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~1ua'Yi1 t ~R a1L11m5'.la.:i ,J.:1V11c;iwMmfan m~::vh.:ii11L V1~t1fl.:i111£J'l 'U.L"ll'il,J.:1V11c;iwMm1an , , 
... ti "'"" 2. "l.IEllJL"ll'il'il1LL 1'Yl~nM1 

'11LLtl1a«1:: (Independent Variable) fit1 iJ-;J,)£J~fl1'ili1-;J::'1'.:i~a~a 
n11t:.Ja'il LLn ffiiL'Yl'U.';J1nW1.:Ji11i111nu11a LL~:: L~LLri el'il11 Li1'U."lltl.:lfl1flJ El'U.~tl i. '"1911L';J'U. 

~ 

'11T11111 Lllun1c;i-~1.:1L~11~u 
'11LLtl1'il111 (Dependent Variable) fia mm'il1"11El.:ILLnffiiL'Yl'U. LLa:: 

t:.Ja i.~"1.1 t1.:i LLn«iiL mi 

1:: £J:: L 1 a1 ~ vh n111,J £J LL a ::1Lfl11:: ~ "11a11 a t1 Ei'l uit1.:iL~t1un11111 ~'" f 
~ ~ , ...... 

~-~· 2557 rl.:IL'iltl'U. ~{1M111fl11 ~.~. 2557 

... ... t( 

1.5 "U13Jff'Wfl 

Luiaiim" ~ t1 LLn«~Lnc;i"1nn1::u1um1Ei t1 £J«a1 £.Jau 'Yl1£J1c;iri~1 £.J';) ~'" 'Yl1~ u«1111:: , , 
~i.i'mm~ 

Yh\1Ti11 ~El ~'U."l111LL~.:l~'U.1'ilLtl1L11~'1tlEJnmt1 
n1"i'VlaJmLtm l-ia1 rnff fi t1 m1Eit1 £.Jau 'Yl1£J1c;iri~1 EJ';J~'U. 'Yl1£J1 u«1111::~i.1J1 i , , 
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1.6 U"i::tu~n!AA1(;111,,:: l~-iu 
1. 'Yl11u~1111::~:u~u ~ L ~m::~:u 1 un11~~'il LLn ~i:h 'Ylw;i1nn11~ ilni1 :u1::wh'1 

:IJGlLL'Vi:: Lrn::vh'1ir11 
~ 

2. Li1h::fo"15U~1U'Vii'1'11U-;J1n1~'ilL~~El~\lll1Tln11LnM'il1 , 



2.1 'th'12i1'1 

.d 
1JYIYI 2 

.d .d " U> fl ft1 "irt Ln ti~ '!I ih'J 

vh,1"li11~ ti ~1~'U.LL ~.:1"11 t1.:i"li11~.:1 LU'U.i:.l avrntl vi.~ ti ci1.:i'Vli1.:i~L~'VI ~.:inTlL nu L~ m"li11 

rf.:11.h::L 'Ylt11iiv-l1.:i"li11th::111rn 23.35 i1u~utuLL'iia::tl t~mu~vn11'Yhu1 t m.h::L 'Ylfl'Vlii.:i"'l i 

... - ... .f 
(1J1~ a'U.flff LLa::LW.:I L°.ll'.:l°.ll'tl, 2548) 

'II 

v-l1.:1"1i11ii£19111({1umfut1u'iit1L'U.tf!1L-;ium~£J 99 : 1 tuv-J1.:i"li11 485 ntanii1~i.filu 
V1tt.:1i.'f-;i::iitnflL'U.1fl1L';J'U. 2.3 ntani'a.1 V'Jt1ffv-lt1i'ff 0.3 nfoni'11 LLa:: t WLL 'YlffL~£J3J 5. 7 ntani'11 

~ 

~.:iinfl L 'VI a1diif11111 Wi~ru'ii t1f11111t1~11ff11u1m"ll t1.:i~u t u~1uin fl t11V111"11 t1.:i~°.ll' 
~ .. ~ 'II ~ 

- - ... .f (1J~fl a'U.flff LLa::LW.:I L°.ll'.:l°.ll'tl, 2548) 

"" (n&11: www.ldd.go.th.) 

2.2 0'1fl°th::mlU210'1~1'12i1'1 

t1.:iff 1.h::nt1u"llt1.:iv-l1.:i"li11~1ut V1ru1.h::nt1ui.l.1~1 £J L'lfaa foff rnijL'lfaa foff Lrn::~nitu 
.. 'U 'II .. ... .... t ... .... '1f.:111anHrn:: fl1.:lffTI.:i~.:1111w 2 
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PLANT FIBER STRUCTURE 

111W 2 fl.\l~th::n fllJ"ll Eh1W1.\l"li11 

~ 
(YllJ1: www.ldd.go.th.) 

2.3 n1,-11f't.1,-:: Tu11,.C-.,1 nM1'1iTJ 
• I f" ' -·· ., ~ .. I • I .... ... •• 1 ... !"I .. .. .... • 2.3.1 IJ"it Lll1114.,1nTI1'1'!11'JYllJ91 i) fl11"IJ1"Uftll1'1f;t14 -n1.\1"1111 L u'U.fl'U. 'Yl'H.1191fl fl t.11.\1 , 

..... ,,, ....... ~.. ... ... ...., 1 ,, _, .... _,.. ·' .... .r 
'VI 'U..\l'Yl L91111'VI a.\lnTnnu L n E.11"1111 'lf.\I m-;i-;i::11u1:: EJ"lf'U.91 fln11u11Ju1.\191'U. 'VI a1 EJ u1::n1191.\l'U. , 

n1,-t.1i'ut.1,-" aa.iiriin1'1 n1 ttll1'1'!1 il'1 ii" w1.\l"li11fi1'ti~u1tJi.\li1U'lf EJ • • 
L w11::au 'Y11EJ191ri~L~-;i1nn11u fl E.1a-a1 EJ"ll fl.\IW1.\l"li11 -;i::L "li1 Lt! LL ·rnn fl u91111"lifl.\li1.\1"11fl"~'"L1 , ~ 

fi1'tidifl1fl1.\I a-f1.\1"11 fl"~'" ~a-11111riflfl-imh L~ ~"~1 EJ~fln11L911E.111~u 't un11iln~h LLa::fi1 
~ 

't ~71n-r~"lf L -;i7qi L~u 191 LL win1::-;i1 EJL '"~'" L~ 111n;f u~uiin111::u1 EJ fl1n1'1!111n;f un11sn11 ~1'" 
"llfl.\lif1LLa::n11~11J1"11fl.\l~'U.~;fu (flm1-;i11Ef111fli"lf1U!W1'Ylt.n, 2548) 

n1,-t.1i'ut.1,-"r11.1iriir11" Lflii'!I e"ii" L~ fl w1.\l"li11 u fl EJ a-a1 EJ-;i::tJ afJtJa fl EJ't i • 
11191fl1'V111W"lfLLTi~u1fl E.1911.\1 ii" LL~-;i::iimm nl.11191 fl1'Vl11Ufl EJni1iJ EJ L fl ii LL~-;i::iivY.\ltn 91 fl1'Vl11 . , . . 

"" A ' .I .I' 'I°' !"I .I 1 <'' A 'I ' A 'VI amLa::n-191 fl1'Vl111fl.\I 'lf.\1-;J::fl fl EJ CJ uaflua fl EJ L 'VI Lu'U.u1:: EJ"lf'U.91flW"lfLu1:: EJ::t.n1"lf1 E.lflfl E.lfl . ~ 

in 91 fl1"V111 -;i1nn11 't«iJ mfliihi't i a-ru LiEJLtJ-;i1n~u 1fl E.1~1 EJ ;A..,w"lfa-11111riit1 LtJ'l itJ1:: 1ll"lfu . , ~ ... 
L~L ilun11L ~11tJ1::ff'Yln111w LLa::aflm111mm1 'l iiJ EJ Lflii • 

n1,-t.1i'ut.11" r11.1iriin1'1ih111'1'!I il'1 ii" w1.\l"li11"1i1 E.1fi1 'ti~ uiitJ7111 m 
BU'Y11r.J191m ~11;f uau 'Yl1EJ191fl~ L ~3J;f 'U.LU'U.LL 'VI a.\I fl1'Vl11 LLa::wa.\l.\11'U."ll fl.\l';la'U. n1m '"~'" fi1 'ti . . , 
m111mLrn::n-;in1111"11 fl.\l';Ja'U. n1 E1~ L ~ EJ1"1i fl.\ln1Jn11L tJ~ r.J'U.1r191 fl1'V111 L '"~'" 'l i fl u't'" 1tJ~ LUU . . ~ ~ 

• I 1 ' , • ,,:. ,¥ 1 ... ' <' •T ' ... • I u1:: EJ"lf'U.91flW"lfLW3J"ll'U. (E.1.\IE.l'Yl1r fla'fla'fl1, fl11flfl~;j 1.\lfl3Jnl.L1';l'U. LLa::"lf1a91 lf.\lu1::EJ1, . ... ~ 

2551) 
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2.3.2 t.1-s:: Tu2n!\11 nM1\1'111'J Ltlwwft\l\11~n1ft LL n" v·h:i"ll11 iifl'mu11wL ~ Eh'IW a~ 
-;i::\i.1 hJ'l iLU'U. w i-i-i1u. 'Yl ~LL 'Yl'U. L~ ~1 [Jn11U1 LUL iL U'U.L :Km wa-i"ll a-i~ ~a ~mi'1 'l u.11-i-i1u. 
~ ~ «1 ~ nn:u U1 LU ~a~ LU 'U. n1:: LL«L rJ~1 L ii 'U.~'U. iin11dii n11U~ u~nu. ita EJ :IJ1 n 'l u. 
1.h::L 'Yl~L 'Yl EJ L w11::mfl'EJwi-i-i1u. L rJ~1-;i1nmi«LLa::rJ a«~a Lilu. ~in m1i~m1rJ1-i"ll11 mmd 
Lilu.n11L ~ :u :ua~h L~11f;jn-;J"ll a-irJ1-i"ll11 'l ~ «-i~u. LLa::\i.1 Lu'liLilu. wi-i-i1u. 'Yl~ LL 'Yl'U. wi-i-i1u. 

'IJ ... 'IJ 

rJ a «~a~uu1u.-;i::~:u~ Lu'Ylnfi LL~'Yli1rJ1-i"ll11 L ilu.;a1 :u1a~'l ~f!11:ui'au.~1 tl-i EJ1n 'l u.nTnfiu q , 

11un:u LLa::ii~h 'li"il1 EJ'l u.m1"11u.~-i «-i u.an-;i1nii'LLa1n11~a'1wi-i-i1u. 'YI~ LL 'Yl"U.~ a-i 'livh-i"ll11 
'IJ 

mm mmn Lrl au1rJ1-i"ll11 aan Lu-;i1n~u. ~u.1-;i::'Yl1 'l ~li1'1m~11~ii a tltimt1aan Lu~1 EJ 
, 'IJ 'IJ 

2.3.3 t.l-s::Lu1f""1nM1\ltJ1'Jt"n1-st11i1u1urn iidLilu.n11ibrJ1-i"ll11~ilni1:unu • 
:IJ a i'1iiJ EJ Lfl ii~1a-;i au. 'Yl1rJ Lrl a~ iln LLi1rJ1-i"ll11-;i::LU~ EJ'U.«1l1W';J1n L~:IJ LU'U.~'1 Lt! a EJ tl EJ 'IJ , q , 

iii'1'11a1.Ju.~i1 ITT1111tiit1 lu'l-tl~rnEJ LL~iim1dm'.l!l-'11n11.J~u'1inu. ita EJ:u1n L w11::m'.l!l-9l1n1 
L ~u. i1 ~" mn 'l u.n111.J~u~~ a-i 'li-#-i~1 'l i"il1 EJ L 1a1 LLa::LL 1-i-i1u. 'l u.n11i'1n11u.an-;i1nif u. 
Ln'.l!l-'11n1E1-i"111~f!1111i'f!1111L"ll1'l-;i n11~iln-;i::'Y11'l~m111mli1'1a1~11w"lfL~11«'1~u.ITT11Trn 

'IJ , 'IJ 

it1111 'l-tl.~~1 EJ L iia-i-;i1 nrJ1-i"ll11-;i::ii"11 u.1 '1 Lan a-i LLa::f11111Lllu.111::1 EJ"lfU~ aw"lf-;i:: 111nn-h 
'V'l1-i"ll11~Llil~~iln 

... _.. ... ... rt ... 
2.4 fl"St'.U'J" fl1"S\lfl fl1"STI1\1111'J'Ma\I fl1"SLfl'.U Lfl U'J11 £1\1 LflitGl"Sfl"S 

~i-i-;i1mn'.l!l-'11n1Lfim~ EJ1°1111LLa1 i-i~L ~~ a~-il 1l u.ri-iu.1 ~a'V'l1'1°1l11;S-im'.l!l-'11n1 , 
-;i::L~ an 'l *lii~ n11~ LL'1n~1-inu.a an lu LLa1 LL~fl1111riu'1 Lrn::f!1111 L ~111::«111in-11~1-i 'J 
~ii.EJ11 'l inu.ii~" ~a lud 

2.4.1 n1-stlaaufi" 1-n~ni""11idLllu.1i~-iL~11~mH'11n1ii.EJ11'linwtht11'l u.~u.~ • 
1.lan"ll11u.1il 1'1 EJ1.la a EJ'V'l1-i~-il1l u. ri-iu.1 'l ~Lfi~n11tl a EJ «a1 EJ9l111n1111it1~ iJlil-;iuu.mH~1n1 'IJ , , 

1.11::111m 50 L11afL.nu.~L~an'l"lflim1i-ina111~muw1:AiLvfu.fivhinil~iin11iJan-ll.1'lL~ 
'IJ 

flf '1L~EJ1~ail L iia-i-;i1mllu.1in11~~1miEJ~1 'li"il1EJ~1'liLL1'1'11'1.1.LLa::L 1a1 t u.n11i~n11ita EJ 
LL~i1m111 tu.li1'1 a1~11~-;i::«::«11'l u.~u.a1-;iiiua EJ L iia'1-;i1nn11~'1'YJ1'1°1111 l iu.1u.lilu.ni1li!::TI'1 , 
q~'Yl1u.1 a1-;i'Yl1 'l ~m111m"11a-irJ1-ii11a'1a'1 LLGl::li1'1 a1~11«WLiEJLU L 'rlu. l u.1'11L';J'U. 

'IJ , 'IJ w 
0 1- I .f ""' ' 0 

•• I " '11. I .J' .... ' !"I "'"" ..I 'l "' .... 2.4.2 fl1"S"1 uLaU\lfflJl'J n11'U.1l"l1'1"1111 LuLGIEJ'1«'11Lu'U.11rfi11'YILnH'11n1 "lffi'U.111 
1 ."1 .... 0 .4 "' •• I "' 1 "' .... " .J' .... ' 'U.1'U. LL a:: L 'U,]J';)';JlJ'U.LfiH'11n1';11'U.1'U. ~'U.'1fi';J::"ll1 EJTI1'1"1111 L ~nlJLn'.l!l-'11fi1~ La EJ'1 «'11 L w11:: 

, 'IJ 

LnH'11fi1L~:IJ iim1it1 Lfl~a-iin1u.1~°1111111 Li iin11tl'1'V'l1'1LU'U.rl au. rh L ~£ifl1111«::'11n fl'1~'U. 
'l ., ., .... "' ~ "' L "'· I 1 ' .. I "' .... .... .f .4 "" u.n11"11u.EJ1 EJ LLa::mu1n H1W1€lll'Yl'1fl1111 '1 a-im1 "lfu1:: EJ"lf"U."lla'1TI1'1"1111 u.u1u.«'1"11WJJ'11l 

'IJ 

LnH'111h::111m 30 L11af L.nu.~L~an 'l i1in11-#-i«a'1il'1i 'Y11 'liLnM'11n1ii11EJfm ~11~u.-;i1n 
n11"111 EJ'YJ1-i"ll11 ;S" Lllu.n11L ~ 1111afi1"11 a'1'YJ1'1°1l11 'l imH'11n1 LL~iida1lil'Yl1 'l i~u.«ruLiEJ 

'IJ 'IJ w 

f!1111a'111 «11u1m111L~a EJ 6J ti1iim1"11 u.rj1 EJ'V'l1'1°1l11 e:i an-;i1nri'1u.1 a tl1-i~ m iia'1nu. 'l u.LL~a::il , 'IJ , 
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2.4.4 n1'i lnnauw1\l'l11'JMa\I n1'i1if u 1if f.l'J 1nd'Li~Jun11ltmauvh:i"li11~iia lit u 1.1.1 .. 
.... "' ..l .. "ti" .. 'I ..l.. .... .. ..f ti ' ..:' '1 ., .d 'I ., ... 111E.l'\•rn.:Jn11mmnE.11i:.Jfli:.Jfl'ilfl.:J L LU'il'U. LW'llnt.::'Yl'il'U.E.l.:J3Jfl113J'n'U LLa:: flEJE.J'Yl.:J nLViEIL'VILn'il 

n11£iaE.J~a1E.JLU~U ~.:Jlil::na1E.JLUULLV1a-:iau'Yli'E.11'ilflLLa::1i1'ilEl1'Vl11W'nL~nu~u via-:11i11mfu q q 

~-:itl~n-r4"ni:.Jac;i13J~~a-:in11'ilalt1 1nn11d'Lmyc;i1n1ilE.JaJtllju'1inutuvfu~'Yi1u1tlna11flavia-:i 
Lnmri E.11"1i11LLa11i1::ii m1Yc;i1n1tl1::aJ1m so Ltl afLsnu~~~-:ivh-:i"li11l1t u fi-:11.1.1 lc;i mu Vi1:: q 

.... ., ..I ., 0 "' .I ti ti • "' ., • c;JEJ'lf.:J'il11 L3JEIL'il1\!'il'U.fl~H'U. 1::mm fl1E.IL'ilEJ'U.L3J1Y1E.l'U.'Vl1El'il'U.L'ilEIUVif11Y111fl3J Ln1Y'il1n11il:: 

L'ili'E.13J~Uflf .:J~'Vlit.:J Li'E.Jn'J1 lflfl:: LLa1tl a El ml1L"Ji1U1 L ~fi13J1 ~'il'VI aJn~.:J l 1L vla L ~'ii Elsll.:J LL a:: q 

vh-:i"li11Lnfln11£iaE.J~a1E.J LLa1~-:ilriflf-:i~~a-:i L°1E.Jni1lmLtl1 via-:i1i11mf u~-:itlanw"nvian'ilalt1 .. 
2.5 .if',..ftt.1ani1'J1"1il11n\11.h::mAlrrn ... 

tl1::L 'Ylfll 'YI mtlutl1::L 'Ylfl~~1m1ritl an"li11u1tll~'Yln111fl lc;i mL'il a::111f11il::iivf u ~1 u 
.. q 

n11tlan"li11~LL'iln'il1-:inu 113J,f-:ii:.Jai:.J~c;i~'i11-:inu~1E.J~-:ic;i111-:iLL~'il-:i"liaaJavfu~ i:.Ja~~c;i"li11 .. .. 
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.f ..I ti ., ::'I ti 0 ::'I t ,. 0 ., .f ..ltl "' ..I 'l'ltl"" .f ..I w·wnLvn:: an"1111u1u 1::-;i1u 2556 ~m1Ehrn1~u-;i1nwwn an"11112-11n-na-~a.\I L TI.\IWWYI 
'II 'II , 

Lw1::tlam!m.1~a-~ (~111.\1 1) 'II , 

... ... 
';l.\l'V\1~ 

1 4,306,121 1,412,859 328 

2 3,899,650 1,437,656 369 

3 .. ' a'1'U.Yl1 , 3,251,286 1,151,467 354 

4 3, 114, 156 1,027,582 330 

5 3,107,594 1,189,218 383 

6 3,070,612 1, 110,493 362 

7 "llEl'U.LLfi'U. 2,553,748 787,184 308 

8 2,524,926 1,226,934 486 

9 2,524,926 1,226,934 486 

10 2J'V\1ITT'l"fl1aJ 2,229,544 771,949 346 

11 2,110,614 788,040 373 

12 1,849,794 615,109 333 

13 1,774,862 919,310 518 

14 1,767,828 939,714 532 

1,687,321 488,758 290 

16 ... ' n1'Yfa''U.1l , 1,471,856 514,536 350 

17 1,405,595 436,448 311 

18 f11LLW.\ILW°lf1 1,393,927 732,570 526 
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. .... .... .... ..fd tl ,. mmni.~~~~'1 (~it) 
~~ ~~'1/1 ittl 

~1'11.J ';J.:l'Vl1'1 'WWYlL vn:: ~n( 1) 
'II (nn.) 

19 
.. 

L".!W.:111£.I 1,351,955 746,322 552 

20 
.. 1,299,266 914,683 704 ~'W11nt1.J1 q q 

21 £.I t~1i1 1,282,735 452,342 353 

22 ~t-irn£J 
q 

1,168,483 590,197 505 

23 
II' 1, 157,699 602,731 521 L'W"l!'11.J1nt 

'II 

24 B1U1';JL-;J~ty 1,026,280 335,199 327 

25 
.. 942,967 569,552 604 'W1::Ufl1fl1El£.11i£.11 q 

26 
.... . 928,063 339,976 366 'VI \I.El.:! 1.11 ~11l 

'II 

27 
... 

ITT::LLn1 822,890 296,833 361 

28 
.... 785,932 525,003 668 "1!'£.IUTYl 

29 
.. 

~'W1.J1 q 
759,400 400,204 527 

30 
.. 

,;i,::L "l!'.:I L Yl11 728,736 414,661 569 

31 'W::L£.11 694,418 370,309 533 

32 
.. II' 665,910 412,613 620 El'11~'1fl q 

33 'VIUEl.:lfl1£.I 554,627 166,000 299 

34 L if £.I .:I l mJ 496,788 304,080 612 

35 11n'11V111 493,117 175,302 355 
q 

36 tJ11~U1.J~ 467,232 185,847 398 
q 

37 ~1tl1.:i 438,481 238,327 544 

38 Ufl1U1£.lfi 435,264 214,150 492 

39 
.. 

418,226 252,190 n1ru-;Juu1 603 ., q 
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0 ... ... ... .r..; 1.l l' lfllnUl.HaH~lil (iu) HaH~li!tHlil (nn.) a11i11J -,i-\l'Wllil wu 'YlL vn::: an( 1) 
'II 

40 LaF.J 414,482 157,689 380 

41 uf!11.ln1 .. 405,717 277,510 684 

42 
... 396,663 207,851 524 ~1:::1J1 q 

43 Ei1'1'YI El.\J 342,308 217,366 635 

44 
... 338,928 227,421 671 11".lf1J1 q 

45 
.... ' ... 325,374 216,374 665 ~'1'V\1J1 q 

46 ll 'YI 11 '.lfl it 
q 

315,886 209,432 663 

47 
... 

'\.l,fl1fl11i111111".lf 315,400 117,339 372 

48 
.. 312,373 215,537 690 LW".lf11J1 

q 

49 LLW'f 299,204 184,798 618 

50 ~nn 287,496 128,803 448 

51 i.L1u 261,051 140,929 540 

52 ~'11.1a1 226,664 105, 155 464 

53 
... 

148,892 61,936 416 W'Yla.\J q 

54 LU.hi El.\J ~El '\.l. 143,925 69,020 480 

55 0 120,500 67,866 563 a1W'\.l. 
'II 

56 
... 

'\.!, '\.!, 'Yl1J1 
q 

117, 100 83,258 711 

57 iJYJ~nii. 113,379 48,753 430 

58 n1'1L 'YIW1l'V\1'\.l.f11 
q 

105,708 57,294 542 

59 
.. 87,639 38,298 437 ".lfau1 q 

60 
.... 

'\.l.111i11~ 69,554 27,682 398 
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<il111.\I 1 (~El) 

0 .... .... .... ..td ti ,. 
mmrn~a~a<il (~U.) ~a~a<i!tli!tl (nn.) G'l1~1J 11.\IWJ~ WU'YJLW1:: an( 1) 

'IJ 

61 E.J::a1 48,236 17,365 360 

62 tJ ~""" f( 1:: 111 lJ '11tl U. li 47,317 22,807 482 

63 ff:1Jr11tl11m1 38,447 28,412 739 , 
64 ff<i!G'I 36,618 14,940 408 'IJ 

65 
.... ... 

26,808 9,168 342 11WYJ1J1 , 
66 1::E.JB.\I 23,005 9,524 414 

67 <i!TI~ 22,550 9,155 406 

68 
.... 

<il1.\I 15,693 6,450 411 

69 ff:IJ 'YI 1ITT '11 13,938 8,990 645 , 
70 ... ... 

7,222 2,687 372 Gf111Y lJ 1li1 u. 

71 "ll':IJW1 5,977 2,391 400 , 
72 

d 
3,547 1,241 350 n7::u 

73 ff:IJ'Yl7ff.\1'171 :IJ 3,216 2,354 732 , 
74 

.... 
W.\1.\11 1,666 528 317 

75 7::U.B.\I 628 199 317 

76 "' 578 mn<il 64 37 'IJ 

1'"J&I 66,406,004 28,279,841 

.... ' ' .f d..J... ti ..J ... .... .... ... 
111 n <i1111..i ~.., n a11 wu11 wu. 'YI 'YI :1Jn11L w1:: an :1J1 n'YI ff~ '1 a11..ivi1 ~ aua11".ll'li1u. 

'IJ , , 

,j1u.1u. 4,306,121 H LLa::uaE.J~ff~ ~a-;l..ivi1~mii<il ,j1u.1u. 64 li -;l..ivi1~~ii~a~a<il~ali 
, 'IJ 

mn~ff~ ~a-;J..ivi1~ff:IJ'Y11tl11m1~a~a<i!L\t~E.J 739 ntani'wH!tl , , 
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2.& if,..ftftiln11~aGlv41'1-A'111"t.11::mAl n s 
~a"ll Ehm17tlan"li11 t ittl7:: L 'Ylf!L 'YI v~.:iihhitL 'VI~ a~.,,i.~miv.J1.\l"li111~ viiv.J1.:i"li11m~ v 

'II 

I ~· ... ... .... I iJ A ~ ti ... ii ti .... 1 ,¥ ..I ..1... ... •• 1 ... ~au«.:iri.:i 80 a1u~u~a 'lf.:1713J'Yl.:ln17 an"1111u1 LLa::u1 7.:1 ~£JViit'Yl'Yl3Jn17~a~TI1.:l"ll11 
'II 'II 

3.11naEJ~~.:i'Vl1~~~ni.1an ~~~,. itfl7ff177~ «Vi'l'ltu.t11 81.:i'Yla.:i aua71"1f?i1U LLa::«'iitnf 
'II 1 1 1 1 1 

Lu~ viimmni.v.J1.:i"Ji11 «.:in111.5 a1it~it~aiJ Ldm fivu~a'VIU1 v\4'u ~Vit1i1111flna1.:iiim3J1tu. 
'II 

L 

""'1 ~tllftfHll_wivnfui'n 
. . I 

i 
l " Ii\ 
i 

+--?-4 
' 

~- ,,-; j----- ; 
i 

,.,ff:""~'""\~ I 
: C:::J • --"" .._..,, ii· 

I ""-""'"'-'"" ... ~"' $ 
u: ;¥¥. t .J,.".lljXX! ~"' t g: I " 
1~,00(' :.~-~"~l I , 
"-r•~•-· I~ Xt>~ \ 

j 
~--~~--~~--~~~--~~ ...... ~~~-+-' ~~? 

tr::~n;:; "-f!(1~~ri 

111\li 4 tJ'i3.11ni.v.J1.:i"li11 t utl,-::'Ylf!L 'YI v cu1tl) 

(ft111: WWW .dede.go.th/dede/index.php?option=com.) 
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2.7 LL'W::: 
.... tf 

fl1U"Jfl1Aff18Gl1'!1Eh1LL'W::: 

~I Lo ' J .., Q.; ·1 I Q.; ' ,:- ~ ' QI ..... t .. LL w::LuUff'il1LfH.hrnmr".lE.JlUJ"il'ilEIE.l umUJff'il'"JLTI E.11LEIEl\I L ".lfUL'il E.11nu flff'j::U El 
~ ~ . 

LL'ii"il::ii"lJU1'ilL~n 1'ilE.Jii"llU1'illhwuni1iJ,-::1nm 35-65 nfonf11 LLa::iiTl1111ff\ILu~E.l 55-100 
~ 

L'D"1.t~L11'il,- ~\l"llU1'ili1"iJ::LLiJ,-~u LU'il111LL'ii L Wfl viuf ~\ILL1'ilLte:i11 U"ili E.J~1Uff"llflTVHl'ilf LLa:: • • 
Tllltfl1W"1JEl\I EITV\1,.~LLW::L~i'u 1'ilE.1Un~LL w::i1Lii mf u"il::ii"1JU1'ili1L~nni1i1~ 'Vl1ElviunLL,..; . ~ . ' t ' ... 1 ' ' .... ' .. .... ,,¥ .. d .... ' !-'! .1 ff1" 'VI ru"il::11"1JU1'il L 'VI run11wunan ~ ff11'~nEIWUliWUL11 El\I 'Jhrn w::WUliLL 'YI L ULLrlU u,-::L 'Ylfl 

QI .., •'U • ,. 

L "ll'il'Vl'U.11 LLa::L "ll'il arniu.Lt1u 1'VI tU"il::ii"lJU1'il 1'VI ru111n 1'il mL w::i1~~l'il L~11~U1\li1 El1"il'VIUn L~ 1 QI ., 'I.I 

... "'t '""' .., - .cl A A A ::1 .... t'l\I 80-120 n an,-11 LLa::'il1UT11111ff\IEl1"i111111nri\I 100-130 L'.lfU'ilLll'il,- '.lf\ITimuuan1!1-m:: 
~ 

~L~u"ll EJ\ILL w::wuf~t -Kt un1,-t ~ ~ a~a'il LiJuL ii'EJ'Vl1EJ tu v.J EJviufLL w::u11viwri~iiftun1L it'il El tit u . . . ~ 

L "ll'il'VIU.11 LLa::L "lJ 'il au e:iufi El1"ilii"llU1'il 1 'VI ru111n L~L "lfunu l ULLW::U1\lviuffi El1';JWUviuf~ii 
• QI • • 

"lJU1'ilL~n111n'Vl1m1E.Jni1LUULLW::viufLLT1,-::nITT3J1,-riwuli L°ltu LLW::viufilnrl (Pygmy) ~\Iii • • 
ftun1L U'il tu 'Yl1ULLE1mn1 UElnL 'VIUEl"il1n"lJU1'ili1"1J El\ILL W::LL'iia::wuf~ii"JJU1'il'il1\l 6) nu liJ~n11 • 
in1Ym::iJ,-::-;hwufLLLt1 luLLw::u1\lviuf£1'1iiin1!!-m::L'iiu"JJE1\ln1,-t~~a~a'il"llULLw::t'ilmuw1:: • • 
LLW::~ihiw11utn1L'i£.11L~mi.11a::LElE.l'ilLLa::u1\ILU1 L°lt'U LLW::wufLLtl..1 tmh (Angola) LLa:: • • 
viufLLTl"ll'Lii £Jf (Cashmere) tA\liiai1 LUULL w::viuf~itE.l lf L~ £J\l L 1i'il"llUL rJ ait 1"1JULL w::L "Ji1 ff . . ~ 

El'il ITT'VI n,-,-11~\l'Yl El ~1'Vli'u 1 "lfrhLTl~El\lii.\l'Vi lf Tl lltfl1Wff\I ii El lii1LUUEl'il ff1'VI n,-,-11~ii11arh ff..1 . . . ~ . . ~ ~ 

111n t U'ila1'il LLrlU'Yl1iJ [J t ,-iJ m11'in1 LLa::a El ffL'il'l"L~ mL'iit m.h::L 'YlflL "JJ'ili'au LLa::iJ,-::L 'YlflL 'YJ [J,r" • 
5.., hi ii.£.111 L~ £.1\ILL w::L ri a ~a'il"ll1u)uE11"ilL i!E1..1111"il1n ff1 L 'Vl'il"llt:1..1ff111w11iia1n1fl~hi Lt a ei1u 1 £J . ~ 

I .t .... ... .... I A .. A 0 'I "" • 
'il Eln1'l"La £.1..1 n1'l"'il LLaLLW::WUli'il..1na11 L Utl\l"il1nLL W::ll"1JUE.l11 LLa::'V\U1';J..1'YJ1 L 'Vl'YIU'il tlffll1W 

~ . 
a1n1fli'au l~li~i!n LLa::m,-"111'il tt1'Vl1'l"'VI £.11u~iiT1 m111w ~ a1-;i ff..1~a9i EIT'I ni.111w"JJ tt..1 n1'l"a-i'1..1 • • 
"llULtluiu 

"il1n111wn11i..,~na11111LLW::LiJui'ilf~iiin1Yni.:: LLa::T11111LL'iln9i1..1'Vla1n'V\a1£J'il111 
ca,.. Q.; fl' fa.#' 'I "" A ca.- l::. 'I .c:ill I .... 

an1!1-nt::"ll El\IWUliL WflEl1£J LLa::an1!!-m::n1,- L 'VI ~a ~a'il'il\IU u L u11 £Ja::La £J'il'il1\l 6"1 "1HJ..1an1!1-m:: • • J 

iJ,-::-;J1viufi"llu1'il,-iJi1..1 LLa::iJ,-:: fo".lfU"lJ El..1 LLW::LL'iia::viuf . ~ . 
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fl1W 5 n1£Jfl1W"11El\ILLW:: 

IJftLL't'U:: .. 
11 sUL w:: fl El"llEl\I Lim 'Ill a El~\1'11n7::1J1J'Yl1\I L&iUEl1Vl17"11 El\! LL w:: ham11ti1 tJ El Eln 
'I.I 

'Yl1\l'Yl117'111Un (fl1W 6) «1u 'l 'llltlJ'1din~UL viiiu L i!t1\1'11n«17~LUU~a~~'1"11El\I LL1JflfiL1tJ'l'" 
•"!"' ..,.,-.t. ..... ,.i..,,.., A"!"'• ..I ... "''ii.I.., "'• .d..I 

a1 L«"ll El\lff'11U'" ') 'Ill a\1'11n'Yl«'11'11'11\U\I L'1 tJEI tJ El1'11117'YlnUL "111 LlJ 2.Jn'1::L 'Ill a El a'1U 'll\U\l'YJ7::1J1J 
A '1 • A \1 .,_ I:: .S ca..r ft 1A ~ 

'Yl1\I L~UEl1'11117 L11ff11117fl'1'1'lf11 L~ LLa::,-i::na1 mtlUE1'1'117::'11\7El1Ja «'11 LL'1fl\ln1::u UEl'1'117:: 'I.I , 'I.I , 

t11,-i,-i::v\lfl\liiwi""1'" 111a" L 111a EJEI r.ini1 50 Ltl t1f L~u~ "11El\I t1111111~\111111~ i.tii.111111 t1fl111111 
'I.I 

t1111111'Yln El r.i1"~ i'11nuL "li1 i.tl ,-i::iiwi""1u«Tirnrt\1111a\IL 111a t1111 'l ~nu ~r.i t1va-a1 tJ't u1::uu , 'I.I 

itnttr i"ii~1'1111a1 tJ".IJU'1«11111m,-i~tm&iu L'1L~ ut1,-i,-i11:: i\ILL~LL1JflfiL1m ~~11 111~mL~LL~ ., , 
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' ... J' "" ....... ..: '11... '11 ~ .. LLlla'1 L"lf'U. ~1'1"llfl11[.J (Dung Beetle) 'lf'11'f1llT'HnuinauL~~1ffl::[.J::'Yl1'1Lna ~~~11::uu11 

fl11llLL~n9i1'1nuif uEJ tinlJ ElTVl11~nuL "li1 LU El~~11::E11~ L U'U.El1'V\11'VI an'Vl'iEl El1'V\11Lff1ll"ll EJ.;J 
'II q 

i~11J1'1"15U~ i1 El V1'1 L "liuani1'1~::nu11a~1mLa.i"l.IE1'1irUL ~ ElL ~ll~au 'Yl7Ul ua1 li (gut flora) 
'II 'II q 

LU'U.~'U. 

111'Vi 6 lJaLL'Vi:: 
'II 

'l ... _. f" ~ .... ~ 

fl1"i L!fu"it L!l!f";)1fl!Jftft9l"J 

11a i~1 a-1u L 'VlruLilu"ll EJ'1 LLii'1u1::n EJuLtl~1 mfl'lf"ll EJ'1W"lf LLa::i~1~" Lilu 'II ., 

E11'V\11~ifl1'nuL "li1 luLLi1 la.iITT1111C1 tiEJ [.J'Vl'iEJ\11 "lu't itl1:: L[.J"lfu1~'Vlllfl ~" L 'Via El Lilun1n~ifl1' 
"lluri1 [.J EJE1n111 Lfl [.J Lfl'lfEJ1'V111L 'Vla1d"l.~ ~·hun1::u1un11ci El [.Jffa1 [.JLtJu1.,.,a-1uLLi1 'tu 'Yl1'1 L~u 

.... ~ • .,j.f'I ........ ..,tl... ... I ~A .... ..1 
E11'Vl11 ~'1UUff1U'YlLlJUllafffl1~" Elflll L fl1[.J1J1f!El1'V111"lf'U.flfl1'16J 1111'Yl'1ITT1E1u 'Yl'l[.J'Yla::a1 [.J 

'II q q 

:'\'I"' .. A ..i "'.,,.. .. 'tJ ..I 'l"'!'I ..I ' 'U.1 L~'V\a1 [.J"lf'U.~ 'lf.;J Lll El11lln'U.L "111n~::l1El'1fl 1::nE11J'Yl"1l111Cl L°lfLlJ'U.1l1~ El1'V\11'YlfflllJ1nL"ll EJ.;J 
q 'II 

w"lfl~ a-1u11a ifl1LL9ia::"lfii.~~::ii1l1 ~ m'Vl11"15it~ 't~mn'Vl'iEJil'EJ [.Jif uEJ cinu"lfitfl"ll EJ'1 E11'V111~ ifl1 
'II q 'II 

"lfil~nf unuL "li1 ltl L tluil~imhfl'ty1111J.,.,11~i[.J 5u 6J l~LL Ti 1::uun11ti El [.J EJ1'V111"11 EJ'1ifl1 

1nn11't~E11"V1111111J.,.,n11i~n1111u111111a n11Lnui'n'lf1 Lilu~u 'luiJ[.Jf!EJnuEJn~1n~::ii 
'II q 

1i1fl E11'V\11~-;11 Lllu9i EJW"lfLLi1 FT" 't ~irni111u LLa::ff11fl11Jf!lln11L~1ruL~1J Lfl"15Uf!9i1" ii ~ 
" " ., J 

-;11 Llluth'Vli'uw"lfen111n111 [.1~1 [.J 

'"' (f11J1: www .dede.go.th e-book.ram.edu/e-book/a/AT335/AT335-2.pdf.) 
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11aLL~..:ILV1m::ITTV1i'1JL~LL1J1J'Vli1u L\l.1'1\l.L~~a ma·rn..:inuV1a11tJanvhnrlmm£J1JL ti£Jum111m 
'IJ • 'IJ 

li1 'ii a1V1TlL u11 a i'i11"1fil.'i1 ~h..:i ') -;i:: L ~ ui111 a ~n1 LLa::n1n 'il::n au11 a ~n1-;i1 m..l El'VI iJ n 
• 'IJ 'IJ • 'IJ • 

n1'15~11l1'V'l1111~'111a"ll El..:! LriL oJi3'.jtJ1111nl.li1'iiL'I.I.1'i11L';JU v.J El ~v.J ai'~ LL fl a L;n£J11 LL11niiL;n£J 11 
'IJ • 

L'Vl~n 'YlEl..:ILL'il..:I LL11..:in1ii~ Lrn::i..:in::a-mnni111a-'l1"IJm::~11a113'.jtJ1mmn1'il 1uLL'il~L;n£J11 LLa:: 
'IJ 'IJ • 

1'1f L~ £J11111nni111 a ~n1~..:i 'il111..:i LL~'il..:iu1111mn1 'ii a1V111Lu~ £JL u11a i'i11LL ~..:i"lfit'il~1..:i 
. 'IJ • • 'IJ 

.=! (tun: www .dede.go.th e-book.ram.edu/e-book/a/AT335/AT335-2.pdf .) 

tJ1mnt.li1'ilEl1'Vl11~..:l'Vl11'il (LuafL~U~) • 
i1£J11ai'il1 

Lit1'il'lL';lU v.J El ~v.J El 1 ~ hm 'YI ~L ;n£J 11 
.. .... 

sia L v.J af 1'15L~ £111 "' • 'IJ LLflaL'15£J11 LL11nUL'15£J11 L'Vlan 

11atm1 2.69 3.24 1.12 3.85 1.18 0.19 0.27 0.44 
'IJ • 
'il::nau-;i1n 2.23 6.84 0.23 11.70 1.09 1.16 0.07 0.63 

ffl::u1un17 
... mm 

11a"1.ri"1.-li 2.59 1.96 2.29 8.09 0.74 0.54 0.32 0.31 
'IJ 

11a 1flLda 1.36 0.51 1.71 1.76 0.50 0.33 0.73 0.45 
'IJ 

11a 1flu11 1.27 0.48 1.42 0.98 0.43 0.31 0.23 0.34 
'II 

1JaLL'V'l:: 1.03 0.66 0.64 1.49 0.37 0.37 0.13 0.14 
'II 

3JaLLn:: 0.94 0.54 1.07 1.23 0.34 0.19 0.20 0.11 
'II 

.=! 
(Y13J1: www .dede.go.th e-book.ram.edu/e-book/a/AT335/AT335-2.pdf.} 
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2.8 LLfli'liiLYl'Mi 
n"i::U'J'Mifl1"iMaJmmulaJ°'lia1n1ff (Anaerobic process) 

1uni-::u1un1i-'VlirmLuuhi1ia1n1f'! ih..lijn7£n'Vl~n 6J Lfic;i;fua~ 2 .ffu~rnu 
~a 1) ni-::u1umi-~~c;ini-c;i (Acidogenesis) 2) ni-::u1un1i-~~c;iiknu (Methanogenesis) ~\I 

' ..r .. 'II ... ~... .,. 'II t ... ... 'II ... 
wu11ni-::u1uuITTmi-ti~ac;i Lc;i'Yl\13.JL 'YIULLa::m61J Lll .;nL~uaan3.11wi-a3J 6J nu Lc;i 

.ff uc;i aun1i-£i a E.J G(a1 E.J "1i-au 'Yl1Eii1 t1\lni-::u1un1i-'VI irmLuu'1.3.i1 ia1n1 f'I (Anaerobic 
.... .¥ ~ ... ..r 

process) mc;ii1u 4 i1uc;iau c;i\IU 
1) ni-::u1un1i-'1.l! tc;ii-'1.a~" (Hydrolysis) Lll tc;ii-'1.a~"djuni-::u1umi-£ia E.J 

"a1 E.J "1i-tli-::n au au 'Yl1v~S:H3.I Lan a 1 'VI ni L "liu ~nftulmc;ii-'Yl 1tli-~u '1. i13Tu 1 ~na1 milu , ., 

ITTi-tli-::nauau'Yl1m3JrnnaL~n L°liu J1c;i1ana 1'1" n-!c;ia::ii1 u ni-c;i'1.i13Tu .ffuc;iaud'Lnc;i;fu , ~ 

111E.JUEJnL61Jaalc;i £.I LEIU l61Juil El\I LLUTlfi L1E.J~tla a £.I aan3J1 
2) n i-:: 1J 1Un1 i- G('f1 \In i-lil {Acidogenesis) ~a~~ c;i ~ 1 n ti ij fi7 E..11 ii El \I 

ni-::u1un1i-lll 1c;ii-la~"1 u.ff uc;i au~ 1 ~::timLuT1fiL1E.J~"'f1.mi-lil'll1 lt11 iL Vi a~~c;ini-lil li13Tu 
~ 

i-::L'VIE..1~1£.1 (VFA) L°liu ni-lil1wi-lw1aitn ni-lilfl1'Yl1~n Liluiu ~.:iLilun'l.c;iilu'Yl1aftihh'Vli.tn 
laLana~1 LLa::iiT11fuaua::lilt13JlliLnu 5 'il1 , 

3) ni-::u1umi-rn\ln!lilt1::~~n~1nni-lil li13Tu i-::L 'VI E..1~1 E.J (Acitogenesis) 

ni-lil '1. i1 iru i-:: L 'VI E..1~1 E..1~1 n ni-::u1u n1i-ffi'1\ln1lil~ ::tin LLU Tl Vi L1 E.J a ::~t c;i~ it n (Acitogenic 
~ 

bacteria) Ltl~E.Ju1~Lilun1c;ia::~~n n1c;iwafiin T11fuaulc;iaan'1.'lf~ LLa::'1.l!tc;i1L~u tlijn7md' 
"' o .., ..I !"I '11 .., , d 3J '1113.J G(1 Tl ty Lu a \I ~1muun11a c;i n11 ":: G(3Jil a \In 1c;i L i13J u i-:: L 'VI E.J \11 E.J 61J\I n1 i-":: G(3Jil a \I 

ni-c;i '1.i13Tu i-::L 'VIE..1~1 E.Jmmni."\IITTmi-tiac;im1"i'1\lii L 'YIU '1.i 
~ 

4) n1::u1un11G(i'1\liiL'YIU (Methanogenesis) n1c;ia::~~n n1c;iwafiin 
IS" 'I 'I ' 'II t d !"I ti"".... "' "' "' T1111JEIU Lliltltln L61Jlil LLa:: Lll c;ii-L~U61J\1LuU~a~1n £Jn1E.J1iltl\ILL1JTl'YILi-E.JG('j1\ln1Cil~::~n 

LL1JT1nL1E.JITT1\liiL'YIU (Methanogenic bacteria) 1iffi'1\liiL'YIU 
~ ~ ~ r ~ 

(ni-3JW~U1Wa\l\11U'YllilLL'YIULLa::au1nMWa\l\11U, 2556) , 
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Step 1 
( Hydrolysi1) 

(Aa.a1: www .dede.go.th/kmber/Attach /Biogas-present.pdf.) 

."f. "" ...... I - IV ... JJ'1'1!JnlJNft910TI1,.Nft91LLnftlJLYI" 

mi-ci a EJ«a1 EJwna-u. 'Yl7ULLa::n1i-~a~mri a-ih 'Yl-u.ijiJ-;Ji E.1911'1 'J ~ Lrl m"li a"~"d 
onnmil Eltu.V11'1iil-u.n1i-Lii-u.i-::uu (operating temperature) LL1JTlfiL7EJ~aYJ 
• .. , 'II 

ijL 'Yl"U. hia-1111i-n'Yl-u.9i aamV1t1ii~1111nV11aa-\1111n l~ TI'1V11n atu.V1t1iiaY1a\1~1n-;i1 10 EJ\lfll1 
, 'II 'II , 'II 

L'll'a L;n.E.l « LLlJTlfi ~EJ-;J::VI EJ~'Yl1\11'U. El tu. VIII iil -u.n1i-Lii"U. i-::lJlJLLU\I El ElnLU'U. 2 i-::~1JYl111 a-iJ:atf , , 'II 

"11 EJ\I LLlJ" fi L7 EJ ~aYJ ii L 'Y1 -u. l~LLri L111'll'wa n (Mesophilic) LLa ::L 'Y1 aft11wan (Thermophilic) 

L111'11wan 'Yl1\11-u.l~~~mu.V111iitli-::mm 2~5 EJ\lfll1L'11aL~EJ«LL9i~L~111::a-11~«Y1fia "li1" 37-, 'II , 

41 El\lfll1 L'll'a L~E.l « t~ EJl "U.°li1'1 ElnL V111iidLL1JT1fi L~mh-u.1 VI nil 'U.tl\IVlaJn-;J::Ltl"U.L111'11wan , 'II ., 

L 'Y1 aft11 wan 'Yl1\11"U. l~~l-u."Ji1'1 Eltu.Vlflii~ «'1n11L111'11wan tYJ E.l ElnL Vlfl ii~ L VI 111::«11~ «~ , 'II 'II , 'II , 

tl 
.. ' -~ 'I ... ..I .¥ .. .. i-::mm 50-52 El\lfll1L'11a L'll'EJ« LLYIITT111i-tl111\11'U. ~ 'U.Eltu.Vlfl11'Y1«'1"ll'U.tl\I 70 El\lfll1L'll'aL'11EJ« 

, 'II 'II 
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LmtrnL1r.JuJ L'lfwan ii-;J1u1u«il:aLf111nni1L 'YI eifh1wan LLa::iifl1111«111Trn 'l un11'Ylu~einTi 

Lu~ r.JmLua.\lii ei.\l«n1w LL 1fli ei11i.~~ni1 L 'Ylein11wan rh 1 ~1::uuV11ln LLn«iiL 'Ylu~'l ieiru.V1nii , 'II 

"li1.\111 ei" L11 Lsnwan ii f11111 L «ii £J1111n n 11 LL~"l.I m:: L ~ £J1nuei m VI n ii~" «·rni11u1::u u~'l i , 'II 'II 

L 'YI eii111wan fi d'.lun11"1i1 £J d"uDn'i£J1a.\lt-1 a 'l ~ tl'111n11t-ia ~rnfi «%Y"ni1 "li m~r.Jii ei.\11::uu 

L 'YI eii111wan fl ein11~~ei"'liwa.,,.nw;11nn1 r.Juein111L ~11f11111i'eiu'l ~1::uu 'Y111 ~m-;ii.~ 
wa..1.\11'\.l.ff'Yl~~ ~1ni11::urn11 L snwan (n111~Gi'l-l.1W a.\1.\11'\.I. 'Ylfl LL 'Yl'\.l.LLa:: El'\.!. i'nMWa.\1'11'\.I., 2556) , . 

A'l1JJLi!,..n"tt'l-~1\I (pH) fi1fl1111LU'\.l.n1fl-~1.\l~L Vl111::ff1J~fffl 'l um1t-ia'1LLnffiiL 'YIU • 
mh::V1i1'1 1.0-1.2 ti1fl1111Lilun1'1-~1.,,'l ut1..iV11ln;lumlnu"li1.\l"l.IE1.\ln11V11ln~1 r.J L w11:: 'l u 

'II 'II 

"li1.\I LL 1n LL'l.Jflti L1r.J~ «i'1..1n1'1-;i:: «i'1..in191Lilu-;J1u1u111n LLa::r11 'l ~ti1T11111 Lilun1'1-~1'1 a91 a.\I 

~..in1V11nti1T111milun1fl-~1,rn91~1a..iw.h 5.o fi-;i::V1r.Jfln1::u1un11tleimLa::V11lnrY.\IV11l'1 • 
Vl~mLuflfi L1r.J 911 r.J LL'l.Jflfi L1t.1 «i'1..iii L 'YIUB eiu i. Vl1~ eiT11111Lilun191~1..i111n LLa::-;i:: hi 
L-;i'iruL~'l.J L'1V11nti1T111milun1'1-~1..i~1ni1 6.5 'l u°li1'1ri1 r.J"lla..in1::u1un11 T11111 L -ii11"1iu"1.1ei..i ., 

1 "' .f ' '41 ...1..: .f A ' 'l"' .f'I • LLEl11 11L '\.l.£J';J::111n"l.l'\.l.'1111n11£JEl£Jffa1£J L'" fl1L';l'\.I. 'Y1L W11"l.IU '1f.\l';J::ff..1t-ia 'Vlfl1fl1111Lu'\.l.n191-911'1 

L ~11 Lflr.Jei1-;iLnu 8.0 -;iu1::urn~11iiT111m«iimfi1f111milun19l-~1..i-;i::mh::'Vli1..i 6.8-8 
'II 

.... .... .... ' .... 
(n111WGIU1Wa..1.\11U'YlflLL'Yl'\.l.LLa::eiu1nl!tWa.\l.\11U, 2556) , 

elGl't1~'l"A1.fua"GiiJ 1,..r(Jt'tL';)" (C/N Ratio) elf!TIH1U"l.IEl..1fl1f'l.JEIWiiEIL'\.l.L'11L';JU 
A .cls".al 1~ A W .al A tt. I ,.... I -' ,J 

"l.I El..1"l.I r.J::EIWt11r.J'YIITT1111fl "11' L un11t-iaflLLnff1JL 'YIU fl El'1'1LL'1 8-30 LLflEl'111ff1'\.I. 'Y1L Vl111::ff1J'Ylfffl , 
ITTV1i'un11t-iafl LLii«iiL 'Ylufleiu1::111m 23 ti1E1fl11«1uTi1fueiu~a i. '"L'11L-;iu«..i111n i. u Lfl1L-;iu 

'II 

-;i::rin LL'l.JfliiL1£Jffi'1.\lii L 'YIU it1 i.u'l iL yj Elffi1'11u19iu 'l ~i1 LEl..1LLa::-;i::'l'\11i!El tl1..111il L 11 H\l~a 'l ~ 
'II 

i.~n1snil'a £J LL~n1V11mi9111 «1uT11fueiu~a i. u L9!1L-;iuiiti1~1111n '1 fi-;i::r11 'l V11 u Li11L-;ius:i 

• ~ '4.1 ""' .f'I 1 "' A 1 "' '4.1 ..: • .f'I • .d u1111nt.111nLLa:: LuLn1::nuLuULLEl1J 11L Ur.J '1f..1LLEl11 11L um1:: LuLW11fl1fl1111Lu'\.l.n191-911'1 'lf\I 

Vl1 n ti1 fl1111LUUn1i!-~1'1 ff '1TI..1 8.5 fi-;i:: ~11 LfiUWl!ttltJLLllil fiL7u·th 'll\\hu 'l\LLL'l.JflnLl£J ai'l~ 
'II 

iiL'YIUai!a..i uein-;i1ndV11nti1e:l9!11«1umfuau~eii.uL9!1L-;iuatlueimV1ilei-;i1n"li1..i 8-30 -;i::'Y11 
'II 

'l~iii9!«1um111mn1'1J~i.~Li'.Jun1'1f~U'J L'rlu mfuaui.9leieini.'1f~«";1'" 
'II 

.... .... .... ' .... 
(n111WGIU 1Wa.\l\11'\.I. 'Yl91 LL 'YIULLa::mpnl!tw a.\1.\11'\.I., 2556) 

11ai9111fl £J LU w1::11T111 £J ii El9!11 «1uT11fu eiu~ ei l u L911L-;JUL VI 111::«11~«91 'II , 

1El..1a\1111 i.~LLri flEln';JEln ~n91'1.J"lf11 LLa::Lfll!tEl1Vl11 "l.Jnt.::~vh'1"li11ii59111H1'\.l.fl1f'l.JEIU~EI 
i. u Lfl1L -;iu ~tiau"li1'1 ff..1 ei tl1..i i. 1fi91111ITT1111riu1f91ri~u~ii e)9111«1ufl1fu eiu~ ei i. u L9!1L-;iu ~ 'II , 

H.\1111t-1«11nu19lri~u~ iie)9111 «1ufl1fuei-u~ ei i. u L9!1L-;iu~~1 L yja 1V11~19lri~u~iie:I9111«1u 'II , , 

T11fu au~ a i. u L 911L -;iu ~~ a\ln11 (n111viGiu1wi.\1'11u 'Ylil LL 'YIULLa::eiu i'mlwa'1..i1u, 2556) , 
ti- A .:II ~.:I l.J I a IA A .cl fl' "" I A. "t3J1 nuf1'til Wrl't!IYI L !11 ff"t::1111 (Loading) u1111 nt.ff11El'\.I. 'Yl1r.JL "l.11 ff1::'1.J'l.J fl a 

~ 'II 

m111ru.H11au 'Yl1~~ L 11 L~11 Lfftl.\1Vllln L '\.l.LL~a::1-u ~..in1V11ni1m111m ~ L ')1 L~11if u111mnu LU 
-;i::a\l~a~ eiti1fl1111 Lilun19l-~1..i a9la\1111n diu lu (L rta..,-;i1n 'l w1h..i LL1niia.\ln1::u1un1') ~a 
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... .f 0 'I ... ... .. .. .. ... .. 
acidogenesis ffl'il';l::flmrn'il"llU:l.11) ';IU'Yl1 L Vl1::lJ1HUJL \·HnL UEJ\1';11nLL1Jfl'YIL 1£.1«11\13.JL 'YIU'i11 tJ 

'II 

V13J 'ii ~\IV11n ~\IUdi'ilitu-;i'i\ln-;i::~ ch'IL~3J ~u 1::uu 1 m.iV111'il LL~n1V11mn111 ru.ITT1au 'Yl'-ltf L i1" 
'II 

1::1JUUEJtJfi1'1f~~~'ill~n-;i::,ZmJ'il13Jltl~-w Lfl1nui1llil~L&iu1::UUL~3Jfha\ln11~~'il YhLi 

n\IV1ilnii"llu1'il 1 VlnlLnu lt1l'i1£Jlli-;i1Lilu ., 
~ ..,,, ..,,, ... .... 

(n13JW~UTl'H'l\l\11U 'Yl'il LL 'YIULLa:: EJU 1mtw a\l\11U, 2556) , 
'i::t1::nst11imTn1mfitH'f1'iD"fl~t11"n"tuJn (Retention time) 1::tJ::na1lun11 

nn L nu «11EJU 'Yl'-lm Utl\IVI iJnif ua £inutl'i3J1 tu. LLa::tl1:: Lll'Yl"ll El\! «11EJU 'Yl'-lrJ~ L~3J L i1 ltl~\I ii 
'II 

an'lfnt::LLa::fltu.«3JU1\~ LL'iln~1\ITIU ltl 113JTI\11U LL1J1J"ll El\11::UrnLa::tl\IVliJn V11n1::tJ::L 1a1 LU , 'II 
_,, A' A .tllil _..Z::, ..,_,A' \1 I Q 0 .... .al 1111111 ~ A D .cl .r 

n11nm nu «11au 'Yl1tJ «u Lu n-;i:: L3J L w tJ\IW a «1Vl1ULLUfl'YIL 1£.l'Yl-;J:: ~ a'il LLn «3.J L 'YIU uan-;i1 nu 

LLU fl fi L'-ltJ iJ\1-;i::ri nth tJ El t1n-;i1n1::U1JL11 L nu ltl H\I ~a L i-;i1U1ULLU flfi L'-lm~'il a\l ltl 'Yh Li 
'II 

LLUflfi L'-ltJ~ L 'VI a El El £iyhn11£i El tJ lainULLa:: t11-;ifi1 Li fl1 fl11 miJun1'il-~1\l L Utl\IVI iJn a'ila\I 
'II 

"ll tu.:: L~ £.11 rl Un11~1:: tJ::L 1 a1n11nn L nu H11EJU 'Yl1rJU1 UL nu l1.J-;i::fi1 L iL Tl'iln1n 'ii ::n EJU"ll El\! 

ITT1Eiu 'Y1'1tf ~LmflflL7tJ £i a tJ«a1 mL~1«::«3J a tjri11 i tl\IV1irnii"llu1'il L 'VI qjl'il tJl1i-;J1 Lilu 1::u::L 1 a1 

1 un11nmnuH1ulV1nitl1::mru. 14-60 1u itua£inuiJ-;i~tJ~1\l 'J f!a m111m"llt1\ILLii\laru.V111ii ., 'II , 'II 

".1rU'il"llt1\l-;iau'Y1'16 LLa::m111m"llt1\IITT1au'Yl'16~L~3J 1::tJ::na11un11nmnmfuLilui1u\l:A'i1 , 
LLUflii L'-ltJ-;i::ii-i1'il l~u1uL rl1 l wtl'il ulli iin11L~11 t11V111L da\l-;i1n1::u::L 1a1 l un11nmiimf u 

V13J1 uii\11:: tJ::L 1a1~ LLUfliiL'-ltJ~ a\ln11L rl a £i a umV1111 iV111c;1 i\lif uL~ al win'il13J~Lmflii L'-lu 

iJ\I £i a tJ t11V111lli'VI iJ'iln'Vlm tJfl11iJi1 LLuflfi ~tJ-;i::iJ\l lli'il1 tJ-;i1n11"1.11'il t11V111 
.... .... .... ' .... 

(n13JW~U1W a\l\11U 'Yl'il LL 'YIULLa::EJU 1n'lfWa\l\11U, 2556) , 
al"' ft u·n.11m11D\ILL1l\I (Total Solid Content, TSC) 

Solid content "llt1\IITT1au'Y17mun11~a'ilLLn«iiL'YIU LLU.\!Ltlu 2 1::iu f1a 

High-solid (ITT3J1nl."JJB\ILLii\la'\I) TSC a\ln:h -20Ltlaf1b9\ 
'II 'II 

Low-solid (m3J1nt"llEl\ILLii.\1~1) TSC ~1n'l1 -15LtlafL-»u91 

tl.\IVI iJ n~ El ElTI LLUU ~1'Vli'U L~ 3J «11EJU 'Yl1rJ~ iitl'i3J1 nl."ll El.\! LL ii\! H\l';I::~ El\l Li 
'II 

Wa.\l.\11U3J1nni1 L Un11H1Jlh'il::n EJU (slurry) LL~L dt1.\1';11n L U1::U1J~iitfi3J1nl."llB.\ILL ii\IH\lfl113J 
'II 'II 

L iiJiU"llt1\lii'11 uti'.\l«\lni1 ~u ~~1 in-;i::i!a uni1 1 u 'Yl1\lnaunu tl\IV13J'n~iitl'iiJ1nt"llB"LLii"~1 
'II 

«1iJ11ri1 iLfl~t1\l«uii'1l'i'1 liJ~l iwa\l\11u ita vn-)1«uii'1'il::n au LL~ii i B.\IL -Nvf u ~3J1nni1 
'II 'II 

L da"-;i1ntfi3.11 ru.~ t1ITT1au 'Yl76~ L~3J L i1 ltl H\lif u n1::if uii~ m1~ii'1'il::n auii fl113J L«ni1n-;i:: 
'II 

o 'I """ .o1 ..,,, .o1 .o1 A a 4'11.~ .-1 .c1 a 'Yl1 L 'VI nTl'VI 3.JUL 1 £J ULLa::n1::-;i1 £J 'il1"ll El\! LLU fl'Yl L 'j tJLLa::«11El u 'Yl1U 'il"llU LLa::n11'Y1LL1Jfl'YIL1 £J , 
ITT iJ11riiiJ ~ «ITT1au 'Y17tf a £i1"l'i'1ii\ln"lf1v1 in11£i a mLa::m1~a 'iln1'1fL 11'1f u 
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n1,-AamAft'1 (Mixing) nT~flamfla1Yi::m1u '1'1 LLa::ITT1Du'Yl'iaLiJu~1u~Lh~ruan . . .. 
"1uL w11::-;J::rh 1iLL1rnfiL1m~i1 ~a-nu a-11au 'Yl1t11~ a cl1-1l'rt1ti.:i rh 1iLLuflfi L1t1'Yi1.:11u l~ a cl1.:i 
.. _, ... .. .f ' 1" ... .. .. .f .f J'.., .!'1 .... 
3J u1:: R'Ylli 111w3J1n"ll u a.:i c-rn 'VI n11L n ~n1'1H n"ll ULLa::aJ1n"lJu uEJn-;J1n 'I.I.ti" u EJ.:t nun11 

.d 111. I • o .., 
YinYi::n au LLa::Yi::n aua Eltl (Scum) &Jl'.:t~::n EJUEJ1-;J-;J:: Lu EJ~'.l!'El.:t'Yl1.:tff1'Vl11J1::u1 tl"ll EJ.:t L 'VI a1-;J1n • .... .... "' "" ' .... ri.:i (n13J°V'l~u1wa.:i.:11u 'Yl~LL 'YIULLa::au 1m~°V'la.:t.:i1u, 2556) • 

i111 'i El1 'Vl1 'i (Nutrient) a-11 El1 'Vl11fi LL 1J fl Yi L 1 ti '1 El" n11 L rl El n11L-;J1tyL~1J t 'il 

UElnL 'VIUEJ-;J1nfl1fu EJULrn::h11~1L"ilULLa1 iJ.:iiil 'I.I. 1Yi1L-;JU &Ji'aL wef W Ela'WElfff hlLL'ila'L~tl3J 

LLflaL~tl3J UEJn-;J1nttnii1i1Y1~-;11LUULUU13J1UliUElt13J1n ') L°liU LV\an LL3J.:tn1Ua' au~U3J • 
i.:in::~ fouaa~ ~~L itt13J 'Yi'.:iLa-Yiu LLa::ii.Lna Lilu'1u LL~"ll t1::au'Yl'irft~t1i1ltl"il::ii1i1Yia1vi11 , 
L 'Vliihtt1 u1::~u~aaJ~awm Vit1.:i ~...,,fut um1viain~.:ihi-;11Lilu~e.:1L~3JITT1mvi11 L'il 'J a.:iltl • .... .... .... ' .... 
{n13JW~'U.1Wa.:t.:t1U'YJ~LL'YJULrn::EJU1n~wa.:i.:i1u, 2556) • ... 

i111'HJUU\ILLa::i11T'iTiit (Inhibiting and Toxic Materials) n1Y1liiaii.n::L'Vlt1L~ 

lut~1L-;JU 'Vl1mLEJ3J 1aJL itt1 1111ii.:1inYilaaau ITT1w1Y tavi::viun ITT1'Yi1fl11aJa-::a1Y1~1.:i 'J L itu • 
a-~ ii1t11a1.:1~1.:i 'J LLa::mtllj~1u:: ITT3J11ri~.:i~rn irrnf .:in11L-;J1~L~u 1YiLrn::n11i:..ia~ni1'1f"lla.:i 
LL1.JflfiL'it1l'1 {n13JW~1.1.1wi.:i.:11U'Yl~U 'YIULLa::aufn,;-wi.:i.:11u, 2556) • 

...... I .r ....... 
2.9 16GIE>Ui1f"El\IGIE>Tt1.n'IWJ (Response Surface Methodology, RSM) 

1n'il EIU a''U.El:_:i ~El~ 'I.I.~ ~b LUU1nn11'Yl1'1 fl rn'ilfl1 ff'ilf LLa::a'TI 91~ L UUU1:: 1t1'1l'U1 Un11 

a-i'1.:i LLuu-;i1a EJ.:t LLa::1Lfl11::~utyvi1 ~.:tLLR'il.:t i:..i aYi au a-ua.:i~ ai:..ia-;J1n~1 LLtl1~1.:i ') t~ t1 ii 
.., .1 '..I ,. ' t: 
1'iltJu1::a'.:tflL w EJVl1~YIVl1Elfl113JL Vl3J1::a'3J'ilEli:.Jauu (Montogomery, 2001) 

RSM L iluL 'Ylflilfl~ iitl1::i'Yln111wnun1::u11.1.n11~iifl1111&Ji'1.J'li'au n1 t ~~1 ut un11 

i~n11LLa::m1anu1u i:..ia Lrlmuforn iiuunu1nm1~u 
(Box and Behnken, 1960; Gan and Latiff, 2011) 

.... ...... I ..r ...... .., .... ..f ...; ......... J' 
2.9.1 'Vlann1'i16G1E>Ui1f"a"G1aTt"n~1 viann111nY1El1Ja'UEJ.:tWU'Yli:.J13J'il.:tU 

O A-' I _,, .=l A 1J .cl d 
2.9.1.1 n11'U.1La'UEJn11'YJ'ilaEJ.:t11i'ilEl1Ja'UEl.\l'ilElWU'Yli:.J1 'ilEl.:111LLi:.JUn11'Yl'ilaEJ.:t'Yl 

L Vl111::a'3J m.h.:tit'EJ t1'1t1..:Jiic;l1 LLU1aa-1:: 2 c;l1;f u ltlLLa::~ El.:ILUUc;l1LLU1L oi..:Jm3J1nL iii1 LLU1'il111 

' "' ""' .f 'Ill.I " U ""' .I "" .~ "' ""' t: ..I El tl1.:IUEJ ti 1 'il1"ll'U. LlJ LLa::'il El.:I L U'il'J LLu1L '.l!'.:lu13J1Uli~1 u 'il.:IU ULLi:.JUn11'Yl~a El.:t'YJ-;J::ITT3J11rl 
.... .k -'- • . . . . . . 

a-11.:tWU'Yli:..11 flEI Factorial Design, Mixture Design, Central Composite Design (CCD) LLa:: 

Plackett & Burman Design 
.... ..., .IA ~"'..., .. J ,k~,.1.., A 

2.9 .1.2 1::~1J"ll El.:l'il'J LLu1EI a'1::'Yl 'il El.:t i:.JULLu1fl11fl1El1.Jfla3J°V'IU 'Yl'Yl'il EJ.:tn11fln1Y1 • 
2.9.1.3 i.t1"li El lla"ll EJ.:ti1 LLU1aa-1:: LL~ a::i1~iifl1111 i11wufnu"li El3Ja'il El.:ti1 LLU1 • • 

'il13JLrlEJa'TI.:ILUULL1JU-;i1aEJ.:t'Yl1.:tflrn'ilfl1ff'ilf (Model) (namrn L~.:IW.:lfl1!"1, 2554) 
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L~amLt-iitnT~'Yl~Gla.:t (Selection design) 

Ln'U11'1.J1111"lla11Gl (Response Variable) 
\I 

"' ..... ..... ft 
~11.:t~3Jn11~113J~3J'Vi'Uli (Regression) 

.. .. 0 

'YI~ ~tl'U'Vi ~';) ULL'IJ'IJ';J1 Gl tl.:t 
\I 

'V\1~1111::~L'V13J1::~3J"llt1.:tn11'Yl~Gla.:t (Optimization) 

2.9.3 mn.~n1"i't1~iHh1LL1.n.J Central Composite Design (CCD) LLt-iun11'Yl~aa.:i 

ULtlum1aamL'U'U~'Yln1::i'U"llt1.:tLL~a::iJ-;i-;lFJ~1.:i-;i1nflmfna1.:i L 'Yhnu LLa::'Yi1aB1~-;i~~.:imn.:i 
• \I • 

LL~a::iJ-;iiFJ-;i::ih::i'Um1'Yl~aa.:i 5 1::i'U (-a, -1, o, 1, a) 
'A I ... .... ..I' 

eHJAu"itnil'Utlil'1LL~,..,n1"i't1~iHh1LLU'U CCD 3JG'l'1,.., 

1. c;i1LLW!.L.:tm1'Yl~aa.:i "lltl.:t 2" Fractorial Design ( n ~ai1LL1ha~1::) 
.... ~ 2 ... • ~ 0 • n = 2 ~.:iuu 2 -;J::3J~1LL'VIU.:tn11'Yl~aa.:t'Yl.:t'V\11~ 4 ~1LL'V\U.:t (-1,-1) (+1,-1) (+1, +1) 

(-1, +1) 

2. c;i1LL'V\U.:tn11'Yl~aa.:t~L~3J;fu111Ein 4 c;i1LL'VIU.:t~ac;i1LL'VIU.:t~LUU 

LLu1 + a 'Vl7a - a 1uLLu1Lmu (+ a, O) (- a, O) (O, + a) (O, - a ) 
0 • .f.,j .. 0 .... 

3. ~1LL'V\U.:t~1.:ina1.:t"l.lt1.:t'Viu'Yln11'Y1~aa.:ian 1 ~1LL'V\U.:t ~a Central 

Point (c;'i1LL'VIU.:t 0,0) 

i.:iifum1'Yl~aa.:tLL'U'U CCD 1un1m~iii1LLthaa-1:: 2 i1 -;i::iic;i1LL'V\U.:tL~1J.:ffu-;i1n 
2

2 Fractorial Design an 5 c;i1LL'VIU.:t~a (+ a, 0) (- a, 0) (0, + U) (0, - a ) LLa:: (0,0) fi1L~ 
..r ..l.J., ... 'ii., • 2 . • 

n11'Yl~aa.:tITTm1ri~1a'U~a11'ViU'Yl'Yl~t1.:im1flm~1 L~111nn11 2 Fractorral Design • .... .. .. 
(namm L~.:t'Vi.:tflli1, 2554) 



23 

.... ..., I "" II.I 
-;nn"l.lflfl113J~.\lni.'111"1.11.\l~i.tnTl'Yl~i.'IEh'ILL1JlJ Central Composite Design (CCD) 

ITT3J1'ltlrl1'Vli.t~'11LL'VIU.\l"J.lfl.\lnTrn~i.'lfl.\IL~i"~11"1.\I 3 

mi-1.\1 3 '11LL'VIU.\l"J.lfl.\ln1'lflflnLL1J1Jn1i-'Yl~i.'lfl.\ILL1J'l.J Central Composite Design (CCD) 

'4J11.1.1ui1LLtl1atl'l::(Xi)= n 2 3 4 5 

'4!11.1. 1i.t'11LL 'VIU.\ln11 9 15 25 43 
'Yl~i.'lfl.\l..f.\l'Vl3J~ Lu CCD 

.... ' n/4 
i-::~u"l.la" T11 a = 2 1.4142 1.6818 2 2.3784 

... .... ..... 
(na..i1: nar.nrn L~.\IYHflni-, 2554) 



..... t.I ' .. 3.1 'Ufc;'IB ft'HlLLLa::if1"iLfl3J •• 
3.1.1 at.ln1m • 

..... t.I ........... ' 'lifc;'IB ft"inL/Lfl"iB'13JB'lLfl"i1t'M • • 
Gas chromatography (GC) 

pH meter 

Syringe for GC-17A 

Gas tight syringe for GC-2014 

Hot air oven 

Balance 

3.1.2 if1"iLAii 

0 ........ 
i1aif11 611~1.JYI 

1 Sodium hydroxide 

2 Hydrochloric acid 

3 Nitrogen gas 

4 Hydrogen gas (standard) 

5 Methane gas(standard) 

6 Carbon dioxide (standard) 

.:I 
1J't1't1 3 

'it.I LLU 1.J/'lf~c;'I ... 
GC-2014 

BP-20 

10 ul 

... ..... t.I 1.J"i1:tYI/ "itLYIA 

Shimadzu, Japan 

Satorius, Germany 

SGE, Australia 

1 ml ua:: 10 ml ITO, Japan 

LD0-100E Lab tech 

PB602-S Mettler Toledo, Switzerland 

.. 
\1fl"iLA3J ... ..... t.I 1.J"i1:tYI/ 'it LYI A 

Na OH .. ..I .. ... ' 'D'nmfl3Jfl aa'D'vivrn1 E.l, 'YI EJ 

HCI - ..I .. ... ' 'D'nmfl3Jf!Ela'D'vivia1EJ, 'YIEJ 

N2 i'1u'Yli'virf1.h::L~~~ aan~L'1'U., l'YIEJ .. 
H2 i'1u'Yli'virf1h::LITT~ ElEln~L'1'U., l'YIEJ .. 

CH4 TI'U.'Yli'virf1h::LITT~ aan~L'1'U., l'YIEJ .. 
C02 nu 'YI i'vi Ef 1h:: L ~~~ a an~ L '1 'U., lrw .. 
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...... ~ ...: ... ..; .... "' ... 3.2 15TI1"i't1c;'tit el\I TI1"it'I TIM-1 an11:: L "iaJ Gl'Wt1 L 'MaJ1::&f aJ11 i)I) TI1"iNitGI LLTI ftaJ L n";n n 

ft1.J LGl"i't1-i1 &1"i::111-i111 a.lit LL 'W ::nuv41111i11 tc;i ti naaJ'il a"n~u1-ta1 n1 ATGI u TI1"i'M Ir TILL1.J1.J n:: .. . . 
(Batch fermentation) Tc;iu1*1fi RSM (Response Surface Methodology) 

3.2.1 TI1"iLGl~UaJft11J1i11 

'll1vh'1ii'11111'Yl1liii"llu1 ~ L~ n ~" ~1 r.i1inTnJ~ ~1r.JLfl~a..111~1 iii"11u1~ 
0.2-1.0 L'1Ju~L11~1 LLa1it1111i:Hrnn11ii'11h::1h lurr~11ft'1u1::V1i1..'.IW1..'.l"Ji11n11ii'11h::1h 
Lfi1n11 1:0.5 1Lfl1"1::~m111ni. COD t~r.i1im~1"!1U (APHA, 1997) tl'i111ni.lut~1L-;JU 

rY.:1V111~ t~rnl*li Colorimetric (Harwood LL~::flni.::, 1970) Lrn::fl1fl11JJLiJun1~-~1.:1L~JJ~U 
t~uli pH meter 

3.2.2 TI1"iLfl~UaJaJitLL'W:: .. . 

11~ LL 'Vi::~l iLiJUJJ~ LL 'Vi::~l~';l1n vhf11 Liu 'Yl1'1L~~~"LVI111::LLfinT'HUULL VI d..1 
'II 'II 

mf11m-1.LLa::lut~1L';mlum1~a~LLri«iiLnu uan-;J1n~u3J~LLV'l::[J'1LUULLV1Gi.:1"11a..'.lnd11-;Jaun1u 
'II • • 

l f a1n1~~1 il un11~a~ LLri«ii L 'YlU 'll111aLL 'Vi::JJ11J~ l i ~::L~ u~1Lfl1"1::~tl'i111ni. COD LL a:: 
'II 

ITT3J1tu.~1111at~rnn111~fl1"llel'1LLii'11"::LVlll~1ll (Volatile Suspended Solid; VSS) ~1r.J 

1i1l1~1"!1U (APHA, 1997) m111ni.lut~1L-;JUrY..1V1JJ~t~alif1i Colorimetric (Harwood tm:: 
fin!.::, 1970) LLa::fl1fl113JLUUn1"~-~1'1L~3J~U t~ r.ili pH meter 

f' 'I-... I .¥ ..; ... 3.2.3 ililnLL1.JUTI1"i't1GlitOIJ LGIU L1j'HiTI1"ilJlil1.Jif"illJGlil'W"'t1N"J (RSM) LL1.J1.J 

Central Composite Design (CCD) 

'Yl1n11flmy1iJ-;JiEm~n~m~i1-;J::ii~~~anTm~~LLri«iiL'YIU t~r.inT~~~L~an 
iJ-;Ji u Lif a"~"~ ii~~~ anTma~ LLri «ii L nu-;J1n ill L~1n'i13J1::V1i1'13Ja LL 'V'l::n11W1'1"Ji11 LiluLL VI d.:i 

'II 

mf11aULLa::lut~1L-;JU -;!1u1u 2 U-;Jir.J l~LLTi rr~11ft'1umf1rnu~alut~1L-;JU (C/N ratio) (A) 

fl1fl113JLUUn1"~-~1'1 (fl1fl113JLUUn1"~-~1'1) (B) ~'1lULL~a::1hiuiifl113JLLtl1"«ULUU 5 1::~11 
~'1LL«~'1l1tu~111'1 5 LL~::tl1::na11~1r.i 13 'Yl1~L3JU~ LL«~.:il1lu~11"1'1 6 fi1Vlu~lifl1n11" 

~el11«Uel'1 (Response) ~a ITT3J1~"i"llel'1LLfi«iiL 'YlULL~::i:.rn l~"llel.:ILLfi«iiL 'YlU 
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·rhm111\ILLi:.JUnTl'Yl~aa\ILL1.J1J Central Composite Design (CCD) L~£Jihn11a1~£.1 

LL1Jmhae:J\IL~3J1ULL1J1J~\1~3Jn11 
'I.I 

..I 
LaJeJ Y = response 

~O = the model intercept 

~i = the linear coefficient 

xi = the level of the independent variable 

Composite Design 

.... 
u-;iir.J d~~ 

-a Low 

level level 

1::iu"lla\lu-;ii£J 

Medium High a 
level level level 

A El~11«1umfue:iu~alul~1L';JU 17.93 20.00 25.00 30.00 32.07 

B fi1'1113-i Lilun1~-~1\I 5.59 6.00 7.00 8.00 8.41 

~1TI\I 7 "15~n11'Yl~ae:i\l~e:Je:imL1J1Jn11'Yl~aa\l L~£J Central Composite Design , 

"15~n11'Yl~aa\I A(Actual) A(Code) B(Actual) B(Code) , 
1 20.000 -1.000 8.000 1.000 

2 32.071 1.414 7.000 0.000 

3 30.000 1.000 8.000 1.000 

4 17.929 -1.414 7.000 0.000 

5 25.000 0.000 7.000 0.000 

6 30.000 1.000 6.000 -1.000 

7 25.000 0.000 5.590 -1-.414 

8 25.000 0.000 7.000 0.000 

9 25.000 0.000 7.000 0.000 

10 25.000 0.000 8.410 1.414 

11 20.000 -1.000 6.000 -1.000 
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'n''il nTl'Yl 'il fHh1 A( Actual) A(Code) B(Actual) B(Code) • 
12 25.000 0.000 7.000 0.000 

13 25.000 0.000 7.000 0.000 

MIJ1mMGl -2 =-a, -1 =low level, o =mean level, 1 =high level, 2 =a • 

.... "' ... 3.2.4 n11M1JnLLfli'f1JLr11.umun:: (batch fermentation) 

nTl'Vl2Tmuia'iiL'YlULLuun::lc;i£Jmbr;iau'Yl~tfouuLi'tnmfl 'Yl1lu"lnc;itaf11"11u1c;i • • 
100 ih~aac;i1:A-11'1::ih.fimc;i1m1'Yl1-111u 10 iiaaac;i1 lc;im11V1uc;in11LL1h«u1::iu"11e:i-11i1'11'£J~ 
Li'11nn11e:ianm.mn11'Ylc;iae:i-11 ~-11c;i111-11~ 5 LLa:: 6 ilc;ii1£J~1'1nm-11 LLa::~1'1ne:i::aihi1£J11 

• • 'II 

lc;i £Jl i ~11iiui'c;i~1'1n (Supelco, USA) 1ae:ie:in;aL'1ul uii'1V1iimLa::1 Lfl11::~"lie:i-1111-11L 'VIUEJ • 
J'1V1iin lc;i£Jlimi«l ulc;i1L'1ULiJuna1 5 u1fiL rle:i'Y11 l,.;'Lnc;ia-1111::Li'tnn1ftl ii.1 Lt!L"llr.h luLfl~e:i-11 
il'u (shaker) lc;imhV1uc;il,.;'iln11V111u~ 150 1e:iu9ie:iu1fi~mu.V111ii,.;'e:i-11 lc;i£J'Yl1n11V12Tmilu 

• • 'II 

L1a1 301u 
.. tf 0 

3.2.5 n11Tt\1;nmumnftil'1 (Confirm test) 

'Yl1 n11Vi ff';J \.fo 1J rnh a El'1111 £JV\ a'1'11n ~Li «1111::~L'VI111::«119i El fi1'ilEl1J «UEJ'1 
'II 

..i.. ... • ~ .. ... '4 ... .. ... t 0 J' (Response) 'Ylfln1Y1fl EllJ1111'i11"llEJ'1LLn«11 L 'YlU LLa::~a L'il"llEJ-llLLn«aJL 'YlU c;i £J'Ynn11r1c;iae:i'1·JJ1 

Einflf-11-;i1u1u 4 n11r1c;iae:i.,i LiLLfi 1) 1::iu"lle:i'1i1'11'£J1::iu~1 2) 1::iu"11e:i'1i1'1i£J1::~ua-.,i 
'II 

c;i111c;i111.,i 5 n11nc;iae:i.,i~ 3) a-1111::~L V1aJ1::a-11~li'11nn11r1c;iae:i.,i LLa:: 4) a-1111::fl1Ufl11 • 
(fi11::iu"lle:i'1i1'11' £J~e:ir.il u"li1.,ifi1na1,1c;i111c;i111.,i 6) 

'II 

.. tf "' 3.3.1 fl11'JL~11::MLLfJi'f 

n111Lfl11::~LLn«n1lc;i'1:c;imfiu~1e:ir.i1.,immc;i1 3 iiaaac;i1 lc;i£Jli gas tight 

syringe lftlw111c;itaf11,,u1c;i 10 iiaaac;i1 ilc;ii1£J'1n~alfluLLa::~1e:i::aiiLi1£J11 ii.11111Lfl11::~ 
• 'II 

e:i.,i~tl1::ne:iu"lJEJ'1LLn« lc;i£Jli Gas chromatography 111£Jlia-1n1::c;i1ut°iLL«'il'1lu'ilTn-11 8 



Column type 

Injection temp 

Detector temp 

Detector type 

Current 

Equipment 

Total flow of carrier gas (He) 

Injection volume 

Stop time 

(Sreela-or LLa::mu.::, 2011) 
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GC·2014(Shimadzu) 

Shin carbon (size 3m x 3mm, activated 

charcoal 60/80 mesh) 

130°C 

140°C 

TCD 

140 mA 

25 ml/min 

1ml 

7 min 

... ..ft.... .. ... ... ..... ...... . 3.3.2 nT'i1Lfl"i1::'VIJJ"i3J1nLA1"i1Jil'lUl'Mifl'HJc;i1u·u; Chemical Oxygen Demand 

(COD) 

n171Lfl,.1::~Ti1snla~ (Chemical Oxygen Demand) 'Yi1l~~rm1,-1hv1aa~ 

'Yl~aa.,,~a1'1«::a1~LLa1 ltlm.J~ am'Vlnii 105 t1'1fl1LsnaLsn£J«LlluL 1a1 1 -E'1 h.1.,, il1t1t1mnn 
• 'II 

iamLa1lf.,,t~L~utuamV111ii~t1'1~~iI1i1m.h'1 2.5 iia~~'in tftV1at1~'Yl~at1'1 L~111i'1nkuL-rJa 
'II • 'II 'II 

L~a-;i1.\lrl~,.1ft1u 1:2 ~m~11ii'1nku 5 iia~~~,. 'Yi1LL1Ja'1fl'1~u1lftii1nkua.\ILUV1at1~'Yl~aa.\I 
7.5 iia~~~,. L~11twLL~a"Lsnri11l~tf'11LaJ~ 1.5 iia~~~,. tuii1'ii1t1£i1'1LLa::LL1Ja.\lfl L~3J 
n1~siarJ11n 3.5 jja~~~,-1uJ1'il1t1ti1'1LLa::LL1Ja.\I~ il1V1at1~'Yl~at1'1Lffl1tu~::LLn'1'1 LLa:: 
il1Li1it1u~iit1nt'Vlflii 150 tl.\lfl1L'lfaLsnrJa"LU'l.LL 1a1 2 -E'1111'1V1a.\1';11nt11Jfl'11J 2 -E'1111'1LLa1il1 

'II • 'II 

t1t1n111i.,,l1t ~L~u ~a mV111ii~t1'1L 'Ylii1'il1 t1ti1'1a'1L w111~11.Jirm'i"llu1~ 250 iia~~~,. 'Vlrl~ 
• 'II 'II 'II 

L wa hau~ Lf'IL~ af 2-3 'VI ri~ -;i::LiJ~riuLtluiLii r.11 t111ii1L~u l~L~1'Yli1m w t1f7'~LLt111111L itri 
si;u W~f't11m "li11"liu 0.025 uaf11 t1a iia::'Vlri~-;iuil..1-;i~ri~ ~t1i"llt1'1ii1'il1mh'1-;i::L1.J~riuLtlu • • 
iLL~.\la;,- uwnmrn ~.\lm3J1nt"llt1'1l~1fl'l"L3J~~'V11rJl1.J~t1ITT,-aU'Yl~rJ~iit1£iLi.tii1'il1t1£i1'1 

... 'II 
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... .:t.I... ti' ... ... ti' " c: 3.3.3 n111 LA11::M 11J1nLL'lf6HHHnn11t1(;'11 llfl11M111iN LL'!h11::L M ti (Volatile • 
Suspended Solid; VSS) 

A ' ~ A 
nT~1 LTl11::'Vl"l.IEJ.:I LL"l.1.:1 LL"l.11Ua El m::L 'VI ti 'Vl1EJ<il::n EIULL"l.11UaEJ m::L 'VI ti (Volatile 

Suspended Solids) 't11 L~minT~U1'vh.:i"li11 LLa:::iJ a LL w:::1J1 EJULL ~"~a rn V111n1.h::111 rn 
~ . ~ 

103-105 El.:! ff1 L'lfa L'fi ti« "ilULL ~" LLi1~.:I U1'LiJ+i'.:i1 ~L flu~ El rn 'Vlfl n~ tl.:I 1 u L {)<ii <ilfl11:iJ:ff u . ~ ~ 

(Desiccators) LLa::u1:1J1-k.:1 -;nnif u U1~1.:1°1i11rll.J:IJaLL w::~mJLL~.:ILLa1:iJ1 L~1~ tltll.'Vlfln 550 
~ . ~ 

a.:iff1L'lfaL'fit1« l.J1::mrn 3 ii'1 L:1J.:1 LLa::u1:1J1ii'.:iii'1Vl'un~V11t1'Ll.J"il1nn11ii'.:1flf.:1LL1n"il::Ltlu~h 
"ll a.:i"ll a.:i LL-ii.:i LL "1.l1uaa t11::L vi t1 LLa::it1ii'1viun~-k.:i'L~111aunuii'1Vl'i!mL ~.:i"ll a.:1~1.:i"li11nrnrn 

~ 

LL w::u 1 'LiJvi1 fi1"ll a.:i LL oii.:11:: L 'VI t1 (VSS) ~" fi1 ~l~n ai1 L tlufi1~1 "lf LL 'Ylul.J'i:1J1 ni."11 a.:i L'lfa ~ 
"il~u 'Yl~m u1::uul~ • 

..I 0 ...... 

3.4 ff011U'lfl1fl111'1ll 

't11 n11i,Jt1 LLa::i LT111::~"lia 11 a L<il t11"lfvf u~ u'iL 1 rn «1"1111"1f1 L mHl'lff1 LH1f 
~ 

Tl rn:: L 'YI fl LU Lan n1'lL n ]Yq)'l LL a:: tl1Vl1'l fl rn::i'Yl tl1 ff1 «qi·foa:: L 'YI fl L \I. Lan 3JV111 'YJ tl1 au 
'l1"1f n nwu a«.:! fl'l1 :IJ ,J.:ivi 1 <ii W Htll. Lan «1"111i'lf11ff1fi'l'l3JLU11"1 fl ni.::1 ff1fi'l'l3Jft1 ft'qif :.J ~ , 

3J Vl11 'Yl tl1 a ti UL 'lff 1 'l ft'1"1111"1f1 L 'YI Tl L U~11l1 w fl rn:: L 'YI fl LU Lan 3JV111 'Yl tl1 a tl"ll El ULLri u 



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 
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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 • 
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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 



.d 
tJ't1't1 5 

ft,-t.J aiit.J,-1ull-.la ua::::tiatft"au":::: 
'l 

' ' ,d A ... d A Wiid .... I I 

nTH'lmflff1111::b 'UJ'ilU 'YI b 'Vl111::ff11".llel·'1nTHHl'il bLn ff11 b 'YJU-,i1n~11 b'il1'Yl1111 1::'Vl11...1 

11 a LL w:: n 11r.11...,"li11 t 'ii £Jn ~ 11-,i au 'YI 1mi'a1n1 fl 111 £J 1iff1111:: n 11 'VI 37 n LL 1111 n:: <batch 
~ . . 
fermentation) aamL1111n11'YJ~aa...1 t~£J1n'ileJ11ffUeJ\lvfu~~1 (Response Surface 

Methodology) sH\ILifhn11~m~n 2 if-,i,)£.1 ~a e1~11«1w1.1eJ...1flTf11au~ai.ut~1L-,iu (C/N 

Ratio) Lrn::~1fl1111Lilun-rn-~1\I (pH) w11i1e1'i111«1uflTfuau~ai.ut'il1L-,iu~L'Vl111::ff11lun11 
~a'ilLLnffiiL 'YJUff\lff~L 'Yi1n11 25.59 LLG:i::~1fl1111LUUn1~-~1...1L 'Yi1n11 7.19 li~ai.i"lleJ\ILLnff 

~ . 
iiL 'YIUL 'Yi1n11 80. 12 iia~a'il1~ani'11~ta~ (mUg-COD) Lrlail1ffn11::~i.i11Trhn11'YJ~aa\lai1 
w11i1~ ff1111::~L V1111::L'rn-,i1nff11n11m1·thu1r..1 l i~a i.i"ll a\ILLnaih 'YIUL 'Yi1n11 eo.68 iiaaa'i11 

~ani'11~ta~~a~a\I sH\lii~1fl1111LL'iln~1\11::V1i1\1~1~i.i-,,1nn11'Yl1u1r..1 LLa::~1~i.i-,,1n11 
'Yl'ilaa\l-,i7\IL W£J\I 0.04 L 'Y11tf u LLff~\l L iL ~uii'1fl1111u1 L ~atia"l.la\ILL1111n11'YJ~aa\l~lit un11 

~ ,¥ 
'Yl~G:iel\lfl1\IU 

5.2 aii1h1ull-.la 
el'il11«1uflTfuau~ai.ut'il1L-,iu (C/N ratio) LLa::~1fl111.1Lilun1~-~1\I (pH) ,.f\I 2 

if-,,,) E.Jii~a~ a ~a li"lleJ\ILLnffii L 'Y!u-,i1nn1::111un11V13Jn LL1111i. i'a1n1fl -,i1mrnn11'YJ~a a\lw11i1 

Lrlmi1V1u~~1".lla\le1'il11«1umf11au~a i. u 1'il1L-,,uL 'Yi1n11 20.00 ai1.111TI l i~a i.i"l.la\ILLnaiiL 'YIU 

L 'Yi1n11 20.98 iiaaa'il1~ani'1.1~ta~~a~a\I LLa::Ldm ~1.1e1'i111«1ufl1f11au~a i. u 1'il1L-,iu-,i1n 

20.00 ii'1 25.59 w11i1~ai.i"11a...1LLnffiiL'YIUL~1.1ff\lifuL'Yi1n11 80.68 iiaaa'i119iani'1.1~ta~tf 
~ 

A ""°" ' ' I ,. t "" oJI 'I ...... I a~ G:i\I L Ua\l-,i1n'Yl el'il11 ff1Ufl1111 e!U'il a Lu 'il1L -,iu 'YIL 'Vl1.11::ff1.I ITT 1.111{1111 L 'VI el'ilTin11£.I a £.I ffG:i1 £.I 
A lilde' A A I/Ide'~ ~ ~ .... I 

ITT1eJU'Yl1£J LLa::n-,in111.1"11a\l-,iau'YJ1m w11a\l"l.IU (Yokoi et al., 2001) LLa::uan-,i1nuua'i111a1u . ~ 

mf11au~ai.ut'il1L-,iu~ii~1~1-,i::rhli-,iau'YJ1~u1ITT1e11V111i.t1litun11ai'1\IL'lfaa (Sreela-or, • 
2011) LL~ Ldm ~1.1e1'i111«1ufl1f11au~a i. u 1'il1L-,,uff...1ni1 25 ~a i.i"l.la\ILLnaiiL 'Ylua~a\I 

~ 

Lila\l-,i1n"l.l1~li1~i.ut'il1L-,iu~litun11L-,i1tyL~11t'il"l.la\l~au'Yl1~ (Lin and Lay, 2004) n11~a'il 
LLn aii L 'Ylu-,i1nr.l1...1"li11i111n1111a LL w:: t~ £Jn1::111un11mTn Lm11i.1il-ia an~L -,iu w11i1~1fl111.1 

~ 

Lilun1~-~1\IL~1.1~u~ 6.oo ITT1111TI li~ai.i"11a\ILLnaiiL'YIUL 'Yi1n11 20.98 iiaaa'i119iani'1.1~ta~ 
~a~a\I LLa::Ldm ~11~1fl11milun1~-~1\IL~11iu-,i1n 6.oo ii'1 7.19 w11i1~a i.~"1.leJ\ILLnaiiL 'YIU 

a\lif uL 'Yi1n11 80.68 iiaaa'i11~ani'1.1~fa~~a'ila\I L ita\l-,i1n~~1fl111.1Lilun1~-~1...,fiL V11.11::a11 
~ 

-,i::'Yi1 L in-,in1111".ll eJ...1-,iau 'Yl1~L n'ilif u Li~ ~1fl111.I LUUn1~-~1\1~1-,i::~\I ~a L i1::£J::L 1a1n11 • 
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.1 .... ._, A .Cil l"'.ci ~ 
u1U'il1 (Lag time) "lltl.J~a'U.'Yl1£J3J1::£J::L1a1u1u (Van Ginkel et al., 2001) LLa::ut1n~1nuu 

q 

Tl1fl11mtlun1'il-~1"~~1 t11~~::5u ~.Jn11L~1ty L~u 1<il"ll t1.J~au'Y1~6 (Reungsang and 
R ~" l:;.f,,j..,: • :'I ' 'I" .J' 0 '1" Sreela-or, 2013) ~::L Vl'U. L'il~1nnTrn'ila tl.Jfl1.J'U.L3Jm ~3Jmfl113JLu'U.n1'il-'il1.J LVlti.J"ll'U.~::'Yl1 L VI 

'II 

~a li"ll t1.J5j L 'Yl'U.L ~ 3.1if u<i113Jll.Ji1 £J LL~l u 'Yl1.J'il1.Jnwn13JV11n L ~3Jm3J1 n1.Tl1fl113J Lllun1'il-~1" 
ti.Jn-h 7.19 ~a li"llt1.JLLfia5jL 'Yl'U.5jLLu11 u3Ja'ila.J L rtt1.J~1nTl1fl113JLllun1'il-~1"~ti"~::a-"~a't11 
'II 'II 

1i~U.JL'liaa"lltl.J~a'U.'YJ16d1<ilfl113JLi£JV11£J (Khanal et al., 2004) 
q 

~ 

5.3 'llEILi>'f'M>EILL'M>~ 

5.3.1 L ~ti l in11'YJ'ilat1.J ITT3JTrn l-tti~1"~"fl11i.i.1n11'YJ'ilat1.JLl.J1.inu1::uumTmLuu 
~1" 'J L ~ti 1 i'Yl11ufl113JLL<ilrnh.J"ll t1.J~a li"llt1.JLLfia5jL 'YluLdt11. i1::uuV13Tn~LL'iln~1.Jnu 
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~ t .... ::: ... .... .... 'I 0 •• 1 ... ..1... ' .... 0 ... m ~7L ~'" 'il.J u 'U.~.Jfl111::3J 'il1::1.J L um1u 1n1.J"ll11'Yl3J fl113J LL\tln ~1.J nu3J1'Yl1n11'YJ'il a tl.J'lJ.J~:: 

ahrn~mfl3J1nl.LLntii'.iL'YluLi 

5.3.3 L ~t1a'ilmmmm11.Ja<i1l.Jat1 £JITT1wMa-i.JLL1'ilat13J t un1::u1um11.Ji'u Tl1fl113.1 
'II 

L tlun1'il-~1" L rtt1.J~1n 1 ia11Lfliin1'il LLa::~1"~5jfl113.1Lii3J°liua.Jfl11L ~3Jfl113.11::3T<i11::1.J 1. u 
'II 

m1'Yl~at1.JL ~t1a'iln111.Ja t1 £Jffi.JLn'ilat13J 
'II 
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