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Project
Task
River: | River Alternative: |Alternative
[Flow Availability
Watershed area 99|km?
Annual rainfall 3804|mm
Forest cover 44.2%
Total length of rivers and tributaries 68.4|km
Average watershed surface slope 39.6%
No
Design Discharge 7.86|m°/s
Elements
Weir Yes
River bed level +466.80|El m
Full supply level +472.00|El m
Length between abutments 22\m
Energy dissipator Stilling basin
Settling basin Yes
Headrace channel Yes
Length 1692|m
Velocity 2.00|m/s
Side slope 0.00H:1V
Bed width/wet height 0.80
Material Concrete
No
No
Headpond Yes
No
Surface penstock Yes
Length 169|m
Diameter range 0.5 to | 5/m
No
Tail water
Tail water level +352.27|El'm
Road and bridges Yes
Length 2.1lkm
Bridge total length 0fm
Transmission line
Voltage 20|kv
Length 4{km
Substation bays 0
Land acquisition
Land 10.0/ha
Plants 0%
Equipment
Number of units 2
Turbine type Francis
Efficiency factor 0.98
Unsalable energy
Plant usage and losses 4.0%
Transmission losses 0.2%
Average ground slope
Settling basin 18.99|%
Headrace channel 57.81|%

Inputs




Headpond 22.22|%
Powerhouse 17.94|%
Access road 23.86|%
[Cost Properties
Local cost factor 1.00
Exchange rate 11,500|IDR/USD
Steel price 1,000|USD/ton
Land price 26,087 USD/ha or 30,000/ IDR/m? or 300,000,000 IDR/ha
Plantation price 8,696 USD/ha or 10,000/IDR/m?or 100,000,000 IDR/ha
Contingency 5.0%|x Total direct costs
Management and administration 7.0%|x Total direct costs
Value added tax 10.0%|x Total direct costs
Confident level Low
|Financial Parameters
Project lifetime 20|year
Interest rate 12.0% | per annum
Annual O & M costs 3.0%|x Annualized total project cost
Income tax 25.0%
Tariff for first |8 years 0.103 USD/kWh or 1,183|IDR/KWh
after 0.825 USD/kWh or 825|IDR/kWh
|Optimisation
Number of rows 40
Starting dependability 20%
Ending dependability 90%

Optimisation criterion

Inputs

Largest NPV
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Project
Task

River: River

Alternative: Alternative

|Flow availability

Flow (m3/s) Duration Generic flow-duration
1.00 99%
1.97 95%|  Watershed area 99 km?
2.68 90% Annual rainfall 3804 mm
3.24 85% Forest cover 44.2%
3.74 80% Total length of rivers and tributaries 68.4 km
4.21 75% Average watershed surface slope 39.6%
4.67 70% Annual evapotranspiration 1187 mm
5.13 65%
5.61 60% y = In((a/x)-1)/b a= 100
6.10 55% b= 2.43
6.62 50%
7.20 45%|  Median discharge Q= 6.62mMs
7.83 40%|  Average discharge Qag= 817 m*/s
8.55 35% Runoff coefficient CR= 0.69
9.39 30%
10.42 25%
11.73 20%
13.53 15%
16.38 10%
22.28 5%
32.91 2%
107.17 0.75%
170.36 0.5%
Flow-duration curve
50.0
45.0
40.0
35.0
30.0 \
5 250
E \
20.0
2 \
(@]
T 150 \\
S —
10.0 ———
5.0
0.0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Flow Availability

Duration

100%




Ew?ﬁPﬂw 279
rEocrovoern

Version dated June 2014

Preliminary hydropower evaluations

using statistical approach
Copy right © 2007 - 2014 Dhani Irwanto.
All rights reserved. Not distributable.

Project
Task

River: River

Alternative: Alternative

[Basic

Type of development:
Average river discharge:
Design discharge:
Dependability

Operation time:

Run-of-river
8.17 m%s
7.86 m*/s
39.76%
24 hours (base)

|[Elements

Weir
River bed level
Full supply level
Length between abutments
Energy dissipator
Settling basin
Average ground slope
Headrace channel
Length
Velocity
Side slope
Material
Manning's n
Bed width/wet height
Bed width
Wet height
Bed slope
Average ground slope
Headpond
Average ground slope
Water level
Average ground slope
Surface penstock
Length
Number
Diameter
Average thickness
Velocity
Tail water
Tail water level
Road and bridges
Length
Average ground slope
Transmission line
Voltage
Length
Land acquisition
Land

Sizes

+466.80 El m
+472.00 EI'm
22.00 m
Stilling basin

19%

1692.0 m
2.00 m/s
OOH:1V

Concrete
0.013
0.80

1.42 m

1.77 m
0.00167331
58%

22%
+468.47 EI'm
22%

169.00 m
1
202 m
8.5 mm
2.46 m/s

+352.27 EI'm

2.10 km
24%

20 kV
4.00 km

10.0 ha
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|Heads and Losses

Acceleration of gravity 9.79 m/s’
Peak discharge 7.86 m*/s
Gross head 119.73 m
Head losses
Intake 0.30 m
Settling basin 0.05m
Headrace channel 283 m
Headpond 0.40 m
Penstock 0.47 m
Minor 0.61 m
Total 4.66 m
Net head 115.07 m

Sizes
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Project
Task
River: River Alternative: Alternative
|[Equipment
Number of units 2 Rated speed 750 rpm
Rated net head 115.07 m Specific speed 127 rpm
Rated discharge 3.93 m/s Runner diameter 0.757 m
Turbine type Francis Frequency 50 Hz
Efficiency factor 0.98 Number of poles 8
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Project
Task
River: River Alternative: Alternative

|[Power and Energy

Gross head at headpond 116.20 m Plant usage and losses 4.0%

Net head 115.07 m Transmission losses 0.2%

Rated plant discharge 7.86 m°/s Total losses 4.2%

Minimum discharge 1.57 m%/s Installed capacity 2 x3.81(7.62) MW
Number of units 2 Salable capacity 7.30 MW
Rated plant efficiency 86.0% Salable energy 46.353 GWhl/year
Average plant efficiency 79.8% Capacity factor 69.4%

Power-duration curves
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Project
Task
River: River

Alternative: Alternative

[Cost Properties

Local cost factor

Exchange rate

Steel price

Land price

Plantation price

Contingency

Management and administration
Value added tax

1.00
11,500 IDR/USD
1,000 USD/ton
26,087 USD/ha or 30,000 IDR/m? or 300,000,000 IDR/ha
8,696 USD/ha or 10,000 IDR/m2 or 100,000,000 IDR/ha
5.0% x Total direct costs
7.0% x Total direct costs
10.0% x Total direct costs

|[Financial Parameters

Project lifetime
Construction period
Interest rate

Annual O & M costs
Depreciation

Income tax

Tariff for the first 8 years
Tariff after 8 years

Cost and Financial

20 year
2 year
12.0% per annum
3.0% x Annualized total project cost

15 year
25%
0.103 USD/kWh or 1,183 IDR/KWh
0.072 USD/kWh or 825 IDR/kWh
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Project
Task
River: River Alternative: Alternative

|[Preliminary cost estimates

Cost (IDR Mio)
No Items Optimistic Moderate Pesimistic
Direct cost
1- Civil works
AWeir and intake 2,437 3,456 6,468
ASettling basin 2,462 5,148 14,920
AHeadrace channel 21,529 26,605 34,217
AHeadpond 2,981 5,030 7,741
APenstock foundations 2,171 3,743 6,100
APowerhouse 5,836 10,547 18,372
ARoad 1,816 2,390 3,322
AMiscellaneous civil works 1,962 2,846 4,557
2- Metal works
APenstock 3,094 3,937 5,203
AGates and trashrack 775 2,505 5,100
3- Equipment
APlant equipment 26,672 35,562 48,898
ATransmission line 1,047 1,495 2,168
4- Engineering and supervision 2,172 3,620 5,793
Total direct cost 74,953 106,883 162,860
Indirect cost
1- Land acquisition 1,503 3,005 5,259
2- Contingencies 3,748 5,344 8,143
3- Value added tax 7,495 10,688 16,286
4- Management and administration 5,247 7,482 11,400
5- Interest during construction 8,923 12,807 19,579
Total indirect cost 26,915 39,326 60,667
Total project cost 101,868 146,209 223,527
Range 69.7% 100.0% 152.9%

|[Evaluation indices

1 Power index 13.37 19.20 29.35 IDR/kW

2 Energy index 2,198 3,154 4,822 IDR/KWh
3 Energy cost 344.1 493.8 754.9 IDR/kWh
4 Financial IRR 7 34.4% </ 24.5% 13.5%

5 NPV 130,082 96,638 16,042 IDR Mio

6 Break event 4.4 5.4 7.5 years

Confident level of costs:
Low Preliminary site assessment, no topographic survey, no geological investigation, limited
hydrological data, visual observation only, desk study only. Optimised design and
professional construction practises conditions.

Project Cost (IDR)
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Project
Task
River: River Alternative: Alternative
|Cashflows
Cost risks Optimistic Moderate Pesimistic
Project cost (Mio IDR) 101,868 146,209 223,527
Financial IRR 34.4% 24.5% 13.5%
NPV (Mio IDR) 130,082 96,638 16,042
Break event (years) 4.4 5.4 7.5
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Project
Task

River: River

Alternative: Alternative

[Plant Size Optimisation

Annuall  Salable Optimistic Moderate Pesimistic
Design Discharge Net| Installed| Salable| Capacity] Project Energy Energy| Financial Project Energy Energy| Financial Project Energy Energy| Financial

No| Discharge| Dependability| Head| Capacity| Energy Factor Cost*| Power Index Index Cost IRR NPV Cost*| Power Index Index Cost IRR NPV Cost*| Power Index Index Cost IRR NPV
m°/s m MW GWh Mio IDR| Mio IDR/kW| IDR/kWh| IDR/kWh Mio IDR] Mio IDR| Mio IDR/KW| IDR/kWh| IDR/KWh Mio IDR] Mio IDR| Mio IDR/kW| IDR/KWh| IDR/kWh Mio IDR

1 11.73 20.0%| 115.88 11.41 53.35 53.3%] 157,539 13.8 2,953 462.3 25.5%| 113,597 207,063 18.2 3,881 607.6 19.2%| 75,686] 297,096 26.0 5,569 871.9 10.8%| -15,868
2 11.21 21.8%| 115.80 10.90 52.81 55.3%] 149,965 13.8 2,840 444.6 26.6%|( 117,701] 198,841 18.3 3,765 589.5 19.9%( 80,349] 287,191 26.4 5,438 851.4 11.3% -9,754
3 10.75 23.6%| 115.71 10.43 52.03 56.9%] 143,150 13.7 2,751 430.7 27.5%|( 120,068] 191,438 18.4 3,679 576.0 20.5%| 83,222] 278,275 26.7 5,348 837.3 11.6% -5,577
4 10.33 25.4%| 115.63 10.01 51.45 58.6%] 136,966 13.7 2,662 416.7 28.4%|( 122,793] 184,712 18.5 3,590 562.0 21.1%| 86,415] 270,174 27.0 5,251 822.1 11.9% -1,199
5 9.94 27.2%| 115.61 9.63 50.77 60.1%] 131,335 13.6 2,587 405.0 29.2%( 124,558] 178,581 18.5 3,518 550.7 21.6%| 88,611] 262,785 27.3 5,176 810.4 12.2% 2,081
6 9.58 29.0%| 115.53 9.27 50.15 61.7%] 126,137 13.6 2,515 393.7 30.1%| 126,280] 172,906 18.7 3,448 539.7 22.1%| 90,743] 255,936 27.6 5,103 798.9 12.4% 5,225
7 9.25 30.8%| 115.45 8.94 49.42 63.1%] 121,339 13.6 2,455 384.4 30.8%| 127,098] 167,653 18.8 3,393 531.1 22.5%| 91,953] 249,586 27.9 5,051 790.7 12.6% 7,381
8 8.94 32.6%| 115.38 8.63 48.77 64.5%] 116,872 13.5 2,396 375.2 31.6%| 128,035] 162,750 18.9 3,337 522.4 22.9%| 93,267] 243,645 28.2 4,996 782.1 12.8% 9,588
9 8.65 34.4%| 115.30 8.34 48.10 65.8%] 112,694 13.5 2,343 366.8 32.3%| 128,606] 158,150 19.0 3,288 514.8 23.3%| 94,201] 238,059 28.6 4,950 774.9 13.0%| 11,372
10 8.37 36.2%| 115.23 8.06 47.34 67.0%] 108,772 13.5 2,298 359.7 32.9%| 128,574| 153,817 19.1 3,249 508.7 23.7%| 94,523 232,781 28.9 4,917 769.8 13.1%| 12,508
11 8.11 37.9%| 115.15 7.80 46.65 68.2%] 105,079 13.5 2,253 352.7 33.6%| 128,640] 149,721 19.2 3,210 502.5 24.0%| 94,937 227,777 29.2 4,883 764.4 13.3%| 13,705
12 7.86 39.7%: 115.07 7.62 46.35 69.4%: 101,868 13.4 2,198 344.1 34.4%; 130,082; 146,209 19.2 3,154 493.8 245%! 96,638! 223,527 29.3 4,822 754.9 13.5%! 16,042
13 7.63 41.5%| 115.00 7.38 45.64 70.6%] 98,554 13.4 2,159 338.0 35.0%| 129,742 142,503 19.3 3,122 488.8 24.8%| 96,636] 218,964 29.7 4,797 751.0 13.6%| 16,778
14 7.40 43.3%| 114.92 7.15 44,92 71.7%] 95,398 13.3 2,124 332.5 35.6%| 129,223] 138,958 19.4 3,093 484.3 25.0%| 96,453] 214,583 30.0 4,777 747.8 13.7%| 17,316
15 7.18 45.1%| 114.84 6.93 44.19 72.7%| 92,384 13.3 2,090 327.3 36.1%| 128,530] 135,555 19.6 3,067 480.2 25.3%| 96,094] 210,358 30.3 4,760 745.2 13.8%| 17,666
16 6.97 46.9%| 114.76 6.72 43.45 73.7%] 89,499 13.3 2,060 322.5 36.6%| 127,667| 132,282 19.7 3,045 476.6 25.5%| 95,566] 206,275 30.7 4,748 743.2 13.8%| 17,835
17 6.77 48.7%| 114.68 6.52 42.69 74.7%] 86,733 13.3 2,031 318.0 37.1%| 126,656| 129,127 19.8 3,024 473.5 25.7%| 94,890] 202,321 31.0 4,739 741.9 13.8%| 17,848
18 6.57 50.5%| 114.60 6.32 42.00 75.8%] 84,072 13.3 2,002 313.3 37.7%| 125,842 126,075 19.9 3,001 469.9 25.9%| 94,413] 198,476 314 4,725 739.7 13.9%| 18,054
19 6.38 52.3%| 114.52 6.13 41.23 76.7%] 81,504 13.3 1,977 309.5 38.2%| 124,580] 123,113 20.1 2,986 467.4 26.1%| 93,491] 194,727 31.8 4,723 739.3 13.9%| 17,811
20 6.19 54.1%| 114.44 5.94 40.45 77.6%] 79,022 13.3 1,954 305.8 38.6%| 123,193] 120,233 20.2 2,972 465.3 26.3%| 92,447] 191,060 32.1 4,723 739.5 13.9%| 17,445
21 6.01 55.9%| 114.35 5.76 39.65 78.5%] 76,620 13.3 1,932 302.5 39.0%| 121,682 117,428 20.4 2,961 463.6 26.4%| 91,283] 187,468 32.5 4,728 740.1 13.9%| 16,959
22 5.83 57.7%| 114.43 5.59 38.90 79.3%] 74,321 13.3 1,910 299.1 39.5%| 120,279| 114,732 20.5 2,949 461.7 26.6%| 90,222] 183,998 32.9 4,730 740.5 13.9%| 16,565
23 5.66 59.5%| 114.34 5.42 38.13 80.3%] 72,051 13.3 1,890 295.8 39.9%| 118,757] 112,045 20.7 2,939 460.0 26.7%| 89,059] 180,517 33.3 4,734 741.2 13.9%| 16,086
24 5.48 61.3%| 114.24 5.25 37.29 81.1%] 69,837 13.3 1,873 293.2 40.3%| 116,891] 109,407 20.9 2,934 459.3 26.8%| 87,558] 177,078 33.7 4,749 743.4 13.8%| 15,276
25 5.31 63.1%| 114.14 5.08 36.44 81.9%] 67,673 13.3 1,857 290.8 40.6%| 114,913] 106,810 21.0 2,931 458.9 26.9%| 85,954] 173,669 34.2 4,766 746.2 13.7%| 14,371
26 5.15 64.9%| 112.72 4.86 35.21 82.7%] 62,956 13.0 1,788 279.9 42.1%| 113,454] 101,652 20.9 2,887 452.0 27.4%| 84,875 167,712 34.5 4,763 745.7 13.7%| 13,981
27 4.98 66.7%| 112.98 4.71 34.48 83.6%] 61,632 13.1 1,787 279.8 42.1%| 111,329] 99,858 21.2 2,896 453.3 27.3%| 83,154] 165,055 35.1 4,786 749.3 13.7%| 13,004
28 4.81 68.5%| 113.22 4.56 33.68 84.3%] 60,286 13.2 1,790 280.2 42.1%| 108,859|] 98,037 21.5 2,911 455.7 27.2%| 81,094] 162,367 35.6 4,821 754.8 13.5%| 11,691
29 4.65 70.3%| 113.43 441 32.88 85.1%| 58,914 13.4 1,792 280.5 42.2%| 106,454] 96,183 21.8 2,925 457.9 27.1%| 79,104] 159,639 36.2 4,855 760.1 13.4%| 10,454
30 4.49 72.1%| 113.63 4.26 32.01 85.8%] 57,513 135 1,797 281.3 42.1%| 103,744] 94,292 22.2 2,946 461.1 27.0%| 76,817] 156,865 36.9 4,900 767.2 13.2% 8,928
31 4.32 73.8%| 113.82 4.10 31.14 86.6%] 56,080 13.7 1,801 281.9 42.1%| 101,069|] 92,357 22.5 2,966 464.3 26.9%| 74,574] 154,033 37.5 4,946 774.3 13.0% 7,458
32 4.15 75.6%| 113.99 3.95 30.20 87.2%] 54,608 13.8 1,808 283.1 42.0%| 98,086] 90,372 22.9 2,993 468.5 26.7%| 72,033] 151,133 38.3 5,005 783.5 12.8% 5,705
33 3.99 77.4%| 114.15 3.79 29.25 88.0%] 53,116 14.0 1,816 284.3 41.9%| 95,094] 88,326 23.3 3,020 472.8 26.6%| 69,518] 148,152 39.1 5,065 793.0 12.6% 3,997
34 3.82 79.2%| 114.29 3.63 28.22 88.6%] 51,576 14.2 1,828 286.2 41.7%| 91,779] 86,211 23.7 3,055 478.3 26.3%| 66,699] 145,072 39.9 5,141 804.9 12.3% 2,009
35 3.64 81.0%| 114.43 3.47 27.17 89.3%] 49,975 14.4 1,840 288.0 41.6%| 88,424] 84,012 24.2 3,093 484.2 26.1%| 63,859] 141,873 40.9 5,223 817.6 12.0% 31
36 3.47 82.8%| 114.55 3.34 26.34 89.9%] 48,491 14.5 1,841 288.2 41.6%| 85,982 81,968 24.5 3,112 487.2 26.0%| 61,9001 138,881 41.6 5,273 825.5 11.8% -1,112
37 3.28 84.6%| 114.66 3.17 25.14 90.6%] 46,722 14.8 1,858 290.9 41.4%| 82,128] 79,537 25.1 3,163 495.2 25.7%| 58,617] 135,346 42.8 5,383 842.7 11.5% -3,444
38 3.09 86.4%| 114.76 2.98 23.83 91.2%] 44,848 15.0 1,882 294.6 41.1%| 77,848] 76,955 25.8 3,229 505.5 25.3%| 54,946] 131,587 44.1 5,521 864.3 11.0% -6,100
39 2.89 88.2%| 114.84 2.79 22.45 91.8%] 42,843 15.4 1,908 298.7 40.8%| 73,348] 74,187 26.6 3,304 517.3 24.9%| 51,105] 127,550 45.7 5,681 889.4 10.5% -8,847
40 2.68 90.0%| 114.91 2.58 20.94 92.5%] 40,678 15.7 1,942 304.1 40.3%| 68,421 71,182 27.6 3,399 532.1 24.4%| 46,902] 123,153 47.7 5,881 920.6 9.9%| -11,851

* For optimisation purpose only

Optimisation
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Project
Task

River: River Alternative: Alternative

[Plant Size Optimisation - Charts
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