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PANLOP PUTNORK : STUDY OF ALTERNATIVE ENERGY
PRODUCTION STRATEGIES FOR COMMUNITY IN SURIN PROVINCE.
ADVISOR : ASST. PROF. PAPHAKORN PITAYACHAVAL, Ph.D.

The aim of Surin Province Strategic Development Plan for 2558-2561 is to be
“Organic Province”. The major strategy is to promote the renewable energy utilization
to create energy security and environmental protection. This project presents an
analysis of economic feasibility, sensitivity and assess potential raw material for the
production of renewable energy from biomass and agricultural waste digester projects
at community level including biogas from manure, biodiesel from crude palm oil and
biomass power projects. Then, the SWOT Analysis had been applied to defined sub-
strategy for the Surin Strategic Development Plan. The result shown that the suitable
strategy for Surin province are promotion and support biogas by biogas from manure
digester, study the production of biodiesel by biodiesel production from crude palm
oil with used oil, preparation for the establishment of a biomass power plant of

cassava rhizome.
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NANHIN V.2

A @ a o = v A = <3|
AMTNN V.2.1 aﬂTﬂi]"Q“U‘Hﬂlﬂ\iiﬂi\iﬂ1iNﬁﬂﬂ?"]ﬂ‘b”flﬂ1wflﬂﬂi€|’ﬁﬁﬁ’3 nsain 1 Tasenisiensu u

Y
HAiiunsiea
(MU2: 1IN)
s WOmu Caw WamaL oM 1AA wamiagiu wamifogiy  yamiegiiuves
i My
unw unugnd  ans8%  vewameuuNM  vesmldde WanRUUNUGNE
0 350,000 -350,000 1.0000 0 350,000 -350,000
1 76,800 10,000 66,800 0.9259 71,111 9,259 61,852
2 76,800 10,000 66,800 0.8573 65,844 8,573 57,270
3 76,800 60,000 16,800 0.7938 60,966 47,630 13,336
4 76,800 10,000 66,800 0.7350 56,450 7,350 49,100
5 76,800 10,000 66,800 0.6806 52,269 6,806 45,463
6 76,800 60,000 16,800 0.6302 48,397 37,810 10,587
7 76,800 10,000 66,800 0.5835 44,812 5,835 38,977
8 76,800 10,000 66,800 0.5403 41,493 5,403 36,090
9 76,800 60,000 16,800 0.5002 38,419 30,015 8,404
10 76,800 10,000 66,800 0.4632 35,573 4,632 30,941
11 76,800 10,000 66,800 0.4289 32,938 4,289 28,649
12 76,800 60,000 16,800 0.3971 30,498 23,827 6,672
13 76,800 10,000 66,800 0.3677 28,239 3,677 24,562
14 76,800 10,000 66,800 0.3405 26,147 3,405 22,743
15 76,800 10,000 66,800 0.3152 24,211 3,152 21,058
BtV 1,152,000 700,000 452,000 657,368 551,663 105,705
NPV 105,705
BCR 1.19

IRR 4.36%
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y ' @ a o ~ v J A Ao @ a
AN .22 gamﬂﬁ]ﬁ;uumaﬂmqmiwa@mwmmwmﬂyjaﬁm nsain 2 Tasemsh 9 AUUFAYUNU

amuiooay 25

(1198 1IN)
oy HAROU wamou  omslAm  wamegiiuves yamifogiie  yamifogiiuwes
in mlya1e

uny mugns  aA 8% Wan LN vaamlio WaRALUNUGNE
0 262,500 -262,500 1.0000 0 262,500 -262,500
1 76,800 10,000 66,800 0.9259 71,111 9,259 61,852
2 76,800 10,000 66,800 0.8573 65,844 8,573 57,270
3 76,800 60,000 16,800 0.7938 60,966 47,630 13,336
4 76,800 10,000 66,800 0.7350 56,450 7,350 49,100
5 76,800 10,000 66,800 0.6806 52,269 6,806 45,463
6 76,800 60,000 16,800 0.6302 48,397 37,810 10,587
7 76,800 10,000 66,800 0.5835 44,812 5,835 38,977
8 76,800 10,000 66,800 0.5403 41,493 5,403 36,090
9 76,800 60,000 16,800 0.5002 38,419 30,015 8,404
10 76,800 10,000 66,800 0.4632 35,573 4,632 30,941
11 76,800 10,000 66,800 0.4289 32,938 4,289 28,649
12 76,800 60,000 16,800 0.3971 30,498 23,827 6,672
13 76,800 10,000 66,800 0.3677 28,239 3,677 24,562
14 76,800 10,000 66,800 0.3405 26,147 3,405 22,743
15 76,800 10,000 66,800 0.3152 24,211 3,152 21,058
T 1,152,000 612,500 539,500 657,368 464,163 193,205
NPV 193,205
BCR 1.42

IRR 10.12%
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y ' @ a o ~ v J A Ao @ a
AN .23 Qﬁﬂ?ﬂﬁ]ﬂﬂuﬂl@ﬂiﬂiﬂﬂﬁWaﬁﬂ1°ﬁ“ﬁ3ﬂ1Wﬁ]1ﬂ1}l’aﬁﬁ’J nsain 3 Tasemsh 9 AUUFAYUNU

amuiooay 50

(1198 1IN)
oy HAROU wamou  omslAa  yamifogliuves yamifogiiu yamifagiiuves
in mlya1e

uny mugns  an 8% WanauLNY vaamlio WA UUNUENE
0 175,000 -175,000 1.0000 0 175,000 -175,000
1 73,920 10,000 63,920 0.9259 68,444 9,259 59,185
2 73,920 10,000 63,920 0.8573 63,374 8,573 54,801
3 73,920 60,000 13,920 0.7938 58,680 47,630 11,050
4 73,920 10,000 63,920 0.7350 54,333 7,350 46,983
5 73,920 10,000 63,920 0.6806 50,309 6,806 43,503
6 73,920 60,000 13,920 0.6302 46,582 37,810 8,772
7 73,920 10,000 63,920 0.5835 43,132 5,835 37,297
8 73,920 10,000 63,920 0.5403 39,937 5,403 34,534
9 73,920 60,000 13,920 0.5002 36,978 30,015 6,963
10 73,920 10,000 63,920 0.4632 34,239 4,632 29,607
11 73,920 10,000 63,920 0.4289 31,703 4,289 27,414
12 73,920 60,000 13,920 0.3971 29,355 23,827 5,528
13 73,920 10,000 63,920 0.3677 27,180 3,677 23,503
14 73,920 10,000 63,920 0.3405 25,167 3,405 21,762
15 73,920 10,000 63,920 0.3152 23,303 3,152 20,150
T 1,108,800 525,000 583,800 632,717 376,663 256,054
NPV 256,054
BCR 1.68

IRR 19.27%
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y ' @ a o ~ v J A I~ @ a
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amuiooay 75

(1198 1IN)
oy HAROU wamou  omslAa  yamifogliuves yamifogiiu yamifagiiuves
in mlya1e

uny mugns  an 8% WanauLNY vaamlio WA UUNUENE
0 87,500 -87,500 1.0000 0 87,500 -87,500
1 73,920 10,000 63,920 0.9259 68,444 9,259 59,185
2 73,920 10,000 63,920 0.8573 63,374 8,573 54,801
3 73,920 60,000 13,920 0.7938 58,680 47,630 11,050
4 73,920 10,000 63,920 0.7350 54,333 7,350 46,983
5 73,920 10,000 63,920 0.6806 50,309 6,806 43,503
6 73,920 60,000 13,920 0.6302 46,582 37,810 8,772
7 73,920 10,000 63,920 0.5835 43,132 5,835 37,297
8 73,920 10,000 63,920 0.5403 39,937 5,403 34,534
9 73,920 60,000 13,920 0.5002 36,978 30,015 6,963
10 73,920 10,000 63,920 0.4632 34,239 4,632 29,607
11 73,920 10,000 63,920 0.4289 31,703 4,289 27,414
12 73,920 60,000 13,920 0.3971 29,355 23,827 5,528
13 73,920 10,000 63,920 0.3677 27,180 3,677 23,503
14 73,920 10,000 63,920 0.3405 25,167 3,405 21,762
15 73,920 10,000 63,920 0.3152 23,303 3,152 20,150
T 1,108,800 437,500 671,300 632,717 289,163 343,554
NPV 343,554
BCR 2.19

IRR 50.14%
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M3l 13,1 yamidgiuveslanamssdamadanmanyadat nsdif 2 Tasesnsiisy  afoayuiu
asmudouaz 25 tazdunuuazildoituiuesas 10
(1128: VM)
wg  WA@RL wamou  omniaa  yamifogiiuves yamifogiiu yamifagiiuves
i ml¥ae
unw unugns  an 8% WanoUINY voarml¥ae WaRLUNUGNE
0 288,750 288,750 1.0000 0 288,750 -288,750
1 7680 11,000 65,800  0.9259 71,111 10,185 60,926
2 76800 11,000 65,800  0.8573 65,844 9,431 56,413
3 76800 66,000 10,800 0.7938 60,966 52,393 8,573
4 76800 11,000 65,800  0.7350 56,450 8,085 48,365
5 76800 11,000 65,800 0.6806 52,269 7,486 44,782
6 76800 66,000 10,800 0.6302 48,397 41,591 6,806
7 76800 11,000 65,800  0.5835 44,812 6,418 38,394
8 76800 11,000 65,800 0.5403 41,493 5,943 35,550
9 76800 66,000 10,800 0.5002 38,419 33,016 5,403
10 76800 11,000 65,800 0.4632 35,573 5,095 30,478
11 76800 11,000 65,800  0.4289 32,938 4,718 28,220
12 76800 66,000 10,800  0.3971 30,498 26,210 4,289
13 76800 11,000 65,800  0.3677 28,239 4,045 24,195
14 76800 11,000 65,800  0.3405 26,147 3,745 22,402
15 76800 11,000 65,800 03152 24211 3,468 20,743
W 1,152,000 673,750 478,250 657,368 510,579 146,789
NPV 146,789
BCR 1.29
IRR 7.17%
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(1198 1IN)
wg  HAADY . wamou  omslAa  yamifegliuves yamifogiiu yamifagiiuves
i My

uny mugns  an 8% WanauLNY vaamlio WA UUNUENE
0 315,000 -315,000 1.0000 0 315,000 -315,000
1 76,800 12,000 64,800 0.9259 71,111 11,111 60,000
2 76,800 12,000 64,800 0.8573 65,844 10,288 55,556
3 76,800 72,000 4,800 0.7938 60,966 57,156 3,810
4 76,800 12,000 64,800 0.7350 56,450 8,820 47,630
5 76,800 12,000 64,800 0.6806 52,269 8,167 44,102
6 76,800 72,000 4,800 0.6302 48,397 45,372 3,025
7 76,800 12,000 64,800 0.5835 44,812 7,002 37,810
8 76,800 12,000 64,800 0.5403 41,493 6,483 35,009
9 76,800 72,000 4,800 0.5002 38,419 36,018 2,401
10 76,800 12,000 64,800 0.4632 35,573 5,558 30,015
11 76,800 12,000 64,800 0.4289 32,938 5,147 27,792
12 76,800 72,000 4,800 0.3971 30,498 28,592 1,906
13 76,800 12,000 64,800 0.3677 28,239 4,412 23,827
14 76,800 12,000 64,800 0.3405 26,147 4,086 22,062
15 76,800 12,000 64,800 0.3152 24,211 3,783 20,428
T 1,152,000 735,000 417,000 657,368 556,996 100,372
NPV 100,372
BCR 1.18
IRR 4.60%
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(1198 1IN)
wg  HAADY . wamou  omslAm  wamegiiuves yamifogiie  yamifogiiuwes
i My

uny mugns  aA 8% Wan LN vaamlio WORRLUNUGNE
0 262,500 -262,500 1.0000 0 262,500 -262,500
1 69,120 10,000 59,120 0.9259 64,000 9,259 54,741
2 69,120 10,000 59,120 0.8573 59,259 8,573 50,686
3 69,120 60,000 9,120 0.7938 54,870 47,630 7,240
4 69,120 10,000 59,120 0.7350 50,805 7,350 43,455
5 69,120 10,000 59,120 0.6806 47,042 6,806 40,236
6 69,120 60,000 9,120 0.6302 43,557 37,810 5,747
7 69,120 10,000 59,120 0.5835 40,331 5,835 34,496
8 69,120 10,000 59,120 0.5403 37,343 5,403 31,941
9 69,120 60,000 9,120 0.5002 34,577 30,015 4,562
10 69,120 10,000 59,120 0.4632 32,016 4,632 27,384
11 69,120 10,000 59,120 0.4289 29,644 4,289 25,356
12 69,120 60,000 9,120 0.3971 27,449 23,827 3,622
13 69,120 10,000 59,120 0.3677 25,415 3,677 21,738
14 69,120 10,000 59,120 0.3405 23,533 3,405 20,128
15 69,120 10,000 59,120 0.3152 21,790 3,152 18,637
T 1,036,800 612,500 424,300 591,631 464,163 127,468
NPV 127,468
BCR 1.27
IRR 6.86%
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(1198 1IN)
oy HAROU wamou  onslAm  wamegiiuves yamifogiie  yamifogiiuwes
in mlya1e

uny mugns  aA 8% Wan LN vaamlio WORRLUNUGNE
0 262,500 -262,500 1.0000 0 262,500 -262,500
1 61,440 10,000 51,440 0.9259 56,889 9,259 47,630
2 61,440 10,000 51,440 0.8573 52,675 8,573 44,102
3 61,440 60,000 1,440 0.7938 48,773 47,630 1,143
4 61,440 10,000 51,440 0.7350 45,160 7,350 37,810
5 61,440 10,000 51,440 0.6806 41,815 6,806 35,009
6 61,440 60,000 1,440 0.6302 38,718 37,810 907
7 61,440 10,000 51,440 0.5835 35,850 5,835 30,015
8 61,440 10,000 51,440 0.5403 33,194 5,403 27,791
9 61,440 60,000 1,440 0.5002 30,735 30,015 720
10 61,440 10,000 51,440 0.4632 28,459 4,632 23,827
11 61,440 10,000 51,440 0.4289 26,351 4,289 22,062
12 61,440 60,000 1,440 0.3971 24,399 23,827 572
13 61,440 10,000 51,440 0.3677 22,591 3,677 18,914
14 61,440 10,000 51,440 0.3405 20,918 3,405 17,513
15 61,440 10,000 51,440 0.3152 19,368 3,152 16,216
T 921,600 612,500 309,100 525,894 464,163 61,731
NPV 61,731
BCR 1.13

IRR 3.44%
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(1198 1IN)
wg  HAADY . wamou  omslAa  yamifogliuves yamifogiiu yamifagiiuves
i My

uny mugns  an 8% WanauLNY vaamlio WA UUNUENE
0 192,500 -192,500 1.0000 0 192,500 -192,500
1 76,800 11,000 65,800 0.9259 71,111 10,185 60,926
2 76,800 11,000 65,800 0.8573 65,844 9,431 56,413
3 76,800 66,000 10,800 0.7938 60,966 52,393 8,573
4 76,800 11,000 65,800 0.7350 56,450 8,085 48,365
5 76,800 11,000 65,800 0.6806 52,269 7,486 44,782
6 76,800 66,000 10,800 0.6302 48,397 41,591 6,806
7 76,800 11,000 65,800 0.5835 44,812 6,418 38,394
8 76,800 11,000 65,800 0.5403 41,493 5,943 35,550
9 76,800 66,000 10,800 0.5002 38,419 33,016 5,403
10 76,800 11,000 65,800 0.4632 35,573 5,095 30,478
11 76,800 11,000 65,800 0.4289 32,938 4,718 28,220
12 76,800 66,000 10,800 0.3971 30,498 26,210 4,289
13 76,800 11,000 65,800 0.3677 28,239 4,045 24,195
14 76,800 11,000 65,800 0.3405 26,147 3,745 22,402
15 76,800 11,000 65,800 0.3152 24,211 3,468 20,743
T 1,152,000 577,500 574,500 657,368 414,329 243,039
NPV 243,039
BCR 1.59
IRR 16.83%
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wg  HAADY . wamou  omslAa  yamifogliuves yamifogiiu yamifagiiuves
i My

uny mugns  an 8% WanauLNY vaamlio WA UUNUENE
0 210,000 -210,000 1.0000 0 210,000 -210,000
1 76,800 12,000 64,800 0.9259 71,111 11,111 60,000
2 76,800 12,000 64,800 0.8573 65,844 10,288 55,556
3 76,800 72,000 4,800 0.7938 60,966 57,156 3,810
4 76,800 12,000 64,800 0.7350 56,450 8,820 47,630
5 76,800 12,000 64,800 0.6806 52,269 8,167 44,102
6 76,800 72,000 4,800 0.6302 48,397 45,372 3,025
7 76,800 12,000 64,800 0.5835 44,812 7,002 37,810
8 76,800 12,000 64,800 0.5403 41,493 6,483 35,009
9 76,800 72,000 4,800 0.5002 38,419 36,018 2,401
10 76,800 12,000 64,800 0.4632 35,573 5,558 30,015
11 76,800 12,000 64,800 0.4289 32,938 5,147 27,792
12 76,800 72,000 4,800 0.3971 30,498 28,592 1,906
13 76,800 12,000 64,800 0.3677 28,239 4,412 23,827
14 76,800 12,000 64,800 0.3405 26,147 4,086 22,062
15 76,800 12,000 64,800 0.3152 24,211 3,783 20,428
T 1,152,000 630,000 522,000 657,368 451,996 205,372
NPV 205,372
BCR 1.45
IRR 13.30%
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5 69,120 10,000 59,120 0.6806 47,042 6,806 40,236
6 69,120 60,000 9,120 0.6302 43,557 37,810 5,747
7 69,120 10,000 59,120 0.5835 40,331 5,835 34,496
8 69,120 10,000 59,120 0.5403 37,343 5,403 31,941
9 69,120 60,000 9,120 0.5002 34,577 30,015 4,562
10 69,120 10,000 59,120 0.4632 32,016 4,632 27,384
11 69,120 10,000 59,120 0.4289 29,644 4,289 25,356
12 69,120 60,000 9,120 0.3971 27,449 23,827 3,622
13 69,120 10,000 59,120 0.3677 25,415 3,677 21,738
14 69,120 10,000 59,120 0.3405 23,533 3,405 20,128
15 69,120 10,000 59,120 0.3152 21,790 3,152 18,637
T 1,036,800 525,000 511,800 591,631 376,663 214,968
NPV 214,968
BCR 1.57
IRR 16.41%
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6 61,440 60,000 1,440 0.6302 38,718 37,810 907
7 61,440 10,000 51,440 0.5835 35,850 5,835 30,015
8 61,440 10,000 51,440 0.5403 33,194 5,403 27,791
9 61,440 60,000 1,440 0.5002 30,735 30,015 720
10 61,440 10,000 51,440 0.4632 28,459 4,632 23,827
11 61,440 10,000 51,440 0.4289 26,351 4,289 22,062
12 61,440 60,000 1,440 0.3971 24,399 23,827 572
13 61,440 10,000 51,440 0.3677 22,591 3,677 18,914
14 61,440 10,000 51,440 0.3405 20,918 3,405 17,513
15 61,440 10,000 51,440 0.3152 19,368 3,152 16,216
T 921,600 525,000 396,600 525,894 376,663 149,231
NPV 149,231
BCR 1.40
IRR 11.72%
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13 76,800 11,000 65,800 0.3677 28,239 4,045 24,195
14 76,800 11,000 65,800 0.3405 26,147 3,745 22,402
15 76,800 11,000 65,800 0.3152 24,211 3,468 20,743
T 1,152,000 481,250 670,750 657,368 318,079 339,289
NPV 339,289
BCR 2.07
IRR 45.36%
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5 76,800 12,000 64,800 0.6806 52,269 8,167 44,102
6 76,800 72,000 4800 0.6302 48,397 45,372 3,025
7 76,800 12,000 64,800 0.5835 44,812 7,002 37,810
8 76,800 12,000 64,800  0.5403 41,493 6,483 35,009
9 76,800 72,000 4800 0.5002 38,419 36,018 2,401
10 76,800 12,000 64,800 0.4632 35,573 5,558 30,015
11 76,800 12,000 64,800 0.4289 32,938 5,147 27,792
12 76,800 72,000 4800 03971 30,498 28,592 1,906
13 76,800 12,000 64,800 0.3677 28,239 4412 23,827
14 76,800 12,000 64,800 0.3405 26,147 4,086 22,062
15 76,800 12,000 64,800 0.3152 24211 3,783 20,428
W 1,152,000 525000 627,000 657,368 346,996 310372
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BCR 1.89
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1 69,120 10,000 59,120 0.9259 64,000 9,259 54,741
2 69,120 10,000 59,120 0.8573 59,259 8,573 50,686
3 69,120 60,000 9,120 0.7938 54,870 47,630 7,240
4 69,120 10,000 59,120 0.7350 50,805 7,350 43,455
5 69,120 10,000 59,120 0.6806 47,042 6,806 40,236
6 69,120 60,000 9,120 0.6302 43,557 37,810 5,747
7 69,120 10,000 59,120 0.5835 40,331 5,835 34,496
8 69,120 10,000 59,120 0.5403 37,343 5,403 31,941
9 69,120 60,000 9,120 0.5002 34,577 30,015 4,562
10 69,120 10,000 59,120 0.4632 32,016 4,632 27,384
11 69,120 10,000 59,120 0.4289 29,644 4,289 25,356
12 69,120 60,000 9,120 0.3971 27,449 23,827 3,622
13 69,120 10,000 59,120 0.3677 25,415 3,677 21,738
14 69,120 10,000 59,120 0.3405 23,533 3,405 20,128
15 69,120 10,000 59,120 0.3152 21,790 3,152 18,637
T 1,036,800 437,500 599,300 591,631 289,163 302,468
NPV 302,468
BCR 2.05
IRR 44.54%
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1 61,440 10,000 51,440 0.9259 56,889 9,259 47,630
2 61,440 10,000 51,440 0.8573 52,675 8,573 44,102
3 61,440 60,000 1,440 0.7938 48,773 47,630 1,143
4 61,440 10,000 51,440 0.7350 45,160 7,350 37,810
5 61,440 10,000 51,440 0.6806 41,815 6,806 35,009
6 61,440 60,000 1,440 0.6302 38,718 37,810 907
7 61,440 10,000 51,440 0.5835 35,850 5,835 30,015
8 61,440 10,000 51,440 0.5403 33,194 5,403 27,791
9 61,440 60,000 1,440 0.5002 30,735 30,015 720
10 61,440 10,000 51,440 0.4632 28,459 4,632 23,827
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15 61,440 10,000 51,440 0.3152 19,368 3,152 16,216
T 921,600 437,500 484,100 525,894 289,163 236,731
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BCR 1.82
IRR 35.47%
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NMANHIN A.2

~ 1 @ = %‘ o Jd a A A o Aa
MITNN A.2.1 ll“ﬁﬂWﬂi]"l!‘ijuallﬂﬂIﬂi\iﬂﬁll’]JIf]ﬂl"]fﬁ"lﬂﬂ‘unJu’lhﬁllﬂU s 1 lassnuiensuauily

N30
(M1 V1N)
s Wamou Caw Wanou onsfa  yamiagiiu wamiagiu wamifagiiuves
i My
unw unugNs  ans8%  veswamauUuNM  vaImlive WanRUUNUGNE
0 400,000 -400,000 1.0000 0 400,000 -400,000
1 388,000 551,880 -163,880 0.9259 359,259 511,000 -151,741
2 388,000 551,880 -163,880 0.8573 332,647 473,148 -140,501
3 388,000 551,880 -163,880 0.7938 308,007 438,100 -130,093
4 388,000 551,880 -163,880 0.7350 285,192 405,648 -120,457
5 388,000 551,880 -163,880 0.6806 264,066 375,600 -111,534
6 388,000 551,880 -163,880 0.6302 244,506 347,778 -103,272
7 388,000 551,880 -163,880 0.5835 226,394 322,017 -95,622
8 388,000 551,880 -163,880 0.5403 209,624 298,164 -88,539
9 388,000 551,880 -163,880 0.5002 194,097 276,077 -81,981
10 388,000 551,880 -163,880 0.4632 179,719 255,627 -75,908
374 3,880,000 5,918,800 -2,038,800 2,603,512 4,103,160 -1,499,648
NPV -1,499,648
BCR 0.63

IRR  Tdansodmnald
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H 1 o %’ @ S a ~a Ao @ a
aInd 722 yamlegiiuveslasams luTeRmaniminiuihdusay nsdin 2 Tassmshsgaivayuitu

amuiooay 25

E) q

(1198: UIN)
Gl
s WO Vv WanoU - yamifogiiuves  yamiagiiu yamifagiiuves
i ml¥ae fAinan
unw unugns WanoUINY voamlid WaALINUGNE
8%

0 300,000 -300,000 1.0000 0 300,000 -300,000
1 388,000 551,880 -163,880 0.9259 359,259 511,000 -151,741
2 388,000 551,880 -163,880 0.8573 332,647 473,148 -140,501
3 388,000 551,880 -163,880 0.7938 308,007 438,100 -130,093
4 388,000 551,880 -163,880 0.7350 285,192 405,648 -120,457
5 388,000 551,880 -163,880 0.6806 264,066 375,600 -111,534
6 388,000 551,880 -163,880 0.6302 244,506 347,778 -103,272
7 388,000 551,880 -163,880 0.5835 226,394 322,017 -95,622
8 388,000 551,880 -163,880 0.5403 209,624 298,164 -88,539
9 388,000 551,880 -163,880 0.5002 194,097 276,077 -81,981
10 388,000 551,880 -163,880 0.4632 179,719 255,627 -75,908
99 3,880,000 5,818,800 -1,938,800 2,603,512 4,003,160 1,399,648
NPV 1,399,648
BCR 0.65
IRR  lhisgunsaduon’ld
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H 1 o %’ @ Jd A A A Ao @ a
i a.2.3 yamdagiuvesIasems luTedmasnminivihasdy nsdin 3Tasamshsgenivayuitu

E) a

asuiooaz 50

(M198: 1)

Wy HOARU oy wamou  oaslAa  yamiegiiu wamiogiu  yamifegiiuves
i My

uny UNUgNE  an8%  vewwameuuNM  VeIMIFIEY  WameUUNUENS

0 200,000 -200,000 1.0000 0 200,000 -200,000

1 388,000 551,880 -163,880 0.9259 359,259 511,000 -151,741

2 388,000 551,880 -163,880 0.8573 332,647 473,148 -140,501

3 388,000 551,880 -163,880 0.7938 308,007 438,100 -130,093

4 388,000 551,880 -163,880 0.7350 285,192 405,648 -120,457

5 388,000 551,880 -163,880 0.6806 264,066 375,600 -111,534

6 388,000 551,880 -163,880 0.6302 244,506 347,778 -103,272

7 388,000 551,880 -163,880 0.5835 226,394 322,017 95,622

8 388,000 551,880 -163,880 0.5403 209,624 298,164 -88,539

9 388,000 551,880 -163,880 0.5002 194,097 276,077 -81,981

10 388,000 551,880 -163,880 0.4632 179,719 255,627 75,908

374 3,880,000 5,718,800 1,838,800 2,603,512 3,903,160 -1,299,648

NPV 1,299,648

BCR 0.67

IRR  luawnsadnald
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H 1 o %’ @ S a ~a Ao @ a
M 024 yamlegiiuveslasams luTeRmaniminiuihdsay nsdin 4 Tassmshsgaivayuitu

E) q

amuiooay 75

(M198: 1)

s HanoU o wamoy  oasAa  yamdegiu  wamiegiu  yaanfegiiuves
i My

unu UNUENE  an8%  VeIWAMRUNNYM  VBIMIEdI  WaneUUNUGND

0 100,000 -100,000 1.0000 0 100,000 -100,000

1 388,000 551,880 -163,880 0.9259 359,259 511,000 -151,741

2 388,000 551,880 -163,880 0.8573 332,647 473,148 -140,501

3 388,000 551,880 -163,880 0.7938 308,007 438,100 -130,093

4 388,000 551,880 -163,880 0.7350 285,192 405,648 -120,457

5 388,000 551,880 -163,880 0.6806 264,066 375,600 -111,534

6 388,000 551,880 -163,880 0.6302 244,506 347,778 -103,272

7 388,000 551,880 -163,880 0.5835 226,394 322,017 95,622

8 388,000 551,880 -163,880 0.5403 209,624 298,164 -88,539

9 388,000 551,880 -163,880 0.5002 194,097 276,077 -81,981

10 388,000 551,880 -163,880 0.4632 179,719 255,627 75,908

EletY 3,880,000 5,618,800 -1,738,800 2,603,512 3,803,160 -1,199,648

NPV 1,199,648

BCR 0.68

IRR Tiansamunld
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MANUIN 9.1
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(kg/kWh)' | (kg/kWh) (V1N/KWh)
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miduiudilznda 2.02 3.43 400 290 | 690 2.36
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Ay a ] ) a o Y ) v Y o 9/:3 a A 2
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9 a o 1w a A Aa a a o 1w "4 Ay

ulll 100 ﬂIaﬂﬁMﬁ@GB'JI?J\?W%’@L‘D’@LWﬁQ‘D"JN'JaLLﬂa‘U 130 ﬂIﬁﬂﬁiJ@‘]’f)G]f'JiiN NTTUIUNMTNMIBEN
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Ul sauamsnalneoemin 4 ¥u agll

P S
IFRINANYINIA

El K
FUAAANNFY

( Drying Zone )
%uﬂg'uﬁmﬂ
‘ ( Pyrolysis Zone ) -
S Tnsd

( Combustion Zone )

9 v
PFUIANBU & =
NIYBINIA
( Reduction Zone )

1 a o
719 2.1.1 nszvrunsnanes 1y Open Top Downdraft Gasification

g‘/ 9 . I o VoA dy a [ I o [ o Y
GIleLNTI’lﬁ‘JJ (Combustion Zone) Wuduruaniemasnueimadudanuii v

a aaa = a o J J % a dy ' ' 0
mmJ;]ﬂimmmmzm@mmmsueu”l@eeﬂ"l,cmuazu1qmwgu1mumzag1umq 1,100 'C -

1,500 °C
C+o, . CO,+Anwiou
Ha+ 120, > H,0+ ANuIoU
Reactant e > Products

9 v
v A v v

@ s s Y A g
FUIANFU (Reduction Zone) Mya1suou lavon lsauas lorin ldansunisenlvi
v 9

IS 1

a2 Ivargrutivsdnudasudumaiien Tnaillalaun asueuveuen laauas laTasou

U

a X ' ' 0
vazgurglTulyuilazegluyie 500-900°C

C+CO,+ O RPTE o R > 2CO Boudouard Reaction
v 900 °C .
C+H,O+aNusoy 0 > CO+H, Water gas Reaction
(]
C+2H,0+ ANuiou 0080 CO,+2H, Water gas Reaction
CO + H,0 + ANUSOU v - O+ HAANuTou Water Shift Reaction

¥ 560°C . .
C+2H,+ aANuIouN 5= > CH, MethanetionReaction
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) H . y AL a & ' v y A
FUNAUAA1Y (Pyrolysis Zone) TUFUHIFDINAUUIILEOHTA1BAIIANNTOUN Y
: I WA o a < aaa AdAa X g
vudunaedumaien nlfld Tasdswanmaeendiou iuljisernnarwiunisge
] Y Ao & a y X ' ' o 1 = I~ 1
ANUTOUNNFUTANTUGUHYN TuFULz g 1UYI9 200- 600 °C HazvaIUlasuuau
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Y k4 Y Y 1 9
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NANHIN 3.2

= ' o ~ oA A o A
AMITNN 9.2.1 HaﬂWﬁ"ﬂi!ﬂ1!"’1]@\1Iﬂiﬂﬂﬁji\iuh/\lﬁﬁ)”flil’f]ﬁ‘]gll‘]fu A5 1 Tasenuienyuauiunmsio

(MU28: 1IN)
onIAn yam

o Wanay Ve Wanay an 8% yamilogiiu dogiiu  yarfegiiuves

i aldae - R

unu UNUgNs VoIHANDLINY voq HaRRUUNHGNE

Al

0 9,480,000 -9,480,000 1.0000 0 9,480,000 9,480,000
1 3,048,059 2,938,870 109,189 0.9259 2,822,277 2,721,176 101,101
2 3,048,059 2,938,870 109,189 0.8573 2,613,219 2,519,607 93,612
3 3,048,059 2,938,870 109,189 0.7938 2,419,648 2,332,970 86,678
4 3,048,059 2,938,870 109,189 0.7350 2,240,414 2,160,157 80,257
5 3,048,059 2,938,870 109,189 0.6806 2,074,458 2,000,146 74,312
6 3,048,059 2,938,870 109,189 0.6302 1,920,794 1,851,987 68,808
7 3,048,059 2,938,870 109,189 0.5835 1,778,513 1,714,802 63,711
8 2,697,660 2,938,870 -241,210 0.5403 1,457,462 1,587,780 -130,318
9 2,697,660 2,938,870 -241,210 0.5002 1,349,502 1,470,167 -120,665
10 2,697,660 2,938,870 -241,210 0.4632 1,249,539 1,361,265 -111,727
11 2,697,660 2,938,870 -241,210 0.4289 1,156,980 1,260,431 -103,451
12 2,697,660 2,938,870 -241,210 0.3971 1,071,278 1,167,066 -95,788
13 2,697,660 2,938,870 -241,210 0.3677 991,924 1,080,616 -88,692
14 2,697,660 2,938,870 -241,210 0.3405 918,448 1,000,571 -82,123
15 2,697,660 2,938,870 -241,210 0.3152 850,415 926,454 -76,039
16 2,697,660 2,938,870 -241,210 0.2919 787,421 857,828 -70,407
17 2,697,660 2,938,870 -241,210 0.2703 729,094 794,285 -65,192
18 2,697,660 2,938,870 -241,210 0.2502 675,087 735,449 -60,363
19 2,697,660 2,938,870 -241,210 0.2317 625,080 680,972 -55,891
20 2,697,660 2,938,870 -241,210 0.2145 578,778 630,529 -51,751
21 2,697,660 2,938,870 -241,210 0.1987 535,906 583,823 -47,918
22 2,697,660 2,938,870 -241,210 0.1839 496,209 540,577 -44,368
23 2,697,660 2,938,870 -241,210 0.1703 459,453 500,534 -41,082
24 2,697,660 2,938,870 -241,210 0.1577 425,419 463,458 -38,039
25 2,697,660 2,938,870 241210 0.1460 393,907 429,128 -35,221
b 69,894,293 82,951,750  -13,057,457 30,621,224 40,851,779 -10,230,556
NPV -10,230,556
BCR 0.75

IRR  ‘Lieninsasuald
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@ @

M50 0.2.2 yaantagiiuuesIasems IseIdddamnaguau nsaii 2 Tasamsdsgaivayutuacy

q a

$ooaz 25
(+H28: 1M)
yamifoqiiv yam

o Hanou Caw Wanay REAC I : o yamifegiiuves

il mliae R Vo3 -

unw unugns a0 8% Vo4 WanRUUNUGNE

WanoUINY
mlgae

0 7,110,000 -7,110,000 1.0000 0 7,110,000 -7,110,000
1 3,048,059 2,938,870 109,189 0.9259 2,822,277 2,721,176 101,101
2 3,048,059 2,938,870 109,189 0.8573 2,613,219 2,519,607 93,612
3 3,048,059 2,938,870 109,189 0.7938 2,419,648 2,332,970 86,678
4 3,048,059 2,938,870 109,189 0.7350 2,240,414 2,160,157 80,257
5 3,048,059 2,938,870 109,189 0.6806 2,074,458 2,000,146 74,312
6 3,048,059 2,938,870 109,189 0.6302 1,920,794 1,851,987 68,808
7 3,048,059 2,938,870 109,189 0.5835 1,778,513 1,714,802 63,711
8 2,697,660 2,938,870 -241,210 0.5403 1,457,462 1,587,780 -130,318
9 2,697,660 2,938,870 -241,210 0.5002 1,349,502 1,470,167 -120,665
10 2,697,660 2,938,870 -241,210 0.4632 1,249,539 1,361,265 -111,727
11 2,697,660 2,938,870 -241,210 0.4289 1,156,980 1,260,431 -103,451
12 2,697,660 2,938,870 -241,210 0.3971 1,071,278 1,167,066 -95,788
13 2,697,660 2,938,870 -241,210 0.3677 991,924 1,080,616 -88,692
14 2,697,660 2,938,870 -241,210 0.3405 918,448 1,000,571 -82,123
15 2,697,660 2,938,870 -241,210 0.3152 850,415 926,454 -76,039
16 2,697,660 2,938,870 -241,210 0.2919 787,421 857,828 70,407
17 2,697,660 2,938,870 -241,210 0.2703 729,094 794,285 -65,192
18 2,697,660 2,938,870 -241,210 0.2502 675,087 735,449 -60,363
19 2,697,660 2,938,870 -241,210 0.2317 625,080 680,972 -55,891
20 2,697,660 2,938,870 -241,210 0.2145 578,778 630,529 -51,751
21 2,697,660 2,938,870 -241,210 0.1987 535,906 583,823 -47,918
22 2,697,660 2,938,870 -241,210 0.1839 496,209 540,577 -44,368
23 2,697,660 2,938,870 -241,210 0.1703 459,453 500,534 -41,082
24 2,697,660 2,938,870 -241,210 0.1577 425,419 463,458 -38,039
25 2,697,660 2,938,870 -241,210 0.1460 393,907 429,128 -35,221
3 69,894,293 80,581,750  -10,687,457 30,621,224 38,481,779 -7,860,556
NPV 7,860,556
BCR 0.80

IRR  liagwnsadnald
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mani 923 yamiagiuvealasems s llihFmangman nsdiii 3 Tassmsfisgariueayuiuasy
Sovaz 50
(1198 1IN)
yamiagiiv o

o Wanay . Wanou onIIAA o wamilegiiuves

i Ml - Vo4 -

unu unugns an 8% Vo4 HanaLUNUNE

WanaLINY
Mg

0 4,740,000 -4,740,000  1.0000 0 4,740,000 -4,740,000
1 3,048,059 2,938,870 109,189 0.9259 2822277 2,721,176 101,101
2 3,048,059 2938870 109,189 0.8573 2,613,219 2,519,607 93,612
3 3,048,059 2,938,870 109,189 0.7938 2,419,648 2,332,970 86,678
4 3,048,059 2938870 109,189 0.7350 2240414 2,160,157 80,257
5 3,048,059 2,938,870 109,189 0.6806 2,074,458 2,000,146 74,312
6 3,048,059 2938870 109,189 0.6302 1,920,794 1,851,987 68,808
7 3,048,059 2,938,870 109,189 0.5835 1,778,513 1,714,802 63,711
8 2,697,660 2,938,870 241210 0.5403 1,457,462 1,587,780 -130,318
9 2,697,660 2,938,870 241210 0.5002 1,349,502 1,470,167 -120,665
10 2,697,660 2,938,870 241210 0.4632 1,249,539 1,361,265 111,727
11 2,697,660 2,938,870 241210 0.4289 1,156,980 1,260,431 -103,451
12 2,697,660 2,938,870 241210 0.3971 1,071,278 1,167,066 -95,788
13 2,697,660 2,938,870 241210 03677 991,924 1,080,616 -88,692
14 2,697,660 2,938,870 241210 0.3405 918,448 1,000,571 -82,123
15 2,697,660 2,938,870 241210 03152 850,415 926,454 -76,039
16 2,697,660 2938870 241210 0.2919 787,421 857,828 70,407
17 2,697,660 2,938,870 241210 0.2703 729,094 794,285 -65,192
18 2,697,660 2,938,870 241210 0.2502 675,087 735,449 -60,363
19 2,697,660 2,938,870 241210 02317 625,080 680,972 -55,891
20 2,697,660 2,938,870 241210 02145 578,778 630,529 -51,751
21 2,697,660 2,938,870 241210 0.1987 535,906 583,823 -47,918
2 2,697,660 2,938,870 241210 0.1839 496,209 540,577 -44,368
23 2,697,660 2,938,870 241210 0.1703 459,453 500,534 -41,082
24 2,697,660 2,938,870 241210 0.1577 425,419 463,458 -38,039
25 2,697,660 2,938,870 241210 0.1460 393,907 429,128 -35,221
3 69,894,293 78,211,750 -8,317,457 30,621,224 36,111,779 -5,490,556
NPV -5,490,556
BCR 0.85
IRR  lenunsasuaald
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msui 024 yamdagpiuvesIasens TslWihdoutagua nsain 4 Tnsamsasgarivayuituamu

Sovaz 75
(1198 1IN)
yamifagiiv uam

ot WanoU Caw WanoL onnAe ’ togiiu wamifagiiuves

i mldae - Vo4 -

unu UNUgNE an 8% Vo4 WaABLUNUGNE

WanoUINY
Mg

0 2,370,000 -2,370,000 1.0000 0 2,370,000 2,370,000
1 3,048,059 2,938,870 109,189 0.9259 2,822,277 2,721,176 101,101
2 3,048,059 2,938,870 109,189 0.8573 2,613,219 2,519,607 93,612
3 3,048,059 2,938,870 109,189 0.7938 2,419,648 2,332,970 86,678
4 3,048,059 2,938,870 109,189 0.7350 2,240,414 2,160,157 80,257
5 3,048,059 2,938,870 109,189 0.6806 2,074,458 2,000,146 74,312
6 3,048,059 2,938,870 109,189 0.6302 1,920,794 1,851,987 68,808
7 3,048,059 2,938,870 109,189 0.5835 1,778,513 1,714,802 63,711
8 2,697,660 2,938,870 -241,210 0.5403 1,457,462 1,587,780 -130,318
9 2,697,660 2,938,870 -241,210 0.5002 1,349,502 1,470,167 -120,665
10 2,697,660 2,938,870 -241,210 0.4632 1,249,539 1,361,265 -111,727
11 2,697,660 2,938,870 -241,210 0.4289 1,156,980 1,260,431 -103,451
12 2,697,660 2,938,870 -241,210 0.3971 1,071,278 1,167,066 -95,788
13 2,697,660 2,938,870 -241,210 0.3677 991,924 1,080,616 -88,692
14 2,697,660 2,938,870 -241,210 0.3405 918,448 1,000,571 -82,123
15 2,697,660 2,938,870 -241,210 0.3152 850,415 926,454 -76,039
16 2,697,660 2,938,870 -241,210 0.2919 787,421 857,828 -70,407
17 2,697,660 2,938,870 -241,210 0.2703 729,094 794,285 -65,192
18 2,697,660 2,938,870 -241,210 0.2502 675,087 735,449 -60,363
19 2,697,660 2,938,870 -241,210 0.2317 625,080 680,972 -55,891
20 2,697,660 2,938,870 -241,210 0.2145 578,778 630,529 -51,751
21 2,697,660 2,938,870 -241,210 0.1987 535,906 583,823 -47,918
22 2,697,660 2,938,870 -241,210 0.1839 496,209 540,577 -44,368
23 2,697,660 2,938,870 -241,210 0.1703 459,453 500,534 -41,082
24 2,697,660 2,938,870 -241,210 0.1577 425,419 463,458 -38,039
25 2,697,660 2,938,870 -241,210 0.1460 393,907 429,128 -35,221
3 69,894,293 75,841,750 -5,947,457 30,621,224 33,741,779 -3,120,556
NPV 3,120,556
BCR 0.91

IRR Tiansomuiald
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