Ministry Of Energy and Natural Resources
BHUTAN POWER SYSTEM OPERATOR
THIMPHU: BHUTAN

S8

ANNUAL TRANSMISSION SYSTEM PERFORMANCE REPORT FOR THE YEAR 2022
JANUARY-2023



Transmission System Performance Report | 2022

SI. No. Table of Contents Page No.
1.0 INTRODUCGTION .cuuuuiiiiiiiiiiiiiiertttiiiiiieeetettiiiiissstettiiiisssssseetsieissssssteetsieisssssseessieissssssteetsiesssssssteettiosssssssteetsssessssssseeestossssssssseeessessssssssseessssssssssns 3
2.0 PERFORMANCE OF GENERATING STATIONS ...ouuiiiiitiiiittiiiiteiiiieieiiimeeeiissieiissteiimssteisssteimsmesimssteissmteiomsttsismsteiimssteiosssteiessmesssssssesesss 3
2.1 POWER GENERATION ...ttt ettt sttt b et e sb e e s b et e be e s b et e be e e be e e be e s b e e e bee s b e e e abee s b e s o abee st e e s beesab et e abeesabe e e bt e sabeesabeesareesneeeanes 3
2.2 PLANT FACTOR ...ttt ettt ettt ettt ettt e bt ettt s bt e e b et e bt e s bt e e bt e e b et e st e eabee e seeeabeeeaseeeabeeeabeeeabe e e abeeeabe e e s eeeabe e e aseeeabeeeaseesabeeeaseesabeeeaseesabeeeneesabeeeneenanes 7
3.0 PEAK DEMAND, ENERGY AVAILABILITY AND REQUIREMENT FOR THE COUNTRY ....cuutttiiiiiiinnnriiiiiiiienneeeiniiieeseeessnssssessseeessssnnees 10
3.1 INATIONAL LOAD ...ttt ettt ettt e et e st e e sat e e sat e e subeesa bt e s as e e sae e e st e e saeeeseeesas e e aeeesst e e seeeaabeeeseeesab e e st e e sabeebeeesab e e s b e e saeeeabeeesabeeabeeennneennteesareennneas 11
32 WESTERN GRID PEAK LOAD ...ttt ettt sttt s b e st s bt e s b e e e bt e s b et e be e s b et e be e s b e s e beesab e s e beesabe s e baeebe e e smneennaeesmneeneees 13
33 EASTERN GRID PEAK LOAD ...ttt ettt sttt sttt et e st e s st e sttt s bt e sabee s bt e sabeeaaseesabe e e st e eabeeeaseeeabe e e s b e s abe e e seeeabeeeseeeabe e e sbeeneeesnneennteesaneenneees 14
4.0 EXPORT AND IMPORT OF ELECTRICITY TO/FROM NEIGHBORING COUNTRIES. ......teiiiiiiietreetiinceenreensnsseessessssssssesssesssssssssnes 15
4.1 EXPORT OF ELECTRICITY TO NEIGHBORING COUNTRY ..ottt sttt sttt r e ne s nesenesaeesaeesneene e 15
4.2 IMPORT OF ELECTRICITY FROM NEIGHBORING COUNTRY ..ottt sttt e sseesre s s smaessnat e ssneennesesmneennnees 15
5.0 FREQUENCY PROFILE: MAXIMUM AND MINIMUM FREQUENCY RECORDED AND THE FREQUENCY DURATION IN DIFFERENT
FREQUENCQCY BANDS ...tiiiiittiiiiittiiiiiieiiieieiiseteiiseesiisstesisssteiissseeiesssesisssstesssssssssessssessessssesesssssssessssessessssssssssssesessssessesssnesssssssesssssstesessssessesssnessssssnesssss 16
6.0 VOLTAGE PROFILE OF SELECTED SUBSTATIONS .....uueiiiiiiiiittttiiinienreensisiseessessssssssssssee s sssssssssssessssssssssssssesssssssssssssesssssssssssssssesssssssssnns 19
7.0 MAJOR GENERATING AND TRANSMISSION OUTAGE .....uuuiiiiiiiiiiitiiiiieniiitniieieiisseeiisseeiimsseeionssesiosstessmssteiosssesiesstessssstesssssssssesssssse 23
8.0 TRANSMISSION CONSTRAINTS ..ceeettiiiiiiiieteeiiiisiisssstee s sssssssss e sssss s ssss s e s s e s s a s s e e e s s e s s s s s s e e s s ss s s s s s e e e s s ses b sa s s s e e e s sessssaas s e e e s sessssssnnneensssssssssns 23
9.0 INSTANCES OF PERSISTENT OR SIGNIFICANT NON-COMPLIANCE WITHIN THE GIRD CODE REGULATION......cccccceviinnnnnnenninissssnnns 23

2 | Bhutan Power System Operator, BPC



o
P70 v,

Transmission System Performance Report

2022

1.0 INTRODUCTION

In compliance to Grid Code Regulation 2008, Clause No. 6.14.2.1, this office prepared an annual report covering the performance
of the Transmission System and details as required by the Ministry and the Authority annually for development of power system
master plan and formulation of other policy decisions, thus this report contains the performance of Transmission System for the

year 2022.
All the index and other calculations in this report have been executed based on the data received from substations and generating

plants.
2.0 PERFORMANCE OF GENERATING STATIONS

2.1 POWER GENERATION

The maximum individual plant generation was recorded as 1122.00 MW by the Tala Hydropower Plant, followed by 785.70 MW by
Mangdichu Hydropower Plant.
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Table: 2.1.1 Monthly maximum and minimum generation summary

Meonihly Marimum and Minimum Generation (MW)
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Graph: 2.1.1 Basochhu generation summary Graph: 2.1 Chhukha generation summary
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Graph: 2.1.3 Tala generation summary Graph: 2.1.4 Kurichhu generation summary
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Graph: 2.1.5 Dagachhu generation summary Graph: 2.1.6 Mangdichu generation summary
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2.2 PLANT FACTOR

The plant factor of each generating plant was calculated as below:

Plant factor = (Actual output of a plant over a period of time) / (Output when operated at name plate rated capacity for
entire time)

= (Total energy plant has produced over a period) / (Total energy plant would produce when operated at
full rated capacity)
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Table: 2.2.1 Monthly plant factor of the hydropower plants

‘SLNo Hydropower Manikly Plant Factor (%6)
Plant | Jan | Feb | Mar | Apr | May Jun Jul Aug Sep Oct Nov
1 BHP 3720] 3097) 3840| 3191] 3678 9228 9230 9879 102.19 29.41 36,90
2 CHP 3306)  2731) 4133 5276 3384 9234 -§7.80 .73 2067 %.38 14
3 THP 0.00 000| 1470 3478] 3496] 36.63 8235 10634 101.95 78.2¢ 3311
4 EHP 353 [ s8eY) S 0534 10485 06.03 10972 103357 14 2% 61.95
5 DHP '11-_,-11 1923 2143 I-'r'__ﬂ »Bn | 58.65 G656 T438) 6847 58.97 3233
6 MHP 3031 289)] 2373 2304  3496] 4451 244 2801 5114 W05 i35
Graph: 2.2.1 Plant factor of Basochhu Hydropower Graph: 2.2.2  Plant factor of Chhukha Hydropower Plant
Plant
12000 " Basochhu Hydropower Plant lgg'gg [
100.00 80:00 o
. sk £ 7000
= 5 6000 |
§ 60.00 £ 5000
[£9 o ”
g 4000 8 2000
= O e Il
20,00 20,00 1
10.00 |7
0,00 + 0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oc Nov Dec
Months Months

8 | Bhutan Power System Operator, BPC



Transmission System Performance Report | 2022

Graph: 2.2.3  Plant factor of Tala Hydropower Plant Graph: 2.2.4 Plant factor of Kurichhu Hydropower Plant
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Graph: 2.2.4 Plant factor of Dagachhu Hydropower Plant Graph: 2.2.4 Plant factor of Mangdichu Hydropower Plant
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3.0 PEAK DEMAND, ENERGY AVAILABILITY AND REQUIREMENT FOR THE COUNTRY

Calculation of coincidental peak load for the eastern grid, western grid and national load, we use the following methods:
1. National Demand = (Sum of all total generation of each plant) — (Sum of all Export/Import)
2. National Demand = (Sum of all feeders loading at hydropower plant) — (Sum of all Export/Import)

3. National Demand = (Sum of all substation loading)
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The national load calculated using method-1 is considered in the report.

3.1 NATIONAL LOAD

The national peak demand till now is recorded at 629.61MW which was occurred on December 28, 2022 at 18:00 hours. This is
calculated by summation of Generation minus Export/Import.

Table3.1. the National Peak Demand since 2007

Year 2007 | 2008 | 2009 | 2000 | 2010 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2019 | 2020 | 2021 | 2022

?*['r:‘nl;fj*" 15736 | 18703 | 23717 | 25695 | 27624 | 28244 | 31394 | 33341 | 33652 | 33587 | 36209 | 39935 | 38766 | 37453 | 43535 | 62061

o Civithoesr| 1887 | 2679 | 833 | 751 | 229 | 1135 | 620 | 093 | w19 | 781 | 1020 | 203 | 339 | 1624 | me
previous Year
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Table: 3.1.2 Monthly national peak load and corresponding generation using method- 1

: | Total Grid (MW) Western Grid (MW) | Fastern Grid MW)
ShNer|| Afanihs Date m"‘ Load |Generation| Losd |Generation| Load |Generation
1 Jan | 4Jan21 | 1900 577.89 618.50 390,60 28268 36.01 336.22
2 Feb 4Feb2l | 1800 6] 32 527.33 38278 204.72 35.35 322,61
3 Mar | 4Mar21 | 1200 43001 31490 32588 21100 2684 303.90
4 Apr Apr22 | 1800 42455 917.11 218 16768 90.13 540 43
s May M2 | 1500 41781 926.83 17800] 443 §7.68 45248
6 Jun 16 hm 22 500 43847 154587 36814 054 80 12817 390.08
7 Jul 135ul22 | 2000 46705 130011 49176 175608 14403 143.03
8 Aug 18-Auz22 | 1500 54067  L6%047]  39615) 149208 5453 198.09
9 Sep | 108ep22 [ 800 527.18]  1.800.93 43650 160450 6490 196 43
10 Oct 250et22 | 1R:0D 530.45| 1.60127 43309 138144 8157 219.83
11 Nov | 3Nev22 || 1500 62002 963.42 38737 05 8776 25838
12 Dec | 6Dec2? | 1300 62061 900.70] 36729 47894 6912 02176

National Peak Load of the vear (MW 6220.61
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2 WESTERN GRID PEAK LOAD

Using method-1, the peak load for the western grid was 491.76 MW which occurred on July 13, 2022.

Table: 3.2.1 Monthly western peak load and corresponding Graph: 3.2.1Monthly western peak load and corresponding

. generation
generation
SLNo| Months Date Time wﬁmm EH'H‘} 6000 _‘,AMonthr,Westem Peak Load Summary
1 Jan 17-Tan-22 17:00 390.60 282.68 — 450,00 1~
2 Feb 10Feb-22 13:00 38278 204.72 £ 400.00 |
a Mar 1-Mar-22 2100 32580 211.00 = 350.00 |
4 Apr 20 Ane20 900 20184 36768 § 300.00
5 May I May-22 500 7831 365.00 = 250.00 |
6 Jun 16-Jun-22 300 36214 368.80 § 200.00 Sliosa
7 Jul 13-Ful-22 20:00 491.76 370.00 5 150.00 ® Generation
8 Aug 28 Aug22 20:00 396.13 375.80 § 100.00
[} Sep 13:-8ep-22 19:00 43650] 33000 2009 Tl ) _
10 | O 13.0ct22 000] 43309 3800 e e e & b es wBY &S
11 | Nov 3 Nov-12 1900 38237 3000 SEz<zZzE2TI 89 2a
12 Dec 30.Dec-22 22:00 #375] 37sE Month
Western Peak Load of the vear (MW) 491.76
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33 EASTERN GRID PEAK LOAD

Using method-3, the peak load for the eastern grid was 144.03 MW which occurred on July 22, 2022.

Graph: 3.3.1

Table: 3.3.1 Monthly eastern peak load and corresponding
generation

3 ; Eastern Grid (MW)

Sl Ne| Months Date Time toad |Generation

1 Jan 31-Tan21 14:00 8773 11831
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1 Jul 2-Jul-22 7:00 14403 634.88

8 Aug 18-Ans-22 T 3433 18447

9 Sep 22-Bep-22 T:00 6450 44573

10 Ot LR e S H00 $2:10 37543

11 Nov 3-Nov-22 10:00 65360 30807

: b Dee 2iDes-22 1000 32| 14298

Eastern Peak Load of the vear (MW) 144.02

800.00

=

= 60000

= 50000

S 400,00
Q

£ 30000
R

g 200.00 |
& 100.00 |

0.00

= 70000 |

Monthly Eastern Peak Load Summary

® Load

#® Generation

14 | Bhutan Power System Operator, BPC

Monthly eastern peak load and corresponding generation



sy
PP y V\..,Q ¢

Transmission System Performance Report

2022

4.0 EXPORT AND IMPORT OF ELECTRICITY TO/FROM NEIGHBORING COUNTRIES
4.1 EXPORT OF ELECTRICITY TO NEIGHBORING COUNTRY

Maximum export of electricity for the year was 1,280.73MW to Binaguri substation in August, 2022, followed by 310.42 MW to
Birpara substation. The minimum export was 0.00 MW to Binaguri and Birpara substation.

Table: 4.1.1 Monthly power export summary

< Monthly Maximum and Minimum Export (MW) MaxMin of vear |
Soel s e A e | e Jal | Aug | Sep Oct | Nov | Dec (W)

1 inagari | 080 0.00] 21728) 29625 32s00| 1tonsa| 109000 128073 113838 1o7100] sos38] 332si) 03% 5 2] [

¥ Min 000 0.00 .08 055 008 800 S0 559.00 33600 13191 17.00 .00

5 Max 000] 3925 10060 19413] 15978] 31042 23288) 26074] 2812] 2442] 93j0[ 8554 sno4dl |

: Min 0.00 066] 027 030 028 3191 51.30 5132 430 36.09 0.38 930 000

o [Salaked & Max 1899 2511 5110 3648 67.16 05 56 T 7791 9551 o788 527 so0e|  67.88[ '

Rangia | Min 0.04 0.07 0.05 018 155 50.16 300 13.79 0.5 100 0.04 0.04 004

4.2 IMPORT OF ELECTRICITY FROM NEIGHBORING COUNTRY
Maximum import of power was 157.91 MW from Birpara substation which occurred in January, 2022 followed by 149 MW and

47.59 MW from Binaguri, Salakati & Rangia respectively.

15 | Bhutan Power System Operator, BPC
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Table: 4.2.1 Monthly power import summary
: Monthly Maximum and Minimum Import (MW) Max/Min of vear
53.-7%0] Sutatation in Tsis Jan Feb Mar Apr May Jun Jul Aug Sep Ocr Nov Dec _@Wi
1 | Pisagari |22 12036 11036] sa3s| 12700  e218] 14000 0.00 0.00 0.00 000] 000  000f #4900[
BT Min 3673]  a36] 009 04 008 10500 0.00 0.00 0.00 00| o008 000 0.00
i | B Max | 13791] 13792] 13532 6636] 9013 0.00 0.00 000 2416 000] soo0s| 12804 ASESEL |
Min L4 0.46 0.05 00 0.01 0.00 0.00 0.00 2416 0.00 0.0 1.73 0.00
o [Salaked & Max 3823] 3834 :mu|  sem 1833 T D 15.60 ooo] 1608 ow| 4psef
Rangia | Min a9s|  o029] 005|037 11.52 0.00 129 10.24 0.06 000l 001 0.06 0.00

5.0 FREQUENCY PROFILE: MAXIMUM AND MINIMUM FREQUENCY RECORDED AND THE FREQUENCY

DURATION IN DIFFERENT FREQUENCY BANDS

As per the Grid Code Regulation 2008, Clause 6.4.1 the transmission system frequency was classified into three different bands as

follows:

We base our frequency at 220kV Bus frequency at 220/66/11kV Semtokha substation in the western grid and 132kV Bus frequency

Normal state
The transmission system frequency is within the limit of 49.5Hz to 50.5Hz

Alert state

The transmission system frequency is beyond the normal operating limit but within 49.0Hz to 51.0Hz

Emergency state

There is generation deficiency and frequency is below 49.0Hz.

at 50Hz and Kurichhu Hydropower Plant in the eastern grid.

16 | Bhutan Power System Operator, BPC
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Table: 5.0.1 Frequency profile at Semtokha substation

220/66/11KY Semtokha Substation

220kV Bus Freguency Operation State (%0)
5L No Months ] _ Blackout!
Normal Alert  |Emergéncy odEr
1 Jan 100.00 0.00 000 0.00
2 Feh 09019 0.00 0.00 981
3 Mar 02.97 0.00 0.00 0.13
4 Apr 05351 015 0.00 336
5 May 100.90 0.00 0.00 0.00
6 Jun 96.64 000 0.00 335
7 Jul 100.00 0.00 0.00 0.00
8 Aug 9923 0.13 0.00 0.00
g ‘Sep 9651 0.00 0.00 349
10 Oct 104.00 0.00 0.00 0.00
11 Nov 96 77 0.00 0.00 333
12 Dec 0.00 0.00 0.00 0.00

Operation Stateforthe | g0.6400 | 00206 | 0000 | 195%
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Table: 5.0.2  Frequency profile at Kurichhu Hydropower plant

GOMW Kurichhu Hydropower Plant

132kV Bus Frequency Operation State (96)

SL No Months : Blackout/
Normal Alert Emergency Ofthicr

1 Jan o387 013 0.00 000

2 Feb 89.52 (.00 0.54 905

3 Mar 100.00 0.00 0.00 0:00

1 Apr 9637 0.00 0.00 363

5 May 100.00 (.00 0.00 0.00

6 Jun 8551 0.13 0.13 323

7 Jul 03.79 0.00 0.00 121

8 Ang 10000 0.00 500 0.00

g9 Sep 8537 0.40 0.00 i

10 Oct 10,00 (.00 0.00 0.00

11 Nov 95 66 0.:00 0.00 134

12 Dec 0.00 0.00 0.00 0.00
mmﬁ“vz’:’fﬁ'ﬂ“ 89.67% | 0.06% | 0.06% | 1.88%
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6.0 VOLTAGE PROFILE OF SELECTED SUBSTATIONS

As the Grid Code Regulation 2008, Clause 6.4.1, the voltage at all connection points was classified into three different bands as
follows:

1. Normal state

The voltages at all connection point are within the limits of 0.95 times and 1.05 times of the normal values
2. Alert state

The voltage at all connection points are outside the normal limit but within the limits of 0.9 times and 1.1 times of
the normal values

3. Emergency state

Transmission system voltages are outside the limits of 0.9 times and 1.1 times of nominal values.

The voltage profile of 400/220/66/11kV Malbase substation in western grid and 132/33/11kV Nangkhor substation in the eastern grid are
considered in the report.

19 | Bhutan Power System Operator, BPC
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400KV Bus Voltage Operation State () 220kV Bus Veltage Operation State (36)
SLie Normal | Alert  |[Emergency) nhmﬂ'“" Normal | Alert  |Emergency mmﬂuu
1 Jan 5806 54.08] sgos]  suos]  seos| shos B0 7608
] Feb ] o p] 3504 o8]  poa3] [T 000 58|
a Alar G180 220 58,06 0.00 10000 000 0.00 0:00
4 Apr 96,77 a.00] s2.06| 363 9207 [N 0,00 349
g May 9987 0,00} 3366} 0s0] %08’ 013 0.00 0.00
& Jun 9a Tt 0.00] 18,04 325 e 000 000 i
5 Jul 59.13 .00 15 08| (TEEE 100 037 .00
] Ang 000 0.00] 58.06] 013 e 0,00 000 0.13
[] Sep SATT 0,00) 38,06 33 9644 000 13 Wt
10 Ot 19000 200} 33.04] 0o0] 10000 0.00 [ 000
11 N T8 1909 33 06 3.23] 9677 0.00 0.00 323
12 Dec 9570 0.0} 000 000] 10000 0.00 0.00 0,00

“’"‘;f“"-‘" 81120 | 96006 | sa230s | 6770s | sanses | s220s | as7es | 6750
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Table: 6.0.2 Voltage profile at Nangkhor substation

132/33/11kV Nangkhor Substation

132KV Bus Veltsge Operation State (%5)
S1.No SiEntie Normal Alert Emergency Biscluni/
Other
1 Jan 0087 0.13 0.00 0.00
2 Feb 00.19 0.13 0.00 9,68
3 Mar 100.00 0.00 0.00 0.00
4 Apr 94 89 497 0.00 0.13
5 May 97.18 1Y) 0.00 0.00
6 Jun 96.77 0.00 0.00 323
7 Jul 99,73 0.13 0.00 0.13
8 Aug .00 0.00 0.00 0.00
o Sep 8677 D00 npo 323
10 Oct 100.00 0.00 0.00 0.00
11 Nav 95,77 0.00 0.00 323
12 Dec 0.00 0.00 0.00 0.00
D’@::_“‘“'ﬂ“ 81.01%| 0.68%)| 0.00%| 1.64%
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7.0 MAJOR GENERATING AND TRANSMISSION OUTAGE
The summary of the major transmission outages for the eastern grid and western grid are attached as Annexure- [ and Annexure- 11
respectively.

The outages of transmission line or transformer or any power system equipment below 66kV, tripping/outage of less than 30minutes
and planned shutdown which do not cause supply interruption to the customers are not reflected.

8.0 TRANSMISSION CONSTRAINTS
There are no instant of transmission constraints during normal condition in Bhutan Power System.

9.0 INSTANCES OF PERSISTENT OR SIGNIFICANT NON-COMPLIANCE WITHIN THE GIRD CODE REGULATION
The instance of non-compliance with the Grid Code Regulation 2008 for the year 2019 was not recorded.

Annexure- I

23 | Bhutan Power System Operator, BPC
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Eastern Grid Outages
January 2022
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