Table 12.1 Weather in the Project Site

Monthly Rainfall Temperature ("C)
Month {mm) Average| Max., | Min.
Jan 201 16.8 21.2 0.9
Feb 12.6 18.3 214 2
Mar 13.4 223 27.2 5.7
Apr 43.1 26 29.4 7.7
May 37.1 279 31.3 13.9
Jun 107.1 28.7 32.6 16.6
Jul 128.5 285 31.6 18
Aug 1562 285 | 318 | 186
Sept 84.7 274 | 305 15.7
Oct 10.0 259 28.9 1.5
Nov 14.1 21.8 26.8 49
Dec 8.1 19.1 22.2 1.1

Table 12. 2 Monthly Discharge at Damsite

1991 1992 1993 1994 1995 1996 1997 | Max Min Average

Jan i 711 789 - 7 18 77.4 78.9 71 747
Feb 62.3 679 672 67.1 66.1 66.5 679 623 606.2
Mar 913 629 782 87.7 81.5 §7.2 | 913 62.9 81.5
Apr 123.4 1047 103 115.5 1248 1048 | 1248 103 112.8
May 1684 2322 2069 2554 2289 212.1 | 2554 1684 2173
Jun 3252 2393 4186 5323 4493 463.7 | 5323 2393 4047
Jul 6029 5469 4478 7732 833.8 6635 | 833.8 4478 6447
Aug 727 8319 6214 6978 7308 6938 | 8319 6214 717.1

Sept 6969 4479 5465 4749 486 6785 603 | 6969 4479 5619
Oct 2562 2292 2976 3041 2957 3265 2374 1 3268 2292 278.1
Nov 1333 1265 1508 1255 173.7 156 132.1 | 173.7 1255 1426
Dec 923 873 1035 893 959 1039 952 | 1039 873 953

Max 6969 727 8319 6214 7732 8338 693.8 | 8338 6214 717.1
Min 92.3 62.3 629 672 67.1 66.1 66.5 67.9 62.3 66.2
Average | 294.7 2553 2713 2513 3043 3215 2864 [ 343.1 2222 283.1

Annual Inflow : 8,927,000 m’




Table 12.3 Project Cost

Punatsangchhu Hydropower Project

Unit: US$ thousand

Item Local Currency Forcign Currency Total
1 Preparatory Works 33,849 3,761 37,610
2 Civil Works 23,594 313,464 337,058
3 Hydromechanical Equipment 9,650 86,848 96,498
4 Electromechanical Equipment 15,410 138,690 154,100
3 Transmission Line 4,200 37,800 42,000
Total Direct Cost (A) 86,703 580,562 667,266
6 Engincering & Adnﬁnjstration Cost 13,345 53,381 66,727
7 Land Acquisition & Compensation 5,000 0 5,000
8 Physical Contingency 10,505 63,394 73,899
Total Indirect Cost (B) 28,850 116,776 145,626
Total Construction Cost (A+B) 115,553 697,339 812,892
9 Interest during Construction 0 0 0
Total Project Cost (A+B+9) 115,553 697,339 812,892
Percentage (%) 14.2 858 100



Table 12.4 Disbursement Schedule

Unit : USS thousand

Year -3 ) 1 01 o2 | 3 | 4 5 6 7 Total
' Award of Contract (Main Civil Works)

Prepa:aiory Works 0 7,000 26,699 3,181 430 300 0 0 0 37,610
Civil Works 0 0 45,466 43,760 95061| 78,359| 39,601/ 1,105/ 33,706 337,058
Hydromechanical Equipment 0_ ' 0 0 9,650 480 21,778| 36,293 18648 9,650 96,498
Electromechanical Equipment 0 0 0, 23,1 15| 2.937| 37282 45825 29,532 15410 154,100
400 kV Traﬁsnﬁssion Liné 0 0 0 6,300 16,000 15,5.00 0 0 4,200 42,000
Total Direct Cost 0 7.0000 72,165 86,006| 114,908| 153,218 121,719 49,285 62,966 667,266
Engineering & Administration Cost 0 700 8,00;1 10,009 12,678 16,682 13,345 5,305 0 66,727
Land Acquisition & Compensation (LC)]| 0 5,000 0 0 0 0 0 0 0 5,000
Physical Contingency 0 1,270{ 8,017 9,601 12,759 16,990; 13,506/ 5,458 6,297 73,899
Total Construction Cost 0 13,970 88,189 105,616| 140,344 | 186,890! 148,570| 60,050 69,262 812,892

LC 0 12,584 31,694| 13,018/ 12,670 18,202{ 15,018 6,552] 5,814 115,553

FC 0 1,386| 56,495| 92,598] 127,674| 168,688} 133,552| 53,498 63,448 697,339




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

i~ . . Unit Price | Amount
Description . Unit Q'ty (US$) (USS)
Preparatory Works LS { 37,610,000
Civil Works
Care of River - LS 1 19,528,800
Dam LS 1 119,441,300
Power Intake LS 1 14,371,823
Settling Basin LS 1 35,971,635
Headrace Tunnel LS 1 102,780,590
Surge Tank LS 1 5,374,530
Penstock Tunnel LS 1 7,499,288
Powerhouse LS 1 19,781,380
Tailrace Tunnel LS 1 5,804,965
QOutlet LS 1 1,938,750
Switchyard LS 1 1,764,620
Disposal Area LS % 2,800,000
Total of Civit Works LS 1 337,057,681
__Hydromechanical Equipment LS 1 96,498,000
Electromechanical Equipment LS | 1 154,100,000
Transmission Line LS 1 42,000,000
Grand Total 667,265,681
Preparatory Works
Road Improvement LS 1 7,500,000
Road Relocation (Damsite Area) m 361 9,629,000
Temporary Access Roads
Right Bank Upstream of Dam m 1,815 454 824,010
Left Bank Upstream of Dam m 1,280 . 454 581,120 -
Right Bank Downstream of Dam m 3000 . 454 136,200
Left Bank Downstream of Dam m 200 454 90,800
Road to Midway Adit m 1,820 454 826,280
Road to Downstream Adit m 2,710 4547 1,230,340
Road to Surge Tank Top m . 550 454 249,700
_Road to Penstock Shaft m - 250 454 113,500
Road to Outlet m 200 454 90,800
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Tabie 12.5 Direct Cost for Punatsangchhu Hydropower Project

i . . Unit Price |  Amount
Description Unit Q'ty (US$) (US$)
. Sub-total m 9,125 4,142,750
1.4 Temporary Bridge
Temporary Bridge (Upstream of Dam) m 105] 17,763| 1,865,115
Temporary Bridge (Downstream of Dam) m 90| 17,763 1,598,670
Bridge to Midway Adit m 97| 17,763] 1,723,011
Road to Switchyard (Bridge) m 110 17,763| 1,953,930
Sub-total 7,140,726
Permanent Bridgg
To Powerhouse m 104 35,525 3,694,600
Construction Power Supply B
33kV Line LS 1 500,000
Permanent Facilities for Employer and Engineer | L5 1 5,002,924
(Camp ete.)
Total 37,610,000
Civil Works
Care of River
Coffer Dam
Comumon Excavation m 18,000 3 54,000
Embankment m’ 119,500 3 358,500
412,500
Others LS | 20% 82,500
Sub-total 495,000
Diversion Tunnel D=7.8m, L,=822m, L,=933m Total length = 1,755m
Tunnel Excavation m’ 121,300 63| 7,641,900
Lining Concrete m’ 28,900 148| 4,277,200
Plug Concrete m’ 3,200 122] 390,400
Lining Form m’ 33,200 34| 1,128,800
_ Mortar Injection m’ 880 140 123,200
Reinforcing Bar ton 1,440 1,250] 1,800,000
Gate - set 2| 250,000 500,000
- 15,861,500
Others LS 20% 3,172,300
Sub-total 19,033,800




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

Description Unit Q'ty U’EESP;;W Ag}g:;‘ t
Total T 19,528,800
2 Dam
Common Excavation m’ | 1,776,100 3| 5,328,300
Rock Excavation m’ 543,700 13| 7,068,100
Dam Concrete (RCC) m’ 411,200 - 60| 24,672,000
Dam Concrete m’ 416,200 100] 41,620,000
Concrete, Pier and Wall m’ 86,300 122| 10,528,600
Reinforcing Bar (70 kg/m3) ton 6,100 1 175) 7,167,500
Drilling, Consolidation m 27,800 180 5,004,000
Dritling, Curtain m 16,000 130 2,880,000
Grouting, Consolidation ion 1,390 1,550 2,154,500
Grouting, Curtain ton 1,600{ 17350| 2,160,000
] 108,583,000
Others LS 10 % 10,858,300
Total ' 119,441,300
3 Power Intake .
Common Excavation (10%) m’ 9,700 3 29,100
Rock Excavation (90%) m’ 87,500 13| 1,137,500
Tunnel Excavation m’ 52,000 - 63| 3,276,000
Concrete m’ 24,900 122| 3,037,800
Lining Concrete m’ 17,900 ~ 148| 2,649,200
Lining Form m’ 22,900 34| 778,600
Mortar Injection m’ 750 139 104,250
Reinforcing Bar ton 2,140 1,250 2,675,000
' 13,687,450
. Others LS 5% 684,373
Total 14,371,823
4 Settling Basin
4.1 Access Tunnel ' L=898 m
Tunnel Excavation m’ 24,800 63| 1,562,400
Lining Concrete m’ 5,000 93| 465,000
Lining Form m’ 11,300 34| 384200
Mortar Injection m’ 450 140 63,000
Reinforcing Bar ton 250 1,250 312,500
- 2,787,100
Others : LS 5% ' 139,355
Sub-total - 2,926,455
4.2 Settling Basin




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

Description Unit Q'ty U]Egé);i)cc A('E(S):)n t
Arch Excavation m’ 38,600 63| 2,431,800
Cavern Excavation m’ | 376,900 36| 13,568,400
Wall Concrete m’ 42,100 157 6,609,700
Invert Concrete m’ 4,400 114] 501,600
_ Shoterete t=15¢m m’ 15,200 20{ 440,800
Reinforcing Bar ton 2,320 1,170 2,714,400
PC Anchor L =10m pes 1,470 1,070 1,572,500
PC Anchor L =20m pes 530 2,140| 1,134,200
28,973,800
Others LS 5% 1,448,690
Sub-total 30,422,490
4.3 Flushing Tunnel L =7355m
Tunnel Excavation m’ 22,600 63| 1,423,800
Lining Concrete m’ 4,400 93| 409,200
Lining Form m’ 9,900 34| 336,600
Mortar Injection m 380 140 - 53200
Reinforcing Bar ton 220 1,250 275,000
2,497,800
Others LS 5% 124,890
Sub-total 2,622 690
Total 35,971,635
5 Headrace Tunnel
5.1 Work Adits (Upstream, Midstream, Downstream) L =455+600+250= 1,305m
Tunnel Excavation m’ 46,500 63| 2,929,500
Tunnel Invert Concrete m’ 2,400 93 223.200
Plug Concrete m’ 7,600 122 927,200
Reinforcing Bar i ton 120 1,250 150,000
4,226,900
Others LS 10 % 422,990
Sub-total 4,652,890
5.2 Headrace Tunnel
Tunne! Excavation m’ 740,700 71| 52,589,700
Lining Concrete m’ 128,000 164| 20,992,000
Invert Concrete m’ 8,000 164| 1,312,000
Lining Form _ m’ 188,900 27| 5,100,300
Mortar Injection m’ 4,200 140| - 588,000
Reinforcing Bar ton 6,900 1,250| 8,625,000

89,207,000




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

Description Unit Q'ty U'('ggi)cc A{IS(S):;] t
Others LS 10% 8,920,700
Sub-total 98,127,700
Total i 102,780,590
6 Surge Tank
Common Excavation m 15,700 3 47,100
Rock Excavation m’ 15,700 13| 204,100
Shaft Excavation m’ 29,600 92| 2,723,200
Tunncl Excavation m’ 7,600 59| 448,400
Shaft Lining Concrete m’ 5,200 164| 852,800
Filling Concrete m’ 1,700 164] 278,800
Lining Form (Shaf) m? 4,800 290 . 139,200
Reinforcing Bar ton 340 1,250 425,000
_ 5,118,600
Others 5% 255,930
Total 5,374,530
7 Penstock Tunnel -
7.1 Shaft for Steel Liner Installation ( h=60m x 2) _
Common Excavation m’ 6,000 3 18,000
Shaft Excavation m’ 8,700 93 809,100
Lining Concrete m’ 1,800 164 295200
Lining Form m> 1,700 29 49,300
Reinforcing Bar ton 90 1,250 112,500
1,284,100
Others LS 5% 64,205
Sub-total 1,348,304
7.2  Work Adit (Lower Portion) L = 426m, 4m x 4m
Tunnel Excavation m 8,100 63 510,300
Lining Concrete m’ 2,000 164| 328,000
Lining Form m’ 4,400 34 149,600
~Mortar Injection m’ 2200 139 30,580
Reinforcing Bar ~ ton 100 1,250 125,000
o 1,143,480
Others LS 5% 57,174
Sub-total 1,200,654
7.3  Penstock Tunnel
Tunnel Excavation m 16,400 63| 1,033,200




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

Description Unit | Qty U‘Egg;“c Ag}g?s’)"‘
Shaft Excavation m’ 18,600 93| 1,729,800
~ Concrete m’ 11,900, 164] 1,951,600
_ 4,714,600
~ Others LS 5% 235,730
4,650,330
Total 7,499,288
8 Powerhouse
8.1 Cable Tunnel L =2342m, 4m x4m
Tunnel Excavation m’ 6,500 66| 429,000
Lining Concrete m’ 1,600 93 148,800
Lining Form m’ 3,600 34 122,400
__'Mortar Injection m’ 180 140 25,200
Reinforcing Bar ton 30 1,250 100,000
- 825,400
Others LS 5% 41,270
Sub-total 866,670
8.2 Access Tunnel L =477m, 6m x 6m
Tunnel Excavation m’ 18,600 631 1,171,800
Lining Concrete m’ 3,300 93 306,900
Lining Form ) m’ 7,400 34| 251,600
Mortar Injection m’ 240 140 33,600
Reinforcing Bar ton 170 1,250 212,500
. B | 1,976,400
Others LS 5% 98,820
Sub-total 2,075,220
8.3 Drainage Tunnel L =56m
Tunne! Excavation m’ 1,100 63 69,300
Lining Concrete m’ 300 93 27,900
Lining Form m’ 600 34 20,400
Mortar Injection m’ 30 140 4,200
Reinforcing Bar ton 200 1,250 25,000
146,300
Others LS 5% 7,340
.. Sub-total 154,140
8.4 Powerhouse
Cavern Excavation (Arch Portion) m’ 10,100 63 636,300




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

Description Unit Q'ty UIZ;};);')CC %g:)" t
Cavern Excavation m’ 57,500 36/ 2,070,000
Concrete, Column m’ 600 157 94,200
Concrete, Wall and Base m 26,300 1570 4,129,100
Concrete, Slab m’ 3,000 162 486,000
Reinforcing Bar ton 1,490 1,250 1,862,500
PC Anchor, L=10m pcs 3200 1,070 342,400
PC Anchor, L=20m pes 130 2,140 278,200
9,898,700
Others LS 5% 494,935
~ Sub-total 10,393,635
8.5 Transformer Room e
__ CavemExcavation (Arch Pottion) | m’ | L100} 63| 69,300
Cavern Excavation ~ A m’ 12,800 36 460,800
Floor Concrete m’ 1,200 114 136,800
Gate Shaft Concrete m’ 2,800 157 439,600
Reinforcing Bar ton 140 1,250 175,000
1,281,500
Others LS 5% 64,075
Sub-total 1,345,575
8.6 Bus Bar Tunnel L =30m x6

Tunnel Excavation m’ 3,400 66| 224,400
Lining Concrete m’ 900 93 83,700
Lining Form m’ 1,900 34 64,600
Mortar Injection m’ 90 140 12,600
Reinforcing Bar | ton 50 1,250 62,500
- 447 800
Others LS 5% 22,390
Sub-total 470,190

8.7 Draft Tunnel L = 204m i
Tunnel Excavation m’ 5,200 66| 343,200
Lining Concrete m’ 1,900 93 176,700
Lining Form m’ 3,300 39 128,700
Mortar Injection m’ 110 140 15,400
Reinforcing Bar ton 60 1,250 75,000
739,000
_ Others LS 5% 36,950
Sub-total 775,950
8.8  Architectural Works LS 3,700,000
Total 19,781,380




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

Description Unit Q'ty Ul(lggi)cc A(Igglsl)m
9 Tailrace Tunnel L=856m )
9.1 WorkAdit L=203m, 6mx 6m
Tunnel Excavation m’ 6,900 63| 434,700
Invert Concrete m’ 400 90 36,000
Plug Concrete m’ 2,500 90| 225,000
Reinforcing Bar ton 200 1,250 25,000
| 720,700
Others LS 5% 36,035
Sub-total 756,735
9.2 Tailrace Tunnel L=856m
Tunnel Excavation m’ 40,200 59| 2,371,800
Lining Concrete m’ 10,700 93 995.100
Lining Form m’ 17,400 28 487,200
___ Mortar Injection m’ 430 140 60,200
Reinforcing Bar ton 540| 1,250 675,000
4,589,300
Others LS 10% 458,930
Sub-total 5,048,230
Total 5,804,965
10 Outlet
Common Excavation m’ 23,700 15 355,500
Rock Excavation m’ 23,700 50| 1,185,000
Structural Concrete m’ 2,900 50| 145,000
Reinforcing Bar ton 110 700 77,000
1,762,500
Others LS 10% 176,250
Total 1,938,750
11 Switchyard
Common Excavation m’ 438,600 4 194,400
Rock Excavation m’ 48,600 13 631,800
_ Structural Concrete m’ 4,000 132] 528,000
Reinforcing Bar ton 200 1,250 250,000
_ - 1,604,200
Others LS 10% 160,420
Total 1,764,620




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

i . . Unit Price | Amount
Description Unit Q'ty (US$) (US$)
12 Disposal Area LS | 2,800,000
Total of Civil Works 337,057,681
Hydromechanica! Equipment
Intake
Intake Gate ton 110 6,500 715,000
Trash Racks ton 130 6,500 245,000
Dam
Spillway Gate ton 2,192| 8,000 17,536,000
Sluiceway gate ton 372| 10,000{ 3,720,000
Sluiceway Steel Liner ton 519 8,000f 4,152,000
Settling Basin
Flushing Gates ( 4x3 scts) ton 370 8,000 2,960,000
Surge Tank .
Steel Liner (Tunnel) ton 300 5,000 1,500,000
Steel Liner (Shaft) ton | 230  5,000{ 1,150,000
Penstock
Steel Liner ton 10,360/ 6,000 62,160,000
Draft Gates (Bonnet type) sets 6] 200,000] 1,200,000
Outlet Gates fon 701 8,000 560,000
Total 96,498,000
Electromechanical Equipment
Overhead Travelling Crane L§ i 2,400,000
Turbine & Generator LS 1 122,200,000
Switchyard Equipment LS 1 29,500,000
Total ) ] 154,100,000
400 kV Transmission Line (2 circuits)
In Bhutan km 80| 300,000] 24,000,000




Table 12.5 Direct Cost for Punatsangchhu Hydropower Project

. . . Unit Price | Amount
Description Unit Q'ty (US$) Us$)
In India km 60| 300,000 18,000,000
Total 42,000,000




Table 12,6 The Road Conditions from Phuentsholing to the Site

Location Distance from Altitude (m) Description
Phuentsholing (km)
Phuentsholing 0 390
16 -20 1,180-1,350 | Sliding Area
Tala 57 2,030 Junction to Tala Project
73 1,920 Sliding Area
Chhukha 82 1,600 Wangchu Bridge, 70 ton
Chhukha 83 1,630 Junction to Chhukha P/S
83 2,180 200 m Sliding Area
Chhukha Dam 95 2,160 Junction to Chhukha Dam
107 2,180 Overhanging Place
114 2,150 Tenalum Bridge, 70 ton
Chapcha 118 2,450
Chhuzom 142 2,100 Junction to Paro
Simtokha 167 2,310 Junction to Thimphu
Hongtsho 178 2,860 Check Point
Dochu La 184 3,116 Ridge
Lobeysa 222 1,380 Junction to Punakha
Wangdi Bridge 228 1,208.2 Check Point
Hesothangkha 231 1,200 Mini Hydro P/S
Layalum Chhu 237 1,200 Bridge L=33m, 24ton
Proposed Damsite 238 1,190
Basochu 242 1,050 Maza Falls, Bridge L=20m
Rurichu 244 1,010 Bridge L=17m, 18ton
Suspention Bridge 246 920 To Jala
Proposed P/S Site 248 910 Punatsangchhu P/S




Table 12.7

Major Bridges in the Transporting Route from Phuentsholing to the Site

Bridge Name Dzongkhag Type Length(m) Width(m) Load(ton)
Chhukha Composite 9 4.5 30
Chhukha RC T Beam 9 45 30
Chhukha RC T Beam 9 4.5 30
Wangchu Chhukha Pre-stressed 74 73 70
Concrete
Chhukha RC T Beam 10 4.5 30
Tenalum Thimphu Pre-stressed 74 7.5 70
Concrete
Horongchu Thimphu Composite 10 4.5 30
Babesa Thimphu Composite 12 4.5 30
Olaranachu Thimphu Composite 10.5 4.5 30
Hesothangka | Wangdue SS Bailey 10 3.76 24
Lawakha Wangdue DSR Bailey 33 3.76 24
Basochu Wangdue SS Bailey 20 3.76 18
Rurichu Wangdue §S Bailey 17 3.76 18
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Fig. 12.2 Rainfall at Wandi Meteorological Observatory (1991-1997)
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Fig. 12.3 Monthly Discharge at Damsite (1991-1997)
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Fig. 12.4 Project Construction Schedule
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Table 13.1

Final TOR for the Environmental Impact Assessment on

Punatsangchhu Hydropower Project

Final TOR

Remarks

Executive Summary

The summary will be a concise non-technical description of the salient
features of the project, its alternatives if any, existing emvironment,
anticipated environmental impacts and mitigation measures adequately
and accurately covered.

An alternative of “doing nothing” will be compared with the proposed to
see the merits and demerits between the two cases.

Policy, Legal and Administrative Framework

- Government policy regarding power development
- Legal and administraiive framework for environmental assessment of
a hydropower project

The item “Government policy regarding power development” may be
omitted, if the same subject will have been covered by other part of the
Feasibility Study.

Description of the Proposed Project
Provide information on the fellowing:

Location of project-related development sites

General layout of facilities at project-related development sites
Main design specifications of the project

Pre-construction activities

Construction aciivities

Project schedule

Staffing and support system for construction and operation
Facilities and services

PR e Ao o

To provide maps at appropriate scales to illustrate the general setting of
project-related development sites, as well as surrounding areas likely to be
environmentally affected. These maps will include topographic contours,
as available, as well as locations of major surface waters, roads, town
center and concerned villages, parks and preserves, and political
boundaries, if any. Also to provide, as available, maps to illustrate
existing land wuse, including industrial, residential, commercial and
institutional development, agriculture, etc.

The facility and services will mean those required for project staff members
and workers during construction and operation. Examples are the dwellings,
health services, etc. The access road(s) will also be described, if it would be
constructed.




Final TOR

Remarks

4.

a.

b.

C.

Description of the Environment

Physical Environment
(a) Geology, Topography and Soils
{b) Meteorology
(¢) Hydrology
(d) Air Quality
() Water Quality
) Noise
{g) Sediments
Biological Environment
(a8) Terrestrial Flora and Fauna
(b} Aguatic Flora and Fauna
(c) Rare, endangered or protected species in the project areas and its
vicinity
Sociceconomic and Cultural Environment
(a) Population Characteristics and Demographics
{(b) Occupation/Economic Activities
(c) Land Use Pattern
(d) Community structure
(e) Employment and labor market
(f) Recreation
(g} Public health
(h) Education
(1) Cultural properties
() Indigenous or ethnic peoples

To present, evaluate and assemble the baseline data on the environmental
characteristics of the study area. The study area will include the project
site area and its vicinity. The power transmission line route will alse be
covered to the extent meaningful and possible.

It is noted that the area to be covered by each item listed in the left column
will be defined on the required and meaningful basis. Therefore, the area
for one item will be different from that of other item. The details will be
clarified in the detailed scope of work for the EIA.




Final TOR

Remarks

Anticipated Environmental Impacts

Potential environmental impacts will be identified for both of
construction and operation phase3s. Also to be covered will be the
potential impacts in connection with the power transmission line.

a. Construction Phase
a) Physical Environment
(a) Geology, Topography and Soils
(b) Air Quality
(c) Hydrology and W ater Quality
{d) Noise
b) Biological Environment
(a) Terrestrial and aquatic flora/fauna
¢) Socioeconomic and Cuitural Environment
(a) Concerned Villages
(b} Employment Issue
{c) Economic Activities
{d) Land Use
{e) Public Health -
() Recreation/Cultural Properties

b. Operation Phase

a) Physical Environment
(a) Geology, Topography and Soils
(b) Hydrology
{c) Water Quality
(d) Sediment

b) Biolcgical Environment
(a) Terrestrial and aquatic flora/fauna

Identify all significant changes which the project would incur. These
would include changes in the following : employment opportunities,
wastewater effluents, air emissions, land use, infrastructure, exposure
to potential water-borne diseases, noise, traffic, socio-cultural
behavior. Assess the impacts from changes brought about by the
project on baseline environmental conditions as described above under
section 4.

In this analysis, distinguish between significant positive and negative
impacts, direct and indirect impacts and immediate and leng-term
impacts.

Also identify potential impacts which may occur in connection with

the followings :

(1) Potential impacts in comnection with quarrying activity,
construction of access road(s) and power transmission line

(2) Potential impacts in connection with construction and operation
of dwellings for project staff members and workers

(3) Potential issues in connection with occupational health and safety

(4) Potential air pollution during construction

(8) Potential soil erosion

(6) Potential impact analysis in connection with hypothetical dam
failure or overflow due to extreme flooding




Final TOR

Remarks

¢) Secioeconomic and Cultural Environment
(a) Local Communities
(b) Employment Issue
(¢) Economic Activities
(d) Land Use
(e) Public Health
(f) Recreation/Cultural Properties

¢. Other Impacts During Construction and Operation Phase
(a) Transmission Line
(b) Dwellings and access road(s)
(¢) Hypothetical dam failure or overflow due to extreme flooding

Mitigation Measures and Plans

8. Measures and plans for potential physical impacts
b. Measures and plans for potential biological impacts
C. Measures and plans for potential socioeconomic and cultural
impacts :
1) People resettlement plan when deemed necessary
2) Compensations
3) Others

For the proposed project, will recommend feasible and cost-effective
measures to prevent or mitigate potential significant negative impacts. Will
also include the measures to address emergency response requirements for
potential accidental events, if any.

*®

Environmental Monitoring Plan

Prepare a basic plan to monitor the implementation of mitigation
measures and the potential impacts of the project during construction
and operation.




Final TOR

Remarks

€. Cost-Benefit Analyses for taking certain measures which would require
balance between cost and benefit
9. Comparison between the Project and the “doing nothing” cases for

their merits and demerits

10. Conclusion and Recommendations

11.

List of References




Table 13.2 Cost forimplementing Environmental Management Pian

Maintenance of Environmental Cel!
Stabilization of muck disposal sites

00 = ON B L RS e

Environmental Management in road construction
Construction of settling tanks

Sanitary facilities in labor camps

Control of air pollution

Solid waste collection & disposal system
Compensatory afforestation

Wildlife conservation

Sustenance of riverine fisheries
Resettlement and Rehabilitation (R&R)}
Control of water-related diseases

Sub-total

31.08
25.00
10.00
0.50
5.25
2.00
3.00
20.35
38.58
8.00
2.20
61.00

* - Cost for ADA is just a sample and may categorised as a part of additional support item.

Table 13.3 Caost for implementing Environmental Monitoring Program

Soil quality
W ater quality
Ecology

Riverine fisheries and aquatic ecology

Public health
Sub-total

* - Cost for scholarship is just a sample and may categorised as a part of additional
support item.
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REFT T ER 303,224 1.5% 4,548.4
EERIER 48,098 1.5% 721.5

14.1.3 FHEORFHELR

AHBOL I 2T 0 Vx s MZBOTENCHL S LES LCRAUT ZREOEE A
L7ze =231 ¥ FAORBRATHY . b 5 —->11 “with project” & “without project” D &
PHHBENIRBEANBRATHS, '

1y FTEEFA

FEBEOBIREBN A v F~RBBT 22 L Th D, FhilL -/ —2 L
LCRABRBRA L 2D, 65 C, FREIABE L ARFE OB 2R EIES &
LTI 5 Z & Tk B, |

ﬁﬁﬁtﬁwfdﬂ%cfykmwﬁz&EWtLﬁcmwmmﬁ%zﬁﬁﬁﬁb\
Nu. 1.5 kWhO BT & ) BABEET /- CWD, T, = Z CidChhukha % %
ﬁm#uvybﬁ%t@@%ﬁﬂ&%ﬁ%%yF«®HM$m&Lfﬁm?VQ&B\
Pwﬁmwaﬁuﬁﬁmﬂﬁﬁﬁﬁﬁ&bntwwmaﬁmﬁ@%ﬁvHb
US$! = Nu. 43.08% B L 72 (Nu.1.5 /kWh = US3.482 cents/kWh) .

ML UCHA L7Nu. LS kWhoMiB 13, Chhukha R BRT O BT R BEME (19094
WIE) ThD, ChhukhaRBHOBKIT, TORBICST 1 B D60 %40 % 0ot
&ﬁﬁﬂ4yﬁm%m%énrwézaﬁéb\f%%ﬁﬁJﬁﬁ<&orwéo—
ﬁ\4VFm®%%¥mnome\%m~&%ﬂk:&%ﬁ®:¢ﬁrﬂﬁfot
Bw&wwﬁmﬂxmb\wwﬁﬁﬁz&ﬁﬁﬂﬁ&ﬁ&ﬁ&ofwéo

14-4



(B Chetrum/kWh)

$EFEH —%REH | “KREH w %
19984 27 135 | 44ERMAD
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WHIRY, BEBE A LTy FOIREALEBATALERLY . BEIEE HENT LG
MBSl & RIS OBV 20, o T, BERIIZFIRRICOW TR EARBH IO ) WA S
REEE L LEBEORRREFBI LD ERS>TVE,

H B AR A A %
FIRR 13.1 % > {EAEF
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MEMCAHEI B2 a Y ) N TCHD LRSS,

143 BELSH

BHEIE L ORI ORI LT, ARAMFSBOH IR LGS ORES
WETRol, BRETR-REILTORY THhD, B, RERMIC OV TIREAL
T B FRRIECdo D & DB G, BESTORMRNGIESN LI,

HEH
— BRAEHEROWA
— {REAHER (@BRE - O&ME - BEK) O
— BEEOHEM

14.3.1 ¥4 : ERA

RENASER S LIBAICBIL, UTFOr — 2 248E L CREMTE TR 7,
feds, BIBIEIT10 %A A L,

1) BEBHENI0%NERL LEBE

2) RAEBHEMN20%HY LEEE

3) BBREMSI0%EMLIHE

4) BREI0%EMLEES

5) BABONI0%HEAD L, BRBE10%8MLIZFS

6) RAEBHFI0%M L, BEREN20 %8N LIEE

m H NPV B,/ C EIRR FIRR
—= 1 120,895 1.21 12.0% 12.0 %
r—2A2 43,971 1.08 10.7 % 10.7 %
r— A3 141,203 1.22 12.1% 12.1 %
br—2 4 84,587 1.12 11.2% 11.2%
r—2R5 64,279 1.10 11.0% 11.0%
r—2 6 7,663 1.01 10.1 % 10.1 %

Ph b, BIREEDSEL LS ICRWY T OARFEITREE MEBERNCRER T 1 V> 7 b
ThDEHHTE D,



14.3.2 @F : KB LHREB

RHANRAEER L LEBEICB L, UTOr— R ME L CBEMT 2577,
R, BIBIEILI0 %AER L,

D REEEBI0%MD LEe

2) (REFERE20 %W LEEE

3) BERR10 %M LB E

4) BILEA0 %M LES

5) (REFERD10%M L, BEBENI0 %ML I-BS

6) fUEFEIEAT10 %ML L, BRI 320 %M L1284

H H NPV B/C EIRR
r—2R 1 303,975 1.59 25.1%
=R 3 212,677 1.41 20.8 %
r—2 3 345,068 1.61 25.7%
r—2 4 294,872 1.48 224 %
r—25 253,644 1.45 21.7%
r—2Z 6 203,317 1.33 18.9%

BLEMS | FHRAHNEIL LSBT b AR EI S HBHCRER 71 S a s
ThbH LW TS,
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Table 14.1 initial Investment Cost

(unit: 1000 US dollars)

ltern -lstyear Istyear 2nd year 3rd year dth year Sthyear 61h year 7Tih year Total
1. Civil Works (including Preparatory Works and Land Acquisition) _
a) Subtotal FC 700 44953 41015 88450 72904 36,829 1,028 31346 3177225
LC 11,306 27212 5,926 7,041 5,755 2,712 77 2359 62,443
Total 12,006 72,165 46941 95,491 78,659 39,601 LIS 33,706 379,668
b) Eng & Admin FC 560 3,597 4,496 5,056 7,157 6,667 2441 o 29973
LC 140 898 1,124 1,264 1,789 1,666 611 0 7,493
Total 700 4,495 5,620 6,320 8,947 8313 3,051 0 37467
¢) Contingency  FC 126 4,855 4,757 10,507 9,107 4350 347 3,101 37,149
LC 1,144 2,811 730 973 888 444 69 228 7287
Total 1,270 7,606 5,487 11,479 9,906 4,793 416 3320 44,435
d) Total FC 1,386 53,405 50,268 104,012 89,169 47845 3815 34,447 384347
LC 12,584 30,921 7,780 9278 8,433 4,882 757 2,587 77223
Total 13970 84326 58048 113,290 97,601 52,728 4572 37,034 461,570
2. Hydraulic Equipment
a) Subtotal FC 0 0 B85 432 19600 32664 16,783 8685 86848
LC o 0 965 48 2,178 3,629 1,865 065 9,650
Total 0 0 9,650 480 21,778 36,293 18,648 9650 96,498
b) Eng & Admin FC 926 1,158 1,467 1,930 1,544 695 0 7,720
Lc 232 289 367 482 386 174 0 1,930
Total 1,158 1,447 1,833 2412 1,930 868 ¢! 9,650
c) Contingency FC 93 984 190 2,153 3,421 1,748 868 9,457
1Lc 23 125 41 266 402 204 96 1,158
Total 116 1,110 231 2,419 3,822 1,952 965 = 10,615
d} Total FC 0 1,019 10,827 2089 23683 37628 19,226 9,553 104,025
LC 0 255 1380 456 2926 4417 2,242 1,061 12,738
Total 0 1,274 12,207 2,545 26,609 42,045 21,468 10615 116,763
3. Electromechanical Equipment
a) Subtotal FC 0 0 20,804 2,643 33,554 41,243 26,579 13,869 138,690
LC 0 0 2312 294 3,728 4,583 2,953 1,541 15,410
Total 0 0 23115 2,937 37282 45825 29,532 15410 154,100
b) Eng & Admin FC 1,479 1,849 2,342 3,082 2,466 1,110 0 12328
LC 370 462 586 771 616 277 0 3,082
Total 1,849 2312 2,928 3,853 3,082 1,387 0 15410
¢) Contingency  FC 148 2,265 499 3,664 4371 2,769 1,387 15,102
LC 37 277 &8 450 520 323 154 1,849
Total 185 2,543 586 4,113 4,891 3,092 1,541 16,951
d) Total FC 0 1,627 24918 5484 40299 48,079 30,457 15256 166,120
LC 0 407 3,051 967 4,049 5,719 3,554 1,695 20,341
Total 0 2034 27969 6451 45248 53798 34010 16951 186,461
4. Transmission Line _
a) Subtotal FC 0 0 5670 14,400 13950 y 0 3,780 37,800
Lc 0 0 630 1,600 1,550 0 0 420 4,200
Total 0 0 6,300 16,000 15500 0 0 4260 42,000
b) Eng & Admin FC 403 504 1,277 1,176 0 3,360
: : LC 101 126 1319 - 294 0 840
Total 504 630 1,596 1,470 0 4,200
c} Contingency  FC 40 412 412 412 412 1,687
Lc 10 50 50 50 sa 212
Total 50 462 - 462 462 0 0 462 1,898
d) Total FC 0 444 6,586 16,088 15,538 0 0 4,192 42847
LC 0 111 806 1,970 1,894 0 0 470 5,252
Total 0 554 7,392 18,058 17,432 0 0 4662 A8 098
5.Grand Total FC 1386 56495 92599 127,673 168,688 133552 53498 63,448 697338
LC 12,584 31693 13,018 12,671 18,202 15,018 6,553 5,814 115,554
Total 13970 88,188 105617 140344 186,890 148,570 60,051 697262 812,892




Table 14.2 Alternative Thermal Power Plant for Studying Economic Justification

Item Unit Gas Turbine
Installed Capacity MW 117.6
Dependable Capacity MW 1176
Losses o
Effective Dependable Capacity MW 925
Annual Energy Production MWh 234,781

MWh
Losses kW kWh
Station Service Use % 50% 50%
Forced outage % 10.0% -
Scheduled outage % 8.0% -
Transmission loss % 00% 0.0%
Annual Available Energy GWh 2230
(Firm Energy) GWh 2230
(Secondary Energy) GWh 0
Annual Plant Faclor % 228
Service life year 15
Fuel consumption ratio 11 MJ&Wh
Unit fuel price US$ 0.0064 /MJ
Unit construction cost US$AW 380
Constrculion cost 1000US$ 44,669
O&M cost ratio % 30
O&M cost per year 1000US$ 1,340
Fuel. cost per year 1000US$ 16,529

Coal-fired Thermal ~ Punatsangchhu Hydro
876.0 870.0
876.0 859.0
5.5%
7192 8117
4,297,336 Fim 1,268,000
Sec. 3,062,000
KW kWh kW kwh
80%  90% 03% 0.3%
3.0% - 03% 0.3%
80% - 2.0% 20%
0.0% 00% 30% 20%
39106 4,133.6
9874 12105
2,923.1 2,923.1
56.0 46.7
25 50 (civil)
35 (equipment)
0.54 kg/kWh -
0.0225 kg -
. 500 -
788,406 -
50 .
39,420 -
52213 -




Table 14.3 Economic Evaluation (Tariff)

(Unit: 1000 US dollars)

COST BENEFIT B-C
No. | Construction T/L O&M Tota) Energy Genesation (MWh) Total
Cosl Cost Cost Fimm Secondary
-7 13,970 0 13,970 0 -13,970
-6 87,635 554 88,189 0 -88,189
-5 98,224 7392 105,616 0 -105,616]
-4 122,286 18,058 140344 O -140,344)
-3 169,458 17,432 186,850 0 ~186,890)
-2 148571 0 148571 0 -148,571
-1 60,050 0 3,789 63,839 605246 1461563 71,966 8,128
1 64,600 4,662 7578 76,840 1210491 2923127 143,933 67,093'
2 7578 7578 1210491 2923127 143 933 136 355
3 7578 7,578 1,210,491 2923,127 143,933 136,355
4 7578 7578 1210491 2923127 143,933 136355
5 7578 7578 1210491 2,923,127 143933 136,355
6 7578 7578 1210491 2.923,127 143,933 136,355
7 7578 1578 1,210,491 2,923,127 143,933 136,355
8 7578 7578 1210491 2,923,127 143,933 136,355
9 7578 7578 1,210,491 2,923,127 143 933 136355
10 7,578 7,578 1210491 2,923,127 143933 136355
11 7,578 7,578 1,210,491 2923127 143,933 136,355
12 7578 7578 1210491 2923127 143933 136,355
13 7578 7578 1,210,491 2,923,127 143933 136,355
14 7578 7578 1,210,491 2,923,127 143,933 136,355
15 7578 7578 1,210,491 2923127 143,933 136 355
16 7578 7,578 1210491 2923127 143,933 136,355
17 7578 7,578 1,210,491 2,923,127 143933 136,355
18 1,578 7,578 1,210,491 2923127 143,933 136 355
19 7578 7578 1,210,491 2,923,127 143 933 136,355
20 7578 1578 1,210,491 2,923,127 143933 136 355
21 7,578 7578 1,210,491 2,923,127 143,933 136,355
22 7,578 7578 1,210,491 2,923,127 143,933 136355
23 7578 7578 1,210,491 2923127 143933 136355
24 554 7578 8,132 1,210,491 2,923,127 143 933 135,801
25 7,392 7578 14,970 1,210,491 2,923,127 143,933 128,963
26 18,058 71578 25,636 1,210,491 2,923,127 143933 118,297
27 17,432 7578 25,010 1210491 2,523,127 143933 118,923
28 0 7578 7518 1,210,491 2,923,127 143933 136355
29 0 0 7578 7578 1,210,491 2,923,127 143933 136355
30 32,765 4,662 7.578 45,004 1,210,491 2923,127 143,933 98,928
31 3417 7578 - 10,994 1,210,491 2,923,127 143,933 132,938
32 59,059 7,578 66,637 1,210,491 2.5823,127 143,933 71,296
33 82,118 7578 89,695 1210491 2,923,127 143,933 54,237
34 48,180 7578 55,757 1,210,491 2.923,127 143,933 88,175
35 25,060 7578 32,637 1,210,491 2,923,127 143,933 111,295
36 7,578 7578 1,210,491 2923127 143,933 136,355
37 7578 7578 1210491 2923,127 143,933 136,355
- 38]. 7578 7578 1,210,491 2,923,127 143,933 136,355
39 7578 7,578 1,210,491 2,923,127 143 933 136,355
40 7578 7578 1210491 2,923,127 143,933 136,355
41 7578 7578 1210491 2,923,127 143,933 136,355
42 7578 7578 121049 2923127 143933 136,355
43 7.578 1578 1,210,451 2,923,127 143933 136,355
44 7578 7578 1,210,491 2923.127 143933 136355
45 7578 71578 1210491 . 2,923,127 143,933 136,355
46 7578 75781 - 1210491y 2,923,127 143,933 136,355
47 7578 7578 1,210,491 2,923,127 143,933 136,355
48 7,578 7578 1,210,491 2923127 143933 136,355
49 : R - 7578 7578 1210491 2923127 143 533 136 355
. 50 -107399 -32 066 - 7578 -131,887! 1,210,491 2.923,127 143,933 275,820
Total 907,992 64,131 382,673 1,354,796 61,129,818 147617903 7,268,596 5,913,799
i=10% PV (Cost): 571,421 PV (Beneft): 769 240 197,819
NPV 197 819
Fim Secondary B/C 135
Tanfl (USS/MWh): 34.82 34 .82 EIRR 13.1%




Table 14.4 Economic Evaluation {Alternative Thermal}

{Unit: 1000 US dollars)

Cost: Ponatsangehbiu Hydropower Bencht: Alicraative Thermal Power Praject B-C
No. | Consteuction]  T/L o&M | Told Gas Turbine Plant Coal fired Power Plant * Total
Construction| O & M Fuel Consiruction] O &M Fuel
Cost Cost Cosl Cost Cost Cost Cost Cost Cost Cost
-7 13,970 0 13,970 1]
-6 87,635 554 BB,189 0
-5 98224 1392 105616 42,826 42.826|
-4 122286] 18,058 140,344 86,580 86,580
-3 169458 17432 186 890} 165,152 165,152
-2 148 571 a 148,371 20,101 236,522 256,623
-1 650,050 0 3,789 63839, 24 568 670 8,264 275,942, 19,865 26,106] 355415
1 64,600 4,662 7578 16840 1,340 16,529 1,998 39,729 52213 111,809
2 7518 7578 1,340 16,529 39,729 52213 109,811
3 7,578 7578 1,340 16,529 39,729 52213 109,811
4 7578 7578 1,340 16,529 39,729 522131 109811
5 7578 7,578 1,340 16,529 39,729 52213 109 811
6 7.578 7,578 1,340 16,529 39,729 §2213| 109811
7 T578 1,578 1,340 16,529 397290 - 527213 109,811
8 7578 7578 1,340 16,529 397290 52213 109811
9 7578 7578 1,340 16,529 39,729 52213 108811
10 7578 7,578 1,340 16,529 39,729 52,213 109811
11 7578 7,578 1,340 16,529 39,729 52,213 109 B11
12, 7,578 7578 1,340 16,529 39,729 52213 109811
13 7,578 7,578 1,340] 16,529 39,729 52213 109,811
14 7578 7578 20,101 1,340 16,529, 39,729 52213 129912
15 7,578 7,578 24 568 1,340 16,529 39,729 52213 134379
16 715718 1,578 1,340 16,529 39,7291  52.213] 109811
17 7578 1578 1,340 16,529 39,729 52213 109,811
18 7578 7,578 13404 16,529, 39,729 52,213 109 811
19 7578 7578 1,340 16,529 39.729| 52,213 10981
20 7578 7,578 1,340 16,529, 39,729 52213 109 B11
21 7578 7578 1,340 16,529 39,420 39,729 52213 1497231
22 7578 7578 1 340 16,529 78 541 39,729 52213) 188,651
23 7,578 7.578 1,340 16,529 157,581 39,729 52,213 267,492
24 554 7578 8,132 1,340 16,529 236,522 39,729 522131 346332
5 7392 71578 14970 1,340 16,529 279348} 39,729 52,213 389,158
26 18,058 7578 258636 1,340 16,529 7,739 39,729 52213 117550
27 17,432 7578 25010 1,340 16,529 7471 39,729 52213 117,281
28 4] 7578 7578 1340 16,529 Q 39,7291 527213 109 811
29 0 4] 7578 7,578 20,101 1,340 16,529 o 35,729 52213 129912
30 32,765 4,662 T578F 45,004 24 568 1340 16,529 1,998 39,729 52213 136377,
31 3417 7,578 10,994 1,340 16,529 39,724 52,213 109811
32 59,059 1578 66,637 1,340 16,529 39,729 52,213 109 B11
33 B2,118 7578{ B9,695 1,34G 16,529 39,729 52,213 109811
34 48,180 7578 55757 1,340 16,529 © 39,729 s2213 . 109811
35 25,000 7578 32,637 1,340 16,529 39,729 52213 109 811
36 7518 1578 1,340 16,529 39,729 52213 109811
37 7,578 7,578 1,340 16,529 39,729 52,213 109,811
38 7,578 7,578 1340 16,529 39,729 52213 109,811
3% 7578 7578 1,340 16,529 39,729 52213 109811
40 7578 7578 1,340 16,529 39,729 52,213 109811
41 7578 7,578 1,340 16,5291 39,729 52,213 109811
42 7578 7,576 1,340 16,529 39,729 527213 109811
43 7578 7578 1,340 16,529 39,729 52213 109811
44 7578 1578 20101 1340 16,579 39,720 52213 129912
45 7578 7578 24,5681 1,340 16,529 39,729 522130 . 134,379
46 7.578] 7578 - 1340 16,529 397201 522131 109811
47 7578 7578 1,340 16,529k 39,729 52,213 109811
48 7578 7578 1,340 16,529 39,729 52213 109,811
49 T578 7578 1,340 16,529 39,729 52213 109,811
S0 -107,399] -32,066; 7.578] -131,887| -29.77% 1,340 16,529 39,729, 52,213 80,031
Total 907,992] 64,1311 382,673]1,354,796| 148 897 67674 B34 694, 1,618,038] - 1,946,735] 2558419 77312371]5957,574
i=10% PV (Cost) 571421 PV (Benefit): 1,131,015 5595
NPV 5595
* Nole: Coal fired plant cost includes transmission line cost, B/IC 1.98
: EIRR 298%




Table 14.5 Financial Evaluation

(Unit: 1000 US dollars)

COST BENEFIT B-C
No. | Construction T/L O&M Total Energy Generation (MWh) Tolal
Cos! Cost Cost Firm Secondary
-7 13,970 0 13,970 0 -13,970
-6 87,635 554 88,189 0 -88,189
-5 98,224 1,392 105,616 0 -105,616
-4 122,286 18,058 140,344 0 -140,344
-3 169 458 17432 186,890 0 -186,890
-2 148,571 o 148,571 0 -148,571
-1 60,050 0 3,789 63,839 605,246 1,461,563 71,966 8,128
i 64,600 4,662 7,578 76,840 1,210,491 2923127 143,933 67,093
2 7,578 7,578 1,210,491 2,923,127 143,933 136,355
3 7,578 7,578 1,210,491 2,923,127 143,933 136,355
4 7,578 1,578 1,210,491 2,923,127 143,933 136,355
5 7,578 7,578 1,210,491 2,923,127 143,933 136,355
6 7,578 7,578 1,210,491 2,923 127 143,933 136,355
7 7,578 7,578 1,210,491 2,923,127 143,933 136,355
3 7,578 7,578 1,210,491 2,923,127 143,933 136,355
9 7,578 7,578 1,210,491 2,923,127 143,933 136,355
10 7,578 7,578 1,210,491 2,923,127 143,933 136,355
11 7,578 1,578 1,210,491 2,923,127 143,933 136,355
12 1,578 7,578 1,210,491 2,923,127 143,933 136,355
13 7,578 7,578 1,210,491 2,923,127 143,933 136,355
14 7,578 7,578 1,210,491 2,923,127 143,933 136,355
15 7,578 7,578 1,210,491 2,923,127 143,933 136,355
16 7578 7,578 1,210,491 2,923,127 143,933 136,355
17 7,578 7,578 1,210,491 2,923,127 143933 136,355
18 7,578 1,578 1,210,491 2,923,127 143,933 136,355
19 7,578 7,578 1,210,491 2,923,127 143,933 136,355
20 7,578 7,578 1,210,491 2,923,127 143,933 136,355
21 7,578 7578 1,210,491 2,923,127 143,933 136,355
22 7,578 7,578 1,210,491 2,923,127 143,933 136,355
23 7,578 7,578 1,210,491 2,923,127 143,933 136,355
24 554 7,578 8,132 1,2104%1 2,923,127 143,933 135,801
25 7392 7,578 14,970 1,210,491 2,923,127 143,933 128,963
26 18,058 7,578 25,636 1,210,491 2,923,127 143,933 118,297
27 17,432 7578 25,010 1,210,491 2,923,127 143,933 118,923
28 ' 0 7,578 7,578 1,210,491 2,923,127 143,933 136,355
29 0 0 7,578 7,578 1,210,491 2,923,127 143,933 136,355
30 32,765 4,662 7578 45,004 1,210491 2923127 143,933 98,928
31 3417 7,578 10,994 1,210,491 2,923,127 143,933 132,938
32 59,059 7,578 66,637 1,210,491 2,923,127 143,933 717,296
33 82,118 7578 89,695 1,210,491 2,923,127 143,933 54,237
34 48,180 7578 55,757 1,210,491 2,923,127 143,933 88,175
as 25,060 7,518 32,637 1,210,491 2,923,127 143,933 111,295
36 7,578 7,578 1,210,491 2,923,127 143,933 136,355
37 7,578 7,578 1,210,491 2,923,127 143,933 136,355
38 7,578 7,578 1,210,491 2,923,127 143,933 136,355
39 7,578 7,578 1,210,491 2,923,127 143,933 136,355
40 7,578 7,578 1,210,491 2,923,127 143,933 136,355
41 7578 1,578 1,210,491 2,923,127 143,933 136,355
42 7,578 7,578 1,210,491 2,923,127 143,933 136,355
43 7,578 7,578 1,210,491 2,923,127 143,933 136,355
44 - 7,578 7,578 1,210,491 2,923,127 143,933 136,355
45 7578 7,578 1,210,491 2,923,127 143,933 136,355
46 7578 7,578 1,210,491 2,923,127 143,933 136,355
47 7,578 7,578 1,210,491 2,923,127 143,933 136,355
48 7,578 7,578 1,210,491 2,923,127 143,933 136,355
49 7,578 7,578 1,210,491 2,923,127 143,933 136,355
50 -107399 -32,066 7,578 -131,887 1,210,451 2,923,127 143,933 275,820
Total 907,992 64,131 382,673 1,354,796} 61,129,818 147,617,903 7,268,596 5,913,799
i=10% PV (Cost): 571,421 PV (Benefit): 769,240 197,819
Fim Secondary
Tadff (US$/MWh): 34.82 3482 I FlRRI 13.1%
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Table 15.1 Financial Analysis (A-1): Summary

Scenario: AAA

Construction Cost

934 36 US$/KW

Finance Proportion Bhutan| Others
Equity Share 100% 0%
Debt/Equity Debt]  Equity
60% 40%
Installed Capacity 870.00 MW
Energy Generation 4,330.00 GWh
Salable energy 4,133.62 GWh
Fim 1,21049 GWh
Secondary  2,923.13 GWh
Construction cost _
Before price escalation 812.89 M.USS
After price escalation 876.26 M.USS
Financial Budpet 945.13 M.USS
Financial ltems Bhulan Private
Own Finance 350.50 0.00
Loan amount 52575 0.00
IDC 68.88 0.00
Royalty .00 0.00
Total 945.13] 000

Inflation (in terms of US dollar)

Export/Domestic Ratio for salable energy

Export
Domestic

Initial Power Tanff
Fim
Secondary 100%

Power Tariff Escalation
Firm
Secondary

100%
0%

39.21 US$/MWh
39.21 US$/MWh

Foreign 20%

Domestic 2.0%
Financial Condition (I}

Interest rate for IDC 10.0%

Interest after operation 10.0%

Repayment Period(net) 8

Grace Period (years) 4

Govt Own finance 100.0%
Financial Condition (II)

Interest rate for IDC 00%

Interest after operation 0.0%

Repayment Period(net) 0

Grace Period (years) 0
Royalty for Construction Period 0%
Royalty from Operation onwards 0%

Finaricial Indices

Debl_: Service Coverage Ratio

Average for Finance (I) 268

Average for Finance (II) -
LLoan Life Coverage Ratio

For Finance (I) 203

For Finance (It)

Financial Generation Cost at Year 1

2.82 cent/kWh

_ _(Discount rate=

10% )




Tabla 15.2 Financial Analysis (A-2): Disbursement and Loan Amount

Scenario: AAA Equity Proportions Price Escalation per annum Finance Condition (I) 100% Total Construction Cest (M.USS)
Capacity: 870 MW Bhutan| Private| F/C Portion 2.00%)| Interest” 10% Finance Iterns Bhutan | Prvate | Total
Energy Generation 4,330 GWh 100% 0%] L/C Portion 2.00%| Repayment Peried 12 years Own finance 52575 0.00] 525.795
Salable energy 4,133.62 GWh Debt| Equity Grace Period 4 years Prncipal Loan 350.50 0.00] 350.50
Project cost 93436 USSAW 40% 60% Bhutan Own: Finance 100% IDC 68.88 0.00| 68.88
F/IC 697.34 M.USS |Royalty Finance Condition (II) 0% Total 545.13 0.00] 945.13
e 11555 M.USS | for construction 0%| Firm Price($/MWh) =~ 39.21| Interest ' Equity/Royalty fee 0 0.00
Total B12.89 M.US$ |from operation 0%] Sec. Price($/MWHh) 39.21| Repayment Period years
Grace Period years
Year] Disburserent Price Index Disbursement Total  Debl/Equily Share Equity Portion Debt Portion Loan Cumulative IDC Royalty
before escalation after escalation  Disburse 40% 60% incl. Equity financed by Loan  Finance I Finance II Finance | Finance 1] Finance I Finance Il Fee
for F/C  forl/C forF/C forL/C forF/C forL/C Debt  Equity Bhutan B by Loan Private 100% 0% 10% 0%
M.USS$ M.US$ 2.00% 200% MUSS MUSS MUSS MUSS MUSS MUSS M.USS MUSS MUSS MUSS MUSE MUSS MUSS MUSS MUSS
-7 1.39 1258 1.0000 1.0000 1.39 12.58 1357 0.00 1397 1397 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0
-6 5649 3169 10200 31.0200 5762 3233 89.95 0.00 8995 - 8995 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
-5| 9260 1302 10404 10404 9634 1354 109.88 0.00 109.88 109.88 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0
-4| 12767 1267 10612 10612 13549 1345 14893 0.00 14893 148393 0.00 0.00 000 0.0 0.00 0.00 04.00 0.00 0
-3 168.69 18.20 1.0824 1.0824 18259 1970 20230 39.28 16302 16302 0.00 0.00 3928 0.00 39.28 000 - 196 0.00 0
-2] 133.55 15.02 1.1041 11041 14745 16.58 164.03 164.03 G.00 0.00 0.00 0.00 164.03 0.00 203.31 0.00 1213 0.00 0
-1| 5350 655 11262 11262 60.25 7.38 67.63 67.63 0.00 0.00 Q.00 0.00 67.63 0.00 27054 0.00 2371 000 0
1| 6345 581 11487 11487 72.88 6.68 79.56 79.56 0.00 0.00 0.00 0.00 79.56 0.60 35056 0.00 31.07 6.00 ¢
69734 115.55 75401 122.24 876.26 35050 52576 525776 0.0C 0.00 350.50 0.00 68.88 0.00 0.00




Table 18,3 Fi il Anatysis (A-2): | Gtat nt

Trital Fa, (M.USE)  945.13

Scanario AAA Financial condidor (1) Firto Energy (GWh) 121049 [0OM cost 738 income mx 30%
Capudity . 0 MW Iotarest ratn 10%|Sec, Enesgy (GWh)  2,903.13 Life time {yorrs) 0|
Enungy Geoerstion 473000% OWa | Repaymest (Years) 8{Eirm Price (3/MWB) 39.21 |{Priscipal rapayment  MLUSS [Royalty from openatio 0%{ Initial dep. (M.USS) 1850
alabls Energy 4133.62 GWh Finaocis] condinon (I1) Sec. Price ($/MWh) 39.21| for Bbutwn 43.81 F!C sscalaticn 2.0%]
0% |Fion Escalation . 0% for Private 0.00 L/C eacalakion 2.0%]
51289 M.USS 0|Sec. Escalation 0%/| Towl 43.81 iv, Escalation 2.0%]
L0E e
Yoar Eelling Reverms Saies oM Roydly Ysrihn Deprea- Yeweed  Net  Procpel  Cum.of lolesst  locome  [ocome Net | Comem Debt
Salsble soergy Suiling price Revenvs . Cost Fixed stion Fixed Opeition Repay- Priscipal FPayment  bafors 1ax Income  Assmin  Sevice
Firm  Secomary  Fum  Seconary ) Assel Assel__ locome wenl __Repayosst tax aiter ux  cash Ratio
GWh GWh $AAWh  $aaa  M.USE M.USS M.U53 _ M.USS  M.USS  M.US$ M.USS M.UUS$ M.US M.USS M.USS _ M.USs  M.US$  M.USS _ M.USY
-1 s 14581.6 3921 39.21 81.04 EN, ] 0.00 47257 9,45 45,12 67,84 67.80 2034 L] 7128
1 12105 29231 392l 321 ¢ 16208 7.58 0.00 245.13 1890 926,23 . 135.60 4381 - 4381 3067 10499 3148 73435 154.50 207
2 12105 29231 3921 302 léz.08 im 0.00 94476 1928 #2548 13507 43.81 B7.63 26,28 108.78 3263 76.1% 15435 220
3 1305 X <2 w»n el 162.08 788 - 000 943.99 1967 97432 1393 43.31 131.44 2191 112482 3379 T8.E4 15420 235
4 12105 25230 30.21 3921 l62.08 204 .00 94281 20.08 2.7 13398 13.81 175.25 1753 11645 44 2153 154,04 51
5 12105 25231 39.21 3p21 162.08 3.0 0.00 941.20 20.45 920,74 13342 4331 . 219.06 13.14 120,27 36.08 .18 153.88 70
] 12108 39231 g2l 39321 i61.08 837 0.00 9,15 2087 91828 131.34 4381 262.85 E76  124.08 312l B4.86 153.71 192
7 12105 29231 flohra | 3921 142.08 $53 000  536.85 2129 91538 13226 43,81 306.69 438 12788 3336 5951 15355 119
] 12105 29131 39.21 3921 162.08 LN 000 $33.67 nmn #1196 131.56 4351 5050 0.00 13166 3950 - 9118 13337 3.50 208
9 12105 2.92%) w2l 21 162.08 .38 000 93020 22.18 908.08 13108 0.00 - 35050 0.00 13108 3932 2174 133.20 Average
10 12105 29231 T 3921 ‘3521 182.08 2.06 0.00 82621 2289 9062 13043 0.00 35080 0.00 13043 3213 9130 1£3.02 DACR
1 12105 2%23] a2 3wzl 162.08 924 0.00  SLEp 0 23.04 a8 12980 .00 350350 000 129.80 3894 9086 152.84
12 12108 25231 3011 39.21 162.02 42 0.00 918.62 13.50 31,12 12915 0.00 350.50 000 12918 3875 9041 152.66
13 12108 2523] 3931 39.21 152.08 2.8 .09 910.98 23.97 %701 . 128.5C 0.00 35050 0.00 12350 flE B9.95 15247
14 12108 29231 - 38zl 39.11 16208 9.80 0.00 904,75 24.45 88030  127.82 0.00 35050 0.00 137.32 383s 89.45 152.28
13 1,2105 29231 L 3921 162.08 10.00 0.00 297.9Q 24.94 37296 11714 0.00 33050 000 13714 34.14 89.00 15208
18 12108 25231 3%.21 39.21 162.08 16.20 2.00 890.42 25.44 36408 12834 000 35050 0.00  126.44 37.93 83351 151.88
17 12108 2513 3n2l 39.11 152.00 10.40 0.00 382.28 28.5% 25633 17 0.00 313050 0.00 12873 an 23.01 151.68
18 12105 2931 a0zl 38.21 162.08 10.61 000 £71.45 26.47 24659 12500 .00 35030 0.00 12500 3750 A750 151.47
1s 12108 2951 3923 a2l 1652.08 10.82 0.00 363.93 27.00 83653 12426 0.00 33030 0.00 124326 37.28 3698 151.26
20 12108 2930 3021 3921 162.08 15.04 000  %53.67 7754 8613 . 1830 000 350350 0.00 12350 37.08 86.45 151.04
21 12108 219231 39.21 39.21 161.08 11.26 0.00 84268 409 8l456 127 0.00 35030 | 000 12273 682 BSSL 150.82
22 12105 19231 3921 3921 162.08 11.4% 000 830.25 24.65 80220 12194 001 33050 000 12194 2658 4536 150.59
2 12105 29231 39.21 392l 162,08 i1n 0.00 81838 2622 785,03 12114 000 335050 000 12314 3634 84.8) 15038
24 12105 25231 3921 39.21 162.08 1195 0.00 304.E1 29.81 77500 12032 .00 350.50 000 120352 36.20 24.23 150.13
25 12105 295231 3721 39.21 162.08 1219 0.00 79050 30.40 76009 11949 9.00 350350 000 11949 35.85 £3.64 149,89
26 12108 29231 39.21 392 162.08 1243 .00 77530 3101 74428  118.64 0.00 33030 0400  118.54 3559 ELO4 149,68
27 12108 39233 3921 3921 162.08 12.68 0.00 74917 318 7TH NI .00 35050 000 11777 33533 8244 149,40
28 12105 29233 39.21 1921 162.08 12.93 0.00 74209 3228 709.81 118.58 .00 35030 0.00 11682 35.06 2182 14915
29 12108 ° 29231 392l 3921 162.08 13.19 0.00 T24.02 3191 691,11 11558 0.00 35050 000 11598 34.79 sl 14489
k1Y 12108 29231 3921 3921 162.04 13.46 .00 704.93 A357 47136 11508 a.00 35030 .00 115.0f 3452 BRO.54 1s8682
3 12105 25231 39.21 21 162.08 13.73 0.00 684.79 .24 650355 11411 0.00 35050 .00 §I4.11 3423 79.88 14835
3z 12105 29231 39.21 39.21 182,08 14.00 0.00 56356 34.92 61864 11318 0.00 35030 000 Ms1s A198 79.21 148.08
33 121085 2.923.) a2l 3921 162.08 14.28 0.00 6541.21 35.62 60559 1218 0.00 35050 000  1E2.18 3265 7832 147.60
34 12108 19230 EL -3 3921 162.08 1487 0.00 81770 3634 58137 1IL18 0.00 As0350 0.00 111.18 3338 7782 14751
as 12108 29231 3921 39.21 152.08 14.86 Q.00 59299 37.06 555.93 110.16 .00 35050 0.06 110.16 33.08 Tl 147.22
36 12105 2,9231 39.21 39.21 162.08 1518 0.00 567.05 37.80 52025 1912 0.00 350.50 000 10912 3274 7638 146.92
37 12105 2,923.1 32.21 3921 162.08 15.46 050 539.83 3856 50127 108.06 0.00 350.50 0,00 108.06 32.42 75.54 146.62
38 12105 29231 39.21 3921 162,08 13.77 .00 51130 3933 47197 10458 0.00 35050 0.00 10698 3208 74.39 14631
39 12163 29231 3921 39.21 162,08 16.08 .00 481.41 40.12 441,29 10588 .00 350.50 0.00 10888 31.78 T4.12 148,00
L) 12108 2,923 3021 39.21 162.08 16.40 .00 450.11 2092 400,19 10476 Q.00 350.50 0.00  104.7€ 3143 7333 145.68
4l 12108 25231 3021 3921 16z2.08 16.73 [eX) 431738 d1.74 37564 10341 ©.o0 350,350 ¢.00 100,61 3108 7253 14535
42 12108 29231 39,21 3021 162.08 17.07 0.00 383,13 4257 34058 102.4 0.00 35050 0D 12 3073 7171 145.01
43 12108 2523l 3921 w0 162.08 1741 .00 34739 43.42 303.97 10128 0.00 35050 0.00 10128 3037 70.87 144.67
a4 12105 2923l 39.21 3921 162.08 17.76 0.00 310,05 44,28 26536 10003 .00 asos0 000 R00.03 30.01 70.02 14432
45 12105 295231 3821 39.21 162.08 18.11 0.00 271.07 45.18 225.89 24.79 .00 35050 0.00 28.79 29.64 60.18 143.97
46 12108 19331 w2l 3923 162.08 18.47 0.00 230.41 46.08 18133 9752 0.00 35050 0.00 9752 29.26 68.27 14361 |
+7 12108 25231 - 3921 3921 162.08 18.84 2.00 138.41 47.00 14101 0823 2.0 35050 0.00 96,23 2387 £736 14324
43 1,2103 2,023.1 39.21 39271 162.08 15.22 0.00 143.83 4704 95.59 94,92 0.00 35050 Q.00 24.92 28.47 66,44 142,86
49 12105 29231 39.21 3521 162.08 15.60 0.0¢ 97.81 48RG 4890 9357 0.00 35050 ¢.00 93,57 28,07 8550 142,45
30 12105 25231 a0z 39.21 162.08 20.00 0.00 49.88 49.38 -0.00 9220 0.00 5050 000 5230 2746 6454 [42.08
Towsl 605245 14615635 8,103.56 540,92 .00 586427 35050 12268 574150 72248 401912 7 463,08




Table 15.4 Financial Analysis (A-4): Financial Generation Cost

Scenario: A
Year] Own {DC  Principal Interest  Royally O&M Total Energy PV PV PV
Finance Repayment Payment Cost Cost  Generation Index Cosl Energy
MUSS MUS$ MUSE MUSS MUS§ MUSS M.USS GWh 10%  M.USS GWh
-7 13.97 0.00 13.97 0 19487 2722 0
6 8995 0.0 89.95 0 17716 15936 0'
-5 105.88 0.00 109.88 0 16105 17697 0
-4 148.93 0.00 14893 0 14641 218.05 0
-3 163 .02 196 164.98 0 1.3310 219.59 Yy
2 0.00 12.13 12.13 0 12100 14.68 0
-1 0.00 2371 0.00 3.9 27.50 2,067 1.1000 30.25 2,273
1 0.00 31.07 4381 30.67 0.00 7.58 11313 4,134 1.0000 11313 4,134
2 4381 26.2% 0.00 7.58 77.68 4,134 05091 70.62 3,758
3 4381 7191 0.00 7.58 73.30 4,134 0.8264 60.58 3,416]
4 43 81 17.53 0.00 7.58 68.92 4,134 07513 51.78 3,106
5 43 81 i3.14 0.00 758 64.53 4,134 0.6830 44.08 2,823
6 43.81 8.76 0.00 758 60.15 4,134 06209 37.35 2,567
7 43 81 438 0.00 158 55.77 4,134 05645 - 3148 2333
8 43 81 0.00 0.00 7.58 51.3% 4134 05132 26.37 2,121
9 0.00 7.58 7.58 4,134 04663 354 1,928
10 0.00 7.58 758 4,134 04241 3.21 1,7S3|
11 0.00 7.58 758 4,134 03855 292 1,594
12 0.00 7.58 758 4,134 03505 266 1,449
13 0.00 7.58 758 4,134 03186 241 1,317
14 0.00 7.58 758 4,134 0.2897 219 1,197
15 0.00 7.58 7.58 4,134  0.2633 2.00 1,089
16 0.00 7.58 158 4,134 0.2394 181 990
17 0.00 7.58 7.58 4,134 02176 1.65 900
18 0.00 7.58 758 4134 01978 1.50 818
19 0.00 7.58 7.58 4134 01799 136 743
20 0.00 7.58 7.58 4,134  0.1635 1.24 676
21 0.00 7.58 7.58 4,134 01486 113 614
22 0.00 7.58 758 4,134 0.1351 1.02 559
23 0.00 758 758 4334 01228 0.93 508
24 055 0.00 7.58 8.13 413 01117 0.91 462
25 1.39 0.00 7.58 14957 4,134  0.1015 1.52 420
6 18.06 0.00 7.58 2564 4,134 00923 237 382
27 1743 0.00 7.58 2501 4,134 0.0839 2.10 347
28 0.00 0.00 1.58 758 4,134 00763 0.58 315
29 0.00 0.00 7.58 7.58 4,134 0.0693 0.53 287
30 37.43 .00 7.58 45.00 4,134 0.0630 284 261
31 342 0.00 7.58 1099 4,134 00573 0.63 237
a2 58.06 0.00 758 66.64 4,134 0.0521 3.47 215
33 82.12 0.00 7.58 89.70 4134 00474 425 196
34 4818 0.00 758 55.76 4134 00431 2.40 178
35 2506 0.00 7.58 3264 4134  0.0391 1.28 162
36 0.00 7.58 7.58 4,134 0.0356 0.27 147
37 0.00 7.58 7.58 4,134 00323 0.25 134
38 0.00 7.58 758 4,134  0.0294 022 122
39 0.00 7.58 7.58 4134 00267 0.20 i1l
40 0.00 758 7.58 4,134 0.0243 0.8 100
41 0.00 758 7.58 4,134  0.0221 017 91
42 0.00 1.58 7.58 4,134 00201 015 - 83
43 0.00 738 7.58 4,134 0.0183 0.14 75
44 0.00 7.58 7.58 4,134 00166 0.13 69
a5 0.00 758 758 4134 00151 ol1 62
46 0.00 758 7.58 4134 0.0137 0.10 57
47 0.00 7.58 7.58 4,134 0.0125 0.09 52
48 0.00 7.58 7.58 4,134 00113 0.09 47
49 0.00 758 7.58 4,134 0.0103 008 43
50 0.00 7.58 7.58 4,134 00094 0.07 39
Total 824.45 68.88 350.50 12268 000 38267 1,749.18 208,748 1,33619 47356

Financial Generation Cost:

at Year 1 (I=

2.82 cent/kWh

10% )



Table 15.5 Financial Analysis (B-1): Summary

Scenario: BBB
Construction Cost 9349 US$/KW
Finance Proportion Bhutan Others
Equity Share 33% 67%
Debt/Equity Debt Equity
70% 30%
Installed Capacity B70.00 MW
Energy Generation 433000 GWh
Salable energy 4,133.62 GWh
Firm 1,21049 GWh
Secondary 292313 GWh
Construction cost
Before price escalation 813.40 M.USS
After price escalation 87626 M.USS

Financial Budget

1,05167 M.USS

Inflation (in terms of US dollar)

Financial items Bhutan Private
Own Finance 86.75 176.13
I oan amount 20242 41096
IDC 11718 58.23
Royalty 0.00 000
Total 406 35 64532
Export/Domestic Ratio for salable energy -
Expon 100%
Domestic 0%
Initial Power Tariff
Firm 3921 US$/MWh
Secondary 100% 39.21 US3/MWh
Power Tariff Escalation
Firm

Secondary

Foreign 20%

Domestic 20%
Financial Condition (I)

Interest rate for IDC T0%

Interest after operation 7.0%

Repayment Period (net) 25

Grace Period (years) 6

Gov' Own finance 100.0%
Financial Condition (Il)

Interest rate for IDC 10.0%

Interest afler operation 16.0%

Repayment Period (net) 12

Grace Period {years) 4
Royalty for Construction Period 0%
Royalty from Operation onwards 15%

Financial Indices

Debt Servicé Coverage Ratio

Average for Finance (]) 362

Average for Finance (IT) 145
Loan Life Coverage Ratio

For Finance (1) 1.73

For Finance (1I) 142
Financial Generation Cost at Yeaf 1

3.07 cent/kWh

(Discout rate=

10% )




Table 15.6 Financial Analysis (B-2): Disbursement and Loan Amount

Scenario BBB Equity Proportions PriceEscalation per annum ﬁnance Condition (I) 60% Total Construction Cost {M.USS$)
Capacity: 870 MW Bhutan| Private] F/C Portion 2.00%| Interest 7% Finance Items Bhutan | Private | Total
Energy Generation 4330 GWh 33% 67%| L/C Portion 2.00%| Repayment Period 25 years Own finance 86.75| 176.13| 262.88
Salable energy 4133.62 GWh Debt Equity Grace Peried 6 years Principal Loan 20242 410.96| 61338
Project cost 934.94 USS AW 70% 30% Bhutan Own Finance 50% IDC 138.52 58.23] 13%.52
F/C 697.34 Royalty Finance Condition (II} 40% Total 428.69 645321107401
Lic 11555 for construction 0%| Firm Price($/MWh) - 39.21] Interest 10% Equity/Royalty fee Y 0.00
Total 81289 from operation 15%| Sec. Price($/MWh) 39.21] Repayment Pericd 12 years
Grace Period 4 years
Yearl Disbursement Price Index Disbursernent Total Debt/Equity Share Equity Portion Debt Portion Loan Cumulative 1IDC Royalty
before escalation after escalation  Disburse T0% 30%  incl. Equity financed by Loan Finance I Finance II Finance [ Finance Il Finance I Finance I  Fee
forF/C forL/C forF/C  forL/C forF/C forL/C Debt Equity Bhutan by Loan Private 60% 40% 7% 10%
M.USS M.USS 2.00% 200% MUSS MUSS MUSS MUSS MUSS M.USS M.USS M.USS M.USS MUSS MUSS MUSS MUSS MUSS M.USS
-7 139 12.58 1.0000 1.0000 139 12.58 13.97 9.78 4.19 0.6% 0.69 2.81 11.16 0.00 11.16 0.00 0.39 0.00 9
-6 56.49 31.6% 1.0200 1.0200 57.62 3233 89.95 6297 2699 445 445 1808 71.87 0.00 83.03 0.00 330 0.00 0
-5 92.60 13.02 1.0404 1.0404 96.34 13.54 10988 76.92 32.96 544 544 2200 87.80 0.00 17083 0.00 8.89 0.00 0
-4 127.67 12,67 1.0612 1.0612 13549 1345 14893 104.25 44 .68 737 7.37 2994 119.00 0.00 2B9.83 0.00 16.12 000 ¢
-3 | 168.69 1820 1.0824 1.0824 18259 19.70 20230 141.61 60.69 10,01 1001 4066 10075 60.89 390.58 60.89 2381 3.04 o
-2 | 13355 1502 1.1041 1.1041 14745 1658 16403 114.82 4921 812 8.1z 3297 16.24 11482 40682 175.71 27.91 11.83 o
-1 53.5C 6.55 11262 11262 60.25 738 67.63 47.34 20.29 335 335 13.59 6.6% 4734 41351 223.05 28.71 19.94 ¢
1 6345 581 1.1487 1.1487 7288 6.68 79.56 55.69 23.87 394 354 15.99 41.26 2230 454.78 24535 30.39 2342 ¢
Total 697.34 115.55 75401 12224 87626 61338 262.88 43.37 43.37 176.13 45478 24535 139.52 58.23 000




Tabla 15.7 Finsnelat Analysie (8-): | & it

Scuando BBB Fiasacial coodition for Bwian  {Firm Energy (G“) 1,210490OM cost 733 [lacoms tax 30%|lnnal FA. (M. USH)
|Caperity 870 MW Lotemat ruic 7% |Sec, Energy (GWH) ~ 252303 Life ime (years)
[Energy Gsnerution 433000 OWh Rapayment (Yean) 28| Firm Price (3/MWh) 3%.21 |Principal repey mant M.U53[Royalty Laitsl dep. (M.US$) 21.03
alable Evergy 4,131.61 OWh Financial condition for Private  |Sec. Price ($/MWh) 3%.21| for Bhutan 14.72] from optrstivs 15% | FiC sacalation 2.0%
Tntarust rale 10% | Firm Excalsnon 0%/ for Pvate 20.45
£]2.8% M.US$ Mﬂ 12|Sec, Escalaiion 0%/ Total 3517
— .
Seles oM Royalty Ywsrsiart Dupeeel  Yearend Nt Procipdl Cum.of lslersst Income Income Nat Cwrrent Dbt
“Selbing Revequa  tonl Fixed ation Fined Openstion Repay- Principal Paymam  before tax lacome  Anstia  Serviee
Fiem Secooary Fism  Secosary } Aszut Agzet Income  meat  Repayment 1% af1er mx cash Rabie
MUSS M.UsS  M.USt  M.US§  M.USS  MUS§ M.US3 M.USS  MUSS__M.US§ MUSE M.US§  M.US$  M.USS  M.USS
1 2LG4 379 1216 31584 1052 £1432 5458 5458 16237 3820 65,00
i 162.08 758 2431 1,051.67 2103 1,030.64 10914 50.04 50,04 04 872 2092 . 4881 130.1% 1.46
2 12108 19231 39zl 39.21  182.08 1.7 2431 1,081.2% 2148 1,029.30 108358 ° 30.04 10008 - 3580 7265 2180 3086 130.04 151
1 12108 28231 39.28 3g.21 . 162.08 7.3% 2431 1,05039 2188 102851 10800 50.04 150.12 3243 7557 2247 52.90 120.88 157
4- 12108 29231 392l 3e2l  162.08 3.04 431 1,049.08 2232 - ) 02678 10741 50.04 20016 - 2883  TB48 2354 5404 120.73 1.6¢
3 12108 - 29231 3921 3921 16108 8.20 2431 1,04729 22,77 102453 106 | 5004 250.19 %542 5137 14.4] 36.98 129.57 W2
6 12108 12523] 39.21 3921 162.08 437 1431 104502 2322 . 10I17% L0618 3004 . 300.33 2152 - 8426 2528 5858 129.40 1.80
7 12105 257] 39.21 3921 16208 3353 431 1,642.23 25.89 101834 10555 50,04 350.17 184z $7.13 2614 6099 12923 8
8 12108 29231 3921 w321 16208 170 2431 103891 2416 101478 10490 50.04 40035 1451 8899 27.00 62.99 129.06 1.9¢ 145
¢ 2108 29231 3921 3921 162.08 3.58 2431 103505 24,54 101040 10424 1937 419.68 1356 9049 2711 G148 124.89 35| Avernnge
10 12105 29231 w2 3921 16208 $.06 2431 1,030.61 2514 100548 10357 1937 439.08 . 1220 9137 2741 63.96 12871 4.08 DSCR
11 12108 29231 - 3921 39.21 16208 0.24 2431 152933 25.64 99994 1289 ¢ 1937 458.42 1088 9204 27.61 64,43 12853 425
12 12105 295231 39zl 3921 leite .42 2431 1,019.54 2415 - 99379 10219 | 1937 4Nn. 7 949 9270 . 2781 64,69 12835 445
13 12105 2931 w2 3921 162,08 9.61 2431 1,013.67 26.68 98590 10148 1937 497.16 814 9338 2800 6534 128.16 4.56
14 12105 29231 3921 3921 162.08 9.80 2431 1.006.73 2121 97952 100.76 1937 £1853 578 9398 - 2819 65.78 127.96 4.89
15 12108 2923] 39zl 39.21 iS04 10.00 2431 99011 2178 $71.36  100.02 1937 135.90 542 94359 2838 &6821 127,77 515
16 12105 29231 39.z21 A2.21 - 162.08 10.20 2431 - 90 2831 982,48 9926 1937 £35.27 4.07 95.19 856 6864 12757 5.44
17 12105 29231 39.21 %21 18208 10.40 2431 9817 28.87 952.3% 984y - 1937 574,64 27 9578 2873 61.05 12736 3.7
18 12105 19231 39.21 3wzl 16108 10.61 2431 97151 2945 P4246 9.0 1937 594.01 136 9635 2850 614 127.16 6.14
19 12105 329231 39.21 3921 16108 10.82 2431 96131 30.04 951,27 P60 1937 613,38 0.00 9690 2007 8783 126.94 855 3.62
20 12105 29231 39.21 3021 162.08 11.04 2431 908 30.64 919.2% 96.0% 0.00 61338 000 9609 2883 6726 126.73 Average
21 12105 29231 3wzl 3921 16208 11.26 2431 © 93764 3125 90633 9528 0,00 61338 603 9525 2838 6568 12651 DSCR
22 12105 29331 39.21 3921 15208 . )L49 2431 924381 31.88 89283 94N 0.00 61338 0.00 9440 2837 6608 126.28
23 12105 193l vz 3921 16208 1 2431 91048 32352 AT 9154 0.00 613,38 0.00 9354 28,06 6547 126.08
24 12105 2923 vzl 3p2l 16208 1193 2431 89552 33.17 86236 9265 0.00 61338 0.00 9265 27.80 8488 125.82
25 12105 2903 39.21 Ival 162.08 11% 2431 37940 310 845,77 9L7S 0.00 41338 000 9175 2752 6422 125.58
6 l2les 29131 39.21 3521 16208 12.43 2431  262.69 3451 828.18 50.B3 0.00 61338 000 9043 27.25 6158 12534
27 12105 29231 921 3021 142.08 12.68 2431 24AM 35.20 509.55 59,89 G.00 £13.38 0.00 59.89 2897 62.92 128.09
28 12105 29231 w2l 3021 152.08 1293 243} 83574 35.%0 THO.BL 8893 0.00 61338 0oc 8393 2668 6228 124.83
29 12108 29230 39.21 3921 1s52.08 1319 2431 ¥S5.83 3862 789.01 §1.9%5 0.00 €13.38 060 8795 2639 6147 12457
30 12108 2941 32 3921 162,08 1346 2431 78439 3735 247,04 8596 0.00 613238 0.00 86.96 26.09 60.87 12431
31 121035 2923 3921 39.21 182.08 13.73 2431 Té1.58 38.19 T725.88 £5.94 .00 61338 Q.06 85.94 25.78 50,15 124.04
32 12105 29211 321 3921  182.08 14.00 2431 73836 35.86 699050 R4D1 0.00 61338 0.00 24.91 2547 5543 123,77
13 12108 20231 3821 39.21 16208 1428 431 T3A9 39.64 673.85 8385 0.00 61338 000 83.8% 25,15  58.69 123.48
34 12105 29231 39.21 321 152.08 1457 2431 68733 40,45 54690 5277 .00 613.38 0.00 82.77 24.83 57.94 123.2¢
35 121085 2923.] 39.2) szl 1562.08 14.86 2431 639.84 4).24 613.60 81.67 0.00 61338 0.00 81.67 24,50 5717 12291
36 12108 29231 39.21 3%.21 162.08 15.1% 2431 630,97 42,06 58490  BOSS 0.00 613.38 0.00 80.55 24,16 5638 122.61
37 12108 2943.) 3821 3s21  162.08 15.48 2431 600.68 4291 35178 7940 .00 §1338 0.00 740 23.82 5558 12231
38 12108 Z823] 2 3R2l 162,08 1577 2431 56853 431.76 525.17 18.24 an 61338 0.00 T8.24 2347 5477 122.00
39 12108 29731 3921 3921 162.08 i6.08 2431 53567 44,44 491.03 71.08 .00 613.38 000 708 23.11 5.9 121.69
40 172105 29231) 3921 3921 16208 16.30 2431 500.85 4553 4553z 7583 .00 61338 0.00 75.83 2275 $3.08 12136
41 12105 25231 3821 3021 182.08 16.73 2431 46443 as.a4 41798  745% 0.00 61338 0,00 T4S9 2238 5222 121.04 *
42 12105 2923] 3821 3921 162.08 i7.07 2431 42634 4737 - 78T 7333 0.00 61338 0,06 7333 2200 5133 120,76
43 12105 29231 39821 3921 162,08 §7.41 2431 35S 4832 kD 7204 0.00 61338 000 7204 21.61 50.43 12036
44 12105 . 23l 521 39.21  162.08 V776 2431 34500 4929 29871 7073 0.00 61338 000 073 2122 4951 12001
45 12108 29731 38.21 3921 16:.08 1811 2431 30163 30.27 25135 939 0.00 61338 0.0 5939 2082 4857 11966
46 12105 29231 3521 3921 16208 1847 - 2431 25638 5128 20511 68,02 0.00 613,38 0.00 58.02 2041 47.61 119.2%
47 12105 28231 35321 3921 16208 18.84 2431 20021 5230 15691 6662 0.00 61338 0.00 66.52 1999 4664 11842
48 12105 29231 3531 3921  162.08 19.22 2431 160.04 5333 10630 6520 0.00 613338 0.00 55.20 1955 4584 118.5%
49 121085 29231 .21 3921 16208 . 19.60 2431 10883 5497 5441 6375 0.20 61338 0.00 53.75 1912 4462 118.1¢
50 1 2105 29:.1 g2l 3921  161.08 20.00 2431 5550 5550 0,00 227 0.00 GL338 0.00 6227 16.68 1359 117.77
60,5245 44,156.5 8,103.96 640.92 121559 446846 61338 29197 4,176.49 128755 292354 6.247.45




Table 15.8 Financial Analysis {B-4): Financial Generation Cost

Year] Own IDC  Principal Interest Royally O&M Total Energy 134 144 34
Finance Repayment Payment Cost Cost  Generation  Index Cost Energy
MUSS M.USS MUSS MUS§ MUSS MUSS M.USS GWh 10%  M.USS GWh
-7 4.19 034 453 19487 8.83
-6 26.99 289 2087 1.7716 5292
-5 3296 1718 40.75 1.6105 65.63
-4 4468 14.13 5881 1.4641 86.10
-3 60.6% 23.64 84133 13310 11225
-2 49.21 35725 84 46 1.2100 10220
-1 2029 4336 12.16 37 79.60 2,067 1.1000 8755 2,273
i 23.87 48.01 2431 758 10377 4,134  1.0000 103.77 4,134
2 5004 3%.43 2431 758 12136 4,134 09091 11033 3,758
3 50.04 3593 24131 758 11786 4,134 08264 97.40 1416
4 5004 3243 2431 758 11436 4,134 07513 85.92 3,106
5 50.04 2893 2431 758 11085 4,134 06830 751N 2823
6 50.04 2542 2431 758 10735 4,134 (6209 66.66 2567
7 50.04 2192 2431 758 10385 4,134 05645 58.62 2333
8 5004 18.42 2431 758 10035 4,134 05132 51.49 2,121
9 5004 1491 2431 758 96.84 4,134 04665 45.18 1,928
10 1537 1356 2431 758 64.82 4,134 04241 27.49 1,753
11 1937 12.20 2431 7158 63.46 4,134 03855 24.47 1,594
12 1937 10.85 2431 758 6211 4,134 03505 21.77 1,449
13 1937 949 2431 758 60.75 4,134 03186 1936 1317
14 1937 8.14 2431 758 5939 4,134 02897 17.20 1,197
15 1937 678 2431 758 58.04 4,134 (2633 15.28 1,089
16 1937 542 2431 758 5668 4,134 02394 1357 990
17 1937 407 2431 758 5533 4,134 02176 12.04 900)
18 1937 21 2431 758 5397 4,134 0.1978 10.68 818}
19 1937 136 2431 758 5262 4,134 0.1799 246 743
20 1937 0.00 2431 158 5126 4,134  0.1635 838 676
21 2431 758 31.89 4,134 0.1486 474 614
22 2431 758 31.89 4,134 0.1351 431 559
23 2431 758 3189 4,134 0.1228 392 508
24 055 2431 758 3244 4,134  0.1117 362 . 462
25 739 2431 758 3928 4,134  (.1015 . 399 420
26 18.06 2431 758 4995 4,134 00923 461 382
27 17.43 2431 758 4932 4,134 00839 4.14 347
28 0.00 2431 758 31.89 4,134 00763 243 315
29 0.00 2431 758 31.89 4,134 0.0693 221 287
30 3743 2431 758 69.32 4,i34 00630 437 261
31 342 2431 758 3531 4,134 00573 202 237
32 59.06 2431 758 90.95 4,134 00521 474 215
33 82.12 2431 758 11401 4,134 00474 - 540 196
34 48.18 243} 758 8007 4,134 00431 345 178
35 25.06 2431 758 56.95 4,134 00391 223 162
i6 2431 758 3189 4,134 00356 113 147,
37 2431 758 3189 4,134 00323 103 - 134
38 2431 758 31.89 4,134 00294 094 122
39 2431 758 3189 4,134 00267 0.85 111
40 2431 758 3189 4,134 00243 078 100
41 2431 758 31.89 4,134 00221 070 91
42 2431 758 3189 4,134 00201 064 83
43 2431 758 3189 4,134 00183 058 75
44 2431 758 31.89 4,134 00l66 053 69
45 2431 758 31.89 4,134 00151 048 62
46 2431 758 31.89 4,134 00137 044 57
47 2431 758 31.89 4,134 00125 040 52
48 2431 758 31.89 4,134 00113 036 47
49 2431 758 31.89 4,134 00103 033 43
50 2431 758 3189 4,134 0.0094 030 39
Tolal 25869 17507 15012 107.7% 10940 3410 83517 18,601 145595 477356
Financial Generation Cost; 307 cent/kWh

(1=

10% )



Table 15.9 Financial Analysis {(C-1): Summary

Inflation {in terms of US dollar)
Foreign
Domestic

Financial Conditions (1)
Interest rate for IDC -
[nterest after operation
Repayment Period (years)
Grace Period (years)
Gov't Own finance

Financial Conditions (I1)
Interest rate for [DC
Interest after operation
Repayment Period (years)
Grace Period (years)

Rovyalty for Construction Perioc

Royalty from Operation onward

2.0%
2.0%

T.0%
7.0%
25

100.0%

10.0%
10.0%
12

0%

Power Tariff Escalation
Firm
Secondary

Scenaric CCC
Construction Cost 9349 US$/kW
Finance Proportion Bhutan QOthers
Equity Share 100% 0%
Debt/Equity Debt Equity
90% 10%
Installed Capacity 870.00 MW
Energy Generation 4.330.00 GWh
Salable energy 413362 GwWh
Firm 1,210.49 GWh
Secondary 2,923.13 Gwh
Construction cost
Before price escalation 813.40 MUSS
After price escalation 876.26 M.USS
Financial Budget 1,086.31 M.USS
Financial [tems Bhutan Private
Own Finance 8763 0.00
Loan amount 788.63 0.00
IDC 125.84 B4.21
Royalty 0.00 0.00
Total 1002.10 84.21
Export/Domestic Ratio for salable energy
Export 100%
Domestic 0%
Power Tariff
Firm 39.21 US$/MWh
Secondary 100% 39.21 US$/MWh

Financial Indices

Debt Service Coverage Ratio
Average for Finance ([}
Average for Finance (I}

Loan Life Coverage Ratio
For Finance {I)
For Finance {II)

3.87
1.51

1.85
1.24

Financial Generation Cost at Year 1
2.44 cent/kWh

10% )

{Discount rate=




Table 15.10 Financial Analysis (C-2): Dishursement and Loan Amount

Scenario; CGC Equity Proportions PriceEscalation per annum Finance Condition (1) 50% Total Construction Cost {M.USS)
Capacity: 870 MW Bhutan Qthers] F/C Portion 2.00%| Interest 7% Finance ltems Bhutan | Private | Total
Energy Generation 4330 GWh 100% 0%} L/C Pertion 2.00%| Repayment Pericd 25 years Own finance 87.63 0.00] B7.63
Salable ehergy 4.133.62 GWH Dabt Equity Grace Pericd 6 years Principal Loan 788.63 0.00| 78B.63
Project cost 934,94 USS/kW 20% 10% Bhutan Own Finance 100% 1BC 125.84 84.21] 125.84
F/C 697.34 Royalty Finance Condition (II) 50% Total 1002.10 84.21] 1086.31
L/C 115.55 for construction 0% Firm Prica($/MWh) 39.21| Interest 10% Equity/Royalty fee [4] 0.00
Total 812.89 from operation 0%] Sec. Price($§/MWh) 39.21| Repayment Period 12 years
Grace Pericd 4 years
Year| Disbursement Price Index Disbursement Total  Debt/Equity Share Equity Portion Debt Portion Loan Cumulative DG Royalty
before escalation after escalation  Disburse 90% 10%__incl. Equity financed by Loan  Finance | Finance I Financs | Finance [l Finance | Finance 1 Fee
for F/C  fer L/C for F/C  for L/G for F/C for L/C Debt Equity Bhutan B by Loan Privats 50% 50% 7% 10%
M.USS M.USS 2.00% 2.00% MUSS MUSS MUSS  MUSS - MUSS M.USS M.US$ M.USS M.USS MUSS  M.USS M.USS MUSS M.USS  M.USS
-7 1.3% 12.58 1.0000 1.0000 1.39 12.58 13.97 0.00 13.87 13.97 0.00 0.00 0.00 000 000 0.00 0.00 €.00 0
-6| 56.49 31.69 1.0200 10200 5762 3233 89.95 16.30 73.66 73.66 0.00 0.00 16.30 Q00 183¢C 0.00 0.57 €.00 0
-5 9260 13.02 1.0404 10404 - 9634 1354 109.88 109.88 000 0.00 0.00 0.00 109.88 Q00 12618 0.00 499 .00 0
-4| 127.67 12.67 10612 10612 13549 1345 14883 148.93 0.00 0.00 0.00 0.00 148.93 go00 27511 0.00 14.05 .00 0
-3| 168.69 18.20 1.0824 10824 18258 1970 20230 20230 000 0.00 0.00 0.00 119.21 83.00 38432 83.0% 23.43 415 0
-21 133.55 15.02 1.1041 11041 147.45 16.58 164.03 164.03 0,00 0.00 0.00 0.00 - 0.00 164.03 39432 24712 27160 16.51 0
-1 53.50 6.55 1.1282 11262  60.25 7.38 67.63 6763 @ 000 -0.00 0.00 0.00 0.00 6763 39432 31475 27.60 28.09 o|
1 63.45 5.81 1.1487 1.1487 7288 6.68 79.58 79.56 0.00 0.00 0.00 0.00 0.00 79.56 39432 394.31 2760 35.45 0
697.34 115.55 75401 12224 87826 7B8.63 87.63 87.63 .00 0.00 39432 39432 125.84 84.21 0.00




Table 15,11 Financial Anaivsis (C-13): Income Statsmaent

Financial condition for Bhutan | Firm Energy (GWh) 1.21048|OM cost 758 {ncome tax I0%|initial FA. (MUSS) 1086.31
Interest rate 7%{Swc. Energy (GWh) 2892313 Royaky Life time (years) 590
Repayment (yeers) . 25{Firm Price (3/WWh) 39.21 |Princinal repayment MAUSS | from cperation %iinitial dep. {M.USS) 21.713

Finantial condition for Private |Sec, Price (§/MWh) 39.21| for Bhutsn 1877 F/C sscalation 2.0%)

Scenaric [++]3

Capacity a70 Mw
Energy Generation 4330 GWh
4,133.82 GWh

Interest rate 10%|Firm Ezcalation 04| for Private 1286 L/C wscalation 2.0%
calation 0% Totgl 48 63 v Evcalation 2 0%
Yoar Seiina Revanus Salez [+]7] Rovaky Year start Depreci- Year and Net  Principsl Cum. of  interest Income Income Net Current Dubrt
Salable snerey Selling orice Revenus cont Fixed ation Fixed  Operation Repay- Principsl Paymant  before tax incoms  Assatin Service
Firm ___Seceoary  Frm _ Ssgonary Asgot Aggot lncome  ment _Repayment tan aftgr tax cash Ratio
Wh s K i | M. M M| K 3| M. | 1 1 MUS
-1 (8052 4818 39.21 nH 81.04 Ll 000 54315 088 53228 66.29 8539 1992 4847 7725
t 12105 25231 . 3(9.n 21 6208 758 600 108637 - 2173 108458 137§ - 7004 70.04 56030 8247 2474 5113 15450 1.28
2 1.2105 - 2823 9.2 3921 208 773 000 108587 2218 108171 13219 7004 140,08 4340 BLTO 2504 6075 15435 1.34
3 12198 . 2922 3921 3827 16208 138 000 1.084.99 2280 108238 1315 7004 . 21013 4050 9190 . s 154.20 1.38
4 12105 28231 39N 21 15208 804 000 108362 2305 108057 13098 - 70.04 28017 - 3559 9539 2062 8617 154.04 146
5 12105 282317 3921 w21 16208 £20 000 108179 - 2382 105827 13034 7004 350.22 3080 - 99487 29880 68.77 15338 153
L} 12105 29231 mn2A e 162.08 B3Y 0.00 1897943 23 105545 12973 o4 420.28 2519 10394 ai18 7218 15371 1.60
7 12105 262341 39.21 3921 16208 853 000 107656 2447 105208 12308 7004 480.30 2038 10820 3246 574 153.55 168
] 12108 28231 N 3921 16203 870 000 1973213 2496  1.04E17 12842 7004 360.34 t598 11244 N B k| 1%3.37 178 1.51
9 ©1,2908 . 29231 /21 92N 152.08 8.8 000 1068914 25.48 1.04368 . T21.75 20.7% 58110 . 1453 11322 3387 19.2% 153.20 434| Averagw
10 12108 29231 N 39.21 16208 - .06 000 106458 2558 10383¢ F2706 2078 81.85 1307 11398 3420 1979 15302 452| DSCR
" 12105 24231 380 3921 16208 - 9.24 000 195938 2648 103280 12636 2078 82261 11.62 - 11474 3442 8032 152,84 472
12 12105 298231 N 3921 16208 942 000 105354 - 2700 102652 12564 207% 84326 1007 11547 3464  BOA3 15266 494
13 12105 29230 wN 39.21 152,08 8.61 000 104705 275% 101850 12481 207% 664,11 872 1620 3486 8134 152.47 517
14 12105 29231 N e 162.0% 980 003 103839 28.11 1.011.78 12417 2078 GBA.BT 7.26 11891 35,67 B1.84 TH2.28 G.44
15 1.2105 28233 921 3521 - 16208 10,00 000 103202 28087 100335 - 12341 2075 705.62 581 11760 520 9232 152.08 5.72
18 12105 292330 3N 3921 16208 10.20 oG 1,02342 2924 - 99418 ° 12284 2075 7268.37 436 11828 3548 280 151.88 6.05
17 12105 29231 »wn 3921 16208 1040 000 101408 29.43 5424 12185 - 2075 14733 281 11898 3568 8326 151.68 641
18 12105 29221 3 3921 16208 10.61 000 100392 3042 97350 1219% 2078 767.88 145 11959 3588 8am2 15147 £.82
] 12105 28231 39.21 921 16208 10.82 000 89297 nm p61.94 12023 2075 78844 000 12023 3607 8346 15128 723 387
20 12105 2%231 3.2 3921 16208 11.04 Q00 93118 3168 94653 11939 000 788.84 200 11938 a8z 83187 151.04 Average
21 12105 29221 wn 3821 - 16208 1126 a¢.00 98852 3228 . #3623 11854 - 00D 78864 000 11854 asse 8297 150.82 USCR
72 1,208 2923 w21 3821 16208 1149 000 95496 z9 92203 . 11766 000 788.84 000 11266 3530 2 150.54
23 12105 29213 s 3821 6208 11.7% 000 . 84047 3359 go88 11674 - 000 78884 000 11678 3503 21,74 150.38
1] 12105 2821 39.21 3821 18208 11.85 ooC 82502 3426 89078 11587 200 788,64 o0 11587 476 81N 15613
25 12105 25211 3828 38.27 16208 12.19 0og  BOBSY 3495 87260 11485 L] 78884 GC0 11495 3448 8046 149.89
28 12105 2920 LB 4 3821 16208 1243 006 89110 1564 85546 11400 000 TBA84 000 11400 3420 7980 149.65
27 12108 24231 8.2 3821 15208 12.68 60O B8r25? 3536 836.21 - 11304 0.00 78884 0o 11304 338 78.13 149,40
28 12105 18231 39.21 3621 ° 16208 1292 G600 852983 3708 41585 11208 000 78864 00 11206 3362 7044 14935
29 12105 29221 /N 3621 15208 1319 o0 83217 3783 79434 11108 L] TRAEA 000 11106 3332 MM 148.8%
30 12105 29231 N |2 162.08 1346 G.eo B810.23 58 77165 110.04 0.00 780.64 000 11004 330 77.03 148.52
N 12105 29231 39.21 3821 18208 13.73 co0  787.08 3935 74132 180 000 78864 000 10900 3230 7630 148.3%
32 12105 29231 39.21 382 162.08 14.00 ¢00  762.68 4014 J2254 784 . 000 IBAE4 000 10794 32.38 75.56 148.08
33 12106 2823% 39.21 3921 16208 1428 coo 73699 40.94 89604 10685 000 78464 000 10685 3z06 7480 14780
34 12105 29237 39.21 3821 16208 1457 opQ 70997 41.76 66820 105.75 0.00 765064 000 10875 31.73 V403 147.51
a5 1.2105 29231 .21 38231 15208 1488 coe 68157 42.60 638,97 10452 0.00 788.64 000 10462 1.3 24 14722
ki 1,2105 29231 0.0 3821 16208 1518 000 65175 4345 80330 10047 000 78564 000 10347 31.04 7243 14692
37 12105 29201 k23 3827 15208 1546 COC 62048 4432 57615 10230 000 780.64 000 10230 wee 1161 148.62
a8 12105 28730 3021 3821 15208 1577 coe  sB747 4521 54246 101.H1 000 78664 oo 1wLh 133 I8 148.31
9 1.210% 28231 321 aen 1652.08 1608 Coc 853 46.11 507.20 95 89 0.00 788.64 Q.00 98.89 2987 $9.92 146.00
40 121058 29231 | 382y 16208 16.40 GO 51735 4703 470.32 8864 200 78864 000 9444 2959 6905 145 68
4 12105 29230 39.21 3N 162.08 16.73 Qg0 478.72 4797 431,75 8738 a00 78854 [11es] 97.38 9. 68.16 14533
42 12105 29231 39.21 38.21 152.08 1707 c.oo 440,38 4893 39145 96.08 0.00 788.64 Q.00 96,08 28.82 67.26 18501
43 12105 29231 39N 321 16208 1741 000 39828 49.91 349.37 84.78 .00 18864 0o0 9476 2843 6633 14487
44 12105 29237 kR 3821 16208 17.75 cor 35636 5091 30%5.43 93141 000 78864 0eo 9341 802 6539 144.32
45 12108 29210 39.21 38.21 152.08 181 000 NS5 5183 25963 92.04 0.00 78864 0.00 92.04 2783 64.43 14397
46 12108 28220 w2 I8 162.08 1847 coc 25483 5297 21186 90.64 0,00 78864 oc0 90,54 2718 §3.45 14261
a7 12105 29211 3924 38.23 15208 13.84 600 21610 54.02 16207 89.21 090 188,64 oco  BS2) 2876 6245 14324
48 12105 28231 k3 3821 16208 1922 cog 18531 $5.10 1ig.21 87.75 000 788.64 0Co0  87.7S 2633 6143 142 88
49 12105 29231 N 3821 15208 1860 000 11241 S6.21 5621 86.27 000 788,64 coco 8827 2588 60,39 14248
50 121085 29231 321 39.21__ 16208 2000 c.on 57.33 5233 0.00 8475 0.00 783.64 000 8475 2543 5933 14208
Total| 60.5245 146.1565 8.103.96 64042 .00 562546 78864 34503 5736043 158413 3.696.30 746305




Table 15.12 Financial Analysis {C—4): Financial Generation Cost

Scenario G
Year | Own IDC Principal Interest  Royalty O&M Total Energy PV PV Py
Finance Repayment Payment Cost Cost  Generation  Index Cost Energy
M.US$ M.USS MUS$ M.US$ M.US$ M.US$ GWh 10% M.USS GWh
-1 13.87 0.00 1347 0 18487 27.22 0
-6 73.66 0.57 74.23 ¢ 17186 13150 0
-5 0.00 499 499 0 16105 8.03 0
~4 0.00 14.05 14056 0 14841 20.56 0
-3 0.00 27.58 2158 0 13310 36.72 0
-2 0.00 4411 4411 0 1.2100 53.38 0
-1 0.00 55.70 0.00 379 5948 2,067 1.1000 65.43 2,273
1 0.00 63.06 0.00 7.58 70.63 4,134 1.0000 7063 4,134
2 70.04 50.30 0.00 7.58 12752 4,134  0.909 116.28 3758
3 70.04 4540 0.00 758 123.02 4,134 08264 101.67 3416
4 70.04 4050 0.00 7.58 11812 4134 0.7513 88.74 3106
5 70.04 35.59 0.00 7.58 11321 4134 0.6830 77.33 2.823
6 70.04 30.69 0.00 758 108.31 4134 06209 67.25 2,567
7 70.04 25.79 000 758 103.41 4,134 05645 58.37 2,333
8 70.04 2088 0.00 7.58 98.50 4134 05132 50.55 YAYA
g 70.04 15.98 0.00 7.58 93.60 4134 04665 43.67 1,928
10 20.715 14,53 0.00 758 4286 4134 04241 18.18 1.753
11 20.75 13.07 0.00 7.58 4141 4134 0.3855 15.96 1,504
12 20.15 11.62 000 758 3985 4134 Q3505 14.00 1,445
13 20.75 1017 000 7.58 38.50 4134 0.3186 12.27 1.317
14 20.75 872 0.00 7.58 3705 4134 02897 10.73 1.197
15 20.75 7.26 0.00 7.58 35.60 4134 02633 937 1,089
16 2075 5.81 0.00 758 3414 4134 0.2394 8.17 980
17 20.75 436 0.00 758 3269 4134 02176 7.1 900
18 20.75 291 0.00 7.58 3t.24 4134 0.1978 6.18 818
19 20.75 145 0.00 7.58 29.78 4134 01799 5.36 743
20 20.75 0.00 0.00 7.58 28.33 4,134 0.163% 483 676
21 0.00 7.58 7.58 4,134 0.1486 113 614
22 0.00 758 7.58 4,134 01351 1.02 559
23 0.00 7.58 7.58 4134 0.12268 0.93 508
24 055 0.00 7.58 8.13 4,134 01117 091 462
25 739 0.00 7.58 1497 4134 01015 152 420
26 18.06 0.00 7.58 25.64 4134 00923 2.37 382
27 17.43 0.00 7.58 2501 4,134 00838 2.10 347
28 0.00 0.00 7.58 7.58 4134 00763 0.58 3i5
29 0.00 0.00 7.58 7158 4,134 00693 053 287
30 37.43 0.00 7.58 45.00 4134 00630 284 261
31 3.42 0.00 7.58 10.9% 4134 00573 0.63 237
32 59.06 0.00 7.58 66.64 4134 0.0521 347 215
33 8212 0.00 7.58 89.70 4,134 00474 425 196
34 48.18 0.00 7.58 55.76 4134 00431 2.40 178
5 0.00 7158 7.58 4,134 0.0391 0.30 162
36 0.00 7.58 7.58 4134 0.0356 0.27 147
37 0.00 7.58 758 4,134 0.0323 0.25 134
38 0.00 7.58 7158 4134 00294 0.22 122
39 0.00 71.58 7.58 4,134 00267 0.20 111
40 000 7.58 1.58 4134 00243 0.18 100
41 0.00 7.58 7.58 4134 0.022% 017 91
42 0.00 7.58 758 4,134  0.0201 0.15 83
43 0.00 7.58 758 4134 00183 0.14 75
44 0.00 7.58 7.58 4134 00166 0.13 69
45 0.00 7.58 7.58 4134 0.0151 0.1 62
46 0.00 7.58 7158 4134 0.0137 0.10 57
47 0.00 7.58 758 4134 00125 0.09 52
48 0.00 1.58 7.58 4134 00113 0.09 47
49 0.00 7.58 7.58 4134 00103 0.08 43
50 0.00 758 758 4,134 00094 0.07 a9
Total 210.05 788.64 345.03 000 38267 207368 208747.72 11656.63  47.356

Financial Generation Cost:

(1=

244 cent/KWh
10% )
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E16H SHROWE

KWEOERMERFHIN D, ROBMREELRTS 2 L NEECHH,
IBANGAZSTE B AR OB A S 2 £ 18 U-C, 3B S0 B1 S BhaRA 7
T, KFMREHAK (GLOF) WEARVERAEFLESLFHAEBEB RS DT,

(1) KXAE
AEBREOKILT —H I 1992~ 199EDORITRERICE S bochy | +HERTE
57— 4 BEHTH B, Lo UEBHER & 5ICH D DDA CHE L T <% b
Do
HERIROBRARIC BT 5 KRS, TLr— o b OMHEE. 58, BAEELS
DETIT) Z L3, GLOFOTRIOERZGEHT-HDIZEETH Y, BT & THD,
WEE &1, GLOFIZ LD T BEOEERELTI &2 Th 5,
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