8] (27 sec) {14 sec)
load _
MW |
Actual | Tookle [T 0027 [To013s [0l [Togzon 02 [Teo0z2d [T 023
GTLoad (™ 257 |m27 [Po287  |m o287 | P 2RY P 287 Py 287 Py 187
Ta O1:26 [T 137 | Te 0148 |T: 01:59 | Tp 000 | Tz 0221 | Tz 0233 | Ta 024
(MW |p w9 P 268 lP; 3P M3 [P 3T PRo2T7 P 37 P: 237
AP 22 AP 22 |APA3  |AP 44 |APSO (AP S0 | AP 50 AP 50
Stabilizat |
an Time [LET 148 we | 26.6s500 17 sec k1 Fo 1.5 sec 30 w6 M
(seconds) —
Intermedi |
ate | Minl6 | Minel6 | Min33 | Min33 [ Min Mins | SDMW* | _soprue
complex MW MW MW MW A5NTW AW
' S;ﬂid (Bsec) | Eamcd | (1Bmc) | (6sech | 30mec) | Q9se) | G0se) | g
LMWy | 13 p— | :

Actual | T 0814 | T 0535 [Ty 0536 | T, 0547 |T 0550 Ty 061l | Ty 0623 | Ty 0635
GT Load [ ¥ ] [ ] P 328 P 328 P 328 Py 328 B 328 P 328
MW Ts 0524 [Ty 0535 | Ty 0546 | Ty 05:57 |T: 0608 T 0621 | T: 0633 | Ta 06:45

(MW g oas0 |Be 306 [P 372 (B 388 P 398 | B: 2T |Pe 37 Pz 278
| | ap 22 AP 32 AP 44 AP 43 AP S0 | AP 5D | ap 50 AP
1 ¢
Fa
= I h_- —

China Machinery Lagineering Corporation (CMEC)

147




Operating Reserve Policy

- -

®= 1263 MW Punjab Thermal Power Private Limited A‘ \

Stabilizati ="
on Time
(seconds)

15 sec 13 sec 26 sex 26 sec 30 sec 1 30 sce ‘ 30 sec 28 sec

— = ]

*  *OEM bocked recommendations regording the incorporated MW imiter egainst frequency response to
be provided by PTPL before COD. 704 load is considered 287MW and 80% load is considered 328
MW as per rated conditions,

Droop Setpoint — 4%,

GT(s) total response time is within 30 seconds. The maximum of load gradient value calculated
from the formula against the corresponding Joad percentage will be achieved in 10 seconds.
(The response time of GTs agreed at the time of simple cycle testing at GTs is attached herewith)

GT load variation at different droop settings as per test points given in approved commissioning
procedures (8.3 (a) (iv) Turbine Droop Govermnor Test

Gas Turbine Load - 70% (As per Table a1 Section VI of Procedure)
| |

Droop | 2% | 3% &% % 6% % 8%

Setpoint

i'le)t::ed N/A | 4150 | -150 ?200]-200 <250 | <250 | +300 | -300 | =350 [ .350 | +400 | <406
n mHz | mHz | mHz mHz | mHz | mHz | mHz | mHz | mHz | mHz | mHz | mH2

‘ Min 41 MW
Va’?:iMIWA‘MinMMW Min 41 MW | Min 41 MW | Min 41 Mw | Minatmw | MM
l 02:50 | 03202 | 03:14  03:25 | 0336 | 03:47 | 03-58 | 04:10 | 04:22 | 0434 | (M4:46 | 0457

Load | N/A |
*T‘:::’: 287 | 287 | 287 | 287 | 287 | 287 | 287 | 287 | 287 | 287 | 287 | 287
GTIMW) |
Load | NA ‘
"umgf' 1254|322 |243 330 (243 (330 243 330 [243 [33:1 [237 [338
MW)
Load  N/A
Variation |
after

stability 0|0 foe o |o [0 o [o |o |o |o |o
atGT
L) ) I I "3 =
Stability NA | 18 | 18 25 |26 [ 27 [ 24 |25 [ 24 | 22 [ 28 | 27
|_Time (s) sce | sec sec | sec | sec | sec | see | s

B

¢ The power plant was designed in 2017 as per the prevailing Grid Code.
* OEM range for the droop settings are 3%5 to 8%. (OEM sentings are attached herewith).
e The 1estis to be conducted keeping in view the limits allowed by OEM.

A
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M= 1263 MW Punjab Thermal Power Private Limited A‘ ]

GT(s) total response time is within 30 seconds. The maximum of load gradient against the calculated
from the formula against the corresponding load percentage will be achieved in 10 seconds. (The
response time of GTs agreed at the time of simple cycle testing at GTs is attached herewith)

PTPL == CPPA-G CMECSIEMENS oMS
P N

S e T~ -~
i i L Sigr Siga: 41‘3{
e ;ﬁC / |N°'""<A'D' NhSI | Name: “F5rg maoz. | Name: 'Can

b AN
DL B5:000% [Oak Date: 130853 Dau-:Zo-of—ZS
: e
/IH‘FI &l:t“ﬂ
=15
- .
V)%
7’/5/1(}_/‘”
%
De ol wineds by Npec
St (]

1+ Neme 5']"

Neadar, Annod) ¢

i
2, Neme 7"‘ %

Mobam mad) F“”‘v ;H’j

China Machiners Engincering Corporation (CMEC)
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TCB CFPP
\ TR
) T e

Steam Turbine Governor O;

Log Sheet Turbine Governor Operation Test 1

Unit:_1_ Date: Dec 27, 2022 Start Time; 09:55 End Time: 13:45
Droop% 3%
Load 60% 75% 90%
Frequency
-0.067 | 0.067 | -0.1 0.1 |-0.067 | 0.067 | -0.1 0.1 1-0.067 | 0.067 | -0.1 0.1
Difference (Hz)
Load variation
After
147 | -14.7 | 293 | -293 | 14.7 | -14.7 | 293 | -29.3 | 14.7 | -14.7 | 293 | -29.3
Stabilization
(MW)
Start time 09:58:33|09:55:32|10:07:08(10:03:30(11:45:47|11:43:10{12:06:59| 11:48:26{13:30:20| 13:24:19|13:42:53| 12:34:02
Load before Test
™MW) 396.11[396.38 | 395.4 | 395.9 |495.70 | 494.85 | 498.39 | 497.27 | 594.23 | 592.79 | 594.27 [ 593.35
Steady load after
410.13 [ 381.64 |424.22| 366.0 | 510.12 [480.45 | 527.01 | 465.47 | 607.33 | 578.90 | 624.65 | 564.12
Test (MW)
Actual Load
| variation after
| e 14.02 | -14.74 | 28.82 | -29.9 | 14.42 | -14.4 | 28.62 |-31.80 | 13.10 |-13.89 | 30.38 | -29.23
[ stabilization
MW)
Stability time (s) | 40 39 43 44 49 44 50 49 59 25 46 55
Response time (s)| 2 1 1 2 1 2 1 2 1 1 1 1

Signed for acceptance of the Test results

TCB-1 CPPA-G&NTDC SEC ENGINEER
Sign:}ﬂ % Sign: Sign: NW,\ Sign:
/
Name: W I Name: Name:
Date: DeC, ﬂ’fh ’W Date: Date:
Vet 277, 200

Note: Please put initials of all involved party representative on each separate page of the Procedure
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Stearn Turbine Govarnor Operation

Log Sheet Turbine Governor Operation Test 2

Unit: 1 Date: Dec 27, 2022 Start Time: 09:38° FEnd Time: 13:24
Droop% 4.5%
Load 60% 75% 90% :
Frequency o ) - :
.| -0.067 | 0.067 | 0.1 0.1 |-0.067| 0,067 | -0.1 0.1 [-0:.067 | 0.067 | ~0.1 0.1
Difference {Hz) '
Loag-variation
After . ) .
. 978 | -978 | 19.7 | ~-19.7 | 078 | 978 | 197 | -197 | 978 | 878 | 19.7 | -19.7
Stabilization ’ ’
(MW)
11:39:39|11:37:15|£3:06:03] 13:02:54( 13:20:13| 13:09:02

Start time 09:43:58(09:39:37(09:50:53 [09:49:01 11:34:20{11:31:30

Load before Test L N . A GG
394,54 396,98 |:397.28 [ 395.94 [496.56 |496.31 | 495.73 | 494.97 | 593.42 1 594.69 [ 594.88 | 593.69
W)
Steady load after : .
405.5 | 387.83 |417.38 |376.49 | 505.10 [486.19 | 515.30 | 475.08 | 602.49 | 583.34 [614.38 [ 572.73
Test (MW)
Actual Load
variation after ) } i
i 1086 | 9,15 | 20.1 |-19.45| 854 [-10.12 19.57 | -19.89 | 9.07 |-11.35 [ 19.50 (-20.96
stabilization
(MW)
Stability fime ()| 28 | 29 | 46 | 54 | 23 | 40 | 47 | 4% | 34 | 32 | 45 | 55
Responsetime ()} 1 3 H 1 1 1 1 ‘1 1 1 1 17
Signed for aeceptance of the Test resalts
TCB-1 CPPA-G/NIDC SEC ENGINEER
Signlﬂ %%{ Sign: Sign: 4 ] Sign:
/ M ¥ ] AhiTHEssEnD
g d REVIEWEDT
Name: Bﬁf &) Name: Name: Namg ! STECHNEC:
' '3 ﬂ Chean Shanilod 7 s ¥ D NG |
Date: Date: Date: Date: :
RS Y )] &@—— ' b
PECW )? ! : -D }7#’! Zovi BC_ }7-} LA

Note: Please put initials of all involved party representative on'each sepatate page of the Procedure
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-Stéam Turbine Governor Operation

Log Sheet Turbine Governor. Operation Test 3
Start Time: 09:05  End Time; 13:02

Unit_L_ Date: Dec 271, 2022
Draop% 8%
Load 60% 75% 90%
Frequency - .
C 0,067 { 0.067 | -0.1 0.1 |-0.067) 0067 | 0.1 | 0.1 |-0.067| 0,067 | 0.1 0.1
Différence.(Hz) i o
Load variation
After ; . .
Siabilization 5.5 w35 11 -11 5.5 =53 11 =11 55 5.5 138 -1
W)

Starttime  |09:31:58}09:08:18]09:34:2509:29:50] 13236 | 11:21;42 | 11:28:1212:25:4412:53:54 12:51:39 |1 2:59:18| 12:56:45
L"adz’;f’v;)e Testlyos 56 [305.67 [305.62 | 394,13 1496.43 |495.87| 4955 [495.98 | 592.42| 593.60 | 593:57 | 592.07
Steady load . . ; ;

adyload afier ) 84| 390,67 |406.99 | 383:83 | 50199 489.84 | 508:71 | 484.13.| 600.49 | 586.39 | 60623 | 581.71

Test (MW)

Actusl Load
veriationafter | oo | 50 1147|103 | 556 | 603 | 1321 |-1176 | 807 | 661 | 1266 |-1036
stabilization ’ :

(MW)

Stability time (s} 17 38 22 41 33 22 26 27 31 11 22 33
Response.time (s)] 2 0.9 3 2 2 1 1 1 1 2 i 1
Performance Acceptance List
Date;_Dec 27%, 2022 Time:_13:02

Index Standard Requirement Experimental Value (mean)
Droop% 3%-8%: |
Response time lessthan 3 s 1.36 sec
Stability time less than 60 5. 37.64 sec
Dead band +0.033 HZ OK
Signed for acceptance of the Test results
TCR1 CPPA-G/{IDC SEC ENGINEER
Sign: ﬂ' %{ Sign: Sign: W Sign:
- g B ] Y ‘Pirnesssod
REVIEWEON
Namedfoy; . Name: Name; Nam3EIE R UFORARsk i m
¥ S0 DRADARDS TECHIICIL
ﬁUﬂ_ %M c,ge a5 }LGMVAam i _ D usracmu{ i
Date: . ate; Dite: Date:
PEG ] 5?4;” .IW)J”D . #
W ;7 LR P ))@C_--‘L oA
Note: Please put initials of all involved party representative on each separate page of the Piocedire
7
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Sleam Turbine Governor Operation

Log Sheet Turbine Governor Operation Test 1

Unit:_2 Date: Dec 27', 2022 Start Time: 15:40  End Time: 19:05
Droop% 3%

Load 60% “15% 0%
Frequency ) .
. | -9.067 | 0.067 | -0.1 0.1 |[-0.067 [ 0067 | 0.1 0.1 [-0.067 | 0.067 | -0.1 01
Difference (Hz)

Load variation

After . . . : . : - }

’ 147 | -147 | 29:3 | 293 | 147 | =147 | 203 | 293 | 147 | -14.7 | 20.3 | 283
Stabilization
MW)

Start time 15:45:43|15:43:36| 15:51:08| 15:48:13[16:52:48 | 16:50:00 [16:57:55 | 16:55:26 1 8:47:53| 18:45:06|19:00:36| 18:50:51

Lioad before Test .
oW 396.5 | 396.7 | 395.1 | 3954 [495.88 | 494.1 (496.05 [494.99 | 595.73 | 595.44 | 595.90 | 594.41
Steady load after | ] .
410,8 | 381.8 | 424.1 | 366.1 | 508.8 | 480:8 |524.64 [465.53; 609.8 [580.30(626.38|565.37
Test (MW)
Agfusal Load
variation dfter ;
143 | -149 | 29.0 | <293 | 13.0 | -15.3 | 28:59 1-29.46 | 14.07 | -15:.14 |.3048 |-29.54
stabilization
(MW)
Stability time (s}| 33 32 46 40 30 37 42 39 43 25 50 43
Response time (8)] 1 1 2 1 T 1 1 1 2 1 2 1

Signed for acceptance of the Test results

TCB-1 CPPA-(pIy TDC ENGINEER

' SEC
Sign:;‘__r%% Sign: /Jlﬂ Sign:b&.g' g
Name:, i Name: . . Name:

Date: 1‘5‘1, : Date: R Date: :
.DE‘/D? 1, J032 | f D@‘- }71*,(.' iy J)eg;_. )—T”‘_L:v?.

Nate: Please put initials of all involved party. répresentative on-each separate page of the Procedure
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Steam Turkine Governor Operation

Liog Sheet Turbine Goyernor Operation Test 2

Unit:_2 Diate; Dec 274, 2022 Start Time: 15:33  End Time: 18:43
Dreop% 4.5%
Load 60% T5% 90%
Frequency . ) )
. . [-0.067 | 0,067 -0.1 0.1 |-0.067) 0,067 | -0.1 0.1 |-:0.067| 0.067 | 0. 0.1
Diffefence (Hz)
Load variatton
After . ;
978 | -9.78 | 197 | -197 | 9.78. [ -9.78 | 187 | -19.7 | 9.78 | -9.78 | 19.7 | -19.7
Stabilization :
Qaw)
Start time. 15:36:01[15:33:41]15:40:34] 15:38:21 | 16:38:36{ 16:35:45| 16:44:32{ 16:41:32 18,36 18| 18:34:03 | [8:41:30 18_:39&19
T.aad biefore Test . ) :
395.9 [ 396.1 | 397.5 | 396.7 | 495.8 | 494:9 {°495.0 | 493.2 [ 594:7 [ 595.5 | 595.87| 59528
(MW)
Steady load after ) ’
406.5 | 386.7 | 416.3 | 3774 | 505.8 | 485.5 |.513.6 | 474.8 |604.97 | 584.6 | 614.4 |574.99
Test (MW} ’ - :
Actual Toad

variation after ; . .
106 | <94 | 18.8 | -193 | 100 | -04 | 186 | -184 | 1027 | 109 | 186 | 20.29

stabilization
(MW).
Stability time ()| 26 40 31 32 34 36 30 33 -3 25 32 30
Response time (5)| 1 I 1 1 1 1 1 1 2 1 2 1

Signed for acceptance of the Test results

TCB-1 CPPA—G}IEITDC_ SEC ENGINEER

‘Sign: Z_%%ﬁ, Sign: Signmv\ Signj: .
N/ N B

Name: M) %ﬂd Name: 7 Name! TNEITIS 07En FOR I ORAHOR-SHE
) _ ny FORMAHORTHEL
vy el - Chon Shanshay TaSEEsn

Date: Daie:

P zzu, 202 pe:, J_TH‘ ,2R22

B B

Date: Date:

De(«/ 27‘&.“/ -

Note! Please put initials of all involved party representative on each separate page of the Procedure

H
;
g
:
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Steam Turbine. Governoir Opération

Log Sheet Turbine Governor Operation Test 3

Uniti, 2 Daté: Dec 27, 2022 Start Time: 15:21  End Time: 18:21

Diioop¥a 8%

1.0ad a0% 75% 90%
Fréguency P .
B 067 -0.1 | 0.1 1-0.067| 0. <01 | 0.1 |-0.06 067 -0.1 0.1
Difference (Hz) -1.067] 6.067 ] 0.067 71 0.067
Load variation
After =
Stahilization 5.5 -5.5 11 =11 5.5 ~55 11 -1l 55 <55 il -11
MW} :

Start-time 15:24:22 | 15:210:35 | 15:29:40 | 15:26:58 | 16:27:43 | 1612519 | 16,9275 | 16:30:00  18:13:52 18:10:46 | 18718:24 | 18:16:06
Load before Test) 0 o | 3970 | 306.4 | 3067 | 494.6 | 4943 | 4946 | 4947 | 5946 | 5952 | 5963 | 504.8
Steady tead after ) : 4 .

Test (MW) 402.4 | 3%0.5 {407,05| 385.9 | 500.5 | 4883 | S07.0 | 483.1 | 601.5 | 589.3 607.5 | 583.2

Actual Load
varationafter | oo | oy | o5 | <108 | 59 | 60 | 124 |16 | 69 | 59 | 112 |18
stabilization : ’
(MW) :
Stabllity time ()| 14 | 51 37 | 29 4 139 | 17 | 36 | 15 | 29 | 20 | 22
Responsetime(s)] 1 1 2 1 1 1 1 1 1 2 1 1
Performance Acceptance List
Date; Dec27%, 2022 Time:_18:21
Index Standard Requirement. Experimental Value {imean)
Droop% 3%-8% OK
Résponse time lessthan 3 s 1.197 sec
Stability time less than 60 s 32.16 sec
Dead band £0.033 HZ 0K
Signed for acceptance of the Test resulis
TCB-1 CPPA-G/NTDC SEC ENGINEER
Sign: | Sigh:

Sign: Lﬁ!%
Name: “)eﬂﬁ ‘ﬁed)wr

Date: Def, 2?17"‘ I

s
Datc: 2%

.Sigﬁ:m

R - . S REVIEWEDI
Name: ~ Name: Naligito ros wromwae ot
4 ( ,{ Fw, SMA esn EEIICS1G SHENARDS TECHHICAL
» SF Tl NI
Date; Date

W 2’7-'%..}02-.1—}9_6& ZTH' 2eds

AIHESSEDE

Note: Please put initials of all involved party representative on each separate page of the Procedure
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Thar Nova Power thar (Pvt) Limited

#\;j‘ -
ANV

_'——_,’__——’a q
ThaiNova
Name of Test: Turbine Governor Operation Test
Project Name: 1x330 MW - Thal Nova Power Thar (Private) Limited
Droop 3%
Load 60 % Load 75 % Load 90 % Load
Frequency
Difference (Hz) 0067 | -0067 | 0.1 0.1 | 0067 | -0.067 | 0.1 0.1 | 0067 | -0.067 | 0.1 0.1
Speed Difference
RPM) 4 4 6 - 4 -4 6 6 4 4 6 %
Load Variation after
Stabilization (MW) 733 | 733 | <1467 | 1467 | 2733 | 733 | <1467 | 1467 | -733 | 7.33 | -1467 | 1467
(Iﬁ%beﬁ“'re“ 197.88 | 198.02 | 19726 | 198.09 | 247.52 | 24821 | 24738 | 2478 | 297.09 | 297.44 | 206.61 | 29751
Steady Load
after Test (MW) 190.66 | 205.16 | 18325 | 212.78 | 239.97 | 254.52 | 232.83 | 26201 | 289.75 | 304.71 | 282.06 | 312.06
Actual Load
Variation after -122 704 | -1401 | 1469 | -7.55 | 631 | -1455 | 1421 | -7.34 727 | -1453 | 1455
Stabilization (MW)
Stability Time (s) 20 26 23 30 33 22 21 25 33 45 31 31
Signatures:
TNPTL CPPA-G EPC Engineer
]
Sign:%w SWZ Sign: Qﬁflﬁ"‘é’ Sign:
/ Y v D’\“}?- MoSn w;mpona%o” N P
Name2-) Amer Nj e: ¢ Name: R %\
G
_ 3) st Sl SN 3
T ; Wrmm..v, =y // H275
ot lethce /i /‘” Nazim Uddin '\
| o7 7 it
Dzt ] e \ i \\’\ S
“*/ (3
“Slamap®
Attachments:
—DCS Trends
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Thamfbva
Faeics Pk P .

Niame of Test: Turbine Governor Operation Test

Project Name; 1x330 MW - Thal Nova Power Thar (Private) Linited

l_}_g'oop_ . . 4.5

Loaid 66'% Load 75 % Load 90 % Load

- Eroquency , o | o .
Difforeie (Hz) 0067 | 0067 [ 1 | a0 | o0sr | 0067 | o1 | 40 fooss7 [ o067 [ 01 | .0

Spqu:._t)i!‘fereno,e
(RPMY

Tioad Variation afier

PR p EF 89 | .5 978 489 | 4, ) ) . B 9,
Stabitization (MW) |- 48 9,78, 7% | 439 .459. 978 | 978 | 489 | 489 | 978 78

Load before Test

W) | 39w |-ags02 | 1970e |18 | 2a725 | 24786 | 2arie. | 24804 -296.41 | 20737 | 20654 | 29771

Steady Load after

193,07 .50 |-1BB20. | 207/ 24265 | 95219 | 3357:56, | ‘25741, [ 29708 e | 252 | sor3s |
Test (MW) .9_301 2025§. .IB 0. | 20770 24265. 25219 | 33756 | 2 . I | 20208 | 30163 | 287.27. | 30724

- Acm’ai'.Load'.

oS (2483

fafi er. o0 o33 | bag | ear | s | aae [aear | oeds
Stabilizsion (MW)- | ) SO S '

‘Stability Time @) . | 35 2 ige o2k |28 a0 | s | o I 4

Signatures:

:.:'E}?C SR | Engineer

.. .,Sign:‘_%
e £l |

Attachments: )
~DES Trends
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Thalloya

Nameé of Test:: Turbine Governor Operation Test

Project Namer 1x330 MW - Thal Nova Power Thar (Privaté) Limited

Proop 8%

Load 68.% Load 75 % Load ' 90 % Load

Frequency . - _ ' .
. - 0.0¢ <0067 . .1 B . A 5 -0, i B X X
Differesice (Fz) Dasr 0:067 0.1 RiRS 0067 | 0067 ol 0.1 0.067 0067 1A} A1

%;%P’ﬁ-‘mmg 4 4 & § 4| A ) % a 4 6 %

Eoad Variation
after Stabilization 245 | 275 55 5.5 275 | 278 5.5 33 2,75 2,75 5.5 55
W), )

Load before Test

197.81 197.3’!'.

19822 | 10836 | 24756 | dema4 [ 28741 | 24828 | 29682 | 29654 | 29723 [ 29723

| Steady Lioed T SR IS T T _
. P -1 N - B4 - 54 124188 .. B L .. i 2 g
afier Test (MW) .9_5_54_ : _244_;&..:_?,513,54_ 41 aa._zs.a 36 | 204:147 [ 299.50° 29160 | 0238

Actual Load =
Variationafter. - | 2247
Stabilization MW) |

ogs [ad | s [sde | e |oase | oses | sas

Stability Tite-(s) 3 ar | ow [ __-31__'— 37

_Sig_na__tu__res:

Attachments:

~DCS Tresds
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‘Name of Test: Tarbine Governor Operation Test
;Prf:jj_ec_t Name: 1x330 MW - Thal Nova Power Thar (Private) Limited
Date:08/01/2023 ~09/01/2023
Time: 19:40 hrs — 02:00 hrs
Tndex . Standard Requirement Result Value
Droop% ' %% 3% 4S%ERY%
-RBSan'Eé nme . o o less than 3§ . QK .
Stability time o lessthan 605 : 0K
Do I
Signatures:

-EPC Engineer

TriarRow Plant Projer ”‘\; .

Attachments:

—DCS:Trends
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Thar Energy Limited CFPP

AV
4V HUBCO

THAR ENERGY LTD.

Log Sheet Turbine Governor Operation Test

Droop 3%

L. /-
Load 60% Load 75% Load 90% Load
Frequency t0-067 |-0-067 140 (-0 [10.067 |~0.061 |+0.\ | -0t [to.06T-0.067 | 40 |-0-1
Difference (Hz)

Load Variation
after Stabilization |[-4-33 p4.94 (-8 [44.78 [-L.89 [+4-€9 |-A.78 |+Q.18 | -489 [+LSA [-A08 |+ 11§
(MW)

Load before Test
MW) Q777 8.4 13814148 .10 [ 24677 [246. 20| LMT.04 [2U6 .44 [296. 21 (24013 (240 .1 [241.7/

& ? 03.24 1 2088 ‘) 2; '3‘ ¢! 3.1 |24 4L 30 | 286 A .0
q2.4 . £0| 20€:84 1‘\\‘ 134 L2 1. > 5 o, 8. C‘
T (MW) \ 2 18 2 \ 1 2

Actual Load
Variation after
Stabilization

(MW)

F &3 RIS [—dy 104 | L [+4.02 F 1043 1048 |- L.AS [F (Aag |- 10-85 [H103§

Stability Time (s) | <30| <30 230| 30| < 30| 30| c30|c30|c 30 |¢ 3| 30| <30

TEL CPPA-G / NTDC EPC Engineer

2.

SigW Sign: Sign%@% Sign: ;y%/

Name: Name: At Nam 9 | Name: A-Rezaer Lar
A - Ag2n [ oy fortt @"7 7&
<7
Date: Q{ Date: ?7?/ 2wV
j/i eég)' Z \
:

< e
© | Kareeht E
2 i

d \.
il

W

Nazim Uddin \r

Thar Power Plant Project e
oad F-10/4

Site Office
*

Page 7 of 10 /
/-/
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A4V
4 ¥V HUBCO

THAR ENEROY LT

Log Sheet Turbine Governor Operation Test

Droop —45%
7.
Load 60% Load 75% Load 90% Load
Frequency b
ol |-0067|+0.( |-0-¢ |t0.061 [-0.087| 4o0.0 |-0.\ [40.067 |~0.061 S| .
Difference (Hz) i S e S =3

Load Variation
after Stabilization [-7.232 |¢#7-23|-1.67] + 1467 | -7-23 [+ 33 [~ 1461 [+ 1467 | -T-33 [+2-32 | A4 [« 1447
(MW)
Load before Test | 4¢ a)
(MW)

Steady Load after 1901 |2sénligaeslas.se lassaa |age v aagan |9ei16 | agq.ot| 306 5
% 06 192. . o 3 ‘ 5 o ;
Test (MW) i s ¥ 30618 280:77 31238

88149 198. 57| 94 7.01 | 24745247, 27| 24s 6| 29678 | 29 7.81] 14743 297,49

Actual Load
Variation after
Stabilization

(MW)
Stability Time (s) |£ 30 |430| 230|220 |£%0 (230 |230 |30 |30 |L30 |2LFe (230

LS\ (4739 |18 2]+ 1445 [ -8.38 [+ T T |18 4 (%€ (2777 [471:36 |~ 16.26[+14.29

TEL CPPA-G / NTDC EPC Engineer

M Sign%@ Y Sign: /). /%

\Name:WW Nam%}lo‘“&/ Name:ﬂ./\’ezaaﬁt/

Date: ¢/2/»>~" |D - L1 qkate: :
'S Thar Power Plant Project &
= Site Office
%

Page 8 of 10 /€/
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Vi 4
4V HUBCO

THAR ENERGYLTD

’ Log Sheet Turbine Governor Operation Test
Droop 8%
Load 60% Load 75% Load 90% Load
Frequency +0.0€1 [-0.067[to\ [-p.) |40.067 |-0.061 | +O. ~0.\ [4c.0bT|-006] |20\ ~0.\
Difference (Hz)

Load Variation
after Stabilization [-2.78 [0S [..¢ [¢S.y |-2.95 (4235 [-€5 [+55 [-2a8 [+ 275 | -€.
(MW)

Load before Test
(MW)

Steady Load after
Test (MW)

Actual Load
Variation after
Stabilization
(MW)

vy
vy
>
A
%

19763 [197.96[147.33 (196 o1 [246. 20 2408 [24€.68 [ 260 | 29€.20-| 29686 | 297 1) [197.44

196,89 |20009[110.63] 262.89 (243 .86 244.4L(240.44 [252.49 [293.4§ [ 299.42] 280 96| 32,57

24 [f2.83Fuey 1587 F223 [#2.40-€4 [F#SAR 233 [*2) réal [+6.3

Stability Time (s) |£L2%0 |LJbo|230| £30| 30| c30 | £50 (430 | £30| 250 |2 30 L;i]

TEL CPPA-G / NTDC EPC Engineer
4 3 \ £
Si%; SM Sign: ¥ E@ ! Sign: ﬂé/
LR = v

Na%-ﬁgyﬂ— [/m Name:ﬁw,f W(Name@wyn‘@/ Namezﬂlfeme/'ﬁq/
Date: Qf a)s Date: 974 /w’)/)/

har Power Plant Project

Site Office
*

Page 9 of 10
/\/

162



Operating Reserve Policy

Annexure 3: Operating Conditions used to calculate Primary Reserve
requirement with high penetration of VRE

Summer Peak — VRE case

: Dro Reserve | Reserve

Power Plant Pgen Pmax | Pmin Mw.s [ MW?:[:I (+ve) (-ve)
470 500 200 2245 250 30 270
1350 1450 11390 7250 725 100 160
4730 4340 3840 24013 875 50 950
155 202 25 724 101 a7 130
70 82 41 285 41 12 29
30 Y] 20 160 16 2 10
30 108 20 215 54 78 10,
70 122 &0 275 61 52 10,
120 130 70 455 5 10 50
10 72 10 252 365 62 0
124 150 68 750 75 26 57,

a2

12

DARGAI 13 15 5 29|
PEHUR 10 28 5 38
GML-ZAM E] 17 5 39|
KAM.GRHI 5 5 0 3|
JAGRAN 24 313 5 59|
MARALA SH 7 g 4 15
small Hydro 1<, o 8 14 8 20
NANDPR B 14 6 18
RENALA 1 1 1 1
SHISHI 2 2 1 2
RESHUN 4 4 2 4
JINNAH 33 % 24 249|
150] 258 T7 512

DWW 24] 26 10 73
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CHINIOTEP 27 62 20 57
Bagass FATIMA 32 66 25 294
AL MOIZ 17 30 10 135
100 184 [i%] 239
K2 Unit 1032 1040 730 5595
1032 1040 730 5595
CHASHNUP 1241 1263 800 9170
165 180 75 304 90 15 105
NSHTCHN 172 195 E8 345 98 23 127
NISHT-PWR 139 195 68 345 98 B 127
145 156 B8 281 78 11 83
115 124 a4 149 62 9 80
LIBERTY Tech 160 188 63 333 94 28 91
LIBERTY Power 174 194 a0 889 90 20 84
HUBCO narowal 175 190 77 321 95 15 113
FNDTION 148 166 63 1109 77 18 103
491 500 477 2611 165 9 23
578 4D 206 4241 187 62 434
394 440 310 3017 216 45 130
GUD-CCPP 440 480 340 3259 240 40 140
977 1098 730 5968 512 121 368
519 683 490 3882 309 169 198
an7 1050 750 5706 430 143 300
TRIMMU 333 365 280 1051 183 32 85
360 a7z 298 2397 174 12 74
HALMOR 105 115 865 550 52 10 29
115 120 73 574 24 5 47
123 136 80 650 61 13 56
118 135 B8 598 57 7 37
ENGRO Power 99 130 a0 654 65 31 ap)
NANDPR 430 474 315 AD0E 226 44 159
PRT CFPP 340 450 330 1636 180 110 120
LUCKY 337 606 303 2485 242 269 303
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QAD-SOLAR 50 100 0
APPO Solar 70 100 0
CREST ENE 50 100 0
Solar BESTGREEN 0 100 0
ZENFA SOLAR 75 100 0
INCREASED PENETRATI( 1600 2500
1915  3000| 0
HAWA 8 50 16
MASTER 38 50 16
ZEPHYR a7 50 16
G AHMD 38 50 0
ARTISTIC 8 50 0
ACT2 ] 50 0
DIN-E ) 50 0
LIBERTYL L] 50 0
LIBERTYZ 35 50 ]
INDUS EE] 50 0
NASDA EE) 50 0
LAKESIDE R 50 0
METRO-2 45 58 0
MASTER GR a7 50 0
FFCEL 36 50 0
) 50 0
21 30 0
65 93 0
35 50 16
GULAHMAD a7 50 10
EE) 50 16
8 50 0
32 50 10
28 50 0
32 50 0
28 50 16
DAWOOD 35 50 16
12 50 0
8 50 0
34 50 0
a7 50 0
TRICON 1 8 50 10
TRICON 2 8 50 10
TRICON 3 8 50 10
NOORIABAD 8 12 3
35 50 0
T 57 0
INCREASED PENETRATI] 721 1000 0
Total 27214{ 32206| 16343| 125955 7628| 2876| 8215
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Summer Off-peak — VRE case

Power Plant Pgen | Pmax | Pmin Mw.s Droop Reserve | Reserve
(MW/Hz) | ([+ve) [-ve)
420 570 170 2559 285 150 250
1116 1450 1100 7250 725 334 16
3540 3548 2698 159336 864 8 1242
155 202 25 724 101 47 130
Malakand PP 70 g2 41 286 41 12 29|
DARAL KHWAR 30 EF] 20 160 16 2 10|
30 108 20 216 54 78 10|
60 122 80 276 61 62 o]
130 130 70 455 o [i 50|
10 72 10 252 36 62 o]
124 150 68 750 75 26 56
a7 B4 30 87 42 a7 7
B0 100 10 200 50 20 70|
114 114 18 570 o 0 56|

360/

100

JABBAN 22 22 12 36
DARGAI 13 15 5 29

PEHUR 5 28 5 38

GML-ZAM El 17 5 39

KRM.GRHI 5 5 0 3

JAGRAN 24 33 5 59

Small Hydro |[MARALA sH 7 8 4 15
NANDPR 3 14 3 18

RENALS 1 1 1 1

SHISHI 2 2 1 2

RESHUN 4 4 2 4

NINMAH 39 56 24 249

137 245 69 492
oW 24 26 10 73
a CHINIOTPP 27 62 20 57
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Ddpdss

FATIMA 32 66 25 294
AL MODIZ 17 30 10 135
100 154 65 359
K2 Unit 1032 1040 730 5595
K3 Unit 1032 1040 730 5535
CHASHNUP 926 947 600 JO78
NSHTCHN 110 195 68 345 98 a5 42
NISHT-PWR 109 135 68 345 98 86 41
68 156 68 281 78 838 0
a4 124 d44 143 B2 20 0
Liberty Tech 69 188 69 2 333 119 0
Liberty Power 131 154 90 9 BED 63 41
FNDTION 156 166 63 1109 77 10 93
500 500 477 2611 0 0 23
416 430 125 3010 135 14 291
290 300 210 2163 50 10 a0
GUD-CCPP 480 480 340 3259 0 0 140
786 1098 730 5968 512 312 56
777 1050 750 5706 490 273 27
560 740 560 2937 333 180 0
360 372 298 2397 174 12 b2
123 175 119 837 B2 52 4
125 130 66 621 B5 5 59
ENGRO Power 100 130 40 B33 B5 30 &0
NANDPR 354 354 248 2914 0 0 106
PRT CFPP 700 900 660 3272 360 200 40
303 &06 303 2485 242 303 0
1200 1200 600 4692 0 0 600
SAHIWAL 820 1242 660 4856 497 422 160
300 300 110 1146 0 0 190
THAL NOVA 300 300 110 1146 0 0 190
HUB CHINA 300 625 270 1550 250 325 30
AESPEGN 290 350 170 391 140 60 120
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QAD-SOLAR 20 100 0
CREST ENE 20 100 0
BESTGREEN 35 100 0
ZENFA SOLAR 75 100 0
INCREASED PENETRATI] 1000 2500 0
1150 2500 0

27 50 16

MASTER 23 50 16
20 50 16

G AHMD 27 50 0
ARTISTIC 27 50 0
27 50 0

27 50 0

LIBERTY1 27 50 0
LIBERTY2 25 50 0
23 50 0

20 50 0

LAKESIDE 26 50 0
METRO-2 31 58 0
MASTER GR 26 50 0
20 50 0

20 50 0

15 30 0

35 99 0

ARTISTIC 25 50 16
GULAHMAD 20 50 10
23 50 16

SAPHIRE 23 50 0
23 50 10

20 50 0

23 50 0

TENAGA 20 50 16
25 50 16

25 50 0

30 50 0

27 50 0

0

22470( 29592 14271

111887

7738

3676

4821
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Winter Peak — VRE case

. Droop |Reserve| Reserve
Plant e Power Plant Pgen Pmax Pmin Mw.5
Tvp & (MW/Hz)| (+ve) | (-ve)
Ghazi Barotha 526 580 450 2900 290 54 65
500 650 375 3267 325 150 125
Malakand PP 13 23 14 82 0 0 10
DARAL KHWAR 34

JABBAN 11 11 E 18

PEHUR 5 5 5 7

Gomal Zam 5 20

Kuram garhi 5 5 0 3

JAGRAN 10 10 5 18

Small Hydro f. . e shan 7 7 a 0
NANDI PUR 6 14 E 15

JINNAH g g 24 101

SHISHI 2 2 1 3

94 102 56 185

oW 24 26 10 73

CHINIOTEP 27 62 20 57

Bagass oA 75 32 EF] 142
AL MOIZ 17 30 10 135

93 150 72 a07

1032 1032 730 5552

75 0 4] 138

68 98 78 43

44 62 10 70

NISHT-P\WR 190 155 =] 98 5 122
LIBERTY Tech 178 155 [==] 78 17 109
FNDTION 170 186 63 87 16 107
340 480 340 3259 240 140 4]

550 550 477 2893 0 0 73

Engro Power 110 110 a3 553 1) 0 0

Engro Thar
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=0 K-8 (=R E=1 E=1 =1 E=11=1 =]

71290

3443

1976

2882
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Winter off-peak — VRE Case

Plant Type

Power Plant | Pgen Pmax | Pmin | Mw.s Droop | Reserve |Reserve (
(MW/Hz) | (+ve) ve)
Turbela PP 210 390/ 210 1872 135 180/ ] |
Malakand PP 23.33 23.33 135 81.655 0 0 9.83
DARAL KHWAR 15 15 10/ 75 0 0 L
GULPUR 20 20 10 40 o 0 10}

CHASMA

0

KAROT

20

JABBAN 3 176
JAGRAN 10 10 5 12.2
MARALA SH 74 7.4 a 13.468
RESHUN 3 ] 2 7.28
Small Hydro  perars 1 11 05 11
IINNAH 344 344 21 89.096
SHISHI 15 15 05 3
88.3 69.4 39| 149.744

DW 24 26 10 73.32
CHINIOTEP 27 27 20 2457
FATIMA ET) EY) 25 1824

AL MODIZ

K2 Unit

134.7

5595.2

K3 Unit

745

730

5595.2

CHASHNUP

UCH 1

9170.02

257.5

50

22.8

Engro Power

ENGRO Thar

NOORIABAD

INCREASED PENETRA

12794 5311
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Annexure 4: Operating Conditions used to calculate Secondary Reserve

requirement

Base Cases

Summer Peak (Case A): baseload coal-fired power plants

Plant Type

Power Plant Pgen | Pmax | Pmin Mw.s Droop | Reserve | Reserve Cost Operating Cost
(MW/Hz) | (+ve) (-ve) | (Rs/kwh) (Rs/kwWh)

MANGLA 470 500 200 2245 250 30 270 0.07 31,450

Ghazi Barotha 1350 1450 1130 7250 725 100 160 0.08 106,650

33E0 3430 2430 16669 875 50 950 004 145,340

Turbela 4 Extension 1410 1410 1410 7343 0 0 0 0.13 188,340

155 202 25| 724 101 47 130 0.11 16,585

70 B2 40.5 286 41 12 29 0.32 22,117

30 32 20 160 16 2 10 0.32 9,480

30 108 20 216 54 78 10 0.34 10,320

70 122 &0 276 (3] 52 10 022 15,050

120 130 70 455 65 10 50 0.22 25,800

10 72 10 252 EL 62 0 0.21 2,110

124 150 67.5 750 75 26 57 0.18 21,755

37 84 296 87 12 47 7 0.48 17,775

EO 100 10 200 50 20 70 0.13 15,520

570 0 0 EG 013 21,774

0 0.13 137,520

5,050
DARGAI [E] 15 15 29 0.09) 1144
PEHUR 10 28 B 38 063 5,340
GML-ZAM 5 17 5] 39 063 5,706
KRM.GRHI 5 5 031 3 0.28) 1275
IAGRAN 2 EE! g ] 259 62,160
MARALA SH 7 8 l 15 259 19,166
small Hydro  [o0imi 8 14 5 20 0.18 1,424
NANDPR G T G 12 013 792
RENALA 1 1 05 1 034 42
SHISHI 2 2 05 2 034 513
RESHUN 1 1 Fl 1 034 1,368
INNAH 19 a6 24 249 027 10,424
Sub Total 150 258] 76.81 512
IDW 24 % 10 73 9.05 217,260
CHINIOTPD 7 &2 20 £l 1033 279,309
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Bagass FATIMA EF] 66 25, 294 1034 331,030
AL MOIZ 17 0 10 135 1018 173,143
Sub Total 100 184 65| 552
K2 UNT 1032 1040 730 5585 0.95 580,400
X3 UNT 1032 1040 730 5535 0.95 980,400
CHASHNUP 1241 1263 200 9170 1.02 1,260,856
ATLAS 165 130 75, 304 E) 15 30 35.47] 5,852,880
NSHTCHN 172 135 8 345 375 23 104 4192 7,210,532
NISHT-PWR 189 135 8 345 97.5) 6 121 11.40) 2,153,863
AGL-IPP 145 156 8 281 78| 11 77 36.64] 5,312,307
KEL 115 124 24 1439 62 9 71 41.39] 4,755,321
LIBERTY Tech 160 188 &9 333 34 28 91 4291 5,865,440
LIBERTY Power 185 154 30 889 30, ] 35 552 1,020,571
HUBCO Narowal 175 150 77 321 95, 15 98 40.57] 7,100,083
FNDTION 152 166 &3 1109 76.85 13.5 89 9.43 1,433,129
UCH 1 250 500 477 2611 733 10 128 3.10) 1,520,186
ROUSH 350 412 200 2458 1928 62 150 30.46) 10,661,042
KAPCO 620 540 206 4241 307 20 414.2 30.46) 18,885,274
GUDDU 320 340 240 2296 150 20 80 10.02 3,207,552
GUD-CCPP 460 480 340 3259 240 20 120 11.98] 5,511,812
BALLOKI 1080 1098 730 5968 512.2 13 350 22 56) 24,366,226
BHIIKI 1015 1025 720 SSEL 3152 10 295 7234 22,678,186
HES 1040 1050 750 5706 430 10 290 2234 23,236,762
TRIMMU 1090 1105 240 3441 515 15 250 2216 24,156,308
UCH2 364 372 298 2357 124 ] 66.4 13.42 4,834,032
HALMOR 163 175 119 837 a2 12 aa 28.20 4,596,054
ORIENT 175 185 120 884 6.5/ 10) 55 27.21 4,760,349
SAIF 195 204 120 975 95.2] 9 75 28.01 5,461,232
SAPHIRE 180 190 121 908 a9, 10 59 1771 4,988,362
ENGRO Power 120 130 an 654 65| 10) 80 9.86) 1,183,648
MANDPR 434 474 315 4006 225.6 40 119 28.03 13,166,452
PRT CFPP 330 450 330 1636 180 120 0 2284 7,536,474
LUCKY 303 606 303 2485 2424 EE] 0 1385 4,200,731
SECL 941 1200 600 4552 480 253 341 4.41 4,145,105
SAHIWAL 1230 1247 =1 [ 4968 12 570 2329 28,644,732
TEL 250 300 110 1146 120 10 180 5.18 1,503,505
THAL NOVA 790 300 110 1146 120 10) 180 5.19) 1,505,100
HUB CHINA 75 625 270 1950 250 350 5 2285 5,284,713
AESLALP 185 350 175 1141 140 165 10 4334 8,017,695
AESPEGN 135 350 170 991 140 15 165, 3763 12,607,547
SABA 110 120 25, 396 23 10 3 aa.41 4,885,315
QAD-SOLAR 50 100 0 32.45 1,622,920
APPO Solar 70 100 0 47.15 3,300,374

Solar CREST ENE 50 100 0 50.29) 2,514,345
BESTGREEN 70 100 0 50.02 3,501,449
ATLAS SOLAR 75 100 0 14,62 1,096,500
Sub Total 315 500 0| -
HAWA 38 ] 15.9) 3058 1,482,532
MASTER 38 ] 15.9) 4445 1,704,305
ZEPHTR 37 50 15.9 3574 1,314,160
G AHND ] =0 0.3 44 45 1,704,305
ARTISTIC T =0 0.3 2137 815,310
ACTZ 38 50 0.3 1396 535,065
DIN-E S 50 0.3 14.12 41,298
LIBERTYL 38 50 0.3 1182 453,353
LIBERTY2 35 50 0.3 1182 416,258
INDUS 35 E0 0.3 1433 562,516
NASDA 39 50 0.3 1386 542,296
LAKESIDE 38 50 0.3 1383 515,320
METRO-2 45 ] 0.3 36.77] 1,639,727
MASTER GR 37 50 0.3 14.47 531,543
FFCEL 36 50 0 1176 423,208
METRD 16 50 0 3677 1,323,290
TAPAL 71 0 0.3 3329 703,025
UEPL 65 99 0 34339 2,232,793
ARTISTIC 35 50 15.9) 2137 752,427
GULAHMAD 37 50 10 1387 509,802
YUNLUS 39 50 15.9) 38.56) 1,508,178
SAPHIRE g 50 0 48.55 1,860,953
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50 10) 45.98] 1,474,675
5D 0 22.05 1,184,317
5D 0 21.73 1,338,429
50 15.9) 47.07] 1,325,642
50 15.9) 50.23 1,768,121
5D 0 50.23 1,610,953
5D 0 50.23 1,925,288
50 0 39.37 1,324,342
5D 0 39.37 1,447,538
5D 10 39.64) 1,488,277
50 10 39.64) 1,488,277
5D 10 39.64) 1,488,277
12 5 39.64) 310,058
50 0 1,395,260
57 0 516,219

27214| 30354 9111 2202.8| 7170.1 352,732,674

Summer Peak (Case B): fast-ramping power plants

Pmin Muw.s Cost Operating Cost
i [Rs/kKWh) {Rs/kWh)

0.007| 31,430

0.075| 104,830

0043 143,340

0.134 188,340

0,107 18,383

0310 21,117

0316 9,480

0.344 10,320

0.213 13,050

0213 13,800

0.211 1,110

0173 21,733

0.4804 17,773

0154 13,320

0151 21,774

0181 137,320

12 0.273 8,000

DARGAI 13 13 3 25| 0.088 1,144

PEHUR 10 I8 3 38 0.034 0,340

GML-TAM 9 17 3 39| 08348 3,706

KRM.GRHI 3 3 [} 3 0233 1,273

JAGRAN 24 33 3| 35| .39 82,1080

MARALA SH 7 ] 4 13| .39 15,188

E'I'B" “’dm SHADINWL ] 14 B 20| 0.178 1,424

HANDFR L 14 -] 18| 0.132 732

RENALA 1 1 1 1 0.342 342

SHISHI 2 2 1 2 0.342 313

RESHUN 4 4 2 4] 0.342 1,388

JINNAH 33 50 24 245 0.2a87 10,424
Sub Total 150 258 77 512

FOW 14 0 10 T3 S.03213 217,200

CHINIOTFP 27 a2 0 31 10.3447 79,309

m FATIMA L] 3 294 10.3447] 331,030

AL MOz 17 30 10 133 101845 173,143
Sub Total 184 65 552

K2 UNT 1032 1040 T30 3333 0.593 S80,400

K3 UNT 1032 1040 730 3333 0.593 580,400

CHASHNUP 1241 1243 800 9170 1015 1,200,830
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) 180 T3 304 30| 100 3 33.472 1,837,700
[ 153 [T 343 57.3| 123 ] 41.5217 3,534,319
183 153 [T 343 57.3| o 121 11.3901 3,133,503
143 130 [T 281 78| 11 77| 30.6300) 3,312,307
30 124 a4 145 [F 74 [ 4135002 2,009,331
LIBERTY Tech &0 188 3| 333 34 108 11 42.305 3,432,720
LIBERTY Power 185 194 EN B89 R 9 ER 3.5186 1,020,371
HUBCO Narowal ) 190 77| 321 ER 100 13 40.5715 3,851,471
132 100 [E] 1105 70.83] 13.3 B3 3.47848 1,433,119
450 500 477 2011 233 10| 12.5 3.10242 1,520, 1B
220 412 200 2438 152.5| 152 20| 3048012 €,701,226
300 040 200 4241 307| 340 54.2 3048012 5,132,030
320 340 240 2290 130 20 &0 10.0230) 3,207,332
an0 480 3a0 3759 240 20| 120 11.9822 3,511,812
1060 1098 730 3568 312.2] 38] 33n)| 72.58132 23,914,959
EES) 1023 720 3381 313.2] 30| 273 72.34304 22,231,333
1020 1030 730 3706 430| 30 270 12.34304 22,785,501
1080 1103 B40 3441 313 23 240 12.18173 23,534,650
304 anz 258 2337 124 4.4 13.41707 4,E84,032
163 173 113 B37 52 12 44 7815063 4,590,094
175 183 120 EBE4 [ 10 53] 2720542 4,700,343
135 204 120 973 93.2] 3 73 28.00032 3,801,732
180 190 121 s08 a9 10 5| 27.71 4,988,302
ENGRO Power 120 130 a0 834 a3 10 50 o.50 1,183,648
430 474 EFE] 4000 223.0 24 133 28.03 12,614,383
EEL] 430 330 1030 180 72 48] 12.84 5,032,688
580 408 ERE] 2483 242.4] 20 277] 13.80 5,041,004
1180 1200 800 apaz aa0| 20| BT 441 3,197,900
1230 1242 a0 2850 4965 12 570 13.29 28,644,732
250 300 110 1148 120 10 180 3.18| 1,503,303
250 300 110 1148 120 10 180 3.18) 1,503,100
800 azs 270 1950 20| F2] 330)| 12.83 13,712,100
183 330 173 1141 140 103 10 43.34 5,017,093
02 330 170 a1 140 148 EF 37.63 7,802,103
HUBLCO CCFP 240 1200 240 3330 aan| 300 o 40.37 9,737,236
saBa 35 120 F=] EET) 48] EE] 10| 43.41 1,554,418
(QAD-SOLAR 0 100 [ 3z.40 1,822,520
APPO salar To 100 47.13 3,300,374
Gnlar CREST EME 0 100 o 10.23 3,514,343
Juran
BESTGREEM 70 100 o s0.02 3,301,449
73 100 o 14.02 1,096,300
315 1]
g 0 10 308 1,482,332
EE 0 10 4440 1,704,305
a7 0 10 33.74 1,314,100
38 0 [ 44.40 1,704,305
38 0 [ 2137 819,310
ET 0 o 13.50 333,005
EE] 0 [ 14.12 341,298
ag 0 [ 1182 433,239
EE] 0 [ 11.82 416,298
EE] 0 ] 14.33 302,510
33 0 0 13.50 342,736
EE] 0 [ 13.53 315,320
a3 8 [ 30.77 1,635,727
37 0 [ 14.47 331,543
E] 0 ] 11.70 423,209
30 0 o 36.77 1,323,390
21 30 [ 33.79 703,023
5] E] ] 34.39 2,732,733
33 0 10 2137 732,427
37 0 10 13.57 305,802
33 0 10 38,30 1,308,178
EE] 30 [} 48.33 1,800,533
az 0 10 43.98 1,474,673
28 0 [ 42.08 1,184,317
3z 0 [ 4173 1,338,429
28 0 10 a7.ov 1,323,642
33 0 10 30.23 1,708,121
37 0 ] 10.23 1,010,533
38 0 [ 10.23 1,523,288
ET] 0 [ 39.37 1,324,342
37 0 [} 39.37 1,447,338
38 0 10 39.084 1,488,377
38 30 10 39.084 1,488,377
38 0 10 39.84 1,488,377
B 12 [] 39.04 310,038
EE] 0 ] 39.04 1,393,200
E] 37 0 18.32 616,215
27214 31554 17656 136402 9551 34!'.]3' EBE!UI 335,862,377
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Summer Off Peak (Case A): baseload coal-fired power plants

Plant Type

Power Plant Pgen Pmax Mw.s Droop Reserve |Reserve| Cost Operating Cost
" (MW fHz) +ve) [-wve)] |(Rs/kWh) [Rs/kWh)

420 370 170 2335 2B3 130 230 0.07| 28,140

Ghazi Barotha 1118/ 1430 1100 JITE| T2 334 18| 0.08| 88,173
3470 34TB| 2478 10832 1733 B 932 004 149,210
Turbela 4 Extension 470 470 470 2201 L] 2] 1] 013} 02,980
WARSAK 130 011 18,383
MLEND 3 0.32 22,117
DARAL KHWAR 10| 032 9,480
10| 034 10,330
[1] 022 17,200
20| 022 23,030
0 021 2,110

30 0,18 21,098

7 0.48| 17,773
F0| 019 13,330

S0 .19} 21,774
388 .19} 118,420

JABBAMN 22| 22 12 36| 0._2B| 8,030
DARGAI 13 13| 3 29| 009 1,144
FEHUR 3 2E| 3 3E| 0.03] 3,170
GML-TAM E] 17 3 E 0.03] 3,700
KAM.GRHI 3 3 [ E] 0.20] 1273
JAGRAN 24 33| 3 58| 2.35) 02,100
Smallhydru MARALA SH 7 E 4 13 2.39 13,1060
NANDPR L] 14 L 18| 013 792
REMALA 1 1 1 1 034 342
SHISHI 2 2 1 2 0.34) 313
RESHUMN 4 4| 2 4| 034 1,368
WNNAH 39 96| 24 249 027 10,424
Sub Total 137 245 452
oW 24 20| 10| 73] .0 217,200
Bagass CHINIDTFP 27 a2 20| 51 10.34] 279,307
FATIMA 32 =11 3 294 1034 331,030
AL MOIZ 17 30| 10| 133 10018 173,143
Sub Total 100 184 65 552
_ K2 UNT 1032 1040 730 3393 0.3 SE0,400
580,300 |
540,818

103 193] [ 34313 57.3 30 37 4,401,773
180 193] o] 343.13 97.3 13 112 2,091,258
140, 1356 o8 280.8 78 16 732 3,129,124
a4 124] a4 148.8 62 a0 0l 1,621,187
[ 138] ) 332.78 54 119 [ 2,900,721
194 194 50 EH3.064 o 0 104 1,070,220
136, 163.3 63 1109485 76.83 10 EE! 1,470,843
300, 00| 477.2 2011 [] 0 23 1,331,210
418 430 124.8 3010)| 133 14 291 12,671,410
230 300| 210| 2183 30 10 =0/ 2,500,844
480 420| 340 3235.2 o 0 140 3,731,430
1080 1098 730 35038.22 312.2 EE] EET 23,914,953
1020 1030| 730| 3706.4 450 3o 270| 22,789,901
1080 1103 540 3583.03) 313 23 240 23,534,850
200 a7z 257.0 2390.92 173.8 12 a2 4,630,361
130, 173 113 B30.3 E2 23 31 4,229,458
123 130 [ 0214 [ E] =3 3,404,140
120 130 a0 0339 o ] 10 20| 1,183,048
334 334 248 2514.02 ] 0 10¢] 5,523,788
00 300| oe0| 3272.4 30| 240 0l 13,072,948
303 a0e| 303 2484.8 242.4 203 0 4,200,731
1080 1200| 00| 4052 [] 134] apo) 4,093,730
1170 1242 1] 483622 496.8 72 510 27,247,428
300, 300| 110| 1146.35) [] 0 150 1,333,330
200, E 110| 1140.35) [ 0 190] 1,337,000
270 23| 270 1330 230)| 333 0 5,170,443
173 30| 173 1141 140| 173 0l 7,384,300
390.3 6,397,860

£49,108

(CREST ENE 1,003,738
BESTGREEM az 100| 1,730,723
1,090,300

1,043,810

1,022,840

714,500
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27 20| ] 44 44 1,202,200
27 20| [] 21.37| 377,902
27 20| L] 13,594 377,449
27 20| Q 14.12 381,843
27| 30| 0 11 82| 319,740
23| 30| 0 11 .82 293,639
23 30| 0 14.39| 331,014
20 20| Q 13,84 277,254
20 30| 0 13.83| 306,342
31 38| 0 30.77| 1,138,708
20 30| 0 14.47| 373,240
20 30| [1] 11.78 233,218
20 20| 1] 30.77| T33,480
13 30| L] 33.25| 435,931
E=] 99| 0 3439 1,203,001
23 30| 18| 21.37| 330,782
20 20| 10 13.87| 277.318
23 20| 18 3330 E88,839
23 20| [ 4833 1,118,834
23 20| 10| 43.93| 1,040,273
20 30| 0 42.05) E33,449
23 20| [] 41.73] 544,101
20 20| 18| 47.07| 533,142
23 20| 18| 3023 1,247,279
23 20| Q 3023 1,233,053
3o =0 [ 023 1,306,831
27| 30| 0 39.37| 1,003,017
30 20| L] 3937 1,181,130
az 20| 10| 35904 1,208,342
32| 30| 10| 39,04 1,208,342
27| 30| 10| 39,04 1,071,741
E:l 12 L] 39,04 310,038
23 30| [1] 39,04 584,734
17 37 [] 18.32| 311,430
22470 26807 14576 112699 7873 2905| 5582 248,328,452
Summer Off Peak (Case B): fast-ramping power plants
Droop Reserve | Reserve Cost Operating Cost
Power Plant Pgen Pmax Pmin Mw.s
€ (MW/Hz) | (+ve) (-ve] | (Rs/kWh) (Rs/kWh)
MANGLA 420 570 170 2559, 285 150 250 0.067 28,140
Ghazi Barotha 1116 1450) 1100 5078 725 334 16 0.079 88,175
Turbela 3470 2478| 2478 16892 1739 B 992 0.043 149,210
Turbela 4 Extension 470 470 AT0 2261 0| 0 0 D0.134 62,380
155 202 25 724 101 47 130 0.107 16,585
70 82 41 286 41 12 29 0.316 22,117
30 32 20 160 16 2 10 0.316 9,480
30/ 108 20 216 54 78 10 D.344 10,320
B0 122 80 276 3] 42 0 0.215 17,200
130 130 70 455 0| 0 1Y 0.215 27,550
10 72 10 252 35 52 0 0.211 2,110
104 150 63 750 75| 45 37 0.175 18,200
37 B 30 &7 432 47 7 0.430 17,775
] 100 10 200 50| 20 70 0.194 15,520
114 114 13 570 0| 0 95 0.191 211,774

118420

IABBAN ] Y
DARGAI fE 15 5 L] 0.088 1184
PEHUR 5| 28 5 38 0634 3,170
GML-ZAM B 17 T L] 0.634 5,706
KRM GRHI 5] g [ 3 0.255 1175
IAGRAN 24 3 5 59 2530 52,160
small Hydro [MARALASH 7 B 1 15 2.590 13,166
NANDPR B 14 5 18 0.132 792
RENALA 1 1 1 1 0322 ETH]
SHISHI 1 2 1 2 0342 FE]
RESHUN 1 3 ] [ 0322 1368
JINNAH 39 % 2 FIE] 0.267 10,424
sub Total 137 245 [ 492
oW 24 6 10 73 5,053 117,260
CHINIOTPP 7 &2 0 Tl 10.345 179,301
Bagass |FATIMA 32 56 = 794 10.345 33L.030
ALMOIZ 17 30 10 135 10.185 173,143
sub Total 100 184/ 65 552
K2 UNT 1032 1040 73| 5595 0.950 980,400
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K3 UNT | 1032] 1040] 730] 5535] [ | I 0.950] 980,400 |
CHASHNUP 526) 347 500 7078 1.016 340,816
NSHTCHN 105 135 [ 345.15 7.5 50 37 41.922 4401779
NISHT-PWR 18D)| 135 E 34515 575 15 112 11396 2,051,358
AGL-IPP 140)| 156 [ 280.5) 78| 16 72 36.637 5,123,124
KEL [T 124 a1 128 8] 62 80 0 41391 1,821,187
LIBERTY Tech 63 188 = 33276 EL 0 EE 42.309 2,960,721
LIEERTY Power 134 134] 30 E88.64 0) 0 95 5517 1,070,230
FNDTION 156 1655 63 1109.485] 76.85 10 33 9.428 1470843
UCH 1 500 500)| 4772 2611 0) 0 23 3102 1,551,210
KAPCO 416| 430 124.8 3010 135 14 231 30.460 12,671.410
GUDDU 130 300 710 1163 50| 10 80 10.024 2,306,804
GUD-CCPP 480)| 480 340)| 32532 0 0 140 11.382 5751456
BALLDKI 750 1038 730 536822 5122 4E 20 13561 16,520,550
HBS 780)| 1050 750 57064/ 430 270 30 22.34 17427571
TRIMMU 860 1105 240 398865 515 245 20 22.16 19,059,105
UCHZ 360 72 2975 133632 173.6) 17 62 13.42 4,830,361
HALMOR 150)| 175 119] 8365 82 15 31 18.20 2,239,498
SAPHIAE 135 130 3 6214 65 5 53 1701 3464140
ENGRO power 120 130 40 £53.9) €5 10 80 9.35 1,183,648
NANDPR 354/ 354 248 2914.02 0 0 106 26.03 9,923,788
DRT CFPP 728 500 B 32724 360 177 53 1188 16,625,518
LUCKY 580 606 303 24B46 242.4) 26 277 13.85 8,041,004
SECL 1180 1200 500 452 0 0 580 321 5,197,500
SAHIWAL 511 1242 660 4856.22 [E 331 251 23.29 21,215,732
TEL 300 300 110 114639 0 0 190 5.18 1,555,350
THAL NOVA 300 300 110 114633 0 0 130 513 1,557,000
HUB CHINA 600 525 270 1950 750 15 330 12.85 13,712,100
HUBCO CFPP 240 1200 240 6473 480 560 [ 4057 9,737,156
AESLALD 175 350 175 1141 140) 175 0 4338 7,584,306
AESPKGN 170)| 350)| 170)| 350.5 140) 180 0 37.63 5,337,860
QAD-SOLAR 0] 1342 650 4856.22 436.8) 32.85 649,168
CREST ENE 0] 300| 110 114639 0 50.23 1,005,738
Solar  [BESTGREEN 35 300 110)] 114639 0] 50.02 1,750,725
ATLAS SOLAR 75 525 270 1350 250 14.62 1,096,500

150 2467 1150

17 50| 16 318.68 1,045,816
JE] 50) 16 4446 1,022,640
0| 50) 16 35.74 714,866
1] 50) 0 4446 1,202,260
17 50) 0 1137 577,962
| 50| 0 1396 377,443
17 50)| 0 14.12 381,845
7 50) 0 11.82 313,740
5 50| 0 1182 353,633
FE] 50) 0 14.33 33,014
| 50| 0 1386 277,24
26 50| 0 1383 366,342
31 58] 0 36.77 1,156,708
26 50| [ 1447 375,246
0] 50) 0 11.76 235,218
| 50| 0 3677 735450
15 30| 0 3339 455,531
35 99 0 34.39 1,203,601
5 50| 16 1137 530,782
0] 50) 10 1387 377,318
bE] 50| 16 3856 BBE,E59
JE] 50) 0 4855 1,116,634
FE] 50) 10 4598 1,040.273
0] 50| 0 4205 835,443
FE] 50) 0 4173 944,161
0| 50| 16 4707 335,142
5 50| 16 50.23 1.147.173
5 50) 0 50.23 1,255,693
| 50| [ 50.23 1,506,831
7] 50| 0 39.37 1,063,017
) 50| 0 3837 LIBL130
2 50) 10 3564 1,268,342
EF] 50) 10 3964 1,268,342
7] 50| 10 3064 1071741
g 12 & 3964 310,058
I 50| 0 3064 984,254
17 57| 0 1832 311,430
22470 30074 16366 119172 8288 3986| 5430 248,739,958
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Winter Peak (Case A): baseload coal-fired power plants

Droop | Reserve | Reserve (- Cost Operating Cost
Plant Type Power Plant Pgen Pmax Pmin Mwi.s (MW/HZ)|  (+ve) we) (Rs/kWh) (Rs/kWh)
Ghazi Barotha 5% T80 260 FYiER 750 54 &6 .08 41583
Turbela 500 £50 375 3.268 355 150 15 0.4 21500
MLEND FE FE] 1 ] 5 - 10 032 7372
DARAL KHWAR ] 68 20 340 T ET] 10 032 5,480
GOLEN pIi] 50 0 100 15 0 0.2 5,880
a0 a0 a0 an - 0.2 8,600
70 70 70 285 5 0.22 15,050
i1 0 0 S B - 021 2,110
] &3 68 345 - 2 0.18 12,075
7 37 0 ] 5 7 0.48 17,775
1] 20 10 an 5 10 0.19 3,880
tg t8 18 290 B a0 0.19 11,078
160 30,560
1 & . 3,025
PEHUR 5 5 5 7 063 3170
GMLZAM 9 3 g 20 063 5,706
KRM.GRHI g g 0 3 0.26 1275
1AGRAN 1] 10 5 1 253 75,500
Small Hydro [y;7aass 7 7 2 - 753 19,166
NANDPR 3 ] & 5 0.13 732
IINNAR ET] EE] 34 101 .27 10,424
SHIGHI 2 ] 1 3 [ET] 513
Sub Total a4 102 56 185
IE 2 36 10 7 3.05 217,260
CHINIGTPP 7 &2 70 51 1032 779,307
Bagass /e T 32 2 142 1034 353,618
ALMOIZ T 30 10 135 10.18 173,143
Sub Total a3 150 72 401
K2 UNT 1,032 1,032 730 5552 0.95 980,400
K3 UNT 1,08 1,032 730 £ 552 055 930,400
CHASHNUP Lzl 1,241 300 3,004 102 1,260,856
AGL-IPP 150 156 68 281 78 6 82 36.64 5,495,430
ATLAS m 13 75 360 B - 138 E] 7,555,536
NSHTCHN 17 195 &8 38 38 78 a3 192 1,304,839
K.EL 114 124 ] 149 62 10 70 [TEL] 4,718,531
NEHT-PWR 150 195 5] 385 38 5 122 1140 2,165,259
LIBERTY Tech 178 195 & TS 78 17 109 291 7,637,802
HUBCO narowal 155 22 77 358 106 t3 2 2057 5,450,332
FNDTION 70 186 &) 1247 87 16 107 9.3 1,602,802
GUD-CCPP 480 480 340 3,259 B 140 1198 5 751456
UCH1 550 550 77 1393 B 7 310 1,706,331
Engro Power 110 110 ] 553 - 21 9.86 1,085,010
Engro Thar E02 £02 300 7,09 B - 02 CXE] 3,090,608
BALLOKI [RED 1189 730 £463 555 ] 0% 3356 35,607,098
TRIMMU 1141 1.200 340 EREE] 553 =3 301 2216 25,286,557
UCH2 372 ET/] 258 1397 - - 74 A2 1,391,373
HES 1155 1189 750 £465 555 ET] 05 FRET] 35,806,211
TEL 301 301 110 1150 B - 191 518 1,560,535
SECL 850 1.230 00 1,809 492 380 250 241 3,784,250
LUCKY 303 £06 303 1485 242 03 - 1385 2,200,731
THAL NOVA 30 300 110 1,146 B - 150 519 1,557,000
Hub China 75 £25 e 3 1,950 0 250 2285 5,284,713
SAHRTWAL T.240 1242 G0 1,95 157 2 30 FERL] 78,877,616
Solar |-
HAWA 7 50 16 3868 1045516
TENAGA pIi] 50 16 707 935,142
DAWOOD f5 50 16 5023 1,247,273
ZEPHYA 3 B 16 E74 527,002
SACHAL . 50 5023 1,610,353
1PLL T 50 5023 1,925,288
TGS ET] t0 3937 1324342
TaT 7 E] - 3937 1,047,538
ALT2 Fj 50 0 139 377,443
DINE Y] 50 0 1412 38LE45
LIBERTYL 1] 50 0 1182 319,740
LIBERTY2 % t0 0 1182 393639
NASDA 3 B 0 R 382,545
[AKESIDE % B 0 fERE] 366,342
MASTER GR % 50 0 1447 375,246
NODRIABAD T [F] 3 164 310,058
Total 15,593 | 17,644 | 10,065 | 74,183 | 6,219 | 1,309 | 4,313 197,758,886
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Winter Peak (Case B): fast-ramping power plants

Plant Type

Droop |Reserve| Reserve Operating Cost
Power Plant Pgen Pmax Pmin Mw.s (MW/HZ)| (+ve) (el Cost (Rs/kKWh) (Rs/kWh)

526 580 460 2031 290 54 66 0.08 41,583
500 50 375 3268 325 150 125 0.04 21,500
23 23] 14 [7] 0 0 10 0.32 7,372
E) 5 20 340 3 38 10 0.32 9,480
20 100 25 30 o 0.34 6880

40 o0 1] 0 o 0.22 8,600

70 245 0 [1 0 0.22 15,050

10 35 0 0 o 0.21 2,110

68| 345 0 0 2 0.18 12,075

30 38 0 0 7 0.43 17,775

10 40 0 0 10 0.19 3,880

18 PE] 0 0 40 0.19 11,078

58 B4l 90 20 102 0.19 30,560

5 18
PEAUR 3 5 5 7 DE3 3170
GMLZAM 3 3 5 iR DE3 5,706
KRM.GRHI 3 5 0 3 0.2 1275
1AGRAN 0 10 5 18 1539 75300
Small Hydrory e e 7 7 f [ 7539 15,166
NANDPR B 1 8 s 0.3 792
INNAR 35 EE) T 01 037 0424
SHISHI ] 2 1 3 034 5]
Sub Total 91 102 56 185
oW T 26 10 73 505 317,360
CHINIGTFP Fij 5 0 51 034 79,307
Bagass oo 3 EF] 32 142 1034 FERELR
ALMOIZ 7 30 10 FES 10.18 173,143
Sub Total 93 150 72 401
K2 UNT 1032 1032 730 5552 055 SED,400
K3 UNT 1052 1032 730 5552 055 380,400
1,260,858

5,495,430

ATLAS 213 213 75 277 0 0 138 35.47 7,555,536
117 195 [ 1324 98 T8 45 41.92 4,504,835

.E 114 14 44 143 62 10 70 41.39 4,718,531
NESHT-PWR 150 195 [ 1324 98 5 122 11.40 2,165,259
LIBERTY tech 178 195 69 891 TE 17 109 4231 7,637,802
HUBLO narowal 158 212 77| 1439 106 53 a2 40.57 6,450,932
FHDTION 170 186 b3 1246 g7 16 107 9.43 1,602,842
GUD-CCPP 480 480 340 3159 0 0 140 1198 5,751,456
UCH 1 554 597 A77] 3124 298 3 117 3.10 1,842,337
ENGRO power 712 712 389 2642 0 o 323 9.86 7.022,976
BALLOKI 1070 1188 730 Ed63 555 119 340 2156 24,140,612
TRIMMU 1147 1200 240 6036 555 53 307 2116 25,418,527
UCH2 372 372 298] 1357 0 0 T4 13.42 4,951,373
HBS 1154 1185 750) 6537 555! 35 404 1234 25,763,868
TEL 301 301 110 1150 0 0 191 518 1,560,535
1178 1230 600 AB0% 492 52 578 4.41 5,188,050

606 G0E| 303 1E30 0 0 303 13.36 8,401,463

THAL NOVA 300 300/ 110) 545 0 0 190 513 1,557,000
HUBLCO CCFP 240 1200 240 3656 4B0 960 0 40.57 9,737,256
660 660 330 4856 0 0 330 23.29 15,370,344

17 50 16| 3868 1,045,816

20 50 16| 47.07 935,142

25 50 16 50.23 1,247,273

i 50 16| 35.74 927,042

32 50 [ 50.23 1,610,953

38 50 0| 50.23 1,525,288

34 50 0| 3337 1,324,342

37 50 [ 3537 1,447,538

27 50 [ 13.96 377,449

7 50 1) 14.12 381,845

7 50 0| 1182 315,740

15 50 0| 1182 293,639

28 50 0 13.86 382,549

i 50 0| 13.83 366,342

MASTER GR 2B 50 [1] 14.47 375,46
NOORIABAD B 12 B 35.64 310,058
Total 15593 17683 9700| 84255| 4308| 1698 4428 194,977,734
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Winter Off Peak (Case A): baseload coal-fired power plants

Plant Type

Power Plant | Pgen | Pmax | Pmin | Mw.s Droop | Reserve |Reserve ( Cost Operating Cost
(MW/Hz) | (+ve) ve) (Rs/kWh]) (Rs/kwh)

Turbela 210 350 210 1872 195 180 0 0.04 3,030
MLEND FE] FE] 14 82 0 0 10 032 7.372
DARAL KHWAR 15 15 10 75 [ 0 5 032 4,740
GULPUR 20 0 10 40 [ 0 10) 0.13 3,880
CHASMA ] 58 18 290 0 0 [ 0.13 11,078
KARDT 58 0.13 30,560

Sub Total

JABBAN 11
IAGRAN 10
MARALA 5H 7 7 13 253 15,166
RESHUN 3 1 7 034 1,026
Small Hydro  [ors s 1 1 1 034 342
JINNAH 34 34 B9 0.27 9,185
SHISHI ] 2 3 034 513
9

754,278

150 240 170 1630 120 50 0 1,797,330

148 150 171 592 23 42 0 3.10 455,158

Emgro Power 100 110 89 553 55 10 1 5.86 986,373
ENGRO Thar 530 602 300 2095 41 12 230 5.13 3,023,001
300 1183 730 G463 555 289 170/ 22.56 20,305,188

507 1200 484 3733 553 293 423 2216 20,100,707

363 372 238 2461 S0 4 70| 13.42 4,937,703

300 30l 110 1150 120 1 130 5.13 1,555,350

800 1250 600 4888 500 450 200 441 3,524,000

4,200,731

1,557,000

773,538

20 50 16 35.74 714,866
10 50 0 14.12 141,216
10| 50 0 11.32 118,248
10| 50 0 11.32 118,248
10 50 0 14.47 144,681
20 50 16 50.23 1,004,554
20 50 0 50.23 1,004,554
20 50 0 50.23 1,004,554
20 50 0 39.37 TET.A20

0 383,710

& 310,058

73,280,525
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Winter Off Peak (Case B): fast-ramping power plants

Plant Type

. Droop Reserve |Reserve ( Operating Cost
Power Plant | Pgen| Pmax | Pmin | Mw.s (MW/H2) | (+ve) wal Cost (Rs/kWh) (Rs/kWh)

210 390 210 1872 135 180 0 0.04) 3,030

23 3 14 82 [ 0 10 0.32] 7,372
| 0 5 032 2,740
[} 0 10 0.19] 3,880
[ 0 11,078
50| 0 30,560

Small Hydro

11 [ 18/ 0.28) 3,025

10 5 18/ 2.59) 25,900

7 4 13| 2.59) 15,166

4 2] 7 0.34) 1,026

RENALA 1 1 1 1 0.34) 342

JINNAH 34 34 Fal 89| 027 5,185

SHISHI 2 2 1 3 0.34 513
Sub Total 68 69 39| 150

24 26 10 73 9.05 217,260

7 22 10.34 273,307

32 142 10.34 331,030

173,143

Solar

. 707,750
745 1040 730 5555 055 707,750

1,015,000

[] . 1,602,842

240 240 170 1630 120 [] 70 1138 2,875,728

138 198 171 1038 0 [] 27 3.10 614,279

700 12 383 2602 235 17 EFE] 5.85 5,900,511

650 794 481 6163 595 144 166 2256 14,664,858

503 BOS [ 5035 500 196 15 216 13,496,506

363 a2 238 2861 185 [l 70 B2 1,937,703

301 301 110 1150 0 [] 191 518 1,560,535

580 B60 500 1558 500) [] &0 a4y 2,507,300

570) 506 303 1830 2 £ 267 1386 7,302,366

HUBCO CFPP 180) 500 180 3656] 380) 20 D 2057 7,302,942
THALNOVA 300 300 110 545 0 [] 190 513 1,557,000
HAWA 0 50 16 38.68 773538
ZEPHYR 20 50 15 35.74 714,866
DINE 10 50 0 112 181,716
LIBERTY1 10 50 0 1182 118,248
LIBERTYZ 10) 50 0 1182 118,248
MASTER GR 10 50 0 147 144,681
DAWODD 20 50 15 50.23 1,004,554
SACHAL 0 50 0 50.23 1,004,554
IPLL 0 50 0 50.23 1,004,554
TGS 0 50 0 39.37 787,420
TGT 10) 50 0 39.37 393,710
NOORIABAD B 12 & 39.64 310,058
Total 8268 10832| 6101| 57960 3269 1312 1750 76,400,373
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VRE Integrated Cases

Summer Peak (Case A): baseload coal-fired power plants

Plant T Plant P Pmi M Droop Reserve | Reserve Cost Operating Cost
minkh L Power Pla Pgen | Pmax | Pmin WS | (MwyHz) | (+ve) | (ve) |(Rs/kwh)|  (Rs/kwh)
470) 500 200 2245 250)| 30 270 0.067 31,490
1350 1450 1190 7250 725 100 160 0.079 106,650
3380 3430 2430 16669 75 50 950 0.043 145,340
Turbela 4 Extension 1410 1410 1410 7343 0| 0 0 0.134 188,340
155 202 x 724 101 47 130 0.107 16,585
70 82 205 286 a1 12 29 0316 22,117
30 EV] 20 160 1€] Fl 10 0316 9,480
30 108 20 216 ] 78 10 0344 10,320
70 122 &0 76 61 52 10 0.215 15,050
120 120 70 455 &5 10 50 0.215 25,800
10 7 10 252 36 62 0 0.211 2.110
124 150 &5 750 75 26 57 0.175 21,755
a2 0.4204 17,775
0.194 15,520
0.191 21,774
0.191 137,520
0.275 5,050
DARGAI 13 5 3 2 0.088 1,144
PEHUR 10 28 5 33 0634 5,340
GML-ZAM E 17 5 39 0634 5,706
KRM.GRHI B 5 0 3 0.255 1,275
IAGRAN 24 EE] g ] 259 52,160
MARALA SH 7 B 1 15 259 19,166
small Hydro  (ranrer E 14 8 20 0.178 1.424
NANDPR G 14 & 12 0.132 732
REMALA 1 1 1 1 0.342 342
SHISHI Fl F] 1 2 0342 513
RESHUN l 1 2 1 0.342 1,368
INNAH 39 9 24 249 0.267 10,424
Sub Total 150 258 77 512 -
I 24 2 10 73 9.0525 217,260
CHINIDTPP 27 62 20 51 103447 279,309
Bagass FATIMA 32 66 25 294 10.3447 331,030
AL MOIZ 17 30 10 135 10.1849 173,143
Sub Total 100 184 65 552 -
K2 UNT 1032 1040 730 5595 095 980,400
K3 UNT 1032 1040 730 5595 0.95 980,400
CHASHNUP 1241 1263 BOD 3170 1016 1,260,856
ATLAS 165/ 180 75 304 a0 15 105) 35.472 5,852,880
NSHTCHN 70 195 68 345 58 125 127] 419217 2,934,519
NISHT-PWR 189 195 63 345 58 5 127] 11.3961 2,153,863
AGLIPP 145 156 [ 281 78 11 a8 366366 £,312,307
KEL 115 124 a4 129 62 [ so|  a13%062 1,759,921
LIBERTY Tech 175 188 &9 123 54 13 106 42,909 7,509,075
LIBERTY Pawer 180 194 ag 589 50 14 50 55166 992,988
HUBCO narowal 175 150 77 21 95 15 113] 405719 7,100,083
FNDTION 145 166 & 1109 77 18 103 342848 1,395,415
UCH 1 491 500 477 2611 165 [ pE! 3.10242 1,523,288
KAPCO 615 40 206 2241 187 5 21| 3046012 18,732,974
GUDDU 118 440 310 3017 216 22 130) 10.0236 4,189,865
GUD-CCPP 460 480 240 3259 240 20 140) 11.9822 5,511,812
BALLOKI 1070 1098 730 5358 512 8 368 2256132 24,140,612
BHIIKI 520 B8 490 3882 309 58 138] 2234304 13,852,685
HBS 1010 1050 750 5708] 450 a0 300] 2234304 22,566,470
TRIMMU 350 365 280 1051 123 15 85| 22.16175 7,756,613
UCH2 360) 372 298 2397 174 12 74| 13.41767 4,830,361
HALMOR 105 115 [ 550 ! 10 29| 28.19665 2,960,648
ORIENT 115, 120 73 574 24 3 47| 27.20542 3,128,623
SAIF 123 136 B0 650 61 13 56| 28.00632 3,444,777
SAPHIRE 118 125 82 538 57 7 37| 2771312 3,270,148
ENGRO Power 115 130 a0 654 65 15 30 3.86373 1,134,329
NANDPR 430 a7a TG 2006 226 24 159 280323 12,054,319
PRT CFPP 330 450 330 1636 120 120 120 228378 7,536,474
LUCKY 03] 606 303 2485 242 303 03] 13.8638 4,200,731
SECL 541/ 1200 500 2692 0 259 00| 4.405 4,145,105
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700) 1247 660 4856 497 547] 58] 73,2884 16,301,880

300 300 110 11456 0) 0 190 518 1,555,350

300 300 110 1148) 0 0 190 5.19 1,557,000

HUB CHINA 275, 525 270 1950) 250) 350 355 12,85 6,284,713
AESLALP 175 350 175 1141 140) 175, 175 43.34 7,584,306
343 350 170 991 140) E 180 3763 12,870,989

SABA En 120 25 396 48 26 95, a4.41 4,174,723
QAD-SOLAR 50 100 0 32.46 1,622,920
APPO Salar 70 100 0 47.15 3,300,374
CREST ENE 50 100 0 50.29 2,514,345
BESTGREEN 70 100 0 50.02 3,501,449
ATLAS SOLAR 75, 100 0 14.62 1,096,500
INCREASED PENETRATI] 1600 2500 15.00 24,000,000
EE] 50 16 3568 1,482,532

33 50 16 44.45 1,704,305

37 50 16 3574 1,314,160

EE) 50 0 4446 1,704,305

EE] 50 0 2137 £19,310

38 50 0 13.56 535,065

EE] 50 0 1412 541,798

33 50 0 1182 453,259

35 50 0 11.82 416,258

EE) 50 0 14.39 562,916

39 50 0 13.86 542,796

33 50 0 1383 519,320

[5 5E 0 36,77 1,639,727

MASTER GR 37 50 0 14.47 531,943
FFCEL 36 50 0 11.76 423,209
El5 50 0 3677 1,323,290

71 0 0 33.79 703,025

65, 99 0 3439 2,232,793

35, 50 16 21.37 752,427

GULAHMAD 37 50 10 13.87 509,802
EE 50 16 3856 1,508,178

EE 50 D 4555 1,860,953

ER| 50 10 4598 1,474,675

25 50 0 42.05 1,184,317

32| 50 [i 4173 1,338,429

25 50 16 47.07 1,335,642

35, 50 16 50.23 1,768,121

3z 50 i 50.23 1,610,953

35, 50 D 5023 1,915,288

34 50 D 39.37 1,324,342

37 50 [i 39.37 1,447,538

EE 50 10 39.64 1,488,277

38 50 10 39.64 1,488,277

38 50 10 3964 1,488,277

NOORIABAD E 12 [5 39.64 310,058
35, 50 D 39.64 1,395,260

34 57 D 18.32 616,219

INCREASED PENETRATI] 721 1000 i 15.00 10,815,000
Total 32206( 16343 125948 7628 2876| 8236 327,563,804
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Summer Peak (Case B): fast-ramping power plants

. Droop Reserve | Reserve Cost Operating Cost
Plant Type Power Plant Pgen | Pmax | Pmin Mw.s (MW/Hz) (+ve) (-ve) (Rs/kWh) (Rs/kWh)
MAMNGLA 470 500 200 2245 250 30 270 0.07 31430
Ghazi Barotha 1350 1450 1190 7250 725 100 160 0.08 106,650
Turbela 3380 3430 2430 16669 875 50 350 0.04 145,340
Turbela 4 Extension 1410 1410 1410 7343 0 0 0 0.13 188,340
WARSAK 155 202 25 724 101 47 130 0.11 16,585
MLEND 70 82 40.5) 286 a1 12 29 0.32 22,117
DARAL KHWAR 30 12 20 160 16 2 10 0.32 3,480
GOLEN 30 108 20 216 54 78 10 0.34 10,320
ALLAI 70 122 &0 276 (3] 52 10 0.22 15,050
DER-KWR 120 130 70 455 65 10 50 0.22 25,800
KHNKHR 10 72 10 252 36 62 0 0.21 2,110
PATRIND 124 150 67.5) 750 75 26 57 0.18 21,755
NBONGSC 37 B4 29.6/ 7 42 47 7 0.48 17,775
GULPUR EO 100 10 200 50 20 70 0.19 15,520
CHASMA 114 114 18 570 0 0 36 0.19 21,774
KAROT 0 137,520
IABBAN 22 224 12 35,84 0.28 6,050
DARGAI 13 15 4.5 28.8 0.09 1,144
PEHUR 10 25 5 38.08 0.63 6,340
GML-ZAM 9 17.4 5| 354598 0.63 5,706
KRM.GRHI 5 5 0.31) 25 0.26 1,275
JAGRAN 24 32.5 5 59.15 2.59 62,160
MARALA SH 74 8 4 14.56 2.59 139,166
Small Hydro o5 niw 8 135 B 20.25 0.18 1,424
NANDPR B 13.8 6 17.802 0.13 792
REMALA 1 1 0.5] 1 0.34 342
SHISHI 15 15 0.5 15 0.34 513
RESHUN 4 A 2 4 0.34 1,368
JINNAH 39.04 96 24 248.64 0.27 10,424
sub Total 149.94| 258.1| 76.81 511.62
DWW 24 26 10 73.32 5.05 217,260
CHINIOTPP 27.0002 62.4 20 50,544 10.34 279,309
Bagass FATIMA EY] 66 25 2937 10.34 331,030
AL MOIZ 17 0 10 1347 10.18 173,143
sub Total 100| 1844 (=] 552.264
K2 UNT 1032 1040 730 5585.2 10.95 ‘980,400
K3 UNT 1032 1040 730 5585.2 10.95 ‘980,400
CHASHNUP 1241 1263 200 9170.02 1.02 1,260,856
ATLAS 165 180 75 304 90 15 a0 3547 5.B52,880
MNSHTCHN 70 195 (5] 345 98 125 2 41.92 2,934,519
MISHT-PWR 189 195 (] 345 98 [ 121 11.40 2,153,863
AGL-IPP 145 156, 68 281 78 11 77 36.64 5,312,307
KEL 65 124 a1 149 62 59 11 41.39 2,680,330
LIBERTY Tech 75 188 69 3313 94 113 [3 42.91 3,218,175
LIBERTY Power 180 194 30 B89 30 14 30 5.52 997,988
HUBCO narowal 175 190 77 321 95 15 98 4057 7,100,083
FNDTION 148 166 63 1109 77 18 85 9.43 1,395.415
UCH1 451 500 477 2611 165 El 14 3.10 1,523,288
GUDDU 418 440 310 3017 216 22 108 10.02 4,189,865
GUD-CCPP 460 AED 340 3259 240 20 120 11.98 5,511,812
BALLOKI 1070 1098 730 5968 512 23 340 22.56 24,140,612
BHIIKI 620 688 430 3882 309 68 130 22.34 13,852,685
HBS 1010 1050 750 5706 430 a0 260 22.34 22,566,470
TRIMMU 350 365 280 1051 183 15 70 22.16 7,756,613
UCH2 360 Er 298 2357 174 12 62 13.42 4,830,361
HALMOR 105 115 36 S50 52 10 15 28.20 2,960,648
ORIENT 115 120 73 574 24 5 42 27.21 3,128,623
SAIF 123 136 a0 650 &l 13 43 28.01 3444777
SAPHIRE 118 135 38 558 57 7| 30 27.71 3,270,148
ENGRO Power 115 130 40 654 [ 15 75 9.86 1,134,329
NANDPR 430 a7 315 4006 226 44 115, 28.03 12,054,319
PRT CFPP 378 450 330 1636 180 72 48 22.84 8,632,688
LUCKY 580 606 303 2485 242 26 277 13.86 8,041,004
SECL 1075 1200 600 4692 0 125 475 4.41 4,735,375
SAHIWAL B0D 1242 660 4856 457 443 140 23.29 18,630,720
TEL 300 300 110 1146 0 0| 190 518 1,555,350
THAL NOVA 300 300 110 1146 0 0 190 5.19 1,557,000

185



Operating Reserve Policy

HUB CHINA 75 625 270 1950 250 350 5 22.85 5,284,713
HUBCO CCFP 240 1200 240 2750 480 560 0 40,57 9,737,256
AESLALP 175 350 175 1141 140 0| 0 43.34 7,584,306
AESPKGN 08 350 170 951 140 42 138 37.63 11,591,417
SABA 94 120 5 396 43, 26/ &9 24.41 4,174,723
QAD-SOLAR 50 100 0 3245 1,622,920
APPO Solar 70 100 0 47.15 3,300,374
CREST ENE 50 100 0 50.29 2,514,345

Solar BESTGREEN 70 100 0 50.02 3,501.443
ATLAS SOLAR 75 100 0 14,62 1,096,500
INCREASED PENETRATI 1600 2500 15.00 24,000,000
sub Total 1915| 3000 0
HAWA 383312 50 15.9) 3868 1,482,532
MASTER 383312 50 15.9 2445 1,704,305
ZEPHYR 36.7666 E0 15.9 35.74 1,314,160
G AHMD 383312 A95 03 a0.45 1,704,305
ARTISTIC 38.3312 455 0.3 21.37 815,310
ACTZ 38.3312 455 0.3 13.96 535,065
DIN-E 383312 [E5 03 1112 511,798
LIBERTYL 38.3312 =0 0.3 1182 453,355
LIBERTYZ 35.2021 455 0.3 11.82 416,358
INDUS 39.1134 50 03] 14.33 562,916
NASDA, 391134 50 03] 13.86 512,296
LAKESIDE 37,5489 455 0.3 13.83 515,320
METRD-2 445893 58 03 36,77 1,639,727
MASTER GR 36.7666 495, 03 14.47 531,543
FFCEL 35,5844 50 0 1176 423,209
METRD 355844 50 0 36.77 1,323,230
TAPAL 211213 0 0.3 33.29 703,025
UEPL 54.9283 99 0 34.39 2,232,793
ARTISTIC 35.2021 50 15.9 2137 752427
GULAHMAD 36.7666 =0 10 13.57 509,802
YUNLUS 39.1134 E0 15.9) 38.56 1,508,178
SAPHIRE 38.3312 50 0 48,55 1,860,953
TGF 32.073 50 10) 45.98 1,474,675
FWEL 281617 50 0 22.05 1,184,317
FWEL 32073 50 0 2173 1,338,479
TENAGA 281617 50 15.9) 47.07 1,325,642
DAWOOD 35.2021 50 15.9) 50.23 1,768,121

32.073 50 0 5023 1,610,953
383312 50 0 50.23 1,925,288
336375 50 0 39.37 1,324,342
36.7666 =0 0 39.37 1,447,538
375489 50 10 39.64 1,488,277
375489 50 10 3964 1,488,277
37,5489 50 10 39.64 1,488,277

NOORIABAD 7.8227 12 5 39.64 310,058
35.2021 50 0 39.64 1,395,260

336375 5684 0 1832 616,219

721 0 10,815,000

27214\ 32766| 16377 : : . 318,783,680
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Summer Off Peak (Case A): baseload coal-fired power plants

Plant Type

Power Plant Pgen Pmax Pmin Mw.s Droap Resepve |Resesve ozt Operating Cost
(MW /Hz) (+ve) [-ve) | [Rs/kWh) (Rs,/kWh)

420 370 170 2333 B3 130 130 0.07 28,140

Ghazi Bargtha 1118 1430 1100 3078 723 334 1a a.08 88,173

3470 3478 2478 10852 1733 2 552 0.04 145,210

Turbels 4 Extension 470 470 470 2z81 a 0 a 0.13 02,980

WARSAK 133 202 23| T4 101 47 130 a3.11 18,383

MLEND 70 82 41 2840 41 12 9 0.32 22,117

DARAL KHWAR 30 Erd 20 180 10 2 10 0.32 9,480

30 108 20 18 34 78 10 0.34 10,330

BO 122 80| 7a (2% L [} 0.22 17,200

110 130 70| 433 (=] 20 a0 0.22 23,830

10 Lrd 10 332 38 L] [} 0.21 2,110

124 130 08| T30 73 20 3 a.18 21,058

37 B84 30 87 42 47 7 0248 17,773

B0 100 10 00 3 20 70 0.19 13,320

114 114 18| 370 a 1] o0 Q.15 21,774

300 [+] 118,420

JABBAN 22 22| 12| EL 028 8,030
DARGAI 13 13 3 23 0.08) 1,144
FEHUR 3 8 3 ag 0.03 3,170
GML-ZAM 3 17 3 EL] 0.03 3,708
KAM.GRHI 3 3 o 3 0.20) 1273
JAGRAN 24 EE] 3 33 2.35 02,100
Small Hydro [ManaLs 55 7 £l 4 13 2.5 139,108
NANDPR [} 14 =] 18 0.13 792
REMALA 1 1 1 1 0.34 342
SHISHI 2 rd 1 2 0.34 313
RESHUN 4 4 rd 4 0.34 1,368
JINNAH 39 36 24 49 0.27 10,424
Sub Total -2 137 245 69 492
IO 24 28 10} 73 3.03 217,280
CHINIOTPP a7 a2 20 31 1034 279,307
BHFS FATIMA 32 a6 23| 294 10.34 331,030
AL MOIZ 17 30 10 133 10.18 173,143
Sub Total 3 100 1284 65| 552
K2 UNT 1032 1040 730 3353 0.33 580,400
K3 UNT 1032 1040 730 3353 0.33 580,400
CHASHMUP 520 547 800 7078 1.02 540,810

58 - 4,611,287

109 193 as) 343 58 a8 41 11.40 1,243,173
=] 136 as) 81 78 a8 o 35.84 2,431,283
44 124 44 143 a2 8O 0 41.35| 1,821,187
a3 188 a9 2 333 119/ [} 4291 2,900,721
180 194 30| 3 B89 34 T 3.32 B8 030
130 106 a3 1109 T7 10 93 9.43 1,470,843
300 300 477 IE11 0 0 23 3.10 1,331,210
418 430 123} 3010 133 14 251 30.48 12,871,410
30 300 210} 2183 30 10 B 10.02 2,504,244
480 480 340 3233 1] a 140 11.38 3,731,434
821 plnsl] 730 3508 312 7 51 22.58 18,321,844
787 1030 T30 3708 450 283 37 22 34/ 17,383,572
300 740 380 2937 333 180 [} 22.18) 12,410,380
300 372 298| 2397 174 12 062 13.47 4,830,381
123 173 119 E37 82 32 A 28.20| 3,408,188
133 130 a6/ 821 83 3 39| 27.71 3,404,140
100 130 40 =83 B3 30 o 3.84) 588,373
334 334 248 1914 1] [} 10 28.03 5,523,783
a0 500 80| 3372 ] 240 o 21.84 13,072,548
303 B0 303} 2483 242 303 o 13.88 4,300,731
1068 1200 200/ 4852 0 134 400 4.41] 4,093,730
930 1242 2480 4838 457 32 250 23.29| 22,123,980
300 300 110 1148 0 0 1504 3.18 1,333,330
300 300 110 1148 0 0 1504 3.19 1,337,000
270 823 270 1930 30 333 [} 22 83 8,170,443
10,513,554

[QAD-SOLAR =] 649,188
[CREST ENE 20 100 =] 30.29| 1,003,738
BESTGREEN 33 100 =] 30.02| 1,730,723
[ATLAS SOLAR 73 10 o 14.82 1,098, 300
INCREASED PENETRATI] 1000 2300 13.00 13,000, 003
Sub Total 6 0

HAWA a7 30 10} 3E5.08| 1,043,810
MASTER 23 30 14| 44 .40 1,022,640
ZEFHYR 20 30 14| 33.74 714, 204
G AHMD 7 30 ] 44,40 1,202,200
[ARTISTIC 7 30 ] 21.37 377,502
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27 30 0 13.906] 377,449
27 30 0 14.12 381,843
27 30 0 11.832] 319,740
23 30 0 11.832] 293,639
23 30 0 14.39] 331,014
20 30 0 13_86)| 177,294
20 30 0 13.83] 300,342
31 38 0 30.77] 1,136, 708
20 30 0 14.47| 373,240
20 30 0 11.70 233,718
20 30 0 36.77 733,480
13 30 0 33.29] 493,931
33 93| 0 34 39| 1,203,601
23 30 1a 21.37 330,782
20 30 10 13.87| 277,318
23 30 1a 38356 B80,839
23 30 0 4853 1,116,634
23 30 10 4398 1,040,273
20 30 0 42.03] B33,449
23 30 0 41.73] 544,181
20 30 1a 47.07| 533,142
23 30 1a 34023 1,247,279
23 30 0 30.23] 1,293,693
30 30 0 3023 1,306,831
27 30 0 39.37] 1,083,017
30 30 0 39.37 1,181,130
32 30 10 3904 1,208,342
32 30 10 3904 1,208,342
27 30 10 3904 1,071,741
8 12 (] 39.64] 310,038
23 30 0 39.64] 584,734
17 =1 0 18.32 311,430
4840 1000 0 15.00] 7,290,000
28592 14521 109524 8673 3676| 4551 229,131,142
Summer Off Peak (Case B): fast-ramping power plants
Plant Type Power Plant Pgen | Pmax | Pmin Mw.s Droop Resorve |Reserve Cost Opershng Cost
(MW /Hz) [+wve) (-ve) | (Rs/kwh) (Rs/kwh)
MAMNGLA 420 570 170 2559 285 150 250 0.07 28,140
(Ghazi Barotha 1116 1450 1100 5078 725 334 16 0.08 88,175
Turbela 3470 3478 2478 16832 1739 8 952 0.04 149,210
Turbela 4 Extension 470 470 470 2261 0| 1] 1] 0.13 62,380
WARSAK 155 202 25 724 101 a7 130 011 16,585
MLKND 70 82 a1 286 a1 12 29 032 22,117
DARAL KHWAR 30 12 20 160| 16 2 10 032 9,480
30 108 20 216 54 78 10 0.34 10,320
80 122 20 276 61 42 0 0.22 17,200
130 130 70 455 0| 1] &0 0.22 27,950
10 72 10 252 36 [ o 0.21 2,110
104 150 (2] 750 75 45 37 0.18 18,200
37 B4 EL a7 42 47 7 0.48 17.775
20 100 10 200 50 20 70 0.19 15,520
114 114 18 570 0| 1] kL 0.19 21774
360 0.19 118.420

]
DARGAI 13 15 3 29 0.09 1,144
PEHUR 5| 8 3 38 063 3,170
GMLZAM 3 17 3 33 063 5,706
KRM.GRHI 5| 5 0 3 0.26 1,275
IAGRAN 24 33 3 55 253 52,160

small Hydro |MARALASH 7 8 4 15 253 19,166
NANDPR 5 14 5 18 0.13 792
RENALA 1 1 1 1 0.34 342
SHISHI 2 F] 1 2 0.34 513
RESHUN 1 4 2 4 0.34 1,368
INNAH 39 9% 24 245 0.27 10,424
Sub Total 137 245 69 492
oW 24 6 10 73 3,05 217,260
CHINIOTPP 77 62 0 51 10,34 273,307
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Bagass FATIMA

32 &6 25 234 10.34 331,030
AL MOIZ 17 30 10 135 10.18 173,143
Sub Total 100 184 65 552
K2 UNT 1032 1040 730 5595 0.35 380,400
K3 UNT 1032 1040 730 5595 0.95 380,400

340,816

(35 345.15 2,850,676

180 135 (35 345.15 97.5 15 112 1140 2,051,298
68 156 (35 280.3 T8 B8 0| 36.64 2,491,283
44 124 44 148.8 62 B0 0 4139 1,821,187
LIBERTY Tech =) 188 69 1.77 332.76 118 0 42.91 2,960,721
174 194 30 B.56) 838.64 20| B4 5.52 359,888
156 165.5 63 1105.483 76.85 10| 93 5.43 1,470,843
500 500| 477.2 2611 0 0 23 3.10 1,551,210
230 300| 210 2163 50 10| B0 10.02 2,506,244
480 AB0| 340 3253.2 0 0 140 11.38 5,751,456
880 1098 730 5968.22 512.2 218 150| 22.56 13,853,562
737 1050 750 S5T06.4 430 253 47 22.34 17,807,403
667 740 560 2337.45 3325 73 107 22.16 14,781,887
360 in 257.6 2356.92 173.6 12 62 13.42 4,830,361
123 175 119 8365 82 52 4 28.20 3,468,188
125 130 66 621.4 65 5 59 77 3,464,140
ENGRO power 100 130 40 882.7 65 30| 60| 5.86 386,373
354 354 248 2914.02 0 0 106 28.03 9,923,788
750 00| 660 32724 360 150| 90| 22.84 17,128,350
580 606 303 24B4.6 242.4 26 277 13.36 3,041,004
1066 1200 500 4652 0 134 466 4.41 4,695,730
330 621 330 2426 238 291 0| 23.29 7,685,172
300 300 110 1146.33 0 0 190)| 518 1,555,350
300 300| 110 1146.33 0 0 130| 5.19 1,557,000
600 625 270 1350 250 15 330| 22.85 13,712,100
240 1200 240 3656 420 360| 0| 40.57 3,737,256

590.5|

6,397,860

QAD-50LAR 0 649,168
CREST ENE 20 100 0 50.259 1,005,738
BESTGREEN 35 100 0 50.02 1,750,725
Solar ATLAS SOLAR 75 100 0 14.62 1,096,500
INCREASED PENETRATI 1000 2500 15.00 15,000,000
Sub Total 1150 2500 0
HAWA 27 50| 16 3268 1,045,816
MASTER 23 50| 16 44.46 1,022,640
ZEPHYR 20 50| 16 35.74 714,866
G AHMD 27 50| 0 44.46 1,202,260
ARTISTIC 27 50| 0 2137 577,962
ACT2 27 50| 0 13.56 377,445
DIN-E 27 50| 0 14.12 381,845
LIBERTY1 27 50| 0 1182 319,740
LIBERTY2 25 50| 0 1182 293,639
INDUS 23 50| 0 1435 331,014
NASDA 20 50| 0 13.86 277,294
LAKESIDE 26 50| 0 13.83 366,342
METRO-2 31 58 0 36.77 1,156,708
MASTER GR 26 50| 0 14.47 375,246
FFCEL 20 50| 0 11.76 235,218
METRO 20 50| 0 36.77 735,480
TAPAL 15 30| 0 33.29 435,331
UEPL 35 99 0 3435 1,203,601
ARTISTIC 25 50| 16 2137 530,782
GULAHMAD 20 50| 10 13.37 277,318
YUNUS 23 50| 16 3256 886,859
SAPHIRE 23 50| 0 4855 1,116,634
TGF 23 50| 10 45.58 1,040,273
FWEL-I 20 50| 0 42.05 835,443
FWEL-Il 23 50| 0 4173 544,161
TENAGA 20 50| 16 47.07 535,142
DAWOOD 25 50| 16 50.23 1,247,273
SACHAL 25 50| 0 50.23 1,255,693
JPLL 30 50| 0 50.23 1,506,831
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0 39.37 1,063,017
0 39.37 1,181,130
10 39.64 1,268,342
10 39.64 1,268,342
10 39.64 1,071,741
13 39.64 310,058
0 39.64 584,254
0 18.32 311,430
1] 7.290,000

22470| 29741| 14306

223,731,675

Plant Type Power Plant Pgen Pmax Pmin Mwi.s Droop |Reserve|Reserve ( Cost Operating Cost
(MW/Hz)| (+ve) ve) {Rs//kWh) (Rs/kWh)
Ghazl Barotha Erid 380 400 2031 290 34 L] 0.079| 41,383
Turbela 00| a30 ars 3208 323 130 123 0,043/ 21,300
MLEND 23 23 14 a2 1] a 10 0318 7.372
DARAL EHWAR 30| aB 20 340 34 38| 10 0318 9,480
GOLEN 20| 30| 20 100 23 30| 0 0344/ o,880
40| 40| 40 90 o o 0O 0213 8,800
TO| 70 70 243 1] [ a 0213 13,030
10| 10 10 33 L 2] 2] 0211 2,110
&3 a5 a8 343 [ 0 2 0.173 12,073
37 37| 30 38 0 0 7 04804 17,773
20| 20 10 40| 1] a 10 0.154 3,880
38| 3B 18 290 o o 40 0.191 11,078

@
=]

0191 30,360

IABBAM 11 11 a 18 0273 3,023
FEHUR 3 3 3 7 0.034 3,170
GML-ZAM E] 3 B 20 0.034 5,706
KRM.GRHI 3 3 o 3 0253 1,273
IAGRAN 10 10 3 18 2.39 23,900
Small Hydro [, caen 7| 7 4 o 2.39 15,160
NANDFR o 14 o 13 0.13 752
JINNAH 39 39 24 101 0.27 10,424
SHISHI 2 2 1 3 0.34 313
Sub Total 94 102 56 185
10w 24 26 10 73 9.05 217,260
CHINIOTPP 27 2 20 51 10.34) 279,307
Bagass FATIMA 23 a2 3z 142 10.34 238,018
AL MODIZ 17 30 10 133 10.18 173,143
Sub Total 23 150 72 401
K2 UNT 1032 1032 730 3332 0.33 550,400
K3 UNT 1032 1032 730 =332 0.95 980,400
CHASHNUP 1241 1241 800 9004 L0z 1,260,836

ATLAS 213 213 73 339.97 0 0 138 33.47 7,333,336

MSHTCHN 117 193] oz 34313 973 78 as] a1.92| 4,904,835 |

190



Operating Reserve Policy

114 124/ 44 142.8 02 10 0| 41,39 4,718,331
150)| 133 o8 343.13 37.3 3 123 11.40 2,103,235
178 193] ] 345.13 78 17 109| 42.31 7,037,802
170| 183.97 03 1240873842 B7.043 1397 107| 9.43 1,002,842
340) 480 340 32392 240 140| 0 11.38 4,073,948
330 330) 477.2 28323 [] [] 718 3.10 1,706,331
110| 110) 85.2 333.3 ] 0.04 0 9,88 1,083,010
340 a0z 300 2094.50] 240.8 02 240 3,13 2,772,300
230 1185 730 646340/ 334.0 ERE] 100 2230 18,723,898
a30| 203 560 2001.3 361.3 133 30 22.18 14,403,138
372 372 297.0 2334.92 ] ] 74.4 13.42 4,991,373
754 734 310 4477.4 [ [ 284 22.34 17,740,374
300| 301 110 1130.2113 120.4 1 130| 3.18 1,533,330
1230 1230 00 48093 [ [ 30 4.41 3,418,130
303 aoe| ELE] 2484.0/ 242.4 303 o 13.80 4,200,731
300| 300 110 1148.33 [] [] 130)| 3.19 1,337,000
704 1242 000 4E340.22 430.8 338 44 23.29 13,333,034
1300| 2300/ 0 13.00 22,300,000
a7 30 18 38.08 1,043,818
20 =0 16 47.07 933,142
23 50 16 30.23 1,247,279
20 0 18 33.74 527,042
32 30 0 30.23 1,010,933
L] =0 i 50.23 1,923,2E8
34 30 0 39.37 1,324,342
a7 =0 0 39.37 1,447,338
27 50 0 13.96 377,445
a7 30 0 14.12 381,843
27 30 0 11.82 319,740
23 0 i 11.82 293,639
28 30 0 13.20 382,345
20 0 i 13.83 360,342
28 50 0 14.47 373,248
] 12 a 39.04 310,038
600| 1000/ 0 13.00 9,000,000

172,389,615

Plant Type

Droop |Reserve| Reserve Cost Operating Cost
Power Plant Pgen Pmax Pmin Mw.s IMW/HzZ)| (+ve) {-ve) {Rs/kWh) {Rs/KWh)

Ghazl Barotha 20 380 460 2031 250 34 =] o008 41,383
Turbela 300| &30 373 3208 33 130 13 ouns 21,300
MLEND 23| 23 14| a2 0 0 10 0,32 7372
DARAL KHWAR 30| a8 20| 340 34 EL] 10| 032 9,480
GOLEN 3 30 0 034 o880
0 [ 0 022 8, 800

0 o 0 022 13,030

0 0 0 021 2,110

O [ 2 o018 12,073

L 1] 7 0.48 17,773

0 1] 10 o019 3,880

L 1] A0 0.19 11,078

50| 20 102 019 30,300

IABBAN 11 11 B 18 0.28 3,023
FEHUR 5] E 3 7 0.03 3,170
GML-ZAM 5| B 3 20 063 3,708
KRM.GRHI 5] 5 o 3 0.20 1273
IAGRAN 10 10 3 18 233 23,900
Small Hydro [,z 50 7] 7 4 a 299 13,100
MANDPR o 14 o 15 0.13 792
JINNAH 35 s 24 101 0.27 10,424
SHISHI 2 2 1 3 0.34 313
94 102 56| 185
oW 24 28 10 73 9.03 217,200
CHINIOTFP 27 02 20 31 10.34 279,307
Bagass FATIMA 23 az 32 142 10.34 238,018
AL MOIZ 17 o 10 135 10.18 173,143
93 72| 401
K2 UNT 1032 103z 730 3332 0.53 580,400
K3 UNT 1032 1032 730 3332 0.93 980,400
CHASHNUF 1241 1241 200 5004 1.02 1,200,830
ATLAS 213 213 73 277 of o 138 33.47 7,333,330
MSHTCHN 117] 133 a8 1324 58 78| 43 4132 4,904,839 |
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E.EL 114 124 End 143 62 10/ 70| 41.39 4,718,331
150 183 GE| 1324 SE| 3 122 11.40 2,183,239

17E| 183 -] B3 78 17| 105 42.51 7,837,802

170} 1849 [-E] 1248 ET pi-] 107 .43 1,502,842

340 480 340 3239 240 140 [+ 1198 4,073,548

354 a7 477 3124 ] 3 117 3.10 1,B42,B37

ENGRO power a30| 712 389 2642 2540 02| 61 9,80 6,411,423
830 1189 730 6303 333 339 10D 2238 18,723,850

&30 =] 360 4049 e2 133 90| 22.18| 14,803,138

372 372 298 2397 0 0 74 13.42 4,991,373

44 T4 310 4473 337 130 134 22.34 14,388,918

301 301 110 1130 0 0 191 3.18 1,360,333

1137 1330 800 4809 452 73 337 4.41 ,090.383

B06) (=] 303 1830 0 0 303 13.80 B.,401.463

300 300 110 5435 0 0 190 3.19 1.337.000

240 1200 Z40| 3838 AED| a0 0 40,37 5,737,230

339 &80 330 4836 457 321 9 2339 7,854 708

INCREASED PENETRATI| 1300 300 L+ 13,00 22,300, D00
27| 30 18| 3g.08 1,043.E18

20| 30 18| 4707 533,142

23 30 b1 3023 1,247,273

26 30 18] 33.74 527,042

32 30 0| 3023 1,610,933

38| 30 0| 30323 1,923, 288

34 30 0| 39.37 1,324 342

37 30 0| 3937 1,447,338

27| 30 0| 13.98 377,449

27| 30 0| 14.12 381,843

27| 30 0 11.82 315,740

23| 30 0| 11.82 293,639

2E| 30 0 13.80 382,343

20| 30 0 13.83 304,342

20 30 1] 14.47 373,248

E| 12 B 35.04 310,038

INCREASED PENETRATI B00| 1000 0 13.00 5,000, D00

20025 9035 77305| 4742 2640 2993 176,850,115

. Droop | Reserve |Reserve ( Cost Operating Cost
Power Plant | Pgen Pmax Pmin Mw.s (MW/HzZ) | (+ve) va] (Rs/K\Wh) (Rs/k\Wh)
210)| 390) 210)| 1872 135 180 0 0.04 9,030
23 PE] 13 ) 0 0| 10) 0.32 7372
DARAL KHWAR 15 15 10| 75 0 0| 5 037 4,740
0 0 10) [ 0 [} 10) 0.19 3,880
18] 0 0| 11,078
58| 50 0| 30,560
11 §] 3025
JAGRAN 10| 10) 5 18 153 25,300
MARALA SH ] 7 4] 13 159 19,166
RESHUN 3 [l 1 7 0.34 1036
Small Hydro  [gears 1 1 1 1 034 ET}]
JINMAH ET Tl 11 B9 0.27 9.185
SHISHI 2 2 1 3 0.34 513
Sub Total 68 69| 39| 150
IDW 24 i3 10) 73 3.05 217,260
CHINIOTPP 27 77 27 10.34 273,307
FATIMA, 32 32 5 147 10.34 331,030
AL MOIZ 17] 30) 10) 135 10.18 173,143
K2 UNT 745 1040 730 5555 0.5 707.750
K3 UNT 745 1040 730 5555 0.55 707.750
CHASHNUP 1000 1263 500 9170 1.02 1,016,000
UCH1 500 550 a773| 28315 575 50| 22.8) 3.10 1,551,210
Engro Power 90 110 89.7 553.3 55 0| 0.8 3.86 887.736
ENGRO Thar 580 602 300 209456 2408 1 280 5.13 1.977.662
BALLOK 1135 1189 730 646345 554.6 54| 405 2256 25,607,098
TRIMMU 380 395| 67| 11376 197.5 15 213 2215 8,421,465
UCHZ 114 124 9932]  77748 62 10) 148 13.42 1,529,614
SECL 600 1250 600]  4887.5] 500 650 0 441 2,643,000
THAL NOVA 205 300) 110 112639 170)| 35 35 5.19 1,063,350
Solar INCREASED PEN 1100 2500 0) 15.00 16,500,000
HAWA | 20] so] 16] | | | [ 38.68] 773,538 |
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ZEPHYR 20| £ 16| 35.74 714,866
DIN-E 10 50 0 14.12 141,216
LIBERTY1 10 50 0 11.82 118,248
LIBERTY2 10| i 0| 11.82 118,248
MASTER GR 10| ] [1] 14.47 144,681
DAWOD0D 20| Ei 16| 50.23 1,004,554
SACHAL 20| 50 0 50.23 1,004,554
IPLL 20| 50 0 50.23 1,004,554
TGS 20| i 0| 33.37 Ta7.420
TGT 10| ] [1] 39.37 393,710
NOORIABAD 8| 12 [ 33.64 310,058
INCREASED PENETRA 414 1000 10| 15.00 6,210,000
Total 8440 12794 5311| 44035 22712 1116 1198 77,465,440
Winter Off Peak (Case B): fast-ramping power plants
Plant Type | Power Plant Pgen Pmax Pmin | Mw.s Orcop | Reserve | Reserve ( Cost Opersting Cost
(MW /Hz) | ([+ve) ve) (Rs/KWh) (Rs/kKWh])
Turbela 210 330 210 1872 193] 180 0| 0U04 9,030
MLEND 23 23 14| B2 0 0| 10 032 7,372
DARAL KHWAR 13 10 T3 0| 0| 3 032 4,740
GULPUR 20 10} 40 O O 10| 0.159| 3,880
CHASMA 38 1B} 25 O O 40| 0.19| 11,078
KAROT 180/ 3B B4l S| 20| 102 0.19| 30,380
IABBAN 11 (-] 18] 028 3,023
JAGRAMN 10 10 3 18] 2.3% 23,900
MARALA SH 7 7| 4 13 235 159,188
RESHUN 3 4 2| 7 034/ 1,028
S"'““ H?dm REMNALA 1 1 1 1 034/ 342
FINNAH 34 34 21 B9 027 9,183
SHISHI rd 2 1 3 034 513
Sub Total (2] 69 39 150
FOAW 24 20 10| 73 5.03] 217,200
CHINIOTPP 27| 27 20| 22 1034 279,307
FATIMA 32 32 23 142 1034 331,030
AL MOIZ 17| 30 10| 133 10.18 173,143
K2 UNT Tas 1040/ 730 3593 093 TO7, 730
K3 UNT Tas 1040/ 730 3593 093 TO7, 730
CHASHNUP 1000 1263/ 800 G170 1.02 1,018,000
UCH 1 380 397 477 3124 279 17| 103 3.10 1,739,404
EMNGRO Power 00| 712 389 26432 296 12| 311 980 6,504,011
BALLOKI 300 Ex ] 270 2450 200 99 30 22368 6,708,390
TRIMNMLU 314 393 1a7] 1987 198 81 147 22.18 6,938,790
UCHZ 100 124 a5 777 Bz 24 1 13.42 1,341,707
SECL 1130 12330 800| 43BE8| 300 100 330 4.41 3,003,730
HUBCO CCFP 180 500/ 130 30340 317 T20| 0| 40.37| 7,302,942
THAL NOVA 280 300/ 110 943 120 20 170 3.19 1,433,200
| Solar  |INCREASED FENETRA 1100 2300 o| 13.00 18,300,000
HawA 20 30 16| 38.08 773,338
ZEPHYR 20 30 16| 33.74 714,800
10 30 e 1412 141,210
10 30 0| 11.82 118,248
10 30 O 11.82 118,248
MASTER GR 10 30 0| 14.47 144 8B1
20 30 1B 3023 1,004,334
20 30 O 3023 1,004,334
20 30 O 3023/ 1,004,334
20 30 0| 3937 787,420
10 30 +] 3937 393,710
a8 12 (=] 39.04 310,038
0| 8,210,000

70,378,564
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