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Appendix-B  Solar & Wind Power

1. SOLAR POWER

Table AP-B.1.1 Satellite Data on Annual Average Solar Irradiation
Redion Boundary (In degree) |Elevation Monthly Averaged Isolation Incident on Horizontal Surface (kWh/mzlday)
¢ Latitude Longitude (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1) 10S-11N]J103W-104E 29] 5.35 5.98 6.21] 5.96 509| 428] 434| 384| 426| 454 512 5.35
2| 10S-11NJ104 W - 105 E| 65] 5.27 5.69 5.86]| 5.79 501] 436] 4.47 3.89] 425] 436| 48| 5.08
3] 11S-12N|103W-104 E 288 526| 558| 572] 556| 495| 3.95| 3.99| 344] 393| 430| 48| 5.13
4] 11S-12N|104W -105E 106| 524 559| 574| 576| 529| 457] 470| 418| 454| 445| 478] 501
5| 11S-12N]105W - 106 E 6] 519| 570 589| 595| 554| 5.14] 520] 509| 5.08] 479] 4.92] 4.98
6] 11S-12N|106W - 107 E 56] 5.30 5.72 5.99| 5.96 5.55 509| 517 492] 487| 470| 497 5.03
7| 12S-13N|102W - 103 E 212 525| 554| 573] 564| 478| 430| 438 4.13] 432| 445| 497]| 5.19
8| 12S-13N|103W - 104 E 181] 5.17| 564| 567| 560| 524| 470] 473] 437| 451| 433 449] 4.80
9| 12S-13N|104 W -105E 73] 5.35 5.87 6.04] 6.09 5.63 516] 521 490] 493| 466 486 4.99
10| 12S-13N|105W - 106 E 471 5.39 5.87 6.03] 6.01 5.62 518| 525| 490] 476| 470| 4.9 5.11
11] 12S-13N|106 W - 107 E 91] 5.44| 5.91 6.11] 5.99 5.57 509| 508 463] 475| 471 5.01 5.16
12| 12S-13N|107 W - 108 E 488] 5.37 596| 6.16] 592| 545| 487| 484 451] 465| 455| 476| 4.94
13| 13S-14N|102W- 103 E 92] 5.16 5.60 571| 576 520| 480] 473| 455| 466| 454 483] 4.9
14| 13S-14N|103W - 104 E 24] 5.28 5.79 5.90| 5.98 5.59 509| 517 487] 488| 4.66| 4.87] 4.96
15| 13S-14N|104W - 105E 70] 5.34| 5.82 595| 5.99 5.67 516| 524 484] 469| 462| 494]| 503
16| 13S-14N|105W - 106 E 71] 5.46 5.90 6.05|] 6.04| 558 507]| 512 459] 466| 472 5.04]| 5.19
17| 13S-14N|106 W - 107 E 107] 551 599| 6.16| 6.01| 551] 491] 495] 450| 4.69] 472] 498] 517
18] 13S-14N|107W- 108 E 221 544| 6.04| 6.26] 6.04| 551| 473| 473] 424] 463| 469| 484 5.01
19| 14S-15N|103W - 104 E 131] 5.25| 576] 6.02| 612| 571] 5.18] 519] 49| 4.91] 461 486] 4.99
20] 14S-15N]104 W - 105 E 126] 530 576| 595| 6.02| 5.69| 512 520| 479| 478] 462 4.90] 5.00
21 14S-15N]106 W - 107 E 304 541| 581| 592] 584 529| 459| 459 4.09] 451| 471| 492 5.07
22| 14S-15N]107 W - 108 E 660 5.38| 591| 6.05] 588 521| 433] 434 384] 442| 459 473] 4.99
Average| 5.32 5.79 596] 590| 539] 480| 484| 445]| 462] 459| 48| 5.05
Minimum| 516 554| 5.67] 556 4.78] 3.95| 3.99 344 393] 430 4.49]| 480
Maximum|  5.51 6.04| 6.26] 6.12 5.71 518| 5.25 5.09 5.08| 4.79 5.12 5.35

Data Source : http//: eosweb.larc.nasa.gov

Table AP-B.1.2 Satellite Data on No Sun or Black Days
Rei Boundary (In degree) |Elevation Equivalent Number of NO-SUN Or BLACK Days (days) Annual
eon Latitude Longitude (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec A\:s;amge
1] 10S-11NJ103W -104E]| 29 2.25 1.35 1.49 251 3.46 5.95 6.77 5.73 9.34 2.38 4.45 1.85 3.96
2] 10S-11NJ104 W -105E 65 1.88 2.11 2.16 1.76 3.27 6.05 6.31 6.93 6.14 2.41 4.07 2.31 3.78
3] 11S-12NJ103 W -104 E 288 2.76 2.25 2.87 2.64 4.88 3.64 7.38 7.20 8.32 3.59 3.08 1.93 4.21
4] 11S-12NJ104 W - 105 E 106 2.42 1.25 3.32 2.60 4.10 6.69 5.40 6.37 3.70 3.55 4.07 2.09 3.79
5] 11S-12NJ105W -106 E 6| 1.31 1.12 1.47 131 2.18 5.01 4.29 3.89 242 2.32 2.56 1.43 244
6] 11S-12NJ106W -107 E 56 1.52 1.02 1.91 1.61 1.67 2.23 4.13 3.15 3.44 3.29 2.53 1.35 2.32
7] 12S-13NJ102 W - 103 E 212 3.48 1.31 3.08 2.81 1.94 2.36 4.30 5.16 7.08 4.11 3.07 1.97 3.38
8] 12S-13NJ103 W -104 E 181 2.75 1.43 2.51 2.62 2.83 3.51 5.11 4.61 4.12 2.86 4.74 1.86 3.24
9] 12S-13NJ104 W -105E 73 1.50 1.47 1.33 1.72 1.87 3.60 3.98 3.98 3.16 2.46 2.96 1.18 2.43
10 12S-13 NJ105W - 106 E 47 1.61 0.76 2.05 1.19 1.59 3.35 4.13 3.03 214 3.10 3.20 1.33 2.29
11] 12S-13NJ106 W - 107 E 91 1.48 1.46 1.62 1.70 1.78 2.00 5.43 4.40 2.52 4.14 3.64 0.84 2.58
12| 12S-13 NJ107 W - 108 E 488 1.50 1.31 2.01 1.46 1.99 3.57 4.79 4.39 1.54 4.14 3.15 1.56 2.61
13| 13 S-14 NJ102 W - 103 E 92 2.16 1.95 1.52 2.55 1.60 3.67 4.58 4.82 3.02 1.98 3.78 1.75 2.78
14| 13S-14 NJ103 W - 104 E 24 1.87 1.40 1.99 2.25 2.71 4.82 4.43 3.24 3.68 1.79 4.18 1.62 2.83
15| 13S-14NJ104 W - 105 E 70 2.08 1.01 1.97 1.65 142 5.23 3.31 2.94 2.68 2.28 3.40 1.60 2.46
16| 13S-14 NJ105W - 106 E 71 1.76 1.47 2.10 0.94 1.27 2.54 3.39 4.38 3.47 4.13 4.16 1.43 2.58
17| 13 S-14 NJ106 W - 107 E 107 1.46 1.21 1.61 0.94 1.29 2.26 2.56 4.27 3.39 4.40 4.15 0.95 2.37
18] 13 S-14 NJ107 W - 108 E 221 0.91 1.01 1.68 0.94 2.36 3.17 4.32 5.84 4.65 5.35 4.15 1.29 2.97
19| 14 S-15N]103 W - 104 E 131 1.59 1.36 2.00 2.40 1.90 3.18 3.04 3.98 3.48 2.42 2.77 1.86 2.49
20) 14S-15N]104W -105E 126 1.28 1.40 2.44 2.84 1.68 3.39 3.39 2.97 3.07 2.28 2.87 1.61 243
21) 14S-15N]106 W - 107 E 304 1.14 1.83 1.72 2.36 2.05 2.87 4.11 4.46 3.32 4.73 3.10 1.58 277
22| 14S-15N]107 W -108E 660 0.74 1.37 2.25 3.06 3.03 2.42 5.71 7.10 3.52 5.45 3.17 1.49 3.27
Average| 1.79 1.40 2.05 1.99 2.31 3.70 4.58 4.67 4.00 3.32 3.51 1.58 2.90
Data Source : http//: eosweb.larc.nasa.gov
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Table AP-B.1.3

Details of PV System Sizing for Solar BCS

Size of PV system for BCS For 100 Ah Battery For 70 Ah Battery For 50 Ah Battery
Min. Insolation 1 1 Avg. Insolation | [ Min. Insolation 1 1 Avg. Insolation | | Min. Insolation 1 1 Avg. Insolation

Parameter Value Unit ''Value Unit Value Unit '' Value Unit Value Unit ' 'Value Unit
1j[Total DC Current is (50% DOD) 50.0 Ah/day '!' 50.0 Ah/day 350 Ah/day 11 35.0 Ah/day 25.0 Ah/day 11+ 25.0 Ah/day
2|[Solar Irradiation 46 hiday 1 51 h/iday 46 hiday 11 5.1 h/day 46 hiday 11 51 h/iday
3[[Module derating factor 10 % i 10 % 10 % i 10 % 10 % HE 10 %
4f|charge Controller (C/C) consumption 10 mAh 10 mA/h 10mAh ) 10 mA/h 10 mAh 10 mA/h
5(|Total Charging hour In a day 8 h/day !! 8 h/day 8h/day || 8 h/day 8Mhday |1 8 h/day
6/[Total Consumption by Charge controller 0.08 Ah/day 1 0.08 Ah/day 0.08 Ah/day 11 0.08 Ah/day 0.08 Ah/day ' 1 0.08 Ah/day
7|[System voltage is 12 vDC . 12vDC 12VDC 1. 12 vDC 12VDC 1 12 vDC
8{|Columbic efficiency (Charging eff. of Battery) 20 % L 90% 90 % 1§ 90 % 90 % L 0%
9|[Required voltage for charging* 16.0 V 1L 160 V 160 V. 1L 160 V 16.0 V. 1L 15V
10||Required DC current to charge each battery 618 Ah/day !! 61.8 Ah/day 433 Ah/day ''  43.3 Ah/day 30.9 Ah/day !'' 30.9 Ah/day

Even at higher ambient temperature system need to charge battery efficently, for this out put of C/C need to be at around 13.5 to 14Vol

s. Therefore, here total loss of the system is considered to be 2.0 Volts.

= Input Value

Total System Capacity

Total nos. of households to be covered | 0to 25 HH 26 to 50 HH 51 to 75 HH 76 to 100 HH

100Ah Capacity battery 20% of total household 5.0 nos. 10.0 nos. 15.0 nos. 20.0 nos. Charging interval is in every 5 day
[70Ah Capacity battery 50% of total household 12.5 nos. 25.0 nos. 37.5 nos. 50.0 nos. Size of each module is (Example) 50 Wp
50Ah Capacity battery 30% of total household 7.5 nos. 15.0 nos. 22.5 nos. 30.0 nos. Each module produce (Ipm) current  3.00 Am

Source: JICA Study Team

Value from this table is used to calculate system cost

Household nos. 0 to 25 Household nos. from 26 to 50 Household nos. from 51 to 75 Household nos. from 76 to 100
At 4.6 h/day At5.1 h/day At 4.6 h/day At 5.1 h/day At 4.6 h/day At 5.1 h/day At 4.6 h/day At 5.1 h/day

Required total DC current for charging 217 Ah/day 217 Ah/day 433 Ah/day 433 Ah/day 650 Ah/day 650 Ah/day 866 Ah/day 866 Ah/day
Required power to charge 3.5 kW/day 3.5 kwWi/day 6.9 kW/day 6.9 kW/day 10.4 kwW/day 10.4 kW/day 13.9 kw/day 13.9 kW/day
[Total current generation by each module 12.1 Ah/day 13.4 Ah/day 12.1 Ah/day 13.4 Ah/day 12.1 Ah/day 13.8 Ah/day 12.1 Ah/day 13.4 Ah/day
Number of modules in parallel 19.9 no. 18.0 no. 39.8 no. 35.9 no. 59.7 no. 52.4 no. 79.6 no. 71.8 no.
[Total Number of module in parallel (Rounded 20.0 no. 18.0 no. 40.0 no. 36.0 no. 60.0 no. 53.0 no. 80.0 no. 72.0 no.
Number of module in series (12V nominal) 1.0 no. 1.0 no. 1.0 no. 1.0 no. 1.0 no. 1.0 no. 1.0 no. 1.0 no.
Current produced by system 52.6 Ah 47.3 Ah 105.1 Ah 94.6 Ah 157.7 Ah 143.1 Ah 2102 Ah 189.2 Ah
[Total Current produce by the system 241.8 Ah/day 241.3 Ah/day 483.6 Ah/day 482.5 Ah/day 473.0 Ah/day 429.3 Ah/day 967.1 Ah/day 965.0 Ah/day
|Total PV Capacity 1.00 kWp 0.90 kWp 2.00 kWp 1.80 kWp 3.00 kWp 2.65 kWp 4.00 kWp 3.60 kWp
[ Total power generation by the system 4.1 kWplday 4.1 kWp/day 8.3 kWp/day 8.3 kWp/day 12.4 kWpl/day 12.2 _kWplday 16.6 kWp/day 16.5 kWpl/day|
Required Capacity of PV at4.6 at 5.1 kwh/m?/day Roundup Capacity of PV System at4.6 at 5.1 kwh/m?/day
ifor 0 to 25 households 1.0 0.9 kWp [for 0 to 25 households 1.0 1.0 kWp
[for 26 to 50 households 2.0 1.8 kWp [for 26 to 50 households 2.0 20 kWp
[for 51 to 75 households 3.0 2.7 kWp [for 51 to 75 households 3.0 3.0 kWp
[for 76 to 100 households 4.0 3.6 kWp [for 76 to 100 households 4.0 4.0 kWp

From the detail calculation it is clear that if total capacity is rounded up to a digit than even thought solar irradiation varies (in this case) the out put is same.

Table AP-B.1.4

Cost Estimation of PV System for Solar BCS

Charge Controller (C/C) with
JAmp Hour Meter

lIRequired no. of Charge Controller Min Avg Unit
for 0 to 25 households 5.0 5.0 nos.

for 26 to 50 households 10.0 10.0 nos.

for 51 to 75 households 15.0 15.0 nos.

for 76 to 100 households 20.0 20.0 nos.
Present International Market price  Unit Cost
Photovoltaic (PV) module 3.7 US$/Wp

265.0 US$/pcs.

Cost of System (US$)
for 0to 25 HH for 26 to 50 HH for 51 to 75 HH for 76 to 100 HH
Iltem at4.6 at5.1 at4.6 at5.1 at4.6 at5.1 at 4.6 at5.1

KwWh/m?/day | kwh/m?’/day | kwhim?/day | kwh/m?/day | kWh/m’/day | kwh/m?/day | kwh/m?/day| kWh/m’/day |
Photovoltaic (PV) module (a) 3,700 3,700) 7,400 7,400 11,100 11,100 14,800 14,800
Charge controller (C/C) (b) 1,325 1,325 2,650 2,650 3,975 3,975 5,300 5,300)

1 0, * 0,

Accessories cost 15% {(a+b) * 15%} 754 754 1,508 1,508 2,261 2,261 3015 3,015
(Structure, Breaker, Wires etc.)
Charging Station (Shade/House) cost 500 500 900 900 1,300 1,300 1,700 1,700
Total Cost 6,279 6,279 12,458 12,458 18,636 18,636 24,815 24,815

Note:

Source: JICA Study Team

(1) System is calculated on the base of country annual average (5.1kwh/m?/day) and minimum average (4.6kwh/m2/day) solar Irradiation
(2) From the calculation it is clear that even thought system is deigned for different irradiation if out put is rounded up it does not differ

(3) Capacity of PV System is calculated on the base of 3.0 Imp, 50Wp module for reference.
(4) Required Capacity is rounded up to minimize the differences between seasonal average solar Irradiation
(5) PV system need to generate enough voltage to charge battery even at higher Ambient Temp (35 deg Celsius) and C/C must supply 13.5V and above.
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Table AP-B.1.5

PV System Designing for Typical Public Facilities (1/3) [Health Post]

(Source: JICA Study Team)

. Total .
DC Loads of Health post Value Unit Quantit Load (E;:ﬂg) I&s:}kjga?
(Watts) Y

Lights (FL) 20 Watt 24.0 Watts 4 96.00 3.0 0.29
Lights (FL) 40Watt 48.0 Watts 4 192 3.0 0.58

Total load 288 0.86
Array Sizing parameter = Input Values
Incline Solar Irradiation (Avg) 5.1 kwh/m%/day
Module derating factor 10 % Normally 10%
If size of each module is 50.0 Wp
If each module produce (Ipm) current 3.00_ Amp
Load
Total power consumption at DC side 0.86 kWh/day
Peak load 0.29 kWh
Columbic efficiency 90 % Normally 90%
Charge controller Consumption 20 mA/h
Total Consumption by Charge controller 0.5 Ah/day
If System voltage is 12 vDC
Hour In a day 24 h Ah (Calculated hour rate)

Rate Factor =
Battery Sizing parameter Ah (Standard hour rate of manufacturer)
Battery Depth of Discharge (DOD) 80 %
Days of Autonomy 3 days
Rate Factor 1.3 3days x 24 hours/day
Avg. Rate of Dischargg = ——™™8

Therefore Value Unit 0.8 max. discharge
Total DC Load is 1.00 kWh/day
Total DC Load Current is 83.3 Ah/day
Average rate of Discharge 90 hours rate
Total current generation by each module 13.8 Ah/day
Number of modules in parallel 6.7 no.
Number of module in parallel (Rounded up) 7 no.
Number of module in series (12V nominal) 1.0 no.
Total number of module 7.0 no.
Total required PV Capacity for the system 350.0 Wp
Total power generation by the system 1.6 kWp/day
Total Current produce by the system 96.4 Ah/day
Size of Charge controller (Rounded up) 19.0 Amp
Required Battery capacity (Calculated hours rate) 313 Ah Note: First chose the size of battery in Calculated hours rate.
Required Battery capacity (at 10 hours rate) 240 Ah If not available bring the battery at manufactures standard rate.

For this if you don't know any value then average Rate factor is 1.3 (safety value)

Table AP-B.1.6

PV System Designing for Typical Public Facilities (2/3) [Night School]

(Source: JICA Study Team)

.. Total .
DC Loads of Night school Value Unit Quantit Load (E;'ﬂg) :—ISJSLZT(;
(Wats) Y

Lights (FL) 20 Watt 240 Watts 4 96.00 3.0 0.29
Lights (FL) 40Watt 48.0  Watts 10 480 3.0 1.44

Total load 576 1.73
Array Sizing parameter = Input Values
Incline Solar Irradiation (Avg) 5.1 kwh/m*/day
Module derating factor 10 % Normally 10%
If size of each module is 50.0 Wp
I1f each module produce (Ipm) current 3.00 Amp
Load
Total power consumption at DC side 1.73 kWh/day
Peak load 0.58 kWh
Columbic efficiency 90 % Normally 90%
Charge controller Consumption 20 mA/h
Total Consumption by Charge controller 0.5 Ah/day
If System voltage is 12 vDC
Hour In a day 24 h Ah (Calculated hour rate)

Rate Factor =
Battery Sizing parameter Ah (Standard hour rate of manufacturer)
Battery Depth of Discharge (DOD) 80 %
Days of Autonomy 3 days
Rate Factor 1.3 3days x 24 hours/day
Avg. Rate of Dischargg = ——™™™

Therefore Value Unit 0.8 max. discharge
Total DC Load is 1.96 kWh/day
Total DC Load Current is 163.3 Ah/day
Average rate of Discharge 90 hoursrate
Total current generation by each module 13.8 Ah/day
Number of modules in parallel 13.2 no.
Number of module in parallel (Rounded up) 14 no.
Number of module in series (12V nominal) 1.0 no.
Total number of module 14.0 no.
Total required PV Capacity for the system 700.0 Wp
Total power generation by the system 3.2 kWp/day
Total Current produce by the system 192.8 Ah/day
Size of Charge controller (Rounded up) 38.0 Amp
Required Battery capacity (Calculated hours rate) 613 Ah Note: First chose the size of battery in Calculated hours rate.
Required Battery capacity (at 10 hours rate) 471 Ah If not available bring the battery at manufactures standard rate.

For this if you don't know any value then average Rate factor is 1.3 (safety value)
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Table AP-B.1.7

PV System Designing for Typical Public Facilities (3/3) [Community Hall]

(Source: JICA Study Team)

.. Total .
DC Loads of Community hall Value Unit Quantit Load Using - Total Load
(hours) (kWh/day)
(Watts)

Lights (FL) 20 Watt 240 Watts 2 48.00 20 0.10
Lights (FL) 40Watt 48.0 Watts 4 192 2.0 0.38

Total load 240 0.48
Array Sizing parameter = Input Values
Incline Solar Irradiation (Avg) 5.1 kwh/m’/day
Module derating factor 10 % Normally 10%
If size of each module is 50.0 Wp
I1f each module produce (Ipm) current 3.00 Amp
Load
Total power consumption at DC side 0.48 kWh/day
Peak load 0.24 kWh
Columbic efficiency 90 % Normally 90%
Charge controller Consumption 20 mA/h
Total Consumption by Charge controller 0.5 Ah/day
If System voltage is 12 vDC
Hour In a day 24 h Ah (Calculated hour rate)

Rate Factor =
Battery Sizing parameter Ah (Standard hour rate of manufacturer)
Battery Depth of Discharge (DOD) 80 %
Days of Autonomy 3 days
Rate Factor 1.3 3days x 24 hours/day
Avg. Rate of Dischargg= ——™@™@™8™8™ ™

Therefore Value Unit 0.8 max. discharge
Total DC Load is 0.57 kWh/day
Total DC Load Current is 47.8 Ah/day
Average rate of Discharge 90 hoursrate
Total current generation by each module 13.8 Ah/day
Number of modules in parallel 3.9 no.
Number of module in parallel (Rounded up) 4 no.
Number of module in series (12V nominal) 1.0 no.
Total number of module 4.0 no.
Total required PV Capacity for the system 200.0 Wp
Total power generation by the system 0.9 kWp/day
Total Current produce by the system 55.1 Ah/day
Size of Charge controller (Rounded up) 11.0 Amp
Required Battery capacity (Calculated hours rate) 179 Ah Note: First chose the size of battery in Calculated hours rate.
Required Battery capacity (at 10 hours rate) 138 Ah If not available bring the battery at manufactures standard rate.

For this if you don't know any value then average Rate factor is 1.3 (safety value)

Table AP-B.1.8

Cost Estimation of PV System for Typical Public Facilities

Cost of component
Item Cost Unit
Photovoltaic (PV) Module 3.7)US$/Wp
Charge Controller (12Ah) 95| US$/pcs
Charge Controller (20Ah) 115|US$/pcs
Charge Controller (40Ah) 220]US$/pcs
Battery (Deep cycle) | 147]us$/An
Light (FL) 20W 15{US$/set
Light (FL) 40W 30 US$/set

Note: (1) Prices are on large volume purchase.

(2) Charge controller (C/C) is adjusted to the available size

Cost of System
Accessories Total
Photovoltaic PV | Charge controller . Cost ota
Battery (d
Item (a) (b) ry () |Light (e) (a+b+d+e)*20 ('IE):IZS
% (f)
Wp US$ Ah  JUS$/pcs|  Ah US$ US$ US$ us$
Health Post 350 1,295 20 115 240 354 180 389 2,333
Night School 700 2,590 40 220 471 695 360 773 4,638
Community Hall 200 740 12 95 138 203 150 238 1,426
Note: Accessories includes Switch, Wires, Structure etc.
(Source: JICA Study Team)
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2. WIND POWER

Table AP-B.2.1 Satellite Data on Annual Average Wind Speed at 50m above Ground
Level

Rei Boundary (In degree) |Elevation Monthly Averaged Wind Speed at 50m above Surface of the Earth (m/s) Annual

eoen Latitude Longitude (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec A\:ﬁqr/zge
1] 10s-11N[103 W - 104 E| 29] 355| 360 366| 311 300 409| 400] 438] 336| 3.14] 432] 446 3.72
2] 10s-11N]104W-105E 65] 278| 282] 297| 261| 243] 288]| 2.88| 299] 224]| 237] 328] 341 2.80
3| 11s5-12N]103W-104E 288 331] 320] 319 277| 260] 350| 3.44] 365] 272 280] 388] 413 3.26
4] 11s-12N]104W-105E 106] 2.67] 264] 278| 248 229 271] 273| 278] 2.02] 229] 323] 330 2.66
5| 11s-12N]105W-106 E 6 329 308] 308] 259 231] 287] 292] 301] 212] 244] 357] 373 291
6| 11s-12NJ106W-107E s56] 519] 451] 409 308] 266] 3.98] 3.99] 432] 3.03] 324] 488] 540 4.03
7| 12s-13NJ102W-103E 212 388| 352] 334 291| 262] 370| 357 377 278| 298] 409] 461 3.48
8] 125-13NJ103W-104E 181] 350 324 314| 276| 248 325| 318| 331 241| 271] 377] 412 3.15
o] 125-13N|104W-105E 73] 312| 296] 295| 262] 234 281] 279| 285] 204| 244] 346] 362 2.83
10] 12s-13N|105W-106 E 471 360| 333] 321] 271] 237] 299] 298] 309] 216] 216] 380] 3.96 3.03
11] 12s-13N|106 W-107E o1] 495| 436] 3.93| 304 258] 377] 375] 403] 276] 3.24] 480] 515 3.86
12] 12s-13N|107W-108E 488 6.31] 539] 463] 336| 278] 455| 453 497] 336] 386] s581] 633 4.65
13] 13s-14N|102W-103E 92| 407| 368| 356| 316| 274 353]| 338| 353] 256| 295] 404] 451 3.47
14] 13S-14N|103W - 104 E 24] 409| 373] 353] 3.09] 265] 335] 321] 336] 244] 2.88] 399] 443 3.39
15] 13s-14N|104W-105E 70] 413| 378] 350 3.02]| 254] 318] 3.04] 319] 231] 281] 395] 434 3.31
16] 13s-14N|105W-106 E 71] 451 409] 370 3.07]| 256] 334] 321] 342] 244] 3.03] 430] 467 352
17] 13s-14N|106W-107E 107] 528 469 413| 324| 267| 384| 373| 405] 282] 353] 500] 539 4.03
18] 13s-14N|107W-108E 221] 6.03| s528] 458| 342| 278] 433] 425] 469] 3.19| 4.03] s586] 6.11 4.54
19] 14S-15N|103 W -104 E 131 3.69 3.38 3.25 2.89 248 3.03 2.92 3.01 2.15 2.59 3.58 3.90 3.07
20] 14S-15N]|104 W -105E 126 3.98 3.65 3.39 2.96 2.50 3.06 2.93 3.05 2.21 2.70 3.79 4.13 3.19
21] 14s-15N|106 W -107E 304 5.17| 4e65] 415 333 269] 378| 364] 391] 281] 370] s514] 533 4.02
22| 14s-15N|107W-108E 660 5.86| 522] 461| 356| 281] 425| 411] 447] 319| 433] s597] 6.06 4.53
Average| 4.22 3.85 3.60 2.99 2.58 3.49 3.41 3.62 2.59 3.01 4.30 4.59 3.52

Data Source : http//: eosweb.larc.nasa.gov
Table AP-B.2.2 Satellite Data on Annual Average Wind Speed at 20m above Ground
Level

Rei Boundary (In degree) |glevation| Adjusted Monthly Averaged Wind Speed for 20 meters height & Vegetation type (m/s) Annual

een Latitude Longitude (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec A\:ﬁqr/zge
1] 10s-11N|[103 W - 104 E] 20] 274] 273] 296 225 217 297] 290 318] 243] 232] 325] 341 2.77
2] 10s-11N]104W-105E 65] 215| 214] 240| 1.89| 176] 208] 208] 216] 162] 1.75] 246] 261 2.09
6| 11s5-12N]103W-104E 288 256| 243] 258 201| 18] 253 249 264] 197 206] 292] 316 243
7| 11s-12N]104W-105E 106] 2.06] 200] 225] 179| 166]| 196] 198|] 201 146| 169|] 243] 252 1.98
8] 115-12N]105W-106E 6l 254 233] 249| 187 168] 208] 211] 218] 153] 1.80] 268] 285 217
of 11s-12NJ106W-107E s56] 401]| 343] 331] 223] 193] 288] 289] 313] 219] 239] 368] 413 3.01
10] 12s-13N|102W-103E 212 300] 267] 270 211] 190] 268] 259 273] 201] 220] 307] 353 259
11] 12s-13N|103W-104E 181] 2.70] 246]| 254| 200| 179] 235] 230| 240] 1.74] 200] 283] 315 235
12] 12S-13N|104W-105E 73] 241] 224] 238] 1.90] 169] 203] 202] 206] 148] 18] 260] 277 211
13] 12s-13N|105W-106 E 471 278| 252 260 196| 171] 216]| 216]| 224] 156] 1.92] 286] 3.03 2.29
14] 12s-13N|106 W-107E o1] 3.82| 331] 318 220] 187] 273] 272] 292] 200] 239] 361] 394 2.89
15] 12S-13NJ107W-108E 488 4.88| 4.09] 375 243| 201] 330| 328] 360] 243| 285] 437] 485 3.48
16] 13s-14N|102W-103E 92| 314| 279 288| 229| 198] 256]| 245]| 256] 1.85]| 218] 304] 345 259
17] 13s-14N|103W-104E 24] 317| 283] 285 224] 192] 243] 232] 243] 177] 212] 300] 339 253
18] 13s-14N|104W-105E 70] 319] 287] 283 219] 185] 230] 220] 231] 167] 207] 297] 333 248
19] 13s-14N|105W-106 E 71] 349| 311] 299 222] 185] 242] 232] 248] 177] 223] 324] 358 2.64
20] 13s-14N|106 W -107E 107] 4.08] 356] 335| 235| 193] 278] 270| 294 2.04] 260] 383] 413 3.02
21] 13s-14nN|107w-108E 221] 4e66| 401] 370 248| 201] 314| 308] 340] 231] 297] 441] 468 3.40
23] 14s-15N|103wW-104E 131] 2.85]| 256] 2.63] 209| 179] 219] 211| 218] 1s56|] 191] 269] 298 2.29
24] 14s-15N|104W-105E 126] 3.07| 277 274 214| 182 222| 212| 221] 1e60| 199| 285] 3.16 2.39
26] 14s-15N|106 W-107E 304 4.00] 353] 336 241| 195] 274| 264] 283] 203] 273] 386] 4.08 3.01
27l 14s-15N|107w-108E 660 453] 396] 373 258| 203] 308|] 298] 324] 231 320] 449] 464 3.39
Average] 3.26| 292 291| 216]| 187] 252| 247] 262] 187 223] 323] 351 263

Data Source : http//: eosweb.larc.nasa.gov
Note : Vegetation type crop : 20-m brodleaf - deciduous trees (10%) & Crops (Like rice, wheat)
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1. Sihanouk Ville 33 X Y Kampong Cham province TOH#l_E H & &

TR TT TIEBETICB W T ERRENTEHINTNWD, 20550 FEOH4 A FbEd
FRIN7-HEEE 2005 4 6 AICAT T/, M EARET —ZIXLLTFO 2 SOBHIFTH S [R]IY
L7,

(i) Sihanouk Ville (SHV)

IKEEAR DAL D AGEMEAS & > & — O BIRICBIHIRL RS 25 E LT, B ELARTEL TV
Do

(i) Kampong Cham (Kg. Cham)
MIMEBLONEDOBKEX (PV) +~A427v,g kK (MH) oA 7Y v R
DIFFEERY A F T, BFNEZTLEL TV,

ROV A S TREESSNTHRET — XX, & 12 EOBERE COHKNETH D,

F1EXK21F, LDV A FOAFRERLEOY~ Y —&2RT, BMIER—1 BLORMNER
—2ICBT =2 ST %,

# 1 WTSC (Sihanouk Ville province) ™ B §&50 4%

Recorded average solar irradiation at WI'SC of Sihanouk Ville (kWh/m’/day)
Year /month| Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep Oct | Nov | Dec | Average
2003 *** dokeke dokeke ok ok gk doiek 403] 369| 4.09| 5.00| 518 4.40
2004f 4.82] 5.28] 5.68 414 424] 357| 3.63 492 5.03| 5.52 4.68
2005 5.28| 5.80| 543| 511| 4.03| *** ok ok ok ok ok ok 5.13
Average| 5.05| 554| 555| 511| 4.08| 424| 357| 383| 369| 451| 501| 535 4.63
i ; A
Note: (1) *** F—Z FATF (2) - ZEgkT T — Q) B TOT —HILSHV A haxH[EIYL

kFLv, iﬁﬁa%ii4emmmﬂauﬁf%éﬁ 9 M 4 HEToHAYYH &I 5.0
KWh/m¥ A &4EFH L0 @< WSO 7 A0S 9 HIZIZANEITME T L, 3.9 KWhmY A% F

Eéoﬁ%?iﬂIﬁ®H%giﬁT¢é#\ﬁR@EIﬁmI@H%ESHMMWBiDﬁ
U,

72 Kampong Cham o H §+ &t é#

Recorded average solar irradiation at Kampong Cham province PV & MH project site (kWh/m?day)
Year/Month| Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct Nov | Dec | Average
2004 el ke el el ke el 4.58 4.64 5.46 5.44 5.76 5.18

2005 5.40 5.81 *kk *kk fekek Kk Kk Kekek *kk Kk Kk Kk 5.60
Average 5.40 5.81 ok ok ik ok ok 4.58 4.64 5.46 5.44 5.76 5.30
L - FEE

Note: (1) *** 5 — 4 RATF (2) 200448 AN D 12 Ay DF —# 1T A FEUL (3)20054 1 H & 2 ADF—4IEINEDO (H
AK) BHAFENTE

Kampong Cham D354 8 H & 9 A &#ER\ T, H A K &IT 5.0 kWh/m? B L W REV, 3HMNMD
THETOT =X IO AL OMEIZSHV & AR TRE Y,

JICA VK'Y T E AB-6 Rk 18 4E 6 A
FAE RV R 5 B b~ 247 7V A
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2. Sihanouk Ville (SHV) 33 X Ut Kampong Cham Q2T —#

WEARET —FEZNASAKR—LX—=U LD AFL, SHV BLU Kg. Cham Him To H 5 &%
MRNEIC Z VRO, AT LIFEEBNT — 2 138 SOKEmEE) B &2 7R~d, BEXEIC
K VEE AR EIIZDEET L, 2O, BEEENPEWVIEET —Z DEEETE L 25,
AT U702 AR — 213 1983 457> 5 1993 4E 0D 10 4R[00 H I TH %,

# 313, T 10 FHOWH A TOHEEHFHET —2 & RAEER IO EEO A EEED D
DEEE (%) 277,

7 3 SHV I X 08 Kg. Cham o H Y24 H & & S d#hdipH

Satellite data of SHV area Satellite data of Kg. Cham area
Solar Differences in respective months Solar Differences in respective
irradiation daily average irradiation data for irradiation monthly, daily average
Months | (kWh/m?/day) 10 Years (Wh/m?/day) irradiation data for 10 Years
Minimum (%) | Maximum (%) Minimum (%) | Maximum (%)

January 5.35 -7 6 5.39 -5 4
February 5.98 -5 7 5.87 -3 3
March 6.21 -5 5 6.03 -7 5
April 5.96 -8 7 6.01 -4 3
May 5.09 -11 9 5.62 -5 5
June 4.28 -20 18 5.18 -11 10
July 4.34 -22 15 5.25 -13 7
August 3.84 -18 22 4.90 -10 10
September 4.26 -31 13 4.76 -7 9
October 4.54 -8 10 4.70 -10 7
November 5.12 -15 10 4.96 -11 9
December 5.35 -6 6 5.11 -4 5
Annual 5.03 -13.0 10.7 5.32 -7.5 6.4
Average

HH : NAS AR —LR—Y

ERIT, 10 FHEOFEEN D Ofm B L ORIKGREOZHFH ML T O THDL, 2Ly,
S HVHUg TIIA& H OFELE & LT 9 AIZHEKRD-31% & 720 | 8 HIZHmD+22% DEEH N &
HZENGND, EEETRD &, mB L OURIEE & PEED N +10.7% L -13% Th 5,
Kg. Cham 054, A FEEMEICHERT 7 A ICHRIED-13% & 720 . 6 HICHKED+10% & 725, HF
BTIE, EBLORIEIEZENETN+64% L -T5% TH D, LLEns, FHMEE OENTHYIZK
<, ErmEEEDOEIVREME D% (i) NREWZ ENSN5,

RS — & L BRI — & D

Rt CoH B RN &L, KFEEICHT2HERRET —& L ERERT 52 LIXTE RN,
PR T — % % Tilt Factor (Fr)ZFIH L. 12 OB CZ6T 2 EICZ5H9 5, Tilt Factor
IZ KB Azimuth angle ZF)H LEHT 5, #iEF—2BIOMHET —Z DHEIT, ThFho
S OEBRE O B TiT o 72,

FA4LHIBLOFES LK 212, SHV B LV Kg. Cham Hilsk < 12 £ @k FCiodk S iz b
BT — 2 & 12 EOMEREICERI NIRRT T — 2 27577, RA4BLOKS ORKBIV
KEEIX, £3DOREBLORESEOLHEEZFALAH LZbDOTH 5.

JCA IRV TIE AB-7

FHERTRET AV I I T A b 2 =777 i

Rk 18 4E 6 A
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10 years average Satellite solar irradiation |_. Satellite data converted to 12 degree
- - Tilt factor (Tg) - S Measured
(Min. & Max. Values are calculated using % inclined angle using tilt factor face data at
of differences from Table-3) to calculate (Estimated Values) surface data a
Months — - the value at 12 — - 12 degree
Minimum Maximum L Minimum Maximum | ;1
Average ) - deg inclined |  Average ) - inclined angle
W2/ side side angle W2/ side side (KWh/m?/day)
(kWHM'Tday)! whim?/day)| (kwhim?day) (kWM TdaY) whimeiday)| (whim/day)

January 5.35 4.98 5.67 1.14 6.10 5.67 6.46 5.05
February 5.98 5.68 6.40 1.09 6.52 6.19 6.97 5.54
March 6.21 5.90 6.52 1.05 6.52 6.19 6.85 5.55
April 5.96 5.48 6.38 1.00 5.96 5.48 6.38 511
May 5.09 4.53 5.55 0.98 4.99 4.44 5.44 4.08
June 4.28 3.42 5.05 0.97 4.15 3.32 4.90 4.24
July 4.34 3.39 4.99 0.98 4.25 3.32 4.89 3.57
August 3.84 3.15 4.68 1.00 3.84 3.15 4.68 3.83
September 4.26 2.94 4.81 1.03 4.39 3.03 4.96 3.69
October 4.54 4.18 4.99 1.07 4.86 4.47 5.34 451
November 5.12 4.35 5.63 1.12 5.73 4.87 6.31 5.01
December 5.35 5.03 5.67 1.15 6.15 5.78 6.52 5.35
Average 5.03 4.42 5.53 1.05 5.29 4.66 5.81 4.63

Note : Measured monthly data is from 2003 Aug to 2005 May.

Satellite & Surface Solar irradiation data at 12 degree (Sihanouk Ville Area)

7.0

6.0 |
2
S
E 501
2

40 |

3.0

1 2 3 4 5 6 7 8 9 10 11 12
Months
—@®—Avg —H8=- Min —A= Max = X = Measured

1 SHVOE#EmfE B HER X O EERIEE s

12 A72H 5 A £ T, MBS R REME L v /S, 6 AICiTH FRig 3 R REHE L Y 2
DINEVNR, HFENRIHIE T2 7 A6 9 AONEIA X, H FRiss 2R EO A ¢
BB LIOARKKBEOL ORI H D Z L1355,

JCA IRV TIE AB-8

FHERTRET AV I I T A b 2 =777 i
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# 5 Kg. Cham o 1 FELHIRE 8 L O 7 — &

lQ years average Satellite solar irradia_nion Tilt factor (T7) Sat_ellit_e data conver_ted tp 12 degree Measured
(Min. & Max. Values are calculated using % inclined angle using tilt factor
of differences from Table-3) to calculate (Estimated Values) surface data at
Months — — the value at 12, — - 12 degree
Average M':;g;um MI:iI(Teum deg inclined Average M';‘g;um Ma;ldr‘relum inclined angle
(KW Tday)|  wymarday)|owhimarday)| 2 | KWIMTD)] e | gewtimiay) (kh/m2iday)
January 5.39 5.12 5.61 1.15 6.20 5.89 6.45 5.40
February 5.87 5.69 6.05 1.10 6.46 6.26 6.65 5.81
March 6.03 5.61 6.33 1.05 6.33 5.89 6.65
April 6.01 5.77 6.19 1.01 6.07 5.83 6.25
May 5.62 5.34 5.90 0.98 5.51 5.23 5.78
June 5.18 4.61 5.70 0.97 5.02 4.47 5.53
July 5.25 4.57 5.62 0.98 5.15 4.48 5.51
August 4.90 4.41 5.39 1.01 4.95 4.45 5.44 4.58
September 4.76 4.43 5.19 1.03 4.90 4.56 5.34 4.64
October 4.70 4.23 5.03 1.08 5.08 4.57 5.43 5.46
November 4.96 4.41 541 1.13 5.60 4.99 6.11 5.44
December 511 491 5.37 1.16 5.93 5.69 6.22 5.76
Average 5.32 4.92 5.65 1.05 5.60 5.19 5.95 5.30

Notes: (1) Measured monthly data are from 2004 Aug. to 2005 Feb.
(3) Blank means no data available or not appropriate to take as an average.

Satellite & Surface Solar irradiation data at 12 degree (Kg. Cham Area)

kW/m?/day

40 |

3.0

1 2 3 4 5 6 7 8 9 10 11 12
Months

‘—.—Avg —8l= Min =—A= Max = X = Measured

2 Kg. Cham O A Ef 2 B § 8 L O EEHIFE &

1AL 2 AT, i ERSEN R RERE ORI L D /NS WA, 8 ArD 12 H T LRtk i
BEREOFEHBLOKEO L POFICIZIEH D Z 03 nn5 (10 AiCiE, H ERisks 2kt
BofkEeiElk v b0 kEx\y) , Kampong Cham TiE 3 A725H 7 A £ TOM BN 2=,
g e Zpu,

JICA VK'Y T E AB-9 Rk 18 4E 6 A
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i 4 C 00 H BRI RIS I S R D SR A K 0 7 < RN 1
EHEFAORANL Y ZORE N EFZ B,

Sihanouk Ville CTiL, fEMBEOF Y (5.29) X0 EFE&EOFENY) (4.63) 23 13%4KV,
R HE O A FARE O ) (4.66) 1XFEFEEY (5.29) KV 12%1KVy, Kampong Cham T
X, FEBREOFETY (5.60) L0 H EREROFETY (5.30) 2% 5%V, F-fEBEOH
ARAE DAY (5.19) MY (5.60) LV 8%V, Hi b7 — & [ JE IR Ok L H
RN, T2 ODFATTCIE, M EBINRLER S R EBRE O A FH R X OA RIEoFIEFRIC
»H D,

T, KBNASFNVOHAMET LR AT AN VT 4 V725, M B
DOEHMEIBEBE ORI L v K&E W (M1, 28R) . —F., EECI0c, #H B
DIEEENEEREORBEME L D H/hEW, LN -> T, KB S RIVORZEH 2386 C
HE LR D0 T, BEREOAKEEZ O EZeflE 25, ZELK1IREND
oIz, WEHO 6-8 AIiTiX, Hi R5EHID A FEE & R R o H EEEO IR & 72 221%
720N, L7eo T, KBt BCS X° SHS ORRFHIBW T, FEMBE T — X D, FFHHREHD
A EE WS Z EI12iE, FRIXBEIR VW EZ 2 B D,

RIHHER TRosk LoElE, RN RKBRAE b L TS, BLEDERENS Kty
AT DAEGTHT 12 DIERET — 2 2f AT 52 L3N EEALND,

JICA VK'Y T E AB-10 Rk 18 4E 6 A
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Attachment-1

Solar irradiation data of SHV (WTSC)

(Unit : kWh/m?day)

Date Year 2003 Year 2004 Year 2005
Aug | Sep Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep Oct | Nov | Dec | Jan | Feb | Mar | Apr | May
1 | 585] 551 435[ 311 580 5.86] 48| 538] - | - | 6.07]| 38| 089] -- 525| 6.11| 520| 5.48| 554 6.31]| 6.70
2 | 269| 5.06] 5.51| 570| 5.83] 5.13] 4.47| 6.02 4.10] 215] 1.29] - 3.55] 530] 597] 5.66| 5.06[ 4.10| 6.22
3 2241 2.37| 4.65| 5.22 6.00] 5.77| 6.17 6.44 455 | 4.78 3.94 552 4.79 5.841 5.81 5.11 6.22 6.34
4 3.94 1.46 3.26 4.57 6.14 4.99 5.30 5.31 5.24 2.49 451 1.79 6.46 5.42 5.73 5.78 5.09 5.41 5.43
5 0.99 6.09 3.75 5.55 4.40 4.12 5.17 4.08 4.56 5.98 5.59 4.83 2.25 5.54 6.18 5.04 4.80 4.44 4.50 6.19
6 0.43 5.33 5.09 6.09 5.58 5.62 6.21 4.59 4.99 5.57 4.93 4.76 2.82 3.04 5.68 4.64 6.07 5.79 5.24 6.15
7 436 3.52 5.92 5.71 6.12] 3.77| 6.15 4.62 487 4.17| 4.39| 0.91 458 | 4.40| 5.66 5.61 4.92 5421 4.57| 5.70
8 6.20 2.76 3.39 5.91 6.04 5.75 5.54 5.15 3.88 2.61 5.05 1.48 5.24 2.49 5.77 5.31 6.17 5.66 6.57 2.48
9 | 387| 144] 3.17| 3.98| 2.90] 3.15| 4.02]| 6.59 521 1.60| 420| 152| - | 456| 5.28| 5.64| 275 5.89| 5.44| 5.67] 1.83
__10 454 099] 5.56] 4.21 3.46] 5.97 5.85 5.92 3.28| 2.68| 4.49 4.08] - 5.73 3.55 5.42 5.55 | 4.53 6.54)| 4.82( 1.39
11 5.36| 2.52 5.60| 5.00 5.14) 4.73 5.46 | 4.68 2.33| 2.83 5.06 1.76 6.21 4.01 6.05 5.15] 5.80 6.32| 4.53 1.19
12 4.75 2.48 4.58 4.16 5.71 4.34 5.57 6.46 3.30 2.16 3.46 2.68 0.89 5.67 5.94 5.61 5.51 6.58 6.40 1.63
13 4.25 2.05 3.50 2.95 6.03 3.37 5.99 5.88 0.63 0.62 3.81 6.29 4.66 5.28 6.09 5.05 6.06 5.89 5.04 3.56
14 594 4.8 3.24| 5.01 4.57) 4.42 5.74 5.68 5.37 1.44] 6.54 6.36 6.14| 4.26| 5.71 1.27] 5.98 4,781 5.49 1.59
15 4.52 6.01 3.41 5.40 6.11 4.25 3.76 6.65 5.05 2.14 5.37 6.37 6.23 4.28 6.01 5.60 5.56 5.28 3.78 4.88
16 | a65| 5.05] 2.21| 4.64| 4.8 453] 511| 6.14 4.05] 4.05| 447| 646| - | 477 511 578 571] 5.11| 6.08]| 2.99| 5.72
17 | 210| 357] 4.26| 433| 4.81] 4.44] 427] 701 340 5.43| 539| 359 - | 61| 4.72| 6.01] 501] 6.70]| 5.01]| 6.04] 4.05
18 3.08| 2.84 1.38 | 5.11 4.30) 5.15| 4.77 5.24 554 6.11 3.46 1.91 4.49 5.11 5.22 5.82 6.16 6.04| 4.04| 2.79
19 1.35 4.43 4.02 6.30 2.33 4.35 4.72 4.53 6.19 5.34 1.87 1.98 4.90 6.19 5.09 5.87 6.27 5.32 5.21 4.20
20 1.67 4.36 3.05 5.85 4.07 3.47 5.23 4.41 6.49 2.27 0.89 1.93 5.77 6.35 5.63 5.92 5.18 4.48 4.39 4.91
21 3.66| 4.67 1.88 1 5.40 5.72] 5.43 5.40 5.32 447 4.09| 2.36 1.80 497 6.19| 3.76 6.18| 5.50 6.22 3.89 3.68
22 4.80 1.63 1.20 2.81 4.85 3.67 5.31 5.37 3.47 5.57 4.54 2.99 4.58 6.04 4.93 5.60 4.87 5.55 3.54 2.45
23 | 6.07| a61] 3.97| 5.47| 598] 552 5.72| 6.09 1.26 ] 4.00| 406| 318] - | 5.64| 6.40| 568| 573| 5.77| 434| 4.33] 463
24 | 534 4.24] 2.24| 441| 6.08] 6.01]| 578]| 6.34 1.35] 5.97| 3.92| 576 - | 471| 583| 558| 6.25| 6.34| 4.29| 6.06]| 3.26
25 518 4.43| 2.52| 4.11 560] 5.26| 6.15 5.33 0.63| 6.17 1.81 5.65 6.51 294 | 5.65 4741 6.71 3.75 549 5.04
26 5.93 3.51 6.07 4.80 4.58 5.39 6.07 6.69 3.73 5.58 2.15 5.19 5.65 4.80 5.32 3.84 6.96 5.07 5.55 5.45
27 6.82 5.40 5.82 6.18 5.86 6.13 5.46 6.74 6.07 4.37 1.86 3.76 6.39 4.25 5.54 5.72 6.81 5.47 6.11 3.96
28 6.21 3.65| 6.23]| 6.21 5.63] 3.01 6.00 5.88 6.46 | 5.23 1.32 5.30 4.99 597 5.69 5.87] 5.88 6.12 5.72 1.30
29 420 244 5.76| 5.71 4.41 5.35 3.01 6.10 5.00| 6.07| 2.92 2.46 6.20| 6.37| 4.93 5.88 5431 6.26| 3.28
30 1.35 3.36 5.52 5.95 5.76 4.60 5.69 5.86 5.26 1.12 2.60 5.81 6.04 5.31 5.40 6.36 4.93 4.36
31 2.56 5.68 5.80 5.95 5.73 4.27 2.51 6.24 5.73 5.24 5.77 5.79 4.63
Avg.] 4.03| 369 4.09| 5.00| 5.18] 4.82| 5.28| 5.68 - 414 | 4.24| 3.57| 3.63 - 492 | 5.03| 5.52] 5.28| 5.80| 5.43| 5.11| 4.03
Note: (1) "***' no data

(2) '---' data recording failure

(8) The inclined angle of Pyranometer is 12 degree facing south.
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Attachment-2
Solar irradiation data of Kampong Cham project site

(kWh/m?*day)
Year 2004 2005
Date
May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan
1 *** 4.76] - 3.59 5.81 5.25 5.12 6.38] 5.81
2] 5.08] --- 3.29 5.61 4.85 5.71 6.23] 6.53
3| 594 --- 3.53 3.16] 3.92 5.52 4901 6.51
4] 5.49| --- 3.48 5.37] 4.63 6.57 6.00] 6.34
5] *** 5.52 --- 5.84 6.08] 3.75 5.64 5.52 6.10
6] *** 3.98] - 4.78 5.97 3.25 4.38 6.38] 6.22
71 4.83] -- 5.61 6.32] 4.81 6.35 5.26] 3.56
8| *** 5.76] --- 5.101 4.88] 5.50 6.18 5.92 5.55
9| *** 3.61 217 4.91] *** 6.06 6.66] 4.67] 6.10
10] *** 5.62 1.77] 4.38] *** 6.28 5.58 5.66] 6.47
11 *** 4.11 2.28] 4.94| 4.89] 5.65 3.57 5.15] 6.42
12] *** 3.93 3.07] 2.83 4.36] 3.83| *** 6.09 5.43
13 *** 3.70] 2.64] 2.21 1.18] 6.09 5.48 5.16] 4.03
14] *** 1.51 0.00] 4.90 3.12] 6.23 5.48] 6.44] 4.84
15) *** 2.84] 4.50|] 4.32 5.78] 4.84] 6.36] 3.81
16] *** 5.55] 6.21 4.81 6.64] 4.35 6.21 3.96
17 *** 5.82] 6.46] 2.50] 6.26] 6.18 5.89] 4.65
18] *** 4.89] 4.44] 4.50] 3.68 5.56 547 4.80
19 *** 445 2.52 4.11 6.20f 6.00 5.50] ***
20) *** 4.90 1.99] 4.04] 5.75 6.15 6.24] ***
21 *** 3.96] 3.27| 4.63] 557 6.19] 4.99] ***
22 *¥* 486 4.62] 3.87] 5.60] 6.35] 5.01] ***
23| *** 461 550 5.84] 5.82] 5.63] 5.76] ***
24 *¥* 527 6.20f 6.81] 5.65( 4.60] 5.29] ***
25| *¥* 5.49] 6.47] 4.66] 4.84 5.13 5.86] ***
26] *** 5.06] 6.05] 4.77] 6.80] 2.73] 6.14] ***
27 *¥* 4.11 5.59 5.29] 6.27 507 6.45] ***
28] *** 3.86] 4.66] 6.41] 6.23] 5.56] 6.19] ***
29] 6.93] - 5501 4.94| 4.68] 6.18] 5.46] 6.35] ***
301 1.08f --- 551 4.64] 2.10] 6.27| 5.79] 5.66] ***
31 1.11 4.96] 4.63 4.54] 5.48 5.40 5.43] ***
Avg. 3.04] 4.56] 4.07| 4.58| 4.64| 5.46] 5.44] 5.76] 5.39

Note:
(1) "***' no data
(2) '---' data not recorded.
(3) Data available from 8th May. Therefore data is not counted as an average value of the month.
(4) Whole system was stopped for maintenance from 15th June.
Therefore value is not counted as an average value of the month.
(5) After maintenance, system started from evening of 8th July.
Therefore value is not counted as an average value of the month.
(6) In September
(a) Data collected on 9th after 14:40:18 and recording restarted at 18:29:06 hours.
(b) Data recording stopped on 10th after 03:59:59 hours.
(c) Data recording started on 10th from 15:33:48 and collected on 17th after 19:09:04 hours.
(d) Data recording started on 17th from 20:12:22 hours.
(7) Data collected on 12th November 2004, 18:23:59 and recording restarted from 20: 58:15 hours.
(8) In January data is only up to 19th (18:59:59 hours).
Therefore data is not counted as an average value of the month.
(9) The inclined angle of Pyranometer is 12 degree facing south.
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3. | EFAD ., XfhHE /\(H 35 K O A A A
L)L B4
%g S DR C IR AT -y (BEmh4e | (REEMDA) | (V7he—)
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N

FHEI SR OB EE N TE D NE=ZY

B RSB ORENTELH0E=FY T
B ZEFIEEBYOERNPTELONE=SY
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EHeEE - x=2) 7

3. H ZAEAF DK ALFR B CHEIC LA — (FEEY) DS REE
IARTEATREDN, Z L& bk « BE S H T
A CHRET A D47 v a Ui
WL RREET D

4 | HACFOEE - (R O - RS — T
S AR
RS T S R

2. BT DA G AR

AR TT TP T LOBERIRE DFRLEBETEN DR B AT L GEMIL Part 1,5.2.1.%
). SO ASAA v AR EREO EEHRE IR/ DN, v AY —T T T RIZL D6
KRB LDREHIAE 2 HESE L | RRIC KB DO RR A A~ RABEFEW 0356 £ 3 HHIIRIZ 3 C
IFENLORABRETTHZEET 5, HEFICL DML Z £ L, BEEMRI a2t 358
HIZLL T 1@y

o RERFEWIIRIZIFIHESNTND,

o ARV TITBITDEEYIN L LEGRK LG, ol 2—F Y Ol L1
EVYOHIBUT RIS AEMEBL CO 072 B O3 L IRERI N R D2 8

o B OLEFHERY ZE RIBREHIERE 23 AT HE,

o  FEIZEBWTH, BREIARD IR E AN HDDENEIT/NNE(11% : 4 7=V A
1% & 13 kWh/HH/month D354, BEEEMAFIHL-LL Th, FEEIAD K
ME725 | & TP o7 RS0,

o FIEARDBE WIS IR ($20/ A FREE) | BT ORI N E WA 03005
BIREX 2o TRLRD AR D,

o UTAMI DT AMERERE L TTIRBIEL TV D,

o REMMDIGLD T1%I2H7-% 8008 FHZIW T, FEITML T2/ A A~ ZREFR

DFEGH T HDIZF 5372 (0.02ha/HH) AR M (7T AT R | BERIR) 3D Z LDk
RENT,

3. BRBIAR S 51

3.1 VB RER A
KWh 47-0 D3 EICHLEILARM O BIZBLZE 1.5kg(FLER) THDH, £7- ha H7-DDOEM A
AF~ AL FERIT/NIDICRIEL > THEEZE 10t EL TS GRILICSWTIX Part 2, 1-4-4.1C

A, RERLA TS B R A A SR T o & S 720 o0 A SR EE ) 7Y 10kWh
Gr e\ DB R 72D OREARTE A% 0.018ha &7,
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3.2

3.3

3.4

(1)

CECIZXAER

A ZIREL O AR IE, FA B L THE Tt k% CEC RNEVERDIE CI TR 7150
Booinsg, BOIOMMIER 2720$20 FRE N Z Y THAD, ZOHE KWh Hi-voikkla
ANE$0.03 725, FHE BEIL ha %7207 b F M 10 FoRBREDINEN RLIAD LD T
$200/ha/ DU 725, IRBERIZL & O R FH IR L CRITIX AR A XV IS T T
DRABFHNDD T, TR IE A LE DN RIAD LD, Torm ZALE M E I
TH$20 T CEC 23HE BDE WIS FHAZ M- THohs, a2 DIRETH D,

AR

NG AR A~ RF T ACFE BN I bil L 72 S A A~ AREETHY | FAE ORI T A LI L
T, 72720, ORI AT S 720 Db 5D, il 2 BT HUI O SR
F TR LTV BT 2B Piper aduncum [ MEEE A< . B I A A s
20O T, HAMEOBEAT YL EET 2D AR Y, FIIIZb T > TEHESLE THD,
LIetso T, =), THY T YIS T 47 | Leucaena 7L DF T AMUICFI S TE
TR S E X RIS | HITE I BT T D MEAZRBRE L CRHEI B3 2101, 1 A Ll
PEZ DOV TRBRE AT BN DD,

HILTERR

RERIIX & RITIENEZONDDN, LU T D3FIEIIREGNTHIENTED, 1) BHI0E D
JE TR A2 L (<1 48) THEZ IR A, 2) SXLROOF A7/ T (BEELL L) I
T D15, 3) W AR T TIRHN D, IR L | BRI T I 31T 2855, FIfE
PEIREIND | DO IFIERTLERDERDND | NS =7V R 8T O RRP LD
T ORI R Z 05 8 121E 2D HFIELZLEENLD, —fRICENEND T IEEHHIEE
A EDELZEDRBOZ EMRAEOENDLHLHEELY, LLFIZENZENDITIEICHOWTEH
MZFE T,

JEEHIJE I T DRSS

R COFEEOAE T HE L Tl BN 728 ~DOHEE | RVEME DR EZATRO% 6 %
FEEZITU, BER R i 25 FrORFE 2 FF > TSN E L T D, ~ AR Gliricidia sepium
K> Leucaena leucocephala 72 1329V 72 BV O 7 7 a7 4 L AN — TR JH SR E A 72t
FECThD, Akt 1FRE CEARR B FITE L INHEZ Bl TE D, ZDO®RITFIT 2-3 [H],
B IR TR LA INFE T H LN TED, AMAEPERIT 20— 30t/halyear 28— 1T
RLERSALTID, N N TIHEZEE OFRBR T Leucaena leucocephala 73 80t/halyear @
INFEAFEER L CND, AN T v a s Z AR ORER S — O M TR ST2 /5 R . RE A A
~ADEFERIL 8.2t/halyear Th-o7o, Ak 1 4 HORCRE &IFAROIEH TR )57
D 2 4 H LA L EE DRI/ NSO T, 2 4F H AR 10tA K& B[RS A4 &3 TR

JICA VK'Y T E AC-8 Rk 18 4E 6 A
FA AT ARV =R 5 B~ 24 —7" 7 TR
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)

5% ZNLOMITZE M EFEOBEEITR., FIELLENZHEHERE 1T BRI
T 5720 TEESOUESHBEMOMAG LD THEOYEMOWFEICE T 5, T, HE
W ZINHET HZLICED BIEM~DOBBROESWEEH T 52 LN TES, Gliricidia
sepium & Leucaena leucocephala I33E135% OEIRIEL TR TEDN, A HEE T CTULHEL
TLEIE THEADTES K OFEEY OIRITCHVD 72720, THEOHN TSNS, FEL ATk
L TR 325613, FrfitfIHEDT2DI21E, HEIEZ AL 32708 DXt Hi%E LD BN & D,

FELL EOWHEY 1 7 L TOHES

R T TIEHRMR 72 E 12 E - T ERSMAORARFEEN S HTED DN TEY, ATEN
RE R E TSN — )T A T O RN ELALND, 2. Ty 7 el T
TSI T hy 7R —h U DR #E A T AT DHALE N, 2—WIRT HL Ty
HICTEIREA L L TOREHTH L THY. $20/t D EOEO &2 chiuL, Fv7 AseLTn
HEFE L R THIS IR E Ch A9, 72771, B0 HIELITIRD S CTRADZEICH
BT DB ENDHY,

B A I ARRETEIRORNELHEBE,
B RAOIGEE TICBFELET L,

B EBFEHT OB L 28, (D)OBHTEIE ERERED DM 0 R U3 BT I
DIRNWTHAH D, TH&, WHEDOHAE TR L, EHA 22 BRI L2 & 72
%)o

FHEMBRELE L COFIHOLGE | BHBIIZ D BN E o TS BIARD YA XIZ-DONT
HHIKIDDI2ND T, (D)DHIEZEIDRIE DT NES ThD, LT35> TR)DS AL, REH
BREL T AL DOFNE TREIO UG A 7256 0 E DT LG 7R E TR -

12

13

14

RH AR T TR A DO DR LI ThEH VI LI T 2 NI IR, fiR#% 20 FUL AR CH i ER I H#EE
1T 2 HEV) DO RERE O —fRBI72 RAR T 5, 25 4 LL E OB HEEL OUHED H A STV A SC(Wise & Cacho 2005)Hd5, F&
B OAMD 10 ERETHY ., BAORZ X MBI >V T S ay 7 a7 OB E EiE (AR OHER) 25 =4V
TUIRRE, RFTL TOSARE L Z 2 5,

MP LU CREL L TOMMERRED B LZEL TS0t % E LT, T 7 B OIRGE iR 13$15-23/t (AR~ B E B0 F A5
H) o ZHUITAROY A RITHIR A DY | BBE B LT D LM L7 D, IRBEB D TR 15, A R KGR HLAL, IFE D
PRI LS TRELGEDDY . BLZ$10-40ADHPATHAD, 7 rLZ AR ON S CHAL 74 F13$18-31 Th o7, FEFMN
AL T Leucaena O/NEARDIREMA L COHG i 13$12-15 FRJETH A9, CEC 1TA BN H$20 THAL TEY, iith
MFE LR DENZ D, D DAl 3% ENTHLA BORMDIRFICS72en) | Fo, BEHELEEG B B E THHO THBLR B
W AR THIRE O REA M 12$20/t R % TdoTe,

FEBEOWEAMIFEIL, {84 D CEC BZNETNOFIFICEOE CRETIULE, FMAEFDOLZNEZATIE$L5 LU, AL
HOHIRNEZSTIES25 ELT, B O L E IR 213> THhEV, WP IUCEIREHRICEL Tl a2 =5 ¢ — N — X TlL 8k
EIRDDT, LR DT AD RO DDA CHKS 3% E 21772 1L LV,

ULHES A 7 WS LARE, bo L RIITHREETH T, B &L C O @ RO & 11, R AR S L B2 EETH D,
LA ICE o TUIHIFEIT 1-2 B FEX AU ELLIR D3 LAVRV Y,
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®3)

3.5

TEHEE 355570810 L Cd, A 7eE LU TOTIME A & TR 3 A TR
TRIFIZ, BN R R EDFRENE IO/ -T2 5513, M EEL T 3 uiddvy, 77—
IINEAEFLS LTS A, Leucaena ZIRAE T HZEICE- T, F—2OAERMEESN-LED
BilH A S TS (Kumar et al. 1998) . IBFEL , T — 27O E D A X272 D ETIX
Leucaena ZJAEFHHEL THITFL | AR FOOF I D DI AZ PR 23812 TEFFDZRE
DFMEALEV ST HIELEZHNLD, £o, FIFHAR B LEWVIGE | (2)DHIET,
HOFRERBAZ KEU OB LIZON, R EN Eans L Bbns,

R e K

AR T TIERBI, FERIKE T2 FER 3 7 HRRED) Mty K23 > Tnd, Zivbd +
HUIFREICRI SIS AL OM, FIASN T RWEAELZ Y, 2O THUCHRFE D
BIRNAEBTLTEY (R 5) ., ZNOOBFEOIAE DN FE R T OREER G, A2 I3 RMEL
THIAL T, (ERIZED LD ORI IRV R AR L RS RS ThoH L),
NSO RFEE R FHOZFEINZ /K T D L HUTHER L TA A~ RRBL O A PEE1T/2H 2 &
LEZLND, ER~OBEEYFHE O E Barringtonia acutangula (AU X FL) &
Combretum guadrangulare (7B BRHCH B THLZENffH-T=, . TDMDRT v+
JURTELE Table AP-C.1.5 125087,

Table AP-C.3.1 ZEEiMICHEAT 5 LHICAET T HHHE

Scientific name Family Khmer Name

Barringtonia acutangula YAV RF R Reang

Peltophorum dasyrrhachis < ARk Trase:k

Combretum quadrangulare IR Sangkae

Combretum trifoliatum IR Trahs

Hymenocardia wallichii NZ Ayt Phnom Phnaeng

Pithecellobium dulce ~ A5} Ampil tuk

Zizyphus mauritiana ray AERSE Putrie

Gmelina asiatica T SE Anncha:nh

EARDOHEG

Wiz CEC 3 BELC, AL G BITHHE T 2972 B3 2 £415, Leucaena leucocephala
X Gliricidia sepium 72 E1EAK 71 (20-25cm (ZHIDEED I HURE) IS5 LS, 20
EREOEETHY, #oooid, 7or 2 ALEBLMATLZD A 5T Leucaena leucocephala
DEARDAEFEZATV HEHE DIEE R LD Thole, AZ 7 HICH IO ICEIL T
e =— Ry MR LICR Y N DA FERAT 0D 2812705 BRIRIT A O BTz o)
IETTRR % IR D T RO AEPEZATIR>TND, T 13T v m e ZALEAKL A DY & S WA —
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3.6

ARZUT INDFEFZREALTZD DR IIMHFBANOH A 2O TRHIHL TWD, A F~
ZBREABEARITZ DIARIZZIZDHR WL IR EIZOWTHE D OEWITHRRE L7250
ZH720, Leucaena < Gliricidia (ZBAL Tl X4 70 S OFE T 2S5 HE T DRI O A LT 7%
L AR T2 D D T IETIRD TWITIE TS ThA), A A~ AFEBOEANIE
N0%E BRI 5 | BERCLABEREEREZ BT, AR T ORIEETTROMB DR
BEREEND,

A RRRIFFRENE

Gliricidia sepium <° Leucaena leucocephala 72X O ZE R B EMFEOL & TEHEREICIDIE T
DI | FEMTE O T EE F 5y OGN 2 <Hi S T4 (Parrotta 1999, Isaac et al.2003
M), U A7V C BEEEZ T XTI HEL CLEILG A, 1B 20 72<
RHOT, BRIZBWTHBADBREBIA), —BICHEIAREILENEOERSREZRF OO T,
IHE DB AU 28T B OUAEEDROTSF HTENTESDS, B E I
ZREO (FRZH YT L) DT, TEAUTARHUZFE LIS, AR 10em KO/ MERDEE
TR TETEHLNEEbND, WU E X, B A2 TOIHEL IR 54
BOTDRZ BRIV D, FRZ) o EHVT MTBE LTI 2 72 it 02 9~ 2 & AN Rrle /e AL PE
(ZITBEL/2 Db LAV, 4E[#] 10Vha F2EEDINHEZAT/208 G T HEER DO R Z 1T
WL TRIBEIZZR DR E b DAY HEARHIIC 381 D3R ER DN X0 B L S f AR Bl
B DAL A %IT2> OB ERH D,

15

16

AFFOUHE DS, TEHy b D255 W BT T &7, Leucena =2 Gliricidia OBABHAILHED A | £ DIENE T Ok
WL TWAIEND, BOFIALZE X HNL7D | BIARO LR AOBEICEETHIERLETHD,

R DAFITH S EHE R NAZHOWTL, ZEPEREERR ) 2RO BIFEDB AIZLY | Bt iTREZRTGBR XD, P & KIFIRIZE
T FE 5y CTh D, MMIRICE D P & KIZHENLWINLIZL DO THY | 20T L/ed) 5 — (KF) Oafifaiis, b P,
K DAL 7y MIFERZHRAKFIZE EFNDHDEEADNLDOERICL DL D DI ThHD, ZIHDRE B 318 BRI S EREERR
BT DRI S I BV TH AR, FERSNIEHIFERR IR W TR IO B DR B LITA 7y R IDE R &L
N~ AT AL TODEEMIRE TH DA, EERIC TR /TITEEBE N WG AN LW (TS RER S Z BT SR
D CHE) o ZOIRIKNE, 138 D& 43 DIE IR D38 43 L LB L CTIEBIMNIC 22850, BIARD L T AT 437 EZRINL T, %
N&EVF—LLTHBIGETT25 600, BTl nWIeThD, OO DWTL, R TRIMLIEZR 8% AW TH BT
FTOHFEBATIRD I TODA, ZIE DAL S TRBLITIZRD | OELDITIETERW, AR BV TEERIC 1S kR
2o TWDERD 22 5URNIT (BRI O EREOFIHIZ L DR BREDHRD K ANRE R ERIFER L8> TND, LIz~ F—
NBTZDFIZ 10 FKBWDIFHETHILE, LHED NETZHEINL, P X O KIZOWTIE N ENTHA LN TREND, —T5.
TIATUR () 70 8 ORFFHTIL, BAFOBREE T, B O ERER | TS A OIS H Y, 20X ToHiE
SN IFEE D THOKEL TR L TLED, FoiRite L TRE TR AL MO 7y Do T o
Tt —F Tho, ZICBREEMARELME T DL, TRPRROMIMIBELY, HHFAKLL TRELTWESE
BIAWIZE X, VE— LU TRESOMITE LT HIENTED, VF— IR DA X ZDVIZIY TP O Y I INL . THEOLRK T
W EY | AEYTEB R TER (LU AR ORIE M TR biL, KE TEORELED T 5, BIAERKICLLZNOOFR]RICER § &
ThbH, THEAEW BN TOLLLE ARICHEES O A7 LT, ZAUIEEFCEITL TR N ZET, W
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4.1

4.2

— 5., T Ia7 AL AN =L TCINL OB RZ T 256 B8 L7222 & R A &
7|:L71D TP OEEYOEINCES, THEOER Ti’?-ﬁk“f%ﬁj]@imﬁﬂiik (N3

[CRWRELZLLT, FERIT HREOREREZPI L KRR L 7 b ik
7J<M0) LENET D,

A A CFE FEREA
TAEEiE ?

T2 LT — N E TGS A A~ R By i S OS2 PO 2 I T T BRYE D A2 i 7 &
(producer gas) (ZZE#AT 2L TH D, HAEEATBAFE DI ST < 18 HEALIZITARM ST 2
ZRAESEDHIEICBEL COMFTEN T/0iod, 1881 FITiF T —ry XIZB W T, AT ALK
STV OB TS, AN 3 b Is <SFIH S U7 D135 IRt FORHE
T, WA LA MEROME A EN D, I—ray N IZBW B EZE 100 THEDOH AMEIFEHN
BBV, S, A0 E RS EMITFIH SN, AASLES TIZEB W TS 10 T ERRED
TSR BB ST e, B e A i B 3 2 KT RIS BN D 512720 | A
(EFATIIFI SN2 o T2, 1973 FEDF ANV a7 I AL IZFEOVE B 281X
U, A CITHIERIRIR L XR E L T A A~ AR — R =2 — L7 A P RE =R LF
— LU CEOBERBEWENGEGRSNAIE 20RIZZ O BRSE LRI A AR > 5D,

HALIF OfESR

HAEIFIIEREL3T T, BERRERBR LA H Y, FERRUCIL, T AL, E
NS A BV 7y 7RI 7L FRIE D CREESE THNO T AZ B T4 TN
FINRENT DD, 7Ty RTT7 M3 ES MR THY K EREDO®mOAAF~
A(<60%) \ZHXH s CEDRFMN DD, FIEHAF DL —VOEFENEL A —T ik
TEBER 25 A IS U TRIEZR VDS, = V2B U TR 4721213, Frplie s —v
BrEEBEBRLELRD, CNICHLTE TR MNIZ — L O R & &id 7 <
(<100mg/Nm®) | =2 P2~ L CORTITHRLIE L T, 12720, R 53 A~ 2%
BHIATS - THRSE (<20% 3 K =K) | HASREL OV A X2 b D1 E —E 12T %(4-10cm) 72
EDHIFINGD, FI-F 7 RT7 NI RBEULIZIX AT, —#%IZ~500kWe FREEA R ES
NCWD, BRI, 7 S & B RO R E L CRHIH 32 55T, BERE ORI EE %>
DR DIZOIZHTE S, BARBEDORNASAF T ATHRIGL , F—/VDIARELT VTR
F7MUED 7] REUIZHE L TD, 7272 LYV AT ANEMECIANEIZ/RY  FI- i yE
LML D, ﬁxftkﬁ@ﬁ%ﬁ@iu\&%@%ﬁﬁ ZOWTIE Table AP-C.4.1 (2B WTEED T
BHD, IR T OB EACITHIA T H7-012iF . ZM CHRAIEE DX — L O AE BN
bR r7/b77bﬁ”7b>ﬁbﬂ\5&%x%mé INRID 3BT AR DFRETH TR

MR LT TATURRE DIRBIVIZ R, F12T7 7 m7 4L AN —LL CORADEE | HHEOTRVERS OF 5y & B AR P B E
L, BZEREDYZ— LU THRE LITETTL ., (EHEEE I > T Uiz HER 2 MiD % B b 7=
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4.3

FI7NTHY , FOREEIZHOWTT 43 HilcEEk 45,

Table AP-C.4.1 W A bAF DRFA R BIR OB D Hel:

[ & AR DREh AR
Ty T KT N Ao KT 7 R

/R (<100kWe) 2878
FHHELE

FHRZIRIREE DT
(57K 3 25-50%)
PRBHF A 2 DAL D
WL

5= VI * N it

A A A] A

o oA 2

A O X

FULRZ 7N

B URTTNTIE, AAF AT EE LRSI, BlgEE . BV iiE . g, EookEx
BECTHARRA AL T HENOEVHESND (K 1), ¥V RIT7MEDOFEE IR DIS78 V TR D
M) 2 AL, ZOML RT3 IR LIE L7 > TRV, BRI AT el 2l CHEEZORR
LI IZ A END, B RIE CTHAE LA AL T _T 1000°CLL L2725 2 038 T8 % i
T 5120 FaE DX — )IZZTHRESIVTLED, ZNBF T RT T MUCH— L DI e
INRIZHIZ BSNAEEH THD, 72721, REZREILTWLKE, BBLENOIREZ — BT
ZENEELLARY ZDOFERF— N DA BN Lo TLED, 2O XU RTT7 MUITE
TEDEZA 500kWe FRENRALE X HILTWD, XU RT 7 MUTII A4~ ZIREIDEEED
FICTHIBEL QLK ZERULETHIZENLH TN KRERTFARDNAF v AEHANTDHD
LITTERW, FIFNE T ARBEN T DD IRAR—=ARBIETHLZ LN, iR IRD
PREL ORI FICHIE SN2 | IRBID YA X% b HFERERE 2 LN DD,

2 RTT NI I TIAET DA AT AAIED Hy & CO LI 20%55 L, CHy
D@ ENDAM, COz Ny R EDEEND, FEET DU AIFHEBEMMHOLE T, NAAF~A
RELOFF O =X —D T0% P EATET 5,
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Figure AP-C41 XU Y KT 7 bEIHZLIFOBEAR (H# : Ankur £h)

4.4 ERRA AZXDRRE

INAF < AD I ZUIZE S THALIZAAZ, mHEISIL, BEHNOT NV F—Z @), Z—)V
R0, EOMD B E TR 1%, =2 NCiEbL, TV U EBREISES (X 2), 74—
BN D AMEN R B AT ZEIZEY, T aT VT 2z (BT A 70%., 74— 8L
30%) LL T, HOVNIAN =TT Z 7 WO T 2% 36 KSEDHZETHERITAD I LK
BN A EL 72D,

Figure AP-C.4.2 ARTANT U VIRV IAEND ETOWI (L : Ankur 1)

Yo oM L BRI EL T B BIOTD 03y T Y — FAMF ALK T Do 07 a7 — i3 EF b,
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4.5

4.6

1)

)

TIUTIERITHE RIRI

SEEETIE, Iy BN FELT MW B0 T A3 ES AT LOE AN ED S
TEY, RV T 715MWe O T MBEREIL TN, Ll N DA F~ A 258 Bk
MRS ELTHIEY , B L2 IR HEIN TODDIEETeLAT VT REETHD,

5§ 2 KT, B ARZ RO T VT A ETHRAS QO T AMEE T, — BERh AT,
1973 F-DOA AN ay 7 THUEH I, AR, FIE, 21, 74V 70 8 THFE L8 A D HE
Do, TDk, FRIEEOE BB EL LT AV EXATIHBR N -T2, A REh
[ECIEBHR kR S L, W A TUVND, AR TIE 2003 A F T 55MWe DOH A3 E
DNEAZIT, 2004-05 D 2 FFEIZAL R D AFEDHT 20 MWe OHEFRETT/2 > TNODD T,
BUE CIERIBIZHEIL CWab o fibid, HIETE, BV HEZ F.LEL T A b OB
FNEDHIVTETZN, BUE 100 BFEE DMk 2 e LTe W AR EHEDBHEEIL T\ D
(Bhattacharya 2005) ,

LTEMLRER

— LR

B G~ AO/NE T RT 7 N ZA VIR LD AT AL, 20%FEE D CO 23E £
NTN5,

B TAUFORREHEE KGE (T a7 —emr U TR G T 570 RISV 0/ E) &
FTHILIZEY, CO =5 @iﬁka@wxﬁf'M OO AR, (LT 523 TED, (7272
LZOAEL, BT I BNEUTE AR, IR A2 B NI S 352812720,
TTADREE /182 E B2 T A4 r%%i%ﬁ“é RN ECTSE OBEIE 1%, 7k
EEDAT N 7 R T DK — N7 Sl KO 2 RIEE N B RSN TND, )

B TR ARAURER 2 It 35,

B RXFEVD CO DLV UhbPEiEing, AR EDOPEH FEEL L TRERIRE 5%D
TT 2,000 mg/m® AELFERIOME YR EEE L T, RIS TS (p.297, Handbook,
Biomass Gasification, Gasnet, 2005) .

B T UNIEIMGRETIIENLE L, TOTOH AR BT O L TIL, BEE—
EROMIBE T OIS BTG &ALk oK ETEIRL TN,

B AR R g TR E T D0 R B a4 R — X TR 5,
B GRENRE, (EIERFIZ KV 2 < O CO BRI D AREMEN H 5 DT, XD RFICEE,
H—)L b T ) —)b

TAMEIFTHRAT D=V EZUTEENDLT =/ — /W, RO IO 52> TNDHD T,

18

Handbooks of Biomass Downdraft Gasifier Engine Systems. T.B. Reed. The Biomass Energy Foundation Press 72 & @ SC ik {7
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THE R MLELTHD,
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Table AP-C.45 A > F ABETHAEBEL AT LOEREANSLY X L

Dual Fuel Mode:

Client | Size | Gross output (kW) of system |
Forestry Tasmania, Australia WBG-40 40
Flex Technologies, Russia WBG-500 500
Bionexx, Madagscar WBG-40 40
Mozambique Le{:lf Tobacco, WBG-80 80
Mozambique
M/s Shree Gopal Rice Mill,
West Bengal FBG-120 120
M/s Durgesh Rice Mill, West COMBO-175 175
Bengal
SA Plywood Industries, West WBG-400 400
Bengal
APEDA, Arunachal Pradesh 5 X WBG-100 500
Agrocel Industries, Gujarat WBG-300 300
100% Producer Gas Mode:
| Client | Size | Gross output (kW) of system |
JamesiBmnlayi(Liganda) it WBG-400/ GAS-250 250
Muzizi, Uganda
Dr.Ray leewardene, WBG-10/ GAS-4 4
Sri Lanka
CAEMA St WBG-15/ GAS-9 9
Italy
Small and Medium Enterprise
Cambodia, Cambodia
Installed at WBG-15/ GAS-9 9
Community Energy
Cooperative, Cambodia
Lanka Trapsformers Ltd., WBG-80/ GAS-40 40
Sri Lanka
Meghaplast, Meghalaya WBG-400/ GAS-250 250
KREDL, Karnataka WBG-400/ GAS-250 250
Agrocel Industries, Gujarat WBG-300/ GAS-180 180
PMC, Tamil Nadu WBG-400/ GAS-200 200
Muni Seva Ashram WBG-80/ GAS-40 40

60 GAS-9 + GAS-4 Systems sent to Tamil Nadu for rural electrification.
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S. BIOMASS GASIFIER POWER GENERATION SYSTEM

Figure AP-C.5.1 Biomass Gasifier Power Generation System

Source: Ankur Scientific Energy Technologies Pvt. Ltd.
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INTRODUCTION

In Cambodia, about 15% of households have access to electricity (NIS 1999). However, only
9% of households in rural area have access to electricity compared to 54% in urban areas.
Cambodia does not have a major inter city main grid connection. Moreover, electricity tariff in
rural area is generally much higher, sometimes it exceeds 10 hold differences. Overall, people
in rural areas are subject to both expensive and poor quality electricity.

The Royal Government of Cambodia is acutely aware of how rural communities are
disadvantaged and have set the target of 70% level of household electrification with grid
quality electricity by the year 2030 (JICA 2005a). The government will be working to achieve
this target via grid extension and mini-grids establishments and it has been proposed that mini-
grid establishment will be based mainly on renewable energy. All oil products are imported in
to Cambodia. Consequently, utilization of domestic renewable energy source has both
environmental and economic advantages. However, micro-hydro and wind power potential is
very limited in Cambodia and solar power generation is not appropriate for stand alone grid
systems (JICA 2005a). By contrast, biomass resources such as wood and agricultural residues
are abundant in Cambodia and biomass fuel already accounts for some 85% of the national
energy consumption (MOE 2002).

In Cambodia, biomass gasification electricity is estimated cheaper than diesel generation when
electricity consumption per household exceeds 13 kWh/month.  Average electricity
consumption per household in rural community is about 10 kWh/month when people use
electricity only for lighting and watching TV. With additional daytime electricity use such as
water pumping for household and irrigation purpose, rice milling and ice making makes
biomass gasification electricity cheaper option than diesel generation. JICA study team for
‘The Master Plan Study on Rural Electrification by Renewable Energy in The Kingdom of
Cambodia’ concluded that over 6000 villages among total 14,000 villages in the country are
appropriate candidature for biomass electrification in terms of both economics and biomass
resources (JICA 2005a). JICA study team also concluded that tree planting would be the main
biomass resource rather than agricultural residues such as rice husk mainly because the
difficulty of stable supply.

For the success of biomass electricity systems, sustainability of fuel wood production is one of
the most important factors. If sustainable management is to be achieved, management
programs need to develop a better understanding of the biological and ecological processes that
maintain net primary production and biomass storage (Kimmins 1997), in order to maintain
production and minimise nutrient depletion of sites over successive rotations. The history of
tree planting is rather short in Cambodia. With the best knowledge of authors, there is no
published data of biomass production and nutrient cycling of tree plantation in Cambodia.
Biomass estimation of forest stand is important not only for biomass energy use but also for
stored carbon estimation as the greenhouse gas sink. JICA study team decided to conduct
study of biomass productivity and nutrient sustainability of tree plantation. Although the
resources and time we can allocate for such study was very limited as a study team for national
rural electrification. We could manage to conduct field sampling survey in both tree farming
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and tree plantation site as well as chemical analysis of plant materials and soils. In this report,
we present biomass equation and productivity of Fucalyptus camaldulensis and Acacia
auriculiformis in Meanok Forest Plantation in Kampong Chhnang Province and Leucaena
leucocephala in tree farming in Anlong Ta Mei Energy Cooperative in Battambang Province.
We also present nitrogen and carbon distribution in trees and soils, and provide suggestions
and recommendations for the plantation management and further investigations.

JCAN/E Y T[E AC - 30 FRL 184E 6 1
FRAE AT RECAA T A 17 FEA Al =7 7 ai



T7AF IR =] % 55 (AHBER-C NA2E

Part 1. Meanok Forest Plantation
BACKGROUND

Environment and history of Meanok Forest Plantation is well described in Lic and Shima
(2005). We summarize it as follows. Meanok Forest Plantation is located in Sameakki Mean
Chey District, Kampong Chhnang Province. The plantation spread at latitude between 11° 50°
and 11° 57°, and longitude between 104° 30° and 104° 40°. The plantation is owned and
managed by Forest Administration. Planting started in 1999 and total 1525 ha have been
planted by 2003. Planted species are Acacia spp. and Fucalyptus spp. Degraded natural forest
is cut and bulldozed prior to planting. Average annual rainfall recorded at Pochentong
Meteorological Station in Phnom Penh which is about 40 km away from the plantation is 1550
mm. The average temperature in plantation is 27.3°C. Soil type of the area is classified as
Ferric Acrisols or Gleyic Acrisols (FAO 1974).

There are several species of Eucalyptus and Acacia have been planted in Meanok Plantation.
We selected Eucalyptus camaldulensis and Acacia auriculiformis for this study. Eucalyptus
camaldulensis is a major Eucalyptus species in Meanok Plantation and some tree growth data
is published in Lic and Shima (2005). Although no published growth data of Acacia is
available, once biomass equation is built, stand biomass can be easily estimated after forest
census data is collected. Acacia auriculiformis has the oldest stand. Consequently variety of
dbh (diameter at breast height) trees is available for sampling. We report volume and biomass
equation, carbon and nitrogen concentration of each biomass components of Fucalyptus
camaldulensis and Acacia auriculiformis, stored biomass, carbon and nitrogen content in each
biomass components of F.camaldulensis stand. Description and, carbon and nitrogen
concentration in a soil profile are also reported.

METHOD
Biomass Estimation

We harvested 10 trees each of the species across the range of dbh distribution (4.4 — 20.2 cm).
Trees were felled and the stumps cut to ground level. Total tree height and diameter at 2 m
intervals, both under and over bark, were recorded along the length of the stem. Stem sections
were then weighed both with and without bark. Crown components were sorted and weighed
as: branches diameter > 2 cm, < 2 cm and foliage. Sub samples of each component and four
sub samples of stems were also weighed fresh and then brought to the Ministry of Industry,
Mines and Energy (MIME) in Phnom Penh where they were dried in an oven at 70°C until
constant weight. The moisture content was used for estimating total dry weight of each tree.

Allometric relationships of estimated component dry matter (y) from diameter at breast height
(dbh) were developed using the harvested sample trees for each component separately. Linear
and non-linear regressions of several forms relating component weights, stem volumes and leaf
area to dbh were examined. Allometrics that best fitted the data were chosen by examining
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residual distributions and maximizing adjusted r*>. The final regression form was as Jog dry
matter = a + b /og dbh, where a and b are constants.

We estimated stand biomass by applying dbh data in Lic and Shima (2005). Among their data
in different stands. We only used the 2001 confirmed seed source plot data because one
forestry officer pointed out that there would possibly be the confusion of Fucalyptus
camaldulensis and Eucalyptus tereticormis in some other plots.

Leaf areas of sample leaves were measured by leaf area meter to obtain specific leaf area (the
area of the leaf as a ratio of its dry weight). Leaf area is calculated as multiply specific leaf
area and the dry leaf mass, and then leaf area index (the leaf area per unit land area) was
calculated.

Soil Profile

A one-meter depth soil profile was dug and the description was recorded in the Acacia
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Chemical Analvsis

Oven-dried plant samples were then ground using food grinder. Each biomass components of
3-4 trees were bulked to reduce the number of samples for analysis. Soil samples were air-
dried and lightly ground using pestles and mortars. The ground plant and soil samples were
then sent to King Mongkut’s University of Technology in Thailand. At the laboratory, samples
were further ground into fine particles of less than 250 um in diameter, and dried in vacuo at
70°C for 24 hours prior to analysis. Samples were then analysed using a CIINOS analyser
(Thermofinnigan, Flash Ea 1112). Soil pH was measured in a 1:2 mixture of soil:deionized
water at MIME.

RESULTS AND DISCUSSION
Soil Profile

Description and a photograph of the one-meter depth soil profile at the Acacia auriculiformis
stand in Meanok Plantation are shown in Box 1. The profile did not show apparent differences
between horizons. Soil textures were sand across the profile. Upper horizons were slightly
blackish than sub horizons and this indicates more organic matter contents in upper horizons.
Soil colour in A horizon was reddish grey (10R 5/1) then pale reddish orange (2.5YR 7/3) for
Bl and light gray (5YR 8/2) for B2 horizons. Some chemical and physical characteristics of
the soil profile of Meanok Plantation and Anlong Ta Mei tree farm are shown in Table 1. Soil
i Anlong Ta Mei was clayish and very different from the soil in Meanok. Bulk density was
higher in Meanok. Higher bulk density is typical characteristics of sandy soil. pH in surface
was slightly acidic (5.4 for Meanok and 5.7 for Anlong Ta Mei) and sub soils were closer to
neutral (6.3 to 6.9) in both sites. The pH level is in the preferable range (5.5 to 7.0) of most
plants growth (Brady and Weil 1999). Soils in Meanok contained very small amount of carbon
and nitrogen. Nitrogen concentration in the soil below 70 cm was too small and was not
detectable. Total carbon and nitrogen stored in the soils of 1 m depth in Meanok were only
13% (C) and 12% (N) of soil in Anlong Ta Mei. Soil profile survey in Meanok was conducted
at A.auriculiformis stand. Higher nitrogen concentrated litter fall because of nitrogen fixing
characteristics of A.auriculiformis likely enrich the nitrogen concentration in surface soil.
Nitrogen concentration in the soils in E.camaldulensis site would be even lower. Other
nutrients are likely to be very limited as well in Meanok soils.
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TABLE 1. Physical and chemical characteristics of soil profiles in Meanok Acacia
auriculiformis plantation and Anlong Ta Mei Leucaena leucocephala tree farming

site.
Horizon Depth  Bulk N C C/N N C
density pH  concentration  ratio stored amount
Meanok  (em)  (Mg/m®) (%) (kg/ha)

A 0-12/20 1.57 54 0032 041 1275 798 10175
B1 12/20-70 1.87 6.3 0.007 0.05 6.83 684 4667

B2 70-100 1.87 6.8  0.000 0.03 0 1575

total 1482 16418

Anlong Ta Mei

A 0-12 1.26 57 0111 122 1097 1686 18492
B 12-40 1.32 69 0.121 149 1229 4454 54745
B 40-70 1.35 6.9 0077 0.73 948 3119 29582
C 70-100 1.48 6.8 0.068 0.61 9.03 3017 27239

total 12276 130058

ROX 1 Knil nrofile decerintion of Meanok Forecet Plantation
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Biomass and Volume Equations

Tree diameter (over-bark) was a strong predictor of stem volume of trees (Figure 1). Equations
for estimating tree volume and biomass of plant components from dbh are shown in Table 2.
Stem volume of Eucalyptus camaldulensis and Acacia auriculiformis can be calculated with
following equations.

(E.camaldulensis)

log over-bark stem volume (m*) = 2.375 x log dbh (em) — 8.737 (17 = 0.993)

(4.auriduliformis)

log over-bark stem volume (m*) = 2.054 x log dbh (cm) — 7.835 (1 = 0.984)
d’h is often used as a parameter for volume equations and volume tables instead of dbh. With
using d*h, following equations were obtained.

(E.camaldulensis)

log over-bark stem volume (m®) = 0.902 x log d*h — 9.501 (+* = 0.999)

(A.auriduliformis)

log over-bark stem volume (m3) =0.870 x log d*h-9.501 (r2 =0.994)
Using d’h instead of dbh slightly improve the correlation coefficient (1> = 0.995 — 0.999 for
E.camaldulensis and r* = 0.984 — 0.994 for A.auriculiformis). But standing tree height
measurement involves considerable error especially for taller trees. Since the correlation
coefficient of equations with dbh is very high, we recommend using only diameter for volume
estimation because tree height measurement requires extra labour for less accurate data
collection. Further data collection and analysis should be carried out for examining this matter.
Volume equations reported here are the first ones in Meanok Forest Plantation. Further data
collection from different age stands is recommended to enhance the reliability of the equations.
Relationships between dbh and mass of each plant component (stem, stem bark, branches > 2
em, branches < 2 cm and foliage) were analysed for each age class by regression analysis
(Table 2). The total mass (r2 = (.99 for both species) and the mass of stem (r2 = 0.99 for
E.camaldulensis and r* = 0.98 for A.auriculiformis) were well predicted on the basis of dbh
(Figure 2). The regression of other biomass components were weaker but the correlation
coefficient was still very high (1> = 0.91 — 0.98) except branches > 2 cm of 4.auriculiformis (r*
=0.76). Total biomass of A.auriculiformis is higher than E.camaldulensis across the dbh range.
This mainly attributes to the higher stem wood density (616 kg/m3 for A.auriculiformis and
556 kg/m® for E.camaldulensis) and more branching characteristics of A.auriculiformis. The
stem wood density of E.camaldulensis is reported as 705 kg/m3 in Pakistan (Ahmad 1996) and
980 kg/m® (FAO 1979). Further investigation is needed to elucidate the reasons for the
differences.
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TABLE 2. Allometric equations for estimating stem volume and biomass of each plant
component where y is logarithmic stem volume (m3) or biomass (kg) and x is logarithmic
dbh (cm).

Component biomass (kg)

Eucalyptus camaldulensis

Acacta auriculiformis

Over-bark stem volume
Under-bark stem volume
Total biomass

Stem

Bark

Branch > 2 cm diam

$=2.375¢-8.737, 1°=0.995
y=2.467¢-9.214, r*=0.993
y=2.4520-2.541, r*=0.992
=2.470x-2.908, 1*=0.986
y=1.987x-3.398, r’=0.959
y=4.134¢-9.465, 1*=0.972

$=2.054¢-7.835, 1°=0.934
y=2.080x-8.084, r*=0.984
y=2.264¢-1.571, *=0.990
y=2.182¢-1.899, r*=0.978
y=1.628¢-2.387, ’=0.982
¥=3.428x¢-6.684, r*=0.756

Branch <2 cm diam $=2.195¢-4.127, 1*=0.909 y=2.066¢-3.273, r’=0.929

Foliage y=2.120x-3.736, I*=0.973 y=2.153x-3.984. *=0.930
e 01 = 011
o m
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FIGURE 1. Relationship between over-bark (OB) and under-bark (UB) stem volume,
dbh and d2h of Acacia auriculiformis and Fucalyptus camaldulensis trees in Meanok
Forest Plantation.
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FIGURE 2. Relationship between dbh and, total biomass and each biomas components
of Acacia auriculiformis and Eucalyptus camaldulensis in Meanok Forest Plantation,
plotted with logarithmic scale.
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Biomass Productivity and N & C distribution

Nitrogen and carbon concentrations of biomass components of E.camaldulensis and
A.auriculiformis of Meanok Forest Plantation, and L.leucocephala of Anlong Ta Mei tree farm
is shown in Table 3. Foliage nitrogen concentration of L.camaldulensis was only 62% of
A.auriculiformis and 42% of L.lexwcocephala. Nitrogen fixing characteristics of
A.auriculiformis and L.leucocephala would be the reason for the higher foliage nitrogen
concentration. Higher foliage nitrogen concentration of L.leucocephala to A.auriculiformis
probably attributes to the higher nitrogen concentration in soils at Anlong Ta Mei site (Table 1).

Biomass, carbon and nitrogen contents of 3-year-old E.camaldulensis stand was estimated by
using forest census data in Lic and Shima (20035), biomass equations (Table 2) and, carbon and
nitrogen concentration (Table 3). The mean annual biomass increment (MABI) of total
biomass was 5.3 Mg/ha. MABI of stem and branch > 2 cm which can be used for gasification
electricity generation was 3.4 Mg/ha. This is much smaller than the prospective estimation of
biomass production of 10 Mg/ha/year used in the Master Plan (JICA 2005a). MABI of
plantation trees usually dramatically increased at several years after planting. MABI of studied
E.camaldulensis stand is likely to increased in following years but it would not probably reach
10 Mg/ha/year under the current management practice.

Stem wood accounted for 61% of total biomass but only 31% of nitrogen. Harvest only stem
wood and leave bark and canopy components at the logged over site would significantly
improve nutrient sustainability of plantation compared to whole tree harvesting. Meanok
Plantation soils were very poor in nitrogen and probably poor in other nutrients as well.
Nitrogen stored in the 3-year-old E.camaldulensis trees was 5% of stored in 1 m depth soil.
Productivity of successive rotations would be decreased because of nitrogen (and other
nutrients) depletion although growth of coppiced regenerated trees usually grows faster than
mitial planted generation. Conversion to nitrogen fixing tree species or mix planting with them,
and fertiliser application should be considered for optimal and sustainable production. Specific
leaf area of FE.camaldulensis and A.auriculiformis were 7.42 mz/kg and 10.43 mz/kg
respectively. Leaf area index (LLAI) of the 3-year-old F.camaldulensis stand was 1.48. This is
much lower than the LLAI range of global plantations of 2.2 to 11.6 (Beadle 1997) and it
indicates poor capacity of productivity of the stand.

Potential for Biomass Electricity

There are three villages (Srae Mikak, Meanok lech and Meanok Kaeut) with total 636
households near Meanok Forest Plantation. Those villages are currently not electrified. They
are located outside of 40 km circles from Phnom Penh and Campong Chhnang, which is
technical limit of medium voltage line (22 kV) extension. Villages are more than 10 km away
from National Highway #5 and it will take many years to the area be connected to the future
national grid. The prospective selling price of the timber in Meanok Plantation is $15/Mg (Lic
and Shima 2005). Prospective wood price for biomass electricity generation is $20/Mg. Fuel
cost is minor fragment of electricity generation cost and it is possible to set even higher wood
price. Lic and Shima (2005) concluded that operation in Meanok Plantation is possibly bring
large financial deficit and is failure in terms of social and environmental aspect as well. Lic

-11-
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TABLE 3.

Carbon (C), nitrogen (N) concentration and C/N ratio of biomass

components of Fucalyptus camaldulensis, Acacia auriculiformis of Meanok Forest
Plantation and Leucaena leucocephala of Anlong Ta Mei Energy Cooperative. :
number of samples, SE: standard error.

C N C/N
n (%) SE (%) SE SE
Eucalyptus camaldulensis (Meanok)
Stem 3 487 0.06 0.24 0.01 2058 111
Bark 3 432 073 0.38 0.01 1135 53
Branch>2cm 3 478 0.40 043 0.15 137.0 373
Branch<2ecm 3 469 041 0.59 0.05 823 7.1
Foliage 3 513 037 1.61  0.09 322 21
Acacia auriculiformis (Meanok)
Stem 3 484 0.70 0.26 0.02 188.6 125
Bark 3 492 0.14 1.48 0.09 335 1.9
Branch>2em 3 476 0.85 0.76 0.15 67.6 12.0
Branch<2em 3 486 (.32 1.17  0.18 434 66
Foliage 3 539 035 259 0.11 209 1.0
Leucaena leucocephala (Anlong Ta Mei)
Stem withbark 4 47.0 037 0.75  0.07 638 48
Branch 4 467 0.34 0.95 0.06 496 3.0
Foliage 4 452 0.18 382 012 119 04
Frut 4 452 021 483 042 9.6 0.7

TABLE 4. Biomass, carbon and nitrogen content in each plant components of 3-y-old
Eucalyptus camaldulensis stand in Meanok Plantation.

(ke/ha)
Total Stem Bark Branch Branch Foliage
> 2cm <2cm
Biomass 15971.2 9710.3 2115.0 556.3 1590.0 1999.5
C 76794 4726.6 913.5 266.1 746.5 1026.7
N 74.9 23.1 8.1 2.4 9.2 32.1

and Shima (2003) also pointed out that involvement of and benefit to the local community is

one of the most important aspects for the success of the plantation management.

Biomass

electrification of the area would significantly improve the living condition of the local

community. Once sustainable high biomass production is realized, Meanok also has high

potential for establishing megawatt class plants to supply clean renewable electricity to the

future national grid.
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Part 2. Anlong Ta Mei Tree Farm
BACKGROUND

Anlong Ta Mei Community Energy Cooperative (CEC) supported by SME Cambodia (NGO)
in Battambang Province supplies biomass gasification electricity to about 70 cooperative
members since February 2005. Anlong Ta Mei CEC only uses purchased Leucaena
leucocephala wood planted by CEC members as the fuel for electricity generation. The details
of Anlong Ta mei CEC activities are well described in JICA (2005a). CEC members plant
L.leucocephala trees in their fallow gardens, unused land and mix with fruits trees or other
cash crops. People start to cut trees at 1 m height for the first harvest at one year after planting.
Coppiced branches continuously grow after the first harvest and CEC members cut the
branches two to three times a year for selling to CEC. We investigated the first year
L.leucocevhala oroduction and sustainabilitv of the tree farming svstem in Anlong Ta Mei

teucocepridid UCO lallll.  1Up ICLL) LILCLVICOWILLE UIC 1dllll OWLCL.,  {1Up 11glL) OULLLLE
biomass components. (Bottom left) Tree measurement. (Bottom right) Weighing
stems.
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103°10° E and 13° 00 N. The altitude is about 20 m a.sl. Average annual rainfall in
Battambang between 1985 and 2001 was 1288 mm (JICA 2005b). Soil type in Anlong Ta Mei
is classified as Eutric Gleysols (FAO 1974).

METHODS

In Anlong Ta Mei tree farms, L.leucocephala trees are planted densely (mainly 1 x 1 m) and
the harvesting cycle is very short (< 1 year). The regression analysis method we used for
Meanok Plantation (refer Part 1) is not suitable for the case of Anlong Ta Mei. Instead of
establishing equations to estimate biomass of individual trees, we harvested 10 plots, total 266
m? in four sites (Table 5). Plot sizes are different at each site because of differences of farm
size and planting methods. In the plots, we measured diameter at base and 1 m in height then
harvested all trees at 1 m. Total 176 trees were harvested. Branches, foliage and fruits of each
tree were sorted and weighed (Photo 2). Sub samples were collected and weighed for moisture
content determination and chemical analysis. 25 trees were cut at ground level to determine
regression of base diameter to the stem mass. The correlation coefficient (1) of the obtained
regression was 0.98. Stem weight of individual trees was estimated using the regression.
Method of sample processing, chemical analysis and soil profile survey is same as the method

BOX 2. Soil profile description of Anlong Ta Mei site.

Profile # 0501 Anlong Ta Mei., Bannon District, Battambang Province. Leucaena tree farm.

Coordinates: 103°10” E, 13° 00" N. Altitude: 20m. Topography: flat, flooding in 1993 & 1994
(twice to date). Land form: plain. Land element: floodplain, Position: higher part. Gradient: flat.
Form: complex. Micro-topography: no micro-relief. Parent material: not known. Erosion: no
erosion. Land use: first year Leucaena leucocephala tree farming at abandoned orange farm.

Hori Depth  Color Notable features
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used in Part 1 of this report.
RESULTS AND DISCUSSION
Soil Profile

Description and a photograph of 1 m depth soil profile are shown in Box 2. Soil texture is clay
loam or clay. Soil colour was blownish gray (10YR 5/4) for A horizon, blownish black (10YR
2/3) for B horizon and grayish yellow brown (10YR 4/2) for C horizon. More blackish colour
in B horizon than A horizon indicates higher organic matter accumulation in B horizon. Upper
part of B horizon (12-40 cm) contains higher concentrations of carbon and nitrogen than A
horizon (Table 1). The reason for higher organic matter accumulation in sub soil compared to
surface soil is not clear. However, the area where soil profile survey was conducted (Site 1,
Table 5) was abandoned garden. Some farming activity might cause higher organic matter in
the subsoil. Carbon and nitrogen contents of Anlong Ta Mei soil were much higher than the
soil in Meanok (Table 1). Consequently Anlong Ta Mei is much more preferable condition for
plant growth compared to Meanok.

Biomass Productivity

The results of the biomass production survey is summarised in Table 5. Among four sites we
surveyed, three sites were pure L.leucocephala stands and the other one was mix planting with
guava and orange trees. The mixed planting site was the only irrigated site. The spacing in the
pure stands was 1 x 1 m. All stands were 10 or 12 months old. Woody biomass per tree at
mixed planting site was 40 to 250% higher than other three sites. The higher wood production
largely attributes to water irrigation of the mixed planting site, but compost application to the
base of fruit trees might also affect the growth of L.leucocephala. Average annual woody
biomass production of three un-irrigated pure stands at the first year was 8.2 Mg/ha/year.
Coppicing branches of L.leucocephala grow much faster than initial planting stems. When we
observed the same site three months after the survey, the coppiced branches were as large as
pre-harvest size. The woody biomass production of following years will probably much higher
than the prospective biomass production of 10 Mg/ha/year in the Master Plan prepared by
MIME and JICA (2005a). Tewari et al. (2004) reported up to 50 Mg/ha/year biomass
productions of L.leucocephala in India under the similar management method with Anlong Ta
Mei but productivity varied depending on management methods and site conditions (Kumar et
al. 1998). The Department of Agriculture in Battambang province is conducting small scale
research and recorded about 80 Mg/ha/year of L.leucocephala branches at forth year annual
harvest without irrigation (Ponh, un-published data).

Nutrient Sustainability

Carbon and nitrogen concentrations of each biomass components are shown in Table 3. Mass
and, carbon and nitrogen accumulation in 10-12 month old L.leucocephala is shown in Table 6.
Biomass of foliage and fruits accounted for 21% of total biomass but it accounted for 55% of
total nitrogen stored in trees. L.leucocephala foliage and fruits are nutrient rich stock feed and
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TABLE 5.

Summary of biomass production of Leucaena leucocephala tree farming in

Anlong Ta Mei Community Energy Cooperative in Battambang Province.

All biomass

data is based on oven dry weight.

Previous status of the land years. Mango was

ground biomass

of a farmer’s house. planted with

Site 1 Site 2 Site 3 Site 4
Surveyed plots 4m x 4m X 3plots Sm X 5m x 2plots 4m x 4m X 3plots Zorgp)foism x
Area surveyed 48 m* 50 m* 48 m* 120 m*
Number of planted trees 48 41 52 47
Number of survived trees 45 34 52 45

1m x 3m, orange

Planting m?thOd and 1 x Im, pure stand 1 x 1m, pure stand 1 x 1m, pure stand and guava frees are
spacing planted between the
Leucaena rows
Irrigation No No No Yes
Abandoned orange
garden. No fruits ~ Abandoned orange Abandoned orange
productionlast3  garden. Back yard garden. Chili was Mix planting with

Orange and Guava.

planted with Disturbance by Leucaena and grew
Leucaenabutall  cows and children? well.
died.
. August &
Planted time May & June 2004  August 2004 September 2004 June 2004
Age 12 months 10 months 10 months 12 months
Bra;ﬂ;n(;slm) (Mg/ha) 5.08 3381 314 327
S‘%ri‘;r(r?;sm) (Mg/ha) 376 3.03 319 213
T%?ér‘:;s‘;dy (Mg/ha) 8.84 6.84 6.33 5.40
Wooliyr E’r‘;’é“ass ke) 0.94 1.01 0.58 1.44
Annual wood
production in the M§$a/ 8.86 3.20 755 5.45
first year ¥
Foliage (Mg/ha) 1.96 1.77 1.57 1.74
Fruits (Mg/ha) 0.04 0.26 030 0.52
Total above —\p 4oy 10.85 8.87 8.19 7.67
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people also consume them. There is much larger impact of nitrogen budget (as well as other
nutrient) in the case of whole tree harvesting compared to the case only woods are harvested.
Applying organic matter and fertilized (eg. compost) would be necessary in the case of whole
tree harvesting to maintain sustainable production. If 10 Mg/ha woody biomass is harvested
annually as prospected in the Master Plan (JICA 2005a), about 95 kg/ha of nitrogen is exported
from the site. This is only 0.8% of total nitrogen stored in 1 m depth of the soil. In addition,
L.leucocephala has nitrogen fixing characteristics. We could conclude that nitrogen depletion
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TABLE 6. Biomass, carbon and nitrogen contents of each biomass components in
Leucaena leucocephala 1-year-old (10 — 12 month) stands at Anlong Ta Mei
Community Energy Cooperative tree farm in Battambang Province.
(kgha)
Branch Stem . .
© Im) (0-Im) Foliage  Fruits Total
Biomass 4011.2 3326.7 17672 201.0 9306.1
C 1873.2 1563.5 798.8 90.9 4326.4
N 38.1 25.0 67.5 9.7 140.3
would probably not occur at Anlong Ta Mei tree farming site if only woody biomass is
harvested. But it is required to investigate sustainability of other important nutrient such as
phosphorus, potassium, calcium and magnesium to evaluate sustainability of biomass
production. Moreover, it is necessary to study the case of higher yield and whole tree
harvesting.
-17-
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Overall Conclusions

In the Master Plan (JICA 2005a), tree farming by local farmers is recommended as the primary
biomass fuel supply source. We have found that preferable biomass yield of L.leucocephala in
Anlong Ta Mei CEC tree farms. Status of soil nutrient sustainability was preferable as well. It
would not be very difficult to maintain sustainable biomass production without causing soil
nutrient depletion. On the other hand, biomass productivity in Meanok Plantation was very
poor. Soil nutrient was very low and long term sustainable high yield would not be realised
under the current management practice. Species screening, fertilizer application, mixed species
planting and native species natural regrowth management should be conducted or considered.
Sustainable biomass production by tree farming at clay soils of Eutric Greysols (Anlong Ta
Mei type) is likely to be achieved. On the other hand, species selection, biomass productivity
and appropriate management methods should be studied for tree farming at sandy soil of Ferric
Acrisols and Gleyic Acrisols (Meanok type). There are many other different kinds of soils in
the country. Intensive research should be carried out to establish localised appropriate methods
of biomass fuel production for each region in the country.

Sustainable tree farming or tree plantation management is one of the most important key issues
for biomass electricity generation. Biomass electricity is a wvery useful tool for rural
electrification and clean energy supply. But the renewable energy production system is only
realised when biomass fuel is produced under sustainable manner. The data we collected in
this presented study is very limited. Long term productivity and nutrient cycling of tree farm
and plantation is exceedingly needed.
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