3.1

10
65,000
DOE

Registration

2007 2020
DOE
15,000 500
30
2,000

10
F/S

(Dzongkhag)
Statistical Year Book of Bhutan 2001

http://www.bhutan.gov.bt/

Planning Commission http://www.pcs.gov.bt/

Dzongkhag Gewog

RE-3

Ministry of Home Affairs, Department of
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(national census)

1999 Gewog ( 201)
2004
DOE 2003
M/M
Survey of Bhutan Land Record Section
RE-3 BPC
BPC BPC
Gewog Gewog
RE-2 RE-3
BPC
M/M DOE BPC
BPC rural
50 100kWh (urban) 150kWh
2kw/
DOE 65,000 2
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DOE

LPG
BPC DOE/BPC
DOE  Hydro-met Division
UNDP/GEF  FS 3 Tang 400kW  Sengor 50kW  Sakten 200kW
—E7 CDM Chendebj i 70kW
NORAD 1990 “ Power System Master Plan”
10 90 “ Water
Resource Management Plan”
11
DOE
DOE
DOE Renewable energy (five day
autonomy) radiation

2,000
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RE-3
65,000
6
DOE

DOE

ADB

80

BPC

Solar Home System

15,000

2,000

Tala

BPC
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DOE/BPC Dzongkhag

BPC DOE
BPC
BPC
BPC
DOE/BPC
DOE
BPC
7 DOE BPC
DOE 2020 100% 10 5
BPC
Tala
GIS BPC
DOE
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3.2

410MW 100MW
Map I-Existing Power

Infrastructures as of date (June 2003)

336MW  Chukha Hydro Power Corporation: CHPC
24MW (Upper Basochu)

Wangdue 66kV
Phuentsholding
220kV 220kv2 1
Birpara
220kV1 Pasakha 220/66kV (Singhegaon)
220/66kV 2 Simtokha 11 220kv1
66kV
Salakati Gelephu
132kvV1 Sarpang 66kV
2001 4 Kurichu 60MW
132kv1
Mongar Lhuentse
Trashigang Pemagatshel Samdrup Jongkha
132kv Nanglam
20MwW 132kV
Tingtibi
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LEGEND
Map |- Existing Power Infrastructures as of date (June 2003) S —

Dzongkhag Boundary

Important Town

Mini/Micro Hydels

Large Hydropower Plants

[ ]
A Substation
O
o

— 220KV line
LHUNTSE _— 132 kV line
TRASHI — 66 KV line
"YANGTSE
Lhuntse
- 33KV line
BUMTHANG Tangmachu “Yangtse
3 MVA
JAN
Trongsa 2.5MVA 7
%
TRONGSA ® s

30MVA \ 20881m @)

Kilikhar

Upper Baso- Chhu 24
W

TRASHIGANG

Khaling
600 kW

Tintibi

AY]

SAMTSE

SAMDRUP

SARPANG

JONGKHA

Deothang
10 MVA

Nanglam
6 MVA

Samdrup

Jongkha
3 MVA
0 25 50 km
siliguri G ‘ . ‘
Bipara 120 km (2) Asai Dept. of Survey & Land Records
fin 2001
% \Bongaigaon
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Power data 2001-02

DOE
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3.2.1 3

132kV 2000- 2001
2001- 2002 Kilikhar-Tangmachu
33kv
2001- 2002 3.2.1 3.2.1
3.2.1-1
S
No. V)
1 Chhukha Birupara (1) 220 71.0 Zebra ACSR400mm?
2 Chhukha Birupara (2) 220 71.0 Zebra
3 Chhukha Singhegaon 220 33.3 Zebra
4 Sinhegaon Birupara 220 40.6 Zebra
5 Chhukha Simtokha Il 220 54.4 Zebra
220kV ckt-km 270.3 ckt-km
6 Kurichhu Kilikhar 132 10.2 Panther ACSR250mm?
7 Kilikhar Kanglung 132 29.8 Panther
8 Kurichhu Pemagatshel 132 33.7 Panther
9 Pemagatshel  Nanglam 132 34.3 Panther
10 Pemagatshel  Deothang 132 23.7 Panther
11 Nganglam Tintibi 132 83.2 Panther
12 Tintibi Gelephu 132 46.0 Panther
13 Gelephu Indian Border 132 0.3 Panther
14 Kilikhar Tangmachhu 132 43.0 Panther  33kV operarion
132kV ckt-km 304.2 ckt-km
15 Chhukha Gedu 66 20.1 Dog ACSR 100mm?
16 Gedu Phuentsholing 66 17.7 Dog
17 Phuentsholing Penden/Gomtu 66 27.0 Dog
18 Chhukha Watsa 66 21.0 Dog from drawing
19 Watsa Chhuzom 66 16.0 Dog from drawing
20 Chhuzem Ha 66 33.5 Dog
21 Chhuzem Olakha/Simtokha | 66 18.3 Dog
22 Chhuzem Paro 66 24.0 Dog
23 OlakhaSimtokhi Simtokha |1 66 1.7 Dog from drawing
24 Basochhu Lobasa 66 23.0 Dog
25 Lobasa Simtokha Il 66 26.0 Dog
26 Singhegaon Phentsholing 66 8.4 Dog
66KV ckt-km 236.7 ckt-km



3.21-2

SI.No (kV) (VA (MVA)
1 Chhukha HPP 11/220 12 35 420
2 |Chhukha HPP 220/66 2 20 40

66/11 2 3 6
3 |Singhigaon 220/66 2 35 70
66/11 2 3 6
4  |Pasakha(BCCL) 66/11 2 20 40
5 |Pasakha(BFAL) 66/22 1 28.5 28.5
6 |Penden 66/11 2 5 10
7  |Penden(PCAL) 66/6.6 2 5 10
8 |Phentsholing 66/11 2 3 6
9 |Gedu 66/33 2 8 16
66/11 2 5 10
10 |Simotokha (1) 66/33/11 2 2.5/2.5 10
11 |Simotokha (I1) 220/66 6 6.67 40
66/11 2 10 20
12 |Paro 66/33/11 2 2.5/2.5 10
13 |Ha 66/11 2 5 10
14 |Lobeysa 66/11 2 5 10
66/33 1 5 5
15 |Gelephug 132/66 2 25 50
66/11 2 10 20
16 |Watsa 66/33 1 5 5
Total end of 2000-01 842.5
17 |Deothang 132/33 2 5 10
18 |Nangkor 132/33 2 5 10
19 |Tintibi 132/33 2 3 6
20 |Kilikhar 132/33 2 3 6
21 |Kanglung 132/33 2 5 10
22 |Basochu Stage | 11/66 2 15 30
23 |Gyelpozhing Kurichhu) {11/132 4 20 80
132/11 1 5 5
addition during 2001-02 157
Total end of 2001-02 999.5
Lhuntse Tangmachu 33kV
BCCL Bhutan Carbide & Chemicals Limited
BFAL Bhutan Ferro Alloys Limited
PCAL Pedan Cement Authority

Power Data 2001-02
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SI.No
MW MW MW GW 2001-02

1 |Chhukha 4x84 336.000| 1986-88 360.000 1861.745
2 |Chumey (Bumthang)|3x0.5 1.350| 1,988 0.996 3.219
3 |Gidakom (Thimphu) |5x0.25 0.000| 1,973 0.000 0.000
4 |Chenari (T/Gang) |3x0.25 0.000| 1,972 0.000 0.000
5 |Rangjung (T/Gang) |2x1.1 2.200| 1,996 1.890 6.188
6 |Khaling (T/Gang) |3x0.2 0.400| 1,987 0.338 0.578
7  |Khalanz (Mongar) |3x0.13 0.260| 1,976 0.256 0.781
8 |Jushina (Thimphu) |4x0.09 0.360| 1,967 0.262 1.574
9 |Wangduephodrang |3x0.1 0.300| 1,972 - 0.153
10 |Kurichu (Mongar) |3x15 45.000| 2,001 45.000 126.303
11  |Basochu (Wangdue) |2x12 24.000| 2,002 24.000 55.134

Total 412.35| 409.870 432.742 2055.675

SI.No
kw Wh

1 Lhuentse Lhuentse 120/ 2000 299,730| 2001-02
2 Thinleygang Thimphu 30| 1986-87 (92506 21.9.94*
3 Rukubiji W.Phodrang 40 " 20,313| 2001-02
4 Tansibiji Trongsa 30 " 42,570, 2001-02
5  Trongsa Trongsa 50 " 187,548| 2001-02
6  Bubija Trongsa 30 " 106,760/ 2001-02
7  Tamshing Bumthang 30 " 63,256| 2001-02
8 Ura Bumthang 50 " 127,480/ 2001-02
9  Yadi Mongar 30 " 46,780| 2001-02
10  Kekhar Zhemgang 20 " 587640 1998-99
11 Surey Sarpang 70 " 345360 16.9.94*
12 Damphu Tsirang 200, 1991 135,000/ 2001-02
13 Tintibi Zhemgang 200| 1992 1,021,850, 2001-02
14  Dagang Dagana 200) 1992 527,169 2001-02
15  Lingzhi Thimphu 8| 1999
16  Rongchu Lhuentse 200/ 2001 700,800/ 2001-02

Total 1308 3,232,476 #

2 14
20kW 2000 3
*
9,191kW
446MW

Power Data 2001-02
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11kv  33kV 11kV 33kV
3.2.1-2
66/11kV  66/33kV 2002
33kv
3.2.1-4 33kV 1996- 97
2001- 2002 113km 330km 3 11kV 868km
1,039km 11kV 12km 20km 33kV

6.6kV

3.2. -
1996-97 1997-98 1998-99 1999-00 2000-2001 2001-2002
33kV 113.06 137.06 174.86 248.13 275.13 330.89
11kV 867.724 899.405 938.584 985.694 983.259 1038.854
11kV 12.1 12.27 14.27 14.932 20.432 26.019
6.6kV 89.03 89.41 89.411 89.411 90.912 90.912
1081.914 1138.145 1217.125 1338.167 1369.733 1486.675
33kV 21.2 27.6 41.9 10.9 20.3
11kV 3.7 4.4 5.0 -0.2 5.7
11kV 1.4 16.3 4.6 36.8 27.3
6.6kV 0.4 0.0 0.0 1.7 0.0
5.2 6.9 9.9 2.4 8.5
Power Data 2001-02
400 230V 33kV/400-230V  11kV/400-230V
4.2.1-5
2001- 2002 1,250kVA  500kVA
250kVA
100kVA 63kVA
837 166,822kVA 80  24,643kVA
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1-5

2000-2001 2001-2002 1
VA VA VA
1,250 3 3,750 7 8,750 4 5,000
750 2 1,500 1 750 -1 -750
630 2 1,260 2 1,260 0 0
500 45 22,500 65 32,500 20 10,000
400 2 800 2 800 0 0
315 8 2,520 7 2,205 -1 -315
250 34 8,500 32 8,000 -2 -500
160 21 3,360 20 3,200 -1 -160
125 6 750 2 250 -4 -500
100 11 1,100 9 900 -2 -200
63 32 2,016 32 2,016 0 0
50 2 100 3 150 1 50
25 17 425 20 500 3 75
16 2 32 2 32 0 0
10 2 20 2 20 0 0
189 48,633 206 61,333 17 12,700
2000-2001 2001-2002 1
VA VA VA

500 2 1,000 2 1,000 0 0
315 3 945 3 945 0 0
250 0 2 500 2 500
160 4 640 3 480 -1 -160
150 1 150 0 -1 -150
125 4 500 4 500 0 0
100 0 2 200 2 200
63 7 441 9 567 2 126
25 3 75 4 100 1 25
16 1 16 1 16 0 0
25 3,767 30 4,308 5 541

757 142,179 837 166,822 80 24,643 |

Power Data 2000-2001 2001-02
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2002- 2003 9 5 Tala 1,020MW
Siliguri 400kV 2 2
400/220kV 200/66kV
Lower
Basochu 40MW 200kV 2
100km
200/132kV 50MVA 220kV

Power Infrastructure expected at the end of 9FYP

66kV
2 1 33kV 1
220kV Tsirang (Damphu)
(Dagana) 66kV
33kV Kalikhola 31km
Gasa 33kV
9 5 3.2.2
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Power Infrastructure expected at the end of 9FYP
(2007)

LEGEND

International Boundary

Dzongkhag Boundary

Important Town

Substation

Mini/Micro Hydels

Large Hydropower Plants

I eer o |

400 kV lines
LHUNTSE

220 kV line

TRASHI .
BUMTHANG YANGTSE 132 kV line

Lhuntse
THIMPHU Ta;GM"\\Zchu 66 kV line
Pangrizampa punakha o

Wangdue
‘@Phodrang

TRONGSA @
19km

Simtokha
40 MVA

Mangdechu
10MVA

TRASHIGANG

Khaling
600 kW

TRONGSA

SAMDRUP
JONGKHA

SAMTSE

SARPANG

Chowabari
50 MVA

60km(z)

Deothang
10 MVA

Sarpang

Nanglam

o) Kalikhola 1.5MVA Samdrup
aane® Jongkha
"
sigwi 2% o 3A
Siliguri ' $‘ %aouwg 50 km (p)
85 km (2) Ma\““k“\uo & 0 25 50 km
siliguri ‘ ‘ |
! 120 km (2) v
Birpara )\ salakati Dept. of Survey & Land Records
1km 2001
%\
Bongaigaon
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\% MVA MVA

Malbase Chhukha 400/220 200
Singhegeon 220/66 70 120
Pasaka 220/66 50
Darje Tsirang 220/66 10
Darje Tsirang 66 10
Lower Basochhu Wangdue 220/66 30
Chowbari Sprang 220/132 50
Tintibi Zhemang 132/66 20
Dagape a Dagana 66 2.5
Penden/Gomtu Chhukha 66 20 25
Phentsholing Chhukha 66 6 16
Tala Chhukha 66 5
Pangrizampa Thimphu 66 20
Jemina Thimphu 66 10
Mangdechu Trongsa 66 10
Jarkar Bumtang 66 5
Kalikhola Sarpang 33 1.5
Trongsa Trongsa 33 2.5
Bangtar Samdrup jongkha 33 1.5
96 589

493

2 2008

Master Plan

NORAD

12
2020

2020

Water Resources Management Plan and Update of the Power System

2003
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Power Infrastructure expected by 2020

Lingzhi
8 KW
O = LHUNTSE

Kabjisal

z

°
<& PUNAKHA S
THIMPHU s B Lhunise g
N BUMTHANG Tangmachu
Motithang o Zampal ¢ Jaker 6 MVA
PARO 20MVA 22,’”“ Punakha WANGDUE 10MVA A
\\ / Simtokha| @) A
Jemina EOMYA
10MVA /
/" Lobesa  wangdue Tongsa 5SMVA )
15 ‘A N lakar .
Phodrang Tongsa JAN N <
L) ° « < %)
oV 2, )

5
0.98km(D) Mangdechlu
Punatshangchu (1) 20MVA

Mangdechhu
1000 MW 670 MW

MONGAR

Penden/Gomt.
25MVA T\
2
A

g wmoo®)

Siliguri via Alipur

Singhegaon

2 [ 2.2 MW
125km(z) 2 Kilikhar o (] Trashigang
630MVA(IC) o, ® 10 MVA NS Chenari 750 kW
) = Mongar DmE) O
23km 2 [ ] A Kanglung
0, & 10 MVA
Punatshaigchu (1 o \.. @Zhemoang 10km () [
1000 MW g TRASHIGANG
TRONGSA Kurichhu Khaling
tibi 132/66 60 MW 600 kW
OjIVA
/\/N\intibi 132/33
o ) 26 MVA N\ AU 4’5/ Nargkhor
§ SAMTSE * & e W
g SARPANG & 55, N ® pemagaishe SAMDRUP
§‘§W: Chowabari n P Q- JONGKHA
Samtse
e
/N 50km(z) AT ZHEM GANG Deothang Bangtar
1.5 MVA

LEGEND

= International Boundary
Dzongkhag Boundary

River

[ ] Important Town

A Substation

. Large Hydropower Plants

— 765 KV lines

400 kvlines

m— 220 kV line

AanaSHL ——  132KVline
N\ —— 66KV line
\
Z 0\ "
% \ ———  33kVline
2\
20\
\\ 40km
\
\\ Gamri GO

. Rangjung

Samdrup
Jongkha
3MVA

25 50 KM Ranga

ot ) " 120 MVA 0

A

e l
—————

Siliguri T JA

Birpara

120km(z)

Bongaigaon

Dept. of Survey & Land Records

2001
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DOE 2020

Power Infrastructure expected by 2020

2020 Punatshangchu |
1,000MW Mangdechhu
220kv2
765kV1 2 23km
765kV2 2 (Alipur)
765/220kV630MVA
3.2.2- 2
3 2 2 10 5
Vv MVA MVA
Punatshangchu | HPF Wangdue 765/220 630
Pasaka Chhukha 220/66 50 100
Darje Tsirang 220/66 10 20
Samtse Samtse 220/ 50
Nanglam Samdrap jongkha 66 6 26
Jarkar Bumtang 66 5 10
Trongsa Trongsa 33 2.5 5
Tangmachhu Lhntse 132 3 6
Gelephu Sarpang 132 50 10
Dagape a Dagana 66 2.5 6
Motithang Thimphu 66 20
CHPC Chhcukha 66 40
129 923
794
3
Norconsult 2

Management Plan and Update of Power System Master Plan

3 May 2003

78
11

1,000MW

125km

Water Resources

Alternative Technical Plans Report:

150MwW
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Siliguri

3.2.2-3
Output: Construction Line Line Benefit/
Project No River Sending Cost Cost Length to Cost
Million Million | Siliguri Ratio
MW km
Uss$ Uss

11030 Amochhu 500:487 507.0 32.2 99 1.18
12082 Wangchhu 180:180 474.8 25.5 159 0.75
13120 Punatsangchhu 1000:972 899.7 103.1 296 1.36
13230B Punatsangchhu 1000:949 968.3 97.4 281 1.24
14010 Chendebjichhu 210:204 274.6 50.7 339 0.98
14020 Mangdechhu 670:651 631.1 96.5 334 1.16
15110 Chamkharchhu 670:651 615.7 94.1 327 1.25
151508 Chamkharchhu 570:552 549.6 100.9 347 1.07
16010 Khomachhu 325:319 370.7 106.3 504 0.97
16030 Kurichhu 400:393 486.2 97.9 470 0.96
17150b Kholongchhu 490:478 464.1 123.4 440 1.19

Construction Cost Transmission Cost
2020 (Punatshangchu)?2

No.13.120, 13.230B

DOE  Mr. Bharat Tamang: Head of Planning and Coordination Div.

(Mandechhu: Project No.14.020)
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PSMP
Working Paper 7 Power Market Survey

2002 6 PSMP

Dt Dey; X (1+at) x bt + ANt x dt
Dt

At GDP per capita
bt

ANt

dt

Dt Seq X (1+at) x bt + ELt + ANL  + ANIE
Dt

St

at GDP
bt GDP

EL

A NLt

A NIE

Dt Diy X (1+at) x bt

Dt

at GDP
bt GDP

Dt Dey X (Q+at) x bt

Dt

at GDP

bt GDP

2002

2020
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Norconsult 2000 2002
(2001 2000 2002 2000
)
80% 12
0/0
3.2.2-4 [8thFYP 2002 ( )
District Sales (GWh)
Domestic | Industry Commercial | Govt. Total
1Bumtang 1.210 0.208 0.214 0.36 1.991
2Chhukha 7.877 365.243 10.139 5.68 388.940
3Dagana 0.311 0 0.073 0.032 0.417
4Gasa 0 0 0 0 0
5Ha 1.002 0.07 0.204 2.316 3.593
6Lhuentse 0.360 0.02 0.07 0.254 0.703
7Mongar 0.559 0.054 0.262 0.463 1.338
8Paro 2.523 0.395 2.987 4.119 10.024
9Pemagatshel 0.109 0.004 0.01 0.049 0.172
10Punakha 0.955 0.016 0.535 1.358 2.863
11Samdrup-Jongkhar | 1.703 0.371 0.473 0.692 3.239
12Samtse 1.995 53.868 0.374 1.115 57.352
13Sarpang 2.812 0.284 0.559 1.188 4.844
14Thimphu 35.232 0.331 4.964 2.622 43.149
15Trashigang 3.194 0.123 0.448 1.984 5.750
16Trongsa 0.679 0.019 0.136 0.218 1.051
17Tsirang 0.027 0 0.009 0.006 0.042
18Wangduephodrang 1.616 0.188 1.560 0.684 4.048
19Trashi-Yangtse 0.519 0.02 0.038 0.156 0.732
20Zhemgang 0.370 0.015 0.101 0.245 0.731
Total 63.052 421.23 23.158 23.540 530.980
WRMP Working Paper 7 Norconsult Table 2.13
2000 12._9%/ 9.2 /
3.2.2-5
FY
2003-2007 2008-2012 2013-2017 2018-2022
GDP 8.0% 7.0% 6.5% 6%
2.3% 2.1% 2.0% 1.9%
1 GDP *1) 5.6% 4.8% 4_4% 4%
1.3 1.3 1.2 1.2
*2) 7.3% 6.2% 5.3% 4 8%
*1) GDP / 1 GDP X
Table 2.14
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3.2.2-6 2002
2002
FY2003-07 FY2008-12 | FY2012-17 FY2018-22
1Bumtang 1,139 17 7 5 4
2Chhukha 1,845 10 6 5 4
3Dagana 266 17 7 5 4
4Gasa 0 17 7 5 4
5Ha 970 17 7 5 4
6Lhuentse 141 17 7 5 4
7Mongar 838 17 7 5 4
8Paro 1,900 10 6 5 4
9Pemagatshel 119 17 7 5 4
10Punakha 927 17 7 5 4
11Samdrup-Jongkhar 1,527 10 6 5 4
12Samtse 1,277 17 7 5 4
13Sarpang 1,341 17 7 5 4
14Thimphu 7,680 10 6 5 4
15Trashigang 3,609 17 7 5 4
16Trongsa 368 17 7 5 4
17Tsirang 237 17 7 5 4
18Wangduephodrang 1437 10 6 5 4
19Trashi-Yangtse 654 17 7 5 4
20Zhemgang 360 17 7 5 4
Total 26,635
DOP 2002
Gasa 9thFYP DOP
Table2.15
3.2.2-7
kWh/
FY2003-07 | FY2008-12 FY2012-17 FY2018-22
1Bumtang 50 50 40 40
2Chhukha 90 90 80 80
3Dagana 50 50 40 40
4Gasa 50 50 40 40
5Ha 50 50 40 40
6Lhuentse 50 50 40 40
TMongar 50 50 40 40
8Paro 90 90 80 80
9Pemagatshel 50 50 40 40
10Punakha 50 50 40 40
11Samdrup-Jongkhar 90 90 80 80
12Samtse 50 50 40 40
13Sarpang 50 50 40 40
14Thimphu 90 90 40 40
15Trashigang 50 50 40 40
16Trongsa 50 50 40 40
17Tsirang 50 50 40 40
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18Wangduephodrang 90 90 80 80
19Trashi-Yangtse 50 50 40 40
20Zhemgang 50 50 40 40
Table2.16
3.2.2-8 2020 Norconsult
2002 2020 2002 2020
Bhutan 1 1
Glih aih | owh | ww | kwn | K | KU
1Bumtang 1,139 1.21 [5,030] 7.21 | 10.9 | 3.89 [ 1,062| 89 [1,433] 119
2Chhukha 1,845 7.88 [ 5,718 29.16 | 655.8 [123.84] 4,271 | 356 |5,100| 425
3Dagana 266 | 0.31 [ 1,173] 1.76 | 2.32 | 0.95 [ 1,165 97 [1,500] 125
4Gasa 0 [o0.00[ 1220 [o0.12]0.29]0.24] o 0 [ 992 [ 83
5Ha 970 | 1.00 [ 4,281] 6.05 [ 16.32] 6.66 [ 1,031 86 |1,413] 118
6Lhuentse 141 | 0.36 | 625 | 1.49 | 2.9 | 1.38 [ 2,553| 213 [2,384] 199
7Mongar 838 | 0.56 [3,700] 4.35 [ 18.1 | 5.4 | 668 | 56 [1,176] 98
8Paro 1,900 2.52 [ 5,878 14.02| 44.9 [14.24] 1,326 | 111 [2,385] 199
9Pemagatshel| 119 | 0.11 | 524 | 0.7 | 9.02 | 2.69 | 924 | 77 |1,336| 111
10Punakha 927 | 0.95 [4,001] 5.78 [13.33] 4.23 [ 1,025 85 [1,413] 118
11Samdrup-
Jongkhar 1,527 1.70 | 4,725| 10.34 | 52.53| 15.88| 1,113| 93 |2,188| 182
12Samtse 1,277 1.99 [ 5,636 9.9 [125.58[26.85[ 1,558 | 130 |1,757| 146
13Sarpang | 1,341 2.81 [ 5,922]12.46[152.68] 45.57] 2,005 175 [2,104] 175
14Thimphu | 7,680 | 35.23[23,763[128.33[266.22] 79.45] 4,587 382 [5,400] 450
15Trashigang| 3,609 | 3.19 (15,934 21 |[31.35|12.78| 884 74 11,318| 110
16Trongsa 368 | 0.68 | 1,626| 3.15 | 4.68 | 1.91 | 1,848| 154 |1,937| 161
17Tsirang 237 | 0.03 [1,044] 0.85 | 1.04 | 0.43 | 127 | 11 | 814 | 68
éﬂf}‘ggd“epho 1437 | 1.62 | 4,448| 9.77 | 20.1 | 6.37 | 1,127| 94 |2,196| 183
19Trashi= | g5y | 0.52 2,889 | 3.63 | 4.53 | 2.15 | 795 | 66 |1,256| 105
Yangtse i ’ . i i ’
20Zhemgang | 360 | 0.37 |1,588] 2.24 [14.22| 4.24 {1,028 86 [1,411| 118
26,635| 63 |98,716] 272 | 1,447| 359 |2,367| 197 | 2,759 230
Working Paper 7 1
2002  12% 2020 19%
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2020 DOE
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2,000MW
Norconsult PSMP
Norconsult 1993
1999 F/S
3 ADB Rural Electrification Phase 1
1 ADB
ADB 7 5 RE-1 3,000 8 RE-2 6,000
9 RE-3 15,000 RE-
RE-3 15,000 8 DOE Pre F/S
Norlha Associates 17,000
15,000 F/S ADB SMEC
SMEC International Pty Ltd. 15,000
ADB 10Million
8,000 7,000 3,000 1,000
3,000
RE- 3,000 RE- 6,000
RE-3
RE- RE- RE-3
RE-
WORLEY RE-1 Final Report
1995 1
RE-
RE-
a IEC International Electro-technical Commission standards
Indian
Standards
b 33kv



11kV 33kv

11kV
c Aerial bundled cable
RE-
EIRR
12 7 EIRR 12% 2%
16%
3,147
33kV 224km 57km 281km
11kV 16km 5km 21km
33kV 11,400kVA 11kV 600kVA
302km
Trongsa
DOP
km
mm /km $/km
60m-AAC 40m-AAC
80m-ACSR 40m-ACSR
AAC
60 Fly 8,930 12,600
100 Wasp 10,060 14,040
150 Hornet 11,500 15,800
ACSR
50 Rabbit 7,370 12,660
70 Horse 9,180 14,930
100 Dog 9,150 15,350
150 Wolf 11,570 18,040
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EL 25 IR 10 CL 0.03
$/kW pa=$70 40% 0.23
AAC 60m ACSR 80m
MVA
mm A kW/km

AAC
60 Fly 73 35 4.17 1.39 7.51.
100 Wasp 100 36 5.71 1.90 8.46
150 Hornet 130 37 7.43 2.48 9.67
ACSR
50 Rabbit 60 32 3.43 1.14 6.20
70 Horse 79 34 4.51 1.50 7.72
100 Dog 94 34 5.37 1.79 7.70
150 Wolf 129 36 7.37 2.46 9.73

RE-

a 3

b 33kv 11kV Auto-recloser

c 100kVA

d

e

f

g MV

h

i LV

] 6

3 RE-

Final Report 1999 10

RE-

17

33kV
11kV

150

245.
142.

6,010

3km RE-
1km RE-

33kv 6,103kVA RE-
11kV 3,823kVA RE-

6.4
353.7km RE-

TATA Consulting Engineers

87%

6.8

54%

87%
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15
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100

SCADA
RE-
10.4% 10% 9.21%
RE-
1,000 RE- RE-
RE- RE-
RE- RE- RE-
EIRR
Bumthang -4% 327 98 229
Mongar -2% 338 828 490
Samtse 1% 604 231 415
Sarbhang -3% 997 189 808
Trongsa -16% 126 14 112
2392 1360 1032
RE-
RE-
a)
60- 80kWh/
103kWh/
200Nu
400kWh/ 0.5Nu
180kWh
Power Data(1996-97) 188kWh 2001- 02
206.4 kWh 280kWh
15MW 1
VA 1 2kVA
2001 120kwh 10 180kWh
1.2kVA (5A) 2 0.6kVA 10 1.6kVA
b)
100w 2kW 10 4 10 2,800kWh/
c)
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d)

4 RE-
RE-

100w 2kW 2kw 2
12
3,300kWh 2,700kWh 1600kWh/
kw/ 800 2,400
RE-
33kv 11kV 33kv
33kV 11kV 3 1 RE-1
3 2 5,10, 16kVA
Auto-recloser drop-out fuse

3 MV drop-out fuse LV MCCB(Molded Case Circuit

Breaker) HRC(High Rupturing Capacity) fuse

RE-

LV

RE-

2.5m

barbed

Arial bundled cable: ABC
RE- Kick block

LV 11kv 33kv 3
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1998 8 5
Mini/micro
10
11/0.4kV 11/0.4kV 11/0.433kV
11/0.433kV 1km
RE- 415V
(1998 8 5 ) RE-
MV
1998 8 5 33 V 11 V
ACSR  150mm?> Wolf 25km —
ACSR 100mm?> Dog 20km 10km
ACSR  50mm?* Rabbit 10km 6km
RE-
kVA x km
RE- 33 V 11 V
ACSR 150mm> Wolf 150,000 —
ACSR  100mm? Dog 110,000 12,000
ACSR  50mm?> Rabbit 75,000 8,000
dip
—>RE- 33 V 11 V
ACSR  150mm?> Wolf 55m—>60m —
ACSR 100mm?> Dog 60m 65m->60m
ACSR  50mm?* Rabbit 65m—->60m. 65m—>60m
LV —->ABC Rabbit 45m—>ABC 50m
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5 RE-3

Interim report(2002 12 ) Draft
Report Engineering 2003 4
RE-3
RE-3 5 ADB SMEC ~ SMEC
International Pty Ltd
20 19 139 500 15.000
33kV 830km
11kV 6,421km
33/11kV 5
33/0.415kV 336
11/0.415kV 417
1,220km
RE-3 15,000
ADB 10Million 8 8,000
a DOE RE-3
15,000
b BOQ
SMEC BPC MiPower BPC
F/S
o 1 1,700 RE-3
d 1 2kW
e Land use map
40m
RE-3 BPC
BPC  RE-3 least-cost analysis SMEC
5 15 RE-
2- 3
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8 Draft final report 9 ADB
7
7 ADB  appraisal mission
RE-3
RE- Final Report 1999/10
a RE-
b ACSR100mm?  50mm? AAC
c BPC
d Programmable auto-recloser  RE-
break switch)
e RE-
MV
1998 8 5 33 V 1 Vv
ACSR  150mm? Wolf 25km —
ACSR 100mm?> Dog 20km 10km
ACSR  50mm? Rabbit 10km 6km
1998 8 5 33V 1 Vv
ACSR 150mm? Wolf 55m —
ACSR  100mm?> Dog 60m 65m
ACSR  50mm? Rabbit 65m 65m
f
11kV3 500 315 250 160 125 63 25 16kVA
33kV 63kVA
RE-1 RE-3
RE- 99 10
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4 ADB

GIS

BPC

PTI Power Technologies Inc.
PSS/E
PSS/U
PSS/ADEPT PSS/U

PRDC Power Research & Development Consultants Pvt. Ltd

MiPower

Arc Info 2.1 Arc View 3.1 Arc GIS 8.1

AUTOCAD 2000

Comfar 111 (UNDP )Techno-Economical Analysis
Hydata
RE-
RE- PSS/U
Chumey
PSS/U
RE-
MiPower
RE-3
MiPower MiPower
GIS RE-3

- 139 -

MiPower



BPC MiPower
PTI PSS/E PSS/ADEPT
PSS/U MiPower
12 MiPower
RE-3 SMEC MiPower  GIS ArcView

Draft Report Engineering SMEC

April 2003
RE-3 MiPower
4 BPC
MiPower
MiPower

PSS
5 GIS
1 GIS

GIS Geographic Information System
GPS Global Positioning System

GPS

2 GIS
80 Survey of Bhutan
ArcGIS 35

60 20m 40m
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Ministry of Agriculture

map DOE
3 GIS
RE-
GPS
GIS JICA
GIS GPS /
BPC
4- 5
GPS
2020
GIS
RE-3 GIS
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RE-3

BPC  GIS
GIS

JICA

Land use

40m

Survey of Bhutan

GIS

GIS



3.3

NEC:National Environmental
Commission MoA Ministry of Agriculture
NEC

Environmental Impact Assessment :EIA

NEC National Environment
Commission Secretariat NECS
National Environment
Comission (NEC)
National Environment
Comission Secretariat
(NECS)
Administration & Technical Divition Policy &
Finance Divition Coordination Dlvision
~Administration -Reserch & Statistics |
Section Monitoring Section -Policy Section
—Finance Section -Environmental _ -Legal Section _
Assessment Section -Programme Section
-Information
Communication &
Outreach Section

3.3-1 NECS

DFS: Department of Forestry Service
NCD Nature Conservation
Division
/GIS

Biological Corridors
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Department of
Forestry Services

Forest Protection and Forest Resources Nature Forest
Utilizsation Division Development Conservation Extention
(FPUD) Division (FRDD) Division Division (FED)
(NCD)

Territorial National Parks
Division for  protected
area
Management

3.3-2 DoF

EIA
Environmental Assessment Act (2000)
Ambient/Discharge Standards; Process Manual EIA
Environmental Assessment Act EIA Regulation
for the Environmental Clearance of Projects (2002) policy plan program

Regulation on Strategic Environmental

Assessment (2002)
EIA

Environmental Assessment sectional Guideline

ADB

Hydropower Power transmission

lines

- Hydropower ;
- Power transmission lines;

- Forestry;
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- Highways and roads;

- Mining and mineral processing

- New and existing industries

NEC http://www.nec.go.bt
Environmental Assessment Act (2000)
Regulation on Strategic Environmental Assessment (2002)
Regulation on Strategic Environmental Assessment
Strategic

Environmental Assessment SEA

Environmental Statement

Environmental Statement

SEA  Strategic Environmental Assessment NEC

SEA 2002

1.1

1995 Forest and Nature Conservation Act

Forest and Nature Conservation Rules of Bhutan(2000) FNC Rules

FNC Rules
3.3-1
No.
1 Forest and Nature Conservation Act,
1995
2 Land Act
3 Mine & Minerals Management Act 1995
4 Livestock Act of Bhutan, 2001
5 Forest and Nature Conservation Rules | Forest and Nature Conservation Act
and Regulations, 2000
6 Decentralized Forestry Framework for
implementation
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Application for Notification of a
revised Protected Area systems for
Bhutan 1993

Gazettement notification of Protected
Areas 1995

EIA)
)
EIA IEE(Initial Environmental Examination)
EIA NEC
EIA 1.3

- 145-




T

(Impact Scoping)

3.3-3
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IEE

BEA Bhutan Electricity Authority

EIA

Energy/Power Projects”

Dzongkhag

Regulation for the Environmental Clearance

Electricity Act 2001

ROW(Right of Way

Punakha BPC

EIA/IEE

7500

72
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DOE

500kWw

NEC

EIA
NEC
EIA

" Environment Clearance of

of Projcets 2002 ANNEX2

165 770



60

26
3.3-2
No.
(km?)
1 | Jigme Singya Wangchunck National | 1400 Trongsa Zhemgang
Park Wangduw Sarpang

Tsirang
2 | Bomdiling Wildlife Sanctuary 1300 Trashi  Yangtse

Lhuntse Mongar Black

necked crane

3 | Jigme Dorji national Park 4200 Gasa Thimphu Paro

Punakha
4 | Khaling Wildlife Sanctuary 273 Samdrup-Jongkhar
5 | Phibsoo Wildlife Sanctuary 278 Sarpang

Spotted
deer

6 | Royal Manas National Park 1000 Zhemgang Sarpang
7 | Sakteng Wildlife Sanctuary 650 Trashigang
8 | Thrumshingla National Park 768 Bumthang Mongar

Lhuntse Zhemgang
9 | Torsa National Reserve 644 HaaSamtse

Forest and Nature Conservation Rules of Bhutan(2000)
10,513km2 26
DFS NCD Nature Conservation Division
Biological Corridors WWF  World

Wildlife Fund

Core zone:
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Administrative zone:
Seasonal grazing zone:

Enclave zone:

Buffer zone (Biological corridors ):

Buffer zone National Parks Management

Territorial Division

EIA
Multiple-use zone:
EIA
" Forest Management Unit FMU)
FMU
DFS FRDD Forestry Resources Development Division
NEC
IEE Initial Environmental Examination
RE-1 RE-2 ROW Biological Corridors
ROW

RE-3 Draft Initial Environmental Examination 2003

IEE ROW Clearing
White bellid heron
IEE ADB

ROW
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3 CDM  CO2

Authority
UNFCCC

2002

NEC 2000

2.136g

72

(70K

ROW
IEE

ROW

ADB

"Environmental Assessment Sourcebook™ JBIC

8 26

0.71Gg

1994

CDM

BAU(Business as Usual)

CDM

CDM

CDM

ODA

CDM

97

CDM
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NECS DNA Designated National
CDM CDM

First Greenhouse Gas Inventory
GHG 228.466Gg
GHG 3,549.52Gg
E Chendebj i

WWF

Co2



3.4

1
7 6
1 3
Last resort
Prudential and cautious
1998  GNP428
DSR5 GDP 30
50
2
ADB 10
3 RE-3 15,000 30
ADB 8,000 3,000 1,000

3,000 ADB
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3 JBIC
JBIC

JBIC

2002

JBIC

JBIC

JBIC

)

GDP

Bhutan 2020: A Vision of Peace, Prosperity, and Happiness

34

60

€Y)

*

)

@

Q)

JBIC

85
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DOE

Power Data, Royal government of
Bhutan (Twentieth Edition) DOP

Apr. 2003

Copy 69p

DOE

Statistical Year Book of Bhutan Central
Statistical Organization Planning
Commission Catalogue No.101

Nov. 2001

Copy 223p

BPC

Basic Standards, Guide lines and Cost
Estimation for Infrastructure
construction pertaining to power
Sub-transmission and Distribution DOP

Aug.1998

Copy 94p

DOE

Technical Proposal for Power System
Master Plan Update (Activity 3)
Norconsult,

Partial Copy
9

DOE

WRMP and Up-date Power System
Master Plan Alternative Technical Plans
Report (partial copy on Transmission line
plan and cost)

May 2003

Copy 15p

DOE

A Brief Overview of NORAD Assisted
Project: Institutional Strengthening of
Energy Sector & Water Resources
Management and Planning

Feb. 2003

Copy 5p

BPC

Brochures of MiPower (System Analyses
Software)

Jul.2002

Copy 80p

DOE

(RE-3) Rural Electrification and Network
Project Interim Report No.1 (SMEC)

Dec.2002

Copy 83p

DOE

(RE-3 TA 3825BHU) Rural Electrification
Network Project Draft Report
Engineering (SMEC)

Apr.2003

Copy 19p

DOE

10

(RE-2 TA No 2912 BHU) Second
Electrification Project, Final report
Volume 1() TATA Consulting Engineers

Oct. 1999

Partial Copy
160p

DOE

11

(RE-1 TA No. 2043BHU) Final report of
(1)A transmission project to connect the
proposed BasoChhu hydropower project
to the grid and

(2)Rural electrification schemes in up to
twelve areas

Jun. 1995

Partial
Copy103p

DOE

12

Design Sheets of 8 Districts for RE-3
TA3825-BHU Norlha Associate

Jun.2003

Copy 24p
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DOE 13 Design drawing of RE-3 Network Feb.2003 Copy A3 1p
Expansion for Paro Dzongkhag (an
example) TA3825-BHU Norlha Associate
DOE 14 Drawings of Power Infrastructure as of Jun.2003 Copy p3
date (Jun.2003), expected at the end of
9thFYP (2007), and expected by 2020
DOE 15 Power system connection diagram Jan. 2002 Copy A3 1p
BPC 16 Drawings of Medium voltage Jun. 2003 Copy A3 p3
Phunak Distribution Line
a
DOE 17 External Assistance to the Power Sector | Jun.2003 Copy p2
from onwards
NECS 18 ENVIRONMENTAL ASSESSMENT ACT | 2000 Original p34
NECS 19 REGULATION FOR THE 2002 Original p31
ENVIRONMENTAL CLEARNAC OF
PORJECTS /REGULATION ON
STRATEGIC ENVIRONMENTAL
ASSESSMENT
NECS 20 ENVIRONMENTAL ASSESSMENT 1999 Original p40
PROCESS MANUAL
NECS 21 BHUTANESE ENVIRONMENTAL 1999 Original p30
ASSESSMENT SECTORAL
GUIDELINES
POWER TRANSMISSION LINES
DFS 22 BIODIVERSITY ACTION PLAN FOR 2002 Original p224
BHUTAN
DFS 23 Vision and Strategy for the Nature 2003 Original p88
Conservation Division 2003
PC 24 Bhutan 2020 A Vision for Peace, 1999 Original p102
Prosperity and Happiness
DOE 25 Second Rural Electrification Project Oct 1999 Partial copy
Bhutan-Final Report Vol2 (IEE) pl3
DOE 26 Draft Initial Environmental Examination | May 2003 | Original p121
DOE 27 Environment Clearance of Energy/Power | 2003 Copy p4

Projects (Draft Note)
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4.1

RE-3

(GPS

)

2004

BPC

Survey of Bhutan

DOE

estimate
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GIS

RE-1 RE-2
2kwW/

DOE



¥

Survey of Bhutan

No
—
Yes ¢
No
—
Yes ¢
3
RE-3
"Socio-Economic Survey” 3000
2kw
RE-1 RE-2
LPG
Survey
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DOE

10kW Village Hydro DOE
radiation

NEDO

Sense of ownership
BPC BPC
DOE BPC
NGO  ESCO
DOE
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4.2

9 b5 2020 DOE
2,000MwW

BPC PSS/E PSS/U PSS/ADEPT
BPC MiPower
MiPower

Windows95/98/NT

http://www.mipowersoftware.com/MiPower .html

F/S

First Stage

GPS

/
Norconsult PSS/E

ADB 7 5 RE-1 3000
9 RE-3 15000
RE-1 RE-2
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12

F/S

GIS

RE-2

6000

RE-3



RE-2 RE-3

Basic Standards, Guide lines and Cost Estimation for infrastructure

construction pertaining to power Sub-transmission and Distribution 1998
RE-2  Final Report(1999 10 )
3 2002 12 2003 4 RE-3
SMEC RE-1 RE-2 Final Report
4 RE-
RE-
RE- 3 RE-3
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4.3

JBIC
ROW

IEE

Regulation on Strategic Environmental Assessment (2002)

SEA

SEA

Environmental Statement

SEA

SEA

NEC Dzongkhag

Environmental Statement

SEA
SEA
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ADB

EIA

NEC



EIA
SEA
NEC
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