
d 
1J't1't1 4 

' ' ' A A._,A..,,.r=ll A D#ll .., I 

-;nn m1~n H1a1111::L111~uL111~u m 'VI m::a11"1J t1.\ln11~ iii~ una11 L 'Y1Wil1n am~1'Yl1111 

1!'Vll1.\13Jiil LL V'l::nuW1.\l"li11 t~ £.JV'hn11~nH1 L~ £..11rlU el~11~1U 1!'Vll1.\lfl1fU au~ ti l U 1~1L'ilU ,, 
LLiil!fl1fl113JLUUn1~-~1.\IL~3J~U '~~iiln11'Yl~iiltl.\l~.\ld 

.... .,, ... 
n1·nm111LLn113J m" 

U'ili £.J~ii ~iii~ an11~~ ~ LLri aiiL'Ylu 1 un11'Yl~ iii tl.\lflf .,,d l~LLri er~11 ~1Ufl1f1rnu~ a 

lu1~1L'ilU (A) LLiil::fl1fl113JLUun1~ - ~1.\1 (B) ITTm1mii£JuLtlua11m1ri~flEl£Jl~i"d 

2 2 
Y = 1439.96 + 37.78A + 280.31e - 0.08AB - 0.72 A - 18.80 B 

~ ..r.. ' .... ..i .., ... ~ ..i 
n11 a an LLU u n11'Yl ~iii ti.\! fl1.\IU3J fl113J LL~ n ~1.\1 'Yl1.\I «fl ~'Yl1::~tJ fl113J L "ll'El 3JU 'Yl 95 

ti ' .. ' ..i ' ... ' ... ... ' L El1L'lfU~ "l.lnt::'Ylfl1fl113J L3JL'V13J1::«3J"lltl.\ILLtJtJn11'Yl~iiltl.\I (Lack of fit) L3J3Jfl113JLL~n~1.\I 

'Yl1.\1~1uaii~~1::~ufl1111 L ~ali'u 95 LtJ afLsnu~ ~"LL«~" liL ~uii.\1'11111LV1111::a111 un11Laem 
'I ~.r ~ .... tJ .. .r ..... 'I • 2 

LLUUn11'Yl~iiltl.\I LUfl1.\IU (~111.\1 10) uan'i11nuuma11 1::amm11~~ffUL'il"lJEl.\ILLtJtJ'il1iilEl.\I R 
.-:::ii I I .... 2 A "" .... A .... tJ .... 
3Jfl1L'Yl1ntJ 0.97 LLiil:: R (adj) 'lf.\l"llunua.\1~11aa1::"1Jt1.\1~1LL 1 (Degree of freedom) 3Jfl1 

L rhnu 0.95 LLff~.\11 iL ~Ul1 LLtJtJ-;}1aa.\liifl113Jff3JWUtfnu"li tl3Jiil'il1nnTl'Yl~iiltl.\I i1WltJfl1i1 ,, 
" ~ Q,,11 ,., .... • ,f; I tJ'A tJ' 

LLU".i~U'Yl.\lfft1.\1~1LLU1'Yl1::~ufl1111L"lfEJ11ua.\ln11 95 LUEldL&Jru~ ,, 

"lf~n11 A(Code) A(Actual) B(Code) B(Actual) Methane Biogas 
~ 

'Yl~iiltl.\I (ml) (ml) 

1 -1.000 20.000 1.000 8.000 52.360 690.10 

2 1.414 32.071 0.000 7.000 50.110 652.43 

3 1.000 30.000 1.000 8.000 56.530 810.07 

4 -1.414 17.929 0.000 7.000 30.160 271.74 
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"lf'1fi11 A(Code) A(Actual) B(Code) B(Actual) Methane Biog as 
~ 

'Yl'1sHh1 (ml) (ml) 

5 0.000 25.000 0.000 7.000 79.020 1743.97 

6 1.000 30.000 -1.000 6.000 34.560 336.96 

7 0.000 25.000 -1.414 5.590 12.180 52.74 

8 0.000 25.000 0.000 7.000 80.410 1860.69 

9 0.000 25.000 0.000 7.000 72.960 1589.80 

10 0.000 25.000 1.414 8.410 65.420 1147.47 

11 -1.000 20.000 -1.000 6.000 28.770 256.63 

12 0.000 25.000 0.000 7.000 80.120 1839.56 

13 0.000 25.000 0.000 7.000 78.440 1729.60 

0 A ... I A J,, 
~111.\1 10 LL1J1J"1GIB.\IVHril'IUl1fl113JL "lfB2JU"llfl.\lfl11flflnLL1J1Jn11'Yl'1fHl.\I (significance of 

'II 

regression coefficients) 

Factor Methane production (ml) 

Coefficients estimate Probability 

Model - <0.0001 

Intercept 78.190 -
A 4.770 0~0449- · 

B 15.110 0.0001 

AB -0.410 8.8878 

A2 -18.130 < 0.0001 

82 -18.800 < 0.0001 

Lack of fit - 0.0517 

111W 9 LL~'1.\l~'YliWG1"1lfl.\IU"~£J A {cl~11H1Ufl1f1JflU~ElLU1~1L"U) LLa:: B (~1fl113J 

Lllunw1 - ~1'1) ~ii~mrnL~"llfl.\ILLn~iiL'Ylu"1nn1::u1un11vi3TmLuu"1.i'a1n1~ "1n~an11 
'Yl'1aa'1wui1 Ldan1viu'1~1"1la.\la~111'1uf1Tfuau~ a i. u1'1·n"uL 'Yi1nu 20.00 ~1m1ri 'l~~a i.~ 
"llfl.\ILLn~iiL 'YIUL 'Yi1nu 20.98 iiaaa'11~ ani'aJ~1a~~Gl'1Gl.\I LLGl::Ld flL ~3Jcl'111 H1Ufl1f1JEJU~fl 



32 

1ut91·n-;iu~nn 20.00 ri" 25.59 wui1~aLi"llE1.\ILLntd:h 'YIUL ~a.ia-.\l;fuL rhnu 80.68 3jaaa911~a 
'II 

ni'a.i~ta~~a91a.\I L i'!a.\l-;i1n~a9111R1Uf!Tfo au~ a Lu l911L-;iu ~ L V1111::«11ITT1111rif111 ie19111n11 
I A .ell" A A ...... -:. ~ ~ 

um.1a-a1£.JITT1EIU'Yl1£.J Lrn::n-;in113J"llE1.\l-;JaU'Yl1mwll«.\l"llU (Yokoi et al., 2014) LLa::uan-;i1nuu 
• 'II 

B~11ff1Ufl1f1J EIU~ El Lu l911L';JU ~5:lii1~1-;i::.Yh ti-;i~u 'Yl1ail1 ff11El1Vl11LtlL it un11a-i'1.\I L'lraa • 
(Sreela-or, 2011) LL~L~EIL ~3JB9111ff1Ufl1f1JEIU~EILU l911L';JUff.\lni1 25 ~a li"llEl.\ILLn«5:1L 'YIU 

'II 

..i 111 t """~ ..... t ....... a~a-\1 LUEl.\1';11n"ll1911f191 LU ~1L';JU'YI L".ll'LUn11L';J1fllL911J 91"1JEl.\l';Jt'lU'Y11£.J (Lin and Lay, 2004) . -~ . 
n11~a~ LL1i a-5:1 L Y1u-;i1nvh.\l"li11i1 a.Jnu a.Ja LL w:: t~ £.Jn1::u1un11V1iln LLuu l3.i1 -Ka an~L -;iu 

'II 

wui1ii1fl11a.J Liluni-~-~1-\IL~a.iiu~ 6.oo a-11111ri 1 i~ali"llB.\ILLn«5:1L 'YIUL rl1nu 20.98 

3jaaa911~ani'a.i~tail~a~a" LLa::L~m~a.Jfi1f!11a.JLilun1~-~1"~a.Jiu-;i1n 6.oo ri" 7.19 wui1 

~a Li"llB.\ILLn«5:1 L 'YIU«.\lif uL rl1nu 80.68 3jaa~911~ani'a.i~ta~~a~a" L i'!a.:1-;i1n~ii1fl11a.JLtlu 
'II 

ni-~-~1.:1~ L Vla.J1::ff3J-;J::fl1 L in-;in113J"lJEl.\l';JaU 'Yl1aLfi~;f u Li~ fl1fl113J Liluni-~-~1.\1~1-;J::ff.\l~a • 
1i1::u::L1a1n11tli'u9i1 (Lag time) "llEl.:l';J~U'Yl1a5:11::£.J::L1a1u1u (Van Ginkel et al., 2001) • 

.t 1 I :=1 I -l ~ Loo .t A A t A ... ' 

LL a:: u an -;i1 nu Ufl1fl1fl11 a.J L lJ uni-~ -~1.\1'YI911 a1-;i -;i:: £Ju £J .:i n11L -;i i-ru L 91 U 91"11 B-\1 -;i au 'Yl1 £J ., . 
"'111., ~..f..i..:,' !'I 

(Reungsang and Sreela-or, 2013) -;i::LVIU L~-;i1nn11'Y1~aa.:1f!1.\IUL3JEILWllmfl113JLIJUn1~-

~1.:11 i ff.\l;f u-;i::f111 i ~a li"ll El.\IS.iL 'YIUL ~3J;f U~13JLtli1 [J LL~L u 'Yl1.:1~1.:lnU"li13JVl1n L ~lit.Am tu. 
'II 

ii1fl11a.JLilun1~-~1"«.:1ni1 7.19 ~a li"llB.:ILLna-S:h 'YIU5:1LL u1 t it'a.Ja~a" L i'!a.:1-;i1nii1fl11a.JLilu 
'II 

n1~-~1.\l~ff.:l';J::ff.:l~t'lfl1Li~U.\IL'lrt'la"lJEl.:l';JaU'YJ1aLn~fl11a.JLi£.JVl1£.J (Khanal et al., 2004) 
'II • 

-~ 85.00 
0 
E 
Q) 
..... 67.50 
0 
0 
9 50.00 

~ 
.§. 32.50 
"O a; 
·:;:.. 15.00 
Q) 
c 
cu 

.i:::. -Q) 

:::!: 

B:pH A: C/N ratio 
6.00 20.00 
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biogass yeild (mUg-COD) 

2000.00 T-··-·-·····-··---··--··--·-··-·-·----···----·-····-··-- ···--·----·····-··-··-···-·-·····-·-··-·-··--·--·------·-···--·-·-· 
I 

1800.00 +----·----------------··-----·--
! 

1600.00 +-------·----·---· 

1400.00 L------·-·------ ------
1200.00 ~----------------
1000.00 +-------------
800.00 t-----·- ---
:~~:~~ i1-=- --
200.00 t . 

0.00 . . -·~L-.--

·------

1 2 3 4 5 6 7 8 9 10 11 12 13 

111W 9 tlimni.lu 1muiL'fLL~a::n1,-,.,~aeh1 

•Treatment 

~ a,-12.1"11 Eh1iJ'h.11ni.l111 ernn L'f LL~ a::n1,-'Yl ~a EJ..H~ e:i fl,-11-;i1'" 1 'l.l. 30 1'" w11i1 

..I .... ~ "" ... ... ' ' ' 'II 1 n1,-'Yl~aEl.\l'Yl 8 2Ju,-2J1nl.L'f.\IL'f~ 1860.69 mUg-COD '1f.\12JEl~,-1L'f1'1.l.fl1,-1JEl'l.l.~EI ~'l.l. ~,-L';J'l.l. 25 
'II , 

LLa::f111mtl'l.l.n,.~-~1.\I L'rhnu 1 1~EJ~ali"llt1.\ll111mLnL'fil'mi~«~ f'le:i n1,-,.,~ae:i.\I~ 1 ~.\Iii , 
e)~,-1a-1'1.l.fl1flJEl'l.l.~Ell'l.l.1~,-L';J'l.l. 25 LLa::fl112JLU'l.l.n,-~-~1.\I Lvi1rl1J 5.59 £lm2.11ni.l111mLnL'f 

Lvi1rllJ 52.74 mUg-COD (111W 9) 

... 
4.2 n1,-Y1fliUh1-ii1 (Confirmation Experiment) 

';11n L'f2.1n1,-Yi1'l.l.1 EJ ~an1,-,.,~a t1.\ln1,-~a~ LLn L'fil L 'Yl'l.l.';11n'rJ1.\loJi1Tf12.1n112.1a LL w:: 1~ EJ 
'II 

n,-::111'l.l.n1,-vurn LL1111l1it "lf e:i e:in~L ';J'l.l. w11i1 L'f1111::~ L V12.11::1'2.1~ L'f12.11,-n t ~fi1 ~a li"ll e:i.\I LLn L'f 

ilL'Yl'l.l.1'.\IL'f~ flEI e)~,-1a-1'1.l.fl1f1Jt1'1.l.~Ell'l.l.1~,-L';J'l.l. 25.59 LLa::fi1fl112JLU'l.l.n,-~-~1.\I 7.19 ITTm,-n 
'II , 

'l ~~a li"ll e:i.\I LLnlfil L 'Yl'l.l.L vi1n11 80. 12 ijaa~~,.~ e:ini'2.1tn1e:ifi~a~a.\I ~.\IL~ e:i'll11'1111::~li2.11Yi1 
" ' ' n1,.'Yl~at1.\l'li1~.\1~1,-1.\I 11 w11i1fi«1111::fiL V12.11::«2.1';11n«2.1n1,-n1,-Yi1'l.l.1 EJW11i11'12.11,-n t ~ 

~ali"llt1.\ILLn«ilL 'Yl'l.l.L vi1n11 80.68 ijaaa~,.~e:in72.1tn1e:ifi~a~a.\I ~.\lilfi1fl112.1LL~nfi1.\l,.::V1i1.\I 
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".lf~n11 Condition C:N ratio pH Methane (ml/g-COD) • 
'Yl~~eh'l Predicted Obtained 

- Optimal 25.59 7.19 80.72 80.68 

1 High 30.00 8.00 61.74 60.73 

0 Medium 25.00 7.00 79.11 78.19 

-1 Worst 20.00 6.00 21.05 20.98 


