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A15190IANUINT 1 Analysis of Variance of cubic regression on generator

Source DF sum of Sguares Mean Square F Value Pr>F
Maodel 3 0.63773 0.21258 61.59 <.0001
Error 28 0.09663 0.00345

Corrected Total 31 0.73436

Root MSE 0.05875 R-5guare 0.8684

Coeff Var 4.03387

Variable DF Parameter Estimate Standard Error t Value Pr > |t|
Intercept 1 1.18235 0.03804 31.08 <.0001
watt 1 0.00029854 0.00016903 1.77 0.0883
wattsq 1 2.845707E-8 2.098361E-7 0.14 0.8931
wattgb 1 -3.026E-11 7.3303E-11 -0.41 0.6829

Wattsg = watt*watt
Wattgb = watt*watt*watt

A1TNAIANUINTA 2 Analysis of Variance of quadratic regression on generator

Source DF Sum of Squares Mean Square F Value Pr >F
Model 2 0.63714 0.31857 95.02 <.0001
Error 29 0.09722 0.00335

Corrected Total 31 0.73436

Root MSE 0.05790 R-Square 08676

Coeff Var 3.97576

Variable DF Parameter Estimate Standard Error t Value Pr> |t
Intercept 1 1.17332 0.03068 38.25 <.0001
watt 1 0.00036139 0.00007235 5.00 <.0001
wattsg 1 -5.68289E-8 3.61885E-8 -1.57 0.1272
A15NANUINT 3 Analysis of Variance of linear regression on generator

Source DF Sum of Squares Mean Square F Value Pr>F
Model 1 0.62887 0.62887 178.84 <.0001
Error 30 0.10549 0.00352

Corrected Total 31 0.73436

Root MSE 0.05930 R-Square 0.8564

Coeff Var 4.07174

Variable DF Parameter Estimate Standard Error t Value Pr>t|
Intercept 1 1.20877 0.02127 56.82 <.0001
watt 1 0.00025150 0.00001881 13.37 <.0001
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4 _ : : : ,
MNINANEUINT 4 Analysis of Variance of cubic regression on 1 inch water pump

Source DF Sum of Squares Mean 5Square F Value Pr=F
Madel 3 0.23711 0.07904 14.40 0.0001
Error 14 0.07686 0.00549

Corrected Total 17 0.31397

Root MSE 0.07409 R-Square 0.7552

Coeff Var 6.12859

Variable DF Parameter Estimate Standard Error t Value Pr= |t
Intercept 1 12.15677 10.12673 1.20 0.2499
pc 1 -0.32179 0.30770 -1.05 0.3134
pcsq 1 0.00303 0.00309 0.98 0.3430
pcch 1 -0.00000914 0.00001023 -0.89 0.3869

X _ _ . _ _
MNTNAANUINT 5 Analysis of Variance of quadratic regression on 1-inch water pump

Source DF Sum of Squares Mean Square F Value Pr>F
Madel 2 0.23273 0.11637 21.49 <.0001
Error 15 0.08124 0.00542

Corrected Total 17 0.31397

Root MSE 0.07359 R-Square 0.7413

Coeff Var 6.08714

Variable DF Parameter Estimate Standard Error { Value Pr>|t|
Intercept 1 3.16840 1.12319 2.82 0.0129
pc 1 -0.04770 0.02240 -2.13 0.0502
pcsq 1 0.00027458 0.00011023 2.49 0.0249

A13190ARUINT 6 Analysis of Variance of cubic regression on 2 inch water pump

Source DF Sum of Squares Mean Square F Value Pr>F
Model 7 3 0.08751 0.02917 16:59 0.0003
Error 10 0.01758 0.00176

Corrected Total 13 0.10509

Root MSE 0.04193 R-Square 0.8327

Coeff Var 2.95259

Variable DF Parameter Estimate Standard Error t Value Pr> [t
Intercept 1 20.30313 38.56574 0.53 0.6100
pc 1 -0.65347 1.31438 -0.50 0.6298
pcsg 1 0.00738 0.01487 0.50 0.6303

pcch 1 -0.00002722 0.00005579 -0.49 0.6361
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ANTNAMKUINT 7 Analysis of Variance of quadratic regression on 2 inch water pump

Source DF Sum of Squares Mean Square F Value Pr=F
Madel 2 0.08709 0.04355 26.62 <.0001
Error 11 0.01800 0.00164

Corrected Total 13 0.10509

Root MSE 0.04045 R-Square 08287

Coeff Var 2.84850

Variable DF Parameter Estimate Standard Error t Value Pr>|t|
Intercept 1 1.50359 1.64786 0.91 0.3811
pc 1 -0.01239 0.03672 -0.34 0.7422
pcsq 1 0.00012682 0.00020345 0.62 0.5458

A1319NIANUINT 8 Analysis of Variance of linear regression on 2 inch water pump

Source DF Sum of Squares Mean Square F Value Pr>F
Model 1 0.08646 0.08646 55.68 <0001
Error 12 0.01863 0.00155

Corrected Total 13 0.10509

Root MSE 0.03940 R-5guare 0.8227

Dependent Mean 1.42000 Adj R-5g 0.8079

Coeff Var 277498

Variable DF Parameter Estimate Standard Error t Value Pr>[t|
Intercept 1 0.47960 0.12647 3.79 0.0026

pc 1 0.01048 0.00140 7.46 <.0001
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d = o ot | ] ar y =
A1519muNnT 9 Yiunaiglalasinudalineunugagaduresnsamannssualiivuin 3

Alaind (ppm)

T

. . 9 4
ﬂ'ﬂ']ll?.l']')'ﬂa@ﬂ‘ﬁ‘u 5k
1 2 3
50 cm 2475 2500 2450 2475
100 cm 2460 2430 2400 2430
150 cm 2400 2430 2460 2430

ATNWUINT 10 ANOVA: USinuinglalasiaudalinowiiuyannduveunienin

nsgualinn vun 3Aladng

Source DF  Sum of Squares ~ Mean Square FValue Pr>F
Treatment 2 8550.00000 4275.00000 2:62 0.1523
Error 6 9800.00000 1633.33333

Corrected Total 8 18350.00000

CV; Sum of Squares = 1.65

f19190uInd 11 YSunaiiglelasiaudalvdnanamaviiuyaandunouldinianan

nszualirauin 3 Alaing (%)

GRRHERPVRTERIT i 2@t
1 2 3

50 cm 100 100 100 100

100 cm 100 100 100 100

150 cm 100 100 100 100

ql = 2 ar (d‘ ot ! ar ! & ﬂ.
AITNHUINT 12 ANOVA: Usinumelalasiaudaliananamawuyngadunouldinio

wannszudliihun 3 Alatng @99Tu 0)

Source DF  Sum of Squares ~ Mean Square F Value Pr>F
Treatment 2 0 0
Error 6 0 0

Corrected Total 8 0
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& a w ) el o a | =
A15°19WuINN13 Ysunafiiglelasiaudaliananadwitugagadulunisldniesndn

nszudlin vunn 3 Alataduiu 1 $2lue (%)

. o i 4
ﬂ'ﬂ']ﬂ]ﬁl']')wa@ﬂ‘ﬂ‘u LR2AE
1 2 3
50 cm 100 100 100 100
100 cm 100 100 100 100

150 cm 100 100 100 100

o a & ) £ w1 o v o
MINHUANT 14 - ANOVA: UTanaielalasiaudalwananawmasiuyagadulunislinges

nannszuwa v vuin 3 AlainAuiu 1 99l

Source DF  Sum of Squares ~ Mean Square FValue Pr>F
Treatment 2 0 0

Error 6 0 0

Corrected Total 8 0

=l a o 9 £ el VI ) v 4 a
MITNHUINN 15 Uill']mﬂ'l‘?ﬂaiﬂﬁLf\]usﬂalﬂﬂwaﬁaﬂﬂaqw']usqﬂﬂﬂ‘ﬂ'Uiuﬂ']'iI‘ULﬂ‘iaﬂNafﬂ

nszuali vuin 3 Alatndui 2 Falus (%)

, A\ 4 o
ﬂ’J’mE!’l’WIE]@WﬁU LA
1 2 3
50 cm 99.90 9952 99.80 99.74
100 cm 100 100 100 100
150 cm 100 100 100 100

MINAUINT 16  ANOVA: Usinauinglelnsiaudalsfianavdmugagedulunisidinies

NanNITwa i vuin 3 AlaIRAUIY 2 ke

Source DF  Sum of Squares  Mean Square F Value Pr>F
Treatment 2 0.1352 0.0676 5.23 0.05
Error 6 0.0776 0.0129

Corrected Total 8 0.2128

CV; Sum of Squares = 0.11
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a a w ) 5 W v v =
A1519RUEINT 17 USunainglelasiaudalidianawmdwiugagadulunisldiniesndn

nszudlin vunn 3 Alataduiu 3 $alue (%)

T

D i 4
ﬂ’;’m&l’]’ma@ﬂ‘ﬁu LR2AE
1 2 3
50 cm 99.68 99.40 99.76 9961
100 cm 100 100 100 100

150 cm 100 100 100 100

o a & ) £ w1 o v o
ATNHUANT 18 - ANOVA: UTanauiielalasiaudalwananawmasiuyageadulunislines

nannszwa v vuin 3 AlainAuiu 3 9l

Source DF  Sum of Squares ~ Mean Square FValue Pr>F
Treatment 2 0.2990 0.1495 12.55 0.007
Error 6 0.0714 0.0119

Corrected Total 8 0.3704

CV; Sum of Squares = 0.10

#159KuINi 19 USunaiglelasiaudalviiouriuynaaguvesaieseud duuiusesiugs

UM 6.5 L3931 (ppm)

T

GRRHERPVRTER T - 10de
1 2 3

50 cm 2475 2500 2450 2475

100 cm 2460 2430 2400 2430

150 cm 2400 2430 2460 2430

[y
]

ql =3 [ @t ! L) ar i &
AITNNUINT 20 ANOVA: Usunuinalalasiaudaliniouinugagaduvaaiasseuddun

WTIPUEUUIA 6.5 W5l

Source DF  Sum of Squares ~ Mean Square F Value Pr>F
Treatment 2 9800.00000 4900.0000 0.36 0.71
Error 6 82800.0000 13800.0000

Corrected Total 8 92600.0000

CV; Sum of Squares = 4.78
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= a w 9 ¢l a1 a1 w4 el o
AT1NHUINT 21 ﬂiiﬂmﬂ’]‘lﬂ,ﬁiﬂiL%u%ﬁlNﬂﬂaﬂadﬁadN’M‘qﬁlﬂﬂ‘tjuﬂﬂui‘ﬁtﬂ‘i’ﬂdﬂumﬂmuq

wsaugs Aun 6.5 usash viednlusi 0 (%)

. o i 4
ﬂ'ﬂ'ﬂ]?_l']')wa@ﬂ‘ﬂu LR2AE
1 2 3
50 cm 100 100 100 100
100 cm 100 100 100 100

150 cm 100 100 100 100

A1TNHYINA 22 ANOVA: Ysunuiglalasiaudalndnanamdwiiuyagaduneuld

LATOWUARTNLILTIAUEN YA 6.5 usain wiedaliei 0

Source DF  Sum of Squares ~ Mean Square FValue Pr>F
Treatment 2 0 0

Error 6 0 0

Corrected Total 8 0

o a o o ¢al Y ) vy d fdy b
MITIHUINN 23 ‘U‘SLIWmmsd‘].aiﬂ‘iLﬁ]u%ﬁlﬂﬂ‘v‘laﬂa\‘maﬂquﬂﬂﬂ‘?mﬂaﬂﬁdm‘i'vNEJuG]ﬂaJU’l

WITUEs AR 6.5 U3 W 1l (%)

, A\ 4 o
ﬂ’J’mE!’l’ma@ﬂ‘ﬁU LA
1 2 3
50 cm 100 100 100 100
100 cm 100 100 100 100
150 cm 100 100 100 100

A519KUINT 24 ANOVA: Usanufinglalasiaudaliafanamdsiugngadundld

= cdy B ) 9 o
Lﬂimﬂumﬂuumwﬂuga YUIRN 6.5 I U 1 ’ﬂ'ﬂll\j

Source DF  Sum of Squares  Mean Square F Value Pr>F
Treatment 2 0 0
Error 6 0 0

Corrected Total 8 0
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d = g ar i ot L} ar @ i vl g
A1519Ruany 25 Usunainglelasiudalvaianamdeiugnaedundsldinsossundud

WU Yum 6.5 usadn w2 Tl (%)

T

. " i 4
ﬂ'ﬂ']ﬂ]ﬁl']')wa@ﬂ‘ﬂ‘u LR2AE
1 2 3
50 cm 99.81 99.88 99.82 99.83
100 cm 100 100 100 100

150 cm 100 100 100 100

A1TNUINT 26 ANOVA: Usinaumelelnsiaudalndiianawvdsiwyagadunadldiaiecsun

Tuusaiuge vum 6.5 usah u 2 4ol

Source DF  Sum of Squares ~ Mean Square FValue Pr>F
Treatment 2 0.0533 0.0266 55.84 0.0001
Error 6 0.0028 0.0004

Corrected Total 8 0.0562

CV; Sum of Squares = 0.02

v
o

f159nuani 27 Usinaiglalasudaliananamasiiugaaadunddldiasoseuatug

WIWLES AR 6.5 LI W 3 Hla (%)

RRHERPVRTERIT i 2@t
1 2 3

50 cm 99.42 99.50 99.59 99.51

100 cm 100 100 100 100

150 cm 100 100 100 100

qi = & al ‘:ﬂl ar 1 ot ar kel
A13190UINT 28 ANOVA: USumifinglalasiaudalwafanamasdiugngadunesld

LR UATIUTIAUER YUIA 6.5 usah uu 3 Falus

Source DF  Sum of Squares ~ Mean Square F Value Pr>F
Treatment 2 0.4933 0.2466 102.31 <0.0001
Error 6 0.0144 0.0024

Corrected Total 8 0.5078

CV; Sum of Squares = 0.04
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1.A75UudA
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U 250 Win

wsuasasarelameulanianlen (NaOH) wialgalu 1997w 219 n3u avareluun 1

dms Aowlayuduau 250 wiaguiiu
3.03YUingAU
Adauiild (Fwauussana 250 din) wiluansazany FeCls uiu 20 il

Abdiewdtuansazae FeCl3 wan lutneluansazanelanla (@15 NaOH) uu20 uri

i luRsaulani

nsvigansasinglalasiaudalna

aunsal
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Biogas System Development as a Renewable Energy Source for Producing

Electricity and Pumping Water on highland Area
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Abstract

This study aimed to apply biogas with engine motor for producing electricity and to
drive a small water pump on highland. Two experiments were conducted. Exp. 1
investigated the optimum ratio of air and biogas. The gas which was produced from 8 m?
biogas unit in Royal Project Foundation was passed through hydrogen sulfide (H,S) filter
before using with 6.5 and 7.5 hp. gasoline engine pump. The result revealed that the
optimum ratio of air to biogas for engine ignition was 2:1 to 4:1. It was equal to the
concentration of methane eas at 12.6+1.25 to 21.0+2.06%. Experiment 2 investigated the
volume of biogas needed to drive 7.5 and 6.5 hp. gasoline engines for producing electricity
and for water pumping, respectively. The biogas plant, 1,500 m® in swine farm, Department
of Animal and Aquatic Science, Faculty of Agriculture, Chiang Mai University was used in the
experiment. The result revealed that the volume of biogas needed to produce 100 and
3,000 watt of electricity was 1.03 and 1.96 m’/ hr. respectively. The triple piston axial (3-
cylinder) high pressure water pump with 1 inch diameter pipe needed 1.06 - 1.11 m*/ hr. of
biogas when the speed of the engine was 80-100%. The centrifugal pump with 2 inch
diameter pipe needed 1.21- 1.53 m?/ hr. of biogas when the speed of the engine was 70-
100%. These data are useful for estimating the appropriated number of animals and the

size of biogas unit to fit the need of electricity and to pump water for each highland farm.

Key words: Biogas, Alternative energy, Small engine, Electricity, Water pump, Highland
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