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KITTIYA KITTIYARANGSIT : INVESTMENT AND RETURN
ANALYSIS OF BIOGAS POWER PLANTS. THESI&DVISOR:

CHATPET YOSSAPOLPNh.D., 118 PP.

BIOGAS POWER PLANT / PAYBACK PERIOD

The purpose of this research is to develop anoagprfor cost estimate and
benefit return from small-scale biogas power plaiitse study focuses on the 100-
1,000 kW power plants that.applyagricultural praduowhich are abundant in
Thailand, as theirmajor raw material for biogasduction. The scope of the study is
divided into two parts 1) preliminary design of thiegas power plant to identify the
associated cost and benefit and 2) economic vedsesament of the biogas power
plant project in various sizes. The results shaat tor the government subsidy at the
existing rate of 0.5 baht/kWh, the maximum probt the plant with a 200 kW
production capacity will occurs at the ¢kield of 0.4-0.6 mYkgVSwith the cost of
raw materials less than (aht/kg.While the maximum profit for the plant wahb00
kW production capacity will occurs at the ¢hfeld of 0.1 - 0.6 mikgVSwith the
cost of raw materials less than 0.5 baht/kg. Ardrttaximum profit for the plant with
a 1,000 kW production capacity will occurs at the.@ield of 0.1 - 0.6 ritkgVSwith
the cost of raw materials less than 0.6 baht/kgaitt be concluded that the operation
of the biogas production system plays an importesle in terms of benefit
maximization. Furthermore, a higher subsidy frone tgovernment will surely

encourage the investor to invest more in the reb&nvenergy business in Thailand.
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. oo HaNaAMYTimu g -
SR glahtot ] \ 91999
(m°CH,/ kg VS)

1| 01N 40% + undanisugns 60% 0.533 A01UIVBUATWAILN
2 | wahwiily 30% “andevsugns 10% 0.334 R

Y o g =y s Q - o ,
3| w9917 40% £ uEevhIngns 60% 0.527 T TN TR Iy

v 9 ¥ a P
4 | Audnlne 40% SUngovingns 60% 0.477 (2552)
5 | nlasnndoe 0.201 Clarke, W. P. (2007)
6 | vouURAIINULALND 0.169 Nalathambi, V. (1997)
7 | ul@en Carrot 0.307 Clarke, W. P. (2007)
8 | Mundle uaz ndleay 0.408 Clarke, W. P. (2007)
9 | vpudeaIn U 0.321 Parawira, W. (2004)
10 | 91999 0.360 Eko Heryadi (2009)
11 | 1udve 0.263
12 | nasndnina 0.307
Malinee, L. (2009)

13 | gudnleviag 0.294
14 | nasndn 0.214
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A o Yoy =~ = v
MTINN 2.15 @mwmﬂﬂﬂwumumawama (99)

. oo HaKAAM TN Yy -
SRS, A \ $1999
(m"CH,/kg VS)
15 | nlasnuziiing 0.370
16 | naennis sl 0219
Fi Y
17 | dieusuiila 0.308
T 4 Nalathambi, V.
18 | D) 0.310
- (1997)
19 | 91 Ina wpudn) 0.287
20 | Apricot 0.286
21 Sugarbeet 0.263
22 | duiesa 0.335 Paepatung, N. (2009)

2.6 Gunumswanliih

v A a

¥
dwsuludszmalneilgiudaandaldiingomamatsdssianTasia 1991e

Q
Y

HAZAUNUNMIHAANIAA1IA F1aT]
a 2 o’/ a [ I a {
niswan IWihomwasemsi vauuanamsldnsneinsmelulszmailuuuananls
[ Y )=} Ao =2 A Y =< [
Fannu IdufFouTaofSoiMeuyasgaaivins suisiinisanet e linsiudansdaass
9
NINGINTVBIQAAIMNTTUNY 9 Tagn1TNaITaNNNAAdIUTZININYIMMAUATHIAIVO
asemsuaanmolulszima Auyasimaasyghavestlivemsnaaiiuiinnaalsgmain
= 1 . ' Ay ¥ 33 v Y o
{59171 Domestic Resource Cost (DRC) IagA1 DRC 1 lavziilumsiamisldninensmelu
Uszmaive W Idnastuasiaialsemagn’ 1 vie wazamnsadaszauanylaufSoulae
= [ 2 3 o I = v o A
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atlszme 1 wiselugldvesiuasmeluilszmaldodisgndos Tasgaamnssulaazil
=<l 4 1 { o 1 1 : a 1
anuldnfsou Taeusouieunaediont DRC Aswanla Ianiosnd 1 asawnsnefine lan
A & a a 9 a & g 9 a A v
wetlszmelallszmemilanaadumsiianisyuesmelulsgma sglidunumsnaadum
a zgz‘z "9 d‘ g 9 U d‘ Ay a 9 a glz 1
siiauuganNAUNUNszImminIzdoativenn liiemssodumsiianuaindralszinea
nsdiAnemsnana lihlaeTsedlWdhlumaez ueenBoamile Taglddeyaninmswanluiidae
v 3 e 1 1 4 v ¢ o o '
Tsalldhwauindwou 4 uis 1dun (1) TselWAideuguasal daniaveunnu (2) Tselwih

Wouginsal vandadoenil (3) Tsalihdouthnya Yamdaguasisiil uaz @) Tsalih
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a % I @ a y g Y] Al o
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a a 1% ¥ a
Haunuaswaa Wil msmdunumanda liihonnadsawit Tassaddununiswan
1 1 a [~ 1 [ 1 ¥ a 1
Aszua lihiianlgaelunmsnaa utiaih 4 gruvdn o fe (1) Andemas (n3al 15a Wihnld
k2
womdalumsuaa) ) mldnelunsdfiamsmlsaelumsihgesnm @) mldnelu
=) % 1 d’ é ) g‘ll 1T d‘
MIVIMITIAMS taz (4) andensimuesnu galuilaulszuim 2546 @auaiui 1 gainy
v A Y 4 o 7 4 o 4
2545 D19 U 30 Ao 2546) Jae llih@euguasai Tsalih@ougmnnsel Tseluiliou
thaya wezlsdllfhivondsuss Hdunulumsedanszud lflwiny 17122 v/ kwh
o w @ I
0.8895 1M /kWh 1.7962 19 /kWh_1.6964 110 /kWh 91180 (333749 Wnunew, 2548)
a @ pe s X
mswaa Wi nmadamn nsalfne mskaa liihonmadininvesnsudes
9 a o = o a o = Y
gn3nndeyamseonuUIIEUUHIANIEE I R s NgN T a1 TaRaAmMaEININ IR 3,000
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M13199 2.16 Aunumskaa Iihonwdsaunauny

. 5IA 109N A1O&M | Plant Factor | @MU
UILANUBINGITU ) )
ym/Alatad | %luasu % 1 / kWh
Aeiuaunan Tl
- UUAAN (150 - 300 kW) 87,500 1.50% 15.00% 8.29
- YUIANAN (600 - 750 kW) 70,000 1.50% 17.00% 5.85
- yualng (1000 kW) 56,875 1.50% 18.00% 4.49
syuuwan ihonnwaduaseiad
- LUVDUKAIAT 3 KW / 01815 200,000 0.50% 14.00% 17.42
- LUVUUKHAIAT T00KW / 01715 190,000 0.50% 14.00% 16.55
- nuvVUAUYIA 1M > 1000kW 175,000 0.50% 14.50% 14.72
szuuwan ihnduna
- AUAAN (500 - 1000 kW) 63,750 2.50% 75.00% 2.73
- walng (> 5000 kw) 51,000 2.50% 75.00% 2.28

Jd a a @
LMLy (L I gfuEJ‘Uﬁm'iaﬁlﬂm’iﬁ}mWﬁNmmﬂLmu (25519

9 a I A g (Y a ~ [ d' d‘ 9
G]L!“Vc]uﬂ"l'iNﬁGl“li/\h/\h‘]nll’mGlIU’E)gﬂ'U‘IfUWU’ENGH'HJ'Jﬁ ﬂ\‘illﬁﬂ\ﬂuﬂ"ﬁ%‘l“ﬂ 2.17 NAUNU
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1 ° = o %’ Y ?:1
A ldhauaanTsdlihduiavuia 10 wneiad lgma luTagnsds levhuazdariuledn

Y
UszdnSnmmmsnaniosnz 20 oasIaonlesoeaz 6.5 0191n53M5 20 1)

M15199 2.17 aunumswan ihnFauastians 9

= a 9 ' 9
- 31N RuamY Aumua i
Gﬁuﬂ 9 9 LA
(1L / A1) GRS TR PRl (1% / kWh)
fdutnIna 600 60 2.90
unay 1,000 50 3.00
913 Tna 700 50 3.00
o
neatwaau 500 70 3.40
Fnlifeoramna 1,000 50 3.90
4
nzatau 2,000 50 3.90
mdnfudlenda 650 50 3.90
e 2,500 50 5.70

a o )
HUBLYie - Uy sgmnsines (2551)
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o o 1 a ¥ a a a3 ' § 1 [+
g msuluaialszma n1swaa Wi Taslssomasleadailuurasnlasenis
4 A A ' A A o o
asvoulasen laaniinadenisldsunilasaningieiniaveslan diusulszina
@ a =3 1 [ 4 4 a 9 =2 9
ansgeusmunisdesmaniiveu laoen ladainnmswaa ligedeiosas 40 veens
1 [9J 14 s % A~ A j’ a a Y
assmaarsveulasen loanavuaveadlseme iolimslasuaniyemasoasau 14
wasnuanudeuldnan wasouay vazndsnunyuien wuna ldsielunisndna
A 2 \ !
nszua lilhugeiuegszniedosas 15 - 20 (Palmer and Burtraw, 2005)
Voogt and Uyterlinde (2004) 18301519 REBUS model Lﬁamﬁ’unumﬁwﬁm"lw%’\h
Y

aunulumawdalwihinldma Tuladuaznasnuiuanaieny Taelddoyasnlszmaainsn

avnmglsil 15 Uszna Taviidununisnaa lih dueaaluasiei 2.18

a15197 2.18 dunums lsnasnuiguaeulumsaaanszud T

Cost range Cost range
Technology (euro./ kWh) (UM / kWh)
Min Max Min Max
Wind onshore >7m/s 3.49 6.25 168.25 301.31
Wind onshore 6-7m/s 4.96 8.01 239.12 386.16
Wind onshore 5-6m/s 7.87 11.81 379.41 569.36
Wind onshore 4-5m/s 11.83 17.74 570.32 855.25
Wind offshore >9m/s 5.79 7.34 279.14 353.86
Wind offshore 8§ -9m/s 5.79 8.70 279.14 419.43
Wind offshore 7-8m/s 6.62 10.02 319.15 483.06
Wind offshore 6 -7m /s 13.65 14.08 658.07 678.80
Samll hydro (< 10 MW) low investment 6.20 8.71 298.90 419.91
Samll hydro (< 10 MW) medium investment 9.51 12.37 458.48 596.36
Samll hydro (< 10 MW) high investment 15.39 20.56 741.95 991.20
Large hydro (< 10 MW) low investment 5.00 9.21 241.05 444.01
Large hydro (< 10 MW) medium investment 10.61 14.53 511.51 700.49
Large hydro (< 10 MW) high investment 18.54 26.57 893.81 1,280.94
Photovoltaics high solar radiation 16.05 34.06 773.77 1642.03
Photovoltaics medium solar radiation 17.94 51.72 864.89 2,493.42
Photovoltaics low solar radiation 18.72 39.84 902.49 1,920.69
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a15199 2.18 AunumslFnaenunyuioulumswaanszuda Tvldh (@)

Cost range Cost range
Technology (euro / kWh) (UMM / kWh)
Min Max Min Max
Solar thermal electricity high solar radiation 54.32 114.57 2,618.77 5,523.42
Power station - solid fuels forestry 5.10 8.98 245.87 432.93
Power station - solid fuels energy crops 5.38 18.79 259.37 905.87
Power station - solid agricultural waste 6.79 8.69 327.35 418.94
Power station - solid industrial waste 10.10 19.60 486.92 944.92
Power station - liquid industrial waste 5.44 18.78 262.26 905.38
Farm slurries 527 20.20 254.07 973.84
Municipal solid waste centralized 6.38 19.60 307.58 944.92
Municipal solid waste decentralizes 10.10 12.69 486.92 611.78
Sewage sludge centralized 5.13 22.16 247.32 1,068.33
Sewage sludge decentralizes 11.19 11.19 539.47 539.47
Landfill gas centralized 2.40 459 115.70 221.28
Landfill gas decentralizes 4.18 5.75 201.52 277.21
Geothermal electricity low investment 7.50 17.15 361.58 826.80
Geothermal electricity medium investment 15.00 24.05 723.15 1,159.45
Geothermal electricity high investment 21.43 27.56 1,033.14 1,328.67
Wave low investment 9.20 10.51 443.53 506.69
Wave high investment 12.95 13.63 624.32 657.10
Tidal low investment 3.00 28.47 144.63 1,372.54
Tidal medium investment 30.14 36.24 1,453.05 1,747.13
Tidal high investment 28.07 36.36 1,353.25 1,752.92

WU : Voogt and Uyterlinde (2004) (5@151lmﬂlﬂaﬂu 48.21 YN / euro)
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(Cost - Benefit analysis) Lﬂ%ﬂﬁﬁ@ﬁiﬂ?}ﬁﬁlﬁﬁ
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o 1 9 Jd
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anaulanazasnululasims Ae yamilagiiugns Ta1wnnNgud veanud yam
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Magfugniaunsadouiugaspssualdsueasluaumsi G.1) wag G.2)
NPV = PVB - PVC (3.1)
n
NPV = ) [ (Bt -Ct/(1+ 1] (3.2)
t=1
de Bt =  walszleminemansuuniuesTasansuili ¢
ct - funuueslasamsluili ¢
R =  oasiAeaaiitmungdy (Discount Rate)
¢ = Sueslnsems Aeil 123, n
n o= swouihhauveslasams

2) BANAIUNAABVUNUADAUNY (Benefit - Cost Ratio : BCR ) ip 93 1d7U
szryamagiiuveswaneuunuanenolglasans nuyamiigivvesdunuaaoaeiy
e o a = A o 1 ) )
volasamsnasimsaadulanizamululasims As 8adIUNAADVUNUADAUYY A0
' y 9 1)
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Usznmisla i hde s fiueneanue a1 anaIzains e (Time of Use: TOU)

2. guanlWihidlug nér@uesamsludichadimbe msldihihadmbeaaziinsanaldau
dszanmslalmuenysianzas wamely 12 @aw duaeldh Sddnawainulaihnza
nnmsiwiheheiniiganas

3. guanlwihfdugnenselua mshilihihedmineazdadsaanmslaliiuazdamiwas
Mninzay losaziiansannndayaindansudelihinednssuy wssanudaamslylih
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1 Y (%
A lFa1e9ar

@)

(6.1224 PC + 1,844.9) x P,
Afan ()

i T5a Ihaadnmm @3.0)
SIMiAUADNLY @ANT A1)

AAINITWAN (Production Capacity) (kW)

(6.1224 (100 kW) + 1,844.9) x 3,000

1,842,857 11N
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C

AD

C

AD

Sd

RT

\Y

ad

CAD

AD

{[(S;xRT)/Vad}x P }
o 9 o 2 Y
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a oA 1w v 1
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Y] A < % @
FLYLINNUN HI0ISUSIDUNUDN(IN)
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FIANIUADUNTA W/ au.u.)
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ﬂﬂ%"lﬂﬂﬁ%ﬂ‘ﬂﬂﬂﬁﬁhﬂﬂ 1B INTN
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1 v o =y
AMTEVUHIANFFININ (UIN)
mIzuunaanszua i wm)

1 Y 1 o d’
ﬂﬂmwmuﬁuuauuau (V)

1,842,857 + 3,034,756 + 3,069,202 + 5,630,000

13,576,815 UM
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MITNN 9.1 ﬂ']ﬁﬂ']u'JmﬂTuLﬁﬁHiﬁTﬁﬂﬁeuaqTﬁquw1ﬂ1a3ﬂ1§Wﬁ@ 100 kW

o v 1w @ Aa @ 1 A ~ o J
FIMIUAIANIINYAL 1.00 UIN/HN. LAZDATITIULNY adder 0.5 ‘]J'Wl/ﬂiﬁ'l@@]

a1 | Wunudassiu Aingau A10&M A1INTTNIIU 518315181 saerlein1suna TN Wan'ls PV 5181318 PV 5er'lel PV fi1'ls
1 | 17,766,000.00 0 0 0 17,766,000.00 0f- 17,766,000.00 B16,760,377.36 0| -B16,760,377.36
2 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B5,837,035.90[ B2,443,930.22| -B3,393,105.68
3 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B5,506,637.64] B2,305,594.55| -B83,201,043.09
4 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B5,194,941.17| B2,175,089.20| -B3,019,851.97
5 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 $4,900,887.90[ B2,051,970.94| -B2,848,916.95
6 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B4,623,479.15] B1,935,821.64| -B2,687,657.50
7 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B4,361,772.78] B1,826,246.83| -B2,535,525.95
8 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B4,114,879.98| B1,722,874.37| -B2,392,005.61
9 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B3,881,962.25| B1,625,353.18| -B2,256,609.07
10 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B3,662,228.54] B1,533,352.06| -B2,128,876.48
11 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B3,454,932.58| B1,446,558.54| -B2,008,374.04
12 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B3,259,370.36| B1,364,677.87| -B1,894,692.49
13 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B3,074,877.70| B1,287,431.96] -B1,787,445.74
14 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B82,900,828.02[ B1,214,558.45| -B1,686,269.57
15 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B2,736,630.20{ B1,145,809.86| -B1,590,820.35
16 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B2,581,726.61| 1B1,080,952.70| -B1,500,773.91
17 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B2,435,591.14| B1,019,766.69| -B1,415,824.45
18 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B82,297,727.49 B962,044.05| -B1,335,683.44
19 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B2,167,667.44 B8907,588.73| -B1,260,078.72
20 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B2,044,969.29 B856,215.78| -B1,188,753.51
21 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B1,929,216.31 B807,750.74] -B1,121,465.57
22 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B1,820,015.38 B762,029.00{ -B1,057,986.39
23 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B1,716,995.65 B718,895.28 -B8998,100.37
24 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B1,619,807.21 B678,203.09 -B941,604.12
25 0 3,781,893.54 | 1,776,600.00 1,000,000.00 6,558,493.54 2,746,000.00 3,812,493.54 B1,528,120.01 B639,814.24 -B888,305.77
53 | 175,169,844.89 65,904,000.00 (- 109,265,844.89 | 57u | B94,412,678.05| 32,512,529.97| -B45,139,770.72
NPV - 61,900,148 [um
B/C 0.34
IRR #DIV/0!
Pay Back Period -9.3 |1

901
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MTINN 3.2 ﬂ']ﬁﬂ']u'JmﬂTuLﬁﬁHﬂﬁTﬁﬂﬁeuaqTﬁquWTﬂTQQﬂ1§Wﬁ@ 200 kW

o v 1w @ Aa @ 1 A ~ o J
FIMIUAIANIINYAL 1.00 UIN/HN. LAZDATITIULNY adder 0.5 ‘]J'Wl/ﬂiﬁ'l@@]

fa [Wunuidassiu  [arinadu A10&M A1INIINIIU s1eg5al serlansag Wi nanlsse PV 5181318 PV 51er'lei PV A1'ls
1 24,899,000.00 0 0 0 24,899,000.00 0|- 24,899,000.00 B23,489,622.64 0| -B23,489,622.64
2 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |- 5,560,687.07 B9,837,742.15| B4,888,750.44| -B4,948,991.70
3 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07. 5,493,000.00 |-  5,560,687.07 189,280,888.82| B4,612,028.72| -B4,668,860.09
4 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 $8,755,555.49| B4,350,970.49| -B4,404,584.99
5 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B8,259,958.01| B4,104,689.14| -B4,155,268.86
6 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B7,792,413.21| B3,872,348.25| -B3,920,064.97
7 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B7,351,333.22| B3,653,158.73| -B3,698,174.50
8 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |- 5,560,687.07 B6,935,220.02 B3,446,376.16| -B3,488,843.86
9 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 16,542,660.40| B3,251,298.26| -B3,291,362.14
10 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B6,172,321.13| B3,067,262.51| -B3,105,058.62
11 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |- 5,560,687.07 15,822,944.46| B2,893,643.88] -B2,929,300.58
12 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-~ 5,560,687.07 B5,493,343.83| B2,729,852.71| -B2,763,491.12
13 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B5,182,399.84| B2,575,332.75| -B2,607,067.09
14 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |- 5,560,687.07 B4,889,056.45| B2,429,559.20| -B2,459,497.26
15 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |- 5,560,687.07 B4,612,317.41| B2,292,036.98| -B2,320,280.43
16 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B4,351,242.84| B2,162,299.04| -B2,188,943.80
17 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B4,104,946.07| B2,039,904.75| -B2,065,041.32
18 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 83,872,590.64| [B1,924,438.44| -B1,948,152.19
19 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |- _-5,560,687.07 1$3,653,387.39| B1,815,507.97| -B1,837,879.43
20 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-~ 5,560,687.07 3,446,591.88| B1,712,743.36 -B1,733,848.51
21 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00'|-  5,560,687.07 $3,251,501.77| B1,615,795.63| -B1,635,706.15
22 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B3,067,454.50| B1,524,335.50| -B1,543,119.01
23 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 B2,893,825.00f mB1,438,052.36] -B1,455,772.65
24 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 $2,730,023.59| B1,356,653.17[ -B1,373,370.42
25 0 7,563,787.07 | 2,489,900.00 1,000,000.00 11,053,687.07 5,493,000.00 |-  5,560,687.07 $2,575,493.95| B1,279,861.48| -B1,295,632.47
59 | 290,187,489.78 131,832,000.00 |- 158,355,489.78 | 5ou | B154,364,834.70| 65,036,899.91| -B65,838,312.15

NPV - 89,327,935 [un

B/C 0.42

IRR #DIV/0!

Pay Back Period -8.9 |1l

LO1
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fd [Bunudasdu  [arTngsu A10&M A1FINITAIIY s1aana5ail s1elansaalwil{wanlssns PV 5181318 PV 511'lei PV fin'ls
1 46,270,000.00 0 0 0 46,270,000.00 0|- 46,270,000.00 B43,650,943.40 0| -B43,650,943.40
2 0 18,909,467.69 | 4,627,000.00 | 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B21,837,368.89] B12,221,431.11] -B9,615,937.78
3 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B20,601,291.41| B11,529,651.99| -B9,071,639.41
4 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B19,435,180.57| B10,877,030.18 -B8,558,150.39
5 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B18,335,076.01| B10,261,349.23| -B8,073,726.78
6 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B17,297,241.52| B9,680,518.14 -B7,616,723.38
7 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B16,318,152.38| B9,132,564.28 -B7,185,588.09
8 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B15,394,483.37| B8,615,626.68| -B6,778,856.69
9 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 (- 10,804,467.69 B14,523,097.52| B8,127,949.70 -B6,395,147.82
10 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B13,701,035.40( B7,667,877.08] -B6,033,158.32
11 0 18,909,467.69 | 4,627,000.00 | 1,000,000.00 24,536,467.69 13,732,000.00 |-__10,804,467.69 812,925,505.09] B7,233,846.30] -B5,691,658.80
12 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B12,193,872.73| B6,824,383.30f -B5,369,489.43
13 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 (- 10,804,467.69 B11,503,653.52 B6,438,097.45| -B5,065,556.07
14 0 18,909,467.69 | 4,627,000.00 | _1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B10,852,503.32] B6,073,676.84] -B4,778,826.48
15 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B10,238,210.68| B5,729,883.81| -B4,508,326.87
16 0 18,909,467.69 | 4,627,000.00 | _1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B9,658,689.32| B5,405,550.77| -B4,253,138.55
17 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 $9,111,971.06| B5,099,576.20| -B4,012,394.86
18 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 [- 10,804,467.69 B8,596,199.11| B4,810,920.94| -B3,785,278.17
19 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 $8,109,621.80( B4,538,604.66| -B3,571,017.14
20 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00" [~ 10,804,467.69 B7,650,586.61| B4,281,702.51 -B3,368,884.10
21 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 87,217,534.53| B4,039,341.99 -B3,178,192.54
22 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B6,808,994.84| B3,810,699.99| -B2,998,294.85
23 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 86,423,580.04 B3,594,999.99 -B2,828,580.05
24 0 18,909,467.69 | 4,627,000.00 | 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B6,059,981.17| B3,391,509.43] -B2,668,471.74
25 0 18,909,467.69 | 4,627,000.00 1,000,000.00 24,536,467.69 13,732,000.00 |- 10,804,467.69 B5,716,963.37| B83,199,537.19| -B2,517,426.17
53 | 635,145,224.45 329,568,000.00 |- 305,577,224.45 | 3u | B334,161,737.66| 162,586,329.78| -B127,924,464.48

NPV - 171,575,408 |un

B/C 0.49

IRR #DIV/0!

Pay Back Period -8.5 |1l
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7 [Wunuidassu  [Ariandu A10&M A1AINTTNIIU el Nalansmnalwiluanilineg PV 51e318 PV 1e'lel PV Ai1'ls
1 81,859,000.00 0 0 0 81,859,000.00 0/- 81,859,000.00 B77,225,471.70 0| -B77,225,471.70
2 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 - 19,539,835.37 B41,834,136.14| B24,443,752.22| -B17,390,383.92
3 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B39,466,166.17| B23,060,143.61| -B16,406,022.56
4 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B37,232,232.24| B21,754,852.46| -B15,477,379.78
5 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B35,124,747.40| B20,523,445.72| -B14,601,301.68
6 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B33,136,554.15| B19,361,741.24| -B13,774,812.90
7 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B31,260,900.14| B18,265,793.63| -B12,995,106.51
8 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B29,491,415.22| B17,231,880.78| -B12,259,534.45
9 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B27,822,089.83| B16,256,491.30] -B11,565,598.53
10 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B26,247,254.56| B15,336,312.55| -B10,910,942.01
11 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B24,761,560.91| B14,468,219.38] -B10,293,341.52
12 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B23,359,963.12| B13,649,263.57 -B9,710,699.55
13 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |==.19,539,835.37 B22,037,701.06| B12,876,663.75 -89,161,037.31
14 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- .19,539,835.37 B820,790,284.02| B12,147,795.99 -B8,642,488.03
15 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00.{- 19,539,835.37 B819,613,475.49| B11,460,184.89 -B8,153,290.59
16 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B18,503,278.76| B10,811,495.18| -B7,691,783.58
17 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B17,455,923.36| B10,199,523.76] -B7,256,399.60
18 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B16,467,852.23| 189,622,192.22 -B6,845,660.00
19 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B15,535,709.65| B9,077,539.83| -B6,458,169.81
20 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- *-19,539,835.37 B14,656,329.86| B8,563,716.82 -B6,092,613.03
21 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- .19,539,835.37 B13,826,726.28| B8,078,978.14| -B5,747,748.14
22 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B13,044,081.39| B7,621,677.49 -B5,422,403.91
23 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B12,305,737.16] B7,190,261.78 -B5,115,475.39
24 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B11,609,186.00| B6,783,265.83 -B4,825,920.17
25 0 37,818,935.37 | 8,185,900.00 1,000,000.00 47,004,835.37 27,465,000.00 |- 19,539,835.37 B10,952,062.27| B6,399,307.39 -B4,552,754.88
33U 1,209,975,048.91 659,160,000.00 |- 550,815,048.91 | 57u | B633,760,839.09| 325,184,499.53( -B231,350,867.87

NPV - 308,576,340 [un

B/C 0.51

IRR #DIV/0!

Pay Back Period -8.3 |1
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Investment and Return Analysis of Biogas Power Plants
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Abstract

The purpose of this research is to propose the trend of cost assessment and the benefits of bringing agricultural
produets to small biogas power plants by studying a number of agricultural products which transform themselves into energy
and produce electricity. This research is divided into 2 parts. Firstly, the design of small biogas power plant to work out the
costs and benefits generated. Secondly, the assessment of the project in economics terms by assessing the benefits and costs.
The decision making on the investment aspect consisted of Net Present Value (NPV) Benefit-cost ratio Internal Rate of
Returns and Payback period. The power plant project with investment cost 42, 73, 170, 323 million bath and payback period

within 26,22 21 19 years.

Keywords : Biogas Power Plant; Payback period
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