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ABSTRACT 

Wet cake is waste from the distillation process of ethanol from cassava chips, which is 

black, incoherent and smells like yeast. Occured as a plenty of for each day, difficult to manage 

and application is still not clear. This research study, the wet cake to be used as alternative 

fuels by providing proximate analysis and heating value found that low fixed carbon content 

which is burned for energy only 13.33 percent and relatively low heating value is 13,864.38 KJ / 

kg. Perfectly suited for research to improve quality prior to use. Then bring the wet cake to 

carbonization in various conditions at 400, 450, 500 and 550°c in each temperature range of 

the experimental period, 30, 45, 60 and 90 minutes in oxygen-limited conditions. It was found 

that the appropriate condition for carbonization is the temperature at 500°c for 60 minutes. 

The condition has 1.17% moisture, 34.42% ash, 16.57% volatile matter and 47.84% 

fixed carbon. When get the appropriate carbonization condition, thus bring the wet cake to hot 

and cold compressed to cOrl}pare the efficiency of thermal energy found that cold compressed 

high fixed carbon content 59.01 % and heating value 24,790.38 KJ/kg while hot compressed 

fixed carbon content 42.66% and heating value 20,257.25 KJ/kg. Both of the production of 

briquette charcoal in commercial, hot compressed cost 0.17 baht / piece, sale price 0.525 baht 

/ pieces, total production at breakeven 704,225 pieces and payback period of 0.18 years, cold 

compressed cost 0.3175 baht/piece, sale price 1.05 baht / pieces, total production at 

breakeven 338,524 pieces and payback period of 0.17 years. Based on fixed cost 250,000 

,assuming sale price of both briquette charcoal 10.5 baht / kg and the payback period 

compared with the capacity of the machines. 

Key words: wet cake, carbonization, hot compressed, cold compressed 
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q q 

, 'lI 'lI 

YliJfl1~GJI'f) 1'lJ'f)~~1 [?l~(?) ~'1 t~'1'11tJb'f)'Vl1tJ'f)~ b~'f) b~~'1 ~'lJ~1fGl~bn (?)GJI'f)'1 b~fJ (Waste) ~1fl~1fJ fJfl ~'J'f)tJ1'1 
'lI 'lI , 

t~'1'11tJb'f)'Vl1tJ'f)~ b~'f) b~~'1GJ1tJ1 (?)rh~'1fl1~~~ [?lU~~~1 rw 150,000 ~ [?l~/rrtJ fGl ~iJm~1rwtJ1fGl1fl'lv1'f)fl~tJ 

~1fl ~'1rrtJ~~U~~~1 rw 1,500,000 ~ [?l~/rrtJ ~1 fl t~'1'11tJ1~iJitJ[?l'f)tJfl1~tJ1J1fl~'lJ~11fltJfl~~'lJ'JtJ 
'lI , 'lI 'lI' 'lI 

fl1~~ ~ [?ltJ1fGl1 fl'lv1'f) fl~tJ~'1'1v1~ (?)fGl ~b~1~~~'lJ'lJU111(?)tJ1 b~tJ~'1 fl1~~(?) fl1 ~n'lJtJ1 b~fJrrtJ~ ~ 1.5 ~1tJ~ [?l~/rrtJ
cu 

'lI , 'lI' 'lI 

~'f)'11~~tJYl~1 fl~~'f) L9l'f)'1iJ fl1~~'1'VltJ~~'lJ'lJU1U!?1tJ1 b~fJlh~~'Vlfi[l1~ ~'1 bil'f)'1fGl1 flm~ 1 rwGJI'f)'1U"1 b~tJ ~1 fl 
q cu 

, 'lI 'lI 'lI 

t!?1tJ b'U~1~t~'1'11tJYl1~fl1 fltJ1 [?l1~ btltJrr[?l ~ ~'lJfGl ~~'f)'1U111(?)~GJI'f)'1tJ1 b~fJ n'f)tJu~'f)tJ ~'1 ~ b[''Iv1~'1U1~1fi1 ~rw~ 
q cu 

1 tJ fl ~ ~ 'lJ 'J tJ fl1 ~ ~ ~ [?l b'f) 'Vl1 tJ 'f) ~ 'W 'f) fl fGl1 fl b'f) 'Vl1 tJ 'f) ~ bb ~ 'J 5 'I ~ ~ ~ ~ ~ 'f) tJ 1 ~~ tJ1~ ~ 1 ~~1 ~ bb n n16J1 

~ 1 f'lJ 'f) tJ1!?1 'f) 'f) fl16J1 ~~ b n !?1 ~ tJ 1 tJ ~ ~ 'Iv1 ~ 1'1 fl ~ ~ 'lJ 'J tJ fl1 ~ 'Iv1 :Wfl bb ~ ~ yJ b6JI ~ 'f) 'f) fJ ~~ b n !?1 ~ tJ fGl1 fl fl ~ ~U 'J tJ 
cu 



I !II !II I !II 

n1J'n~'W J'fJ:J.Jn-:JGJ]1)-:J L~~~1nnJ'~UfJ'Wn1J'e-J~ [?l~1)\n L~~Vl11)tJ1 n1 n~1 ~-:J~ L6jj~;~~ ~,j'W1)~ Ln~~'W~'J~ 
<lJ 


!II !II !II I I 


'Vi-:Jtlrlrufl1~csn1)-:JtJ1 n1 n~1~~LL[?ln L911-:J n'W[?l1:J.J6JlU~GJ]!l-:Jt)I?l bI t1uVl1~ ml-n rut)I?lbl t1uVl1~ LL~~e-J~ l~J'fJl-l n-:J 
q q q 

, g.,!V I 

csn1)-:JL~~VlLn~~'W'Vi-:JVll-l~~1nn1J't.J~I?lL!l'Vl1'W!l~ (1?l1J'1-:JVl1-3) 

1'91rt~'ULL~~ 
ca 

~~~~'fl~1~ 
flrul11~ 

ca 

191rt~'U (INPUT)
ca 

1. 

2. 

3. 

t)1?l()~U (!7l'W!?1!lt)'W)
q 

" tJl (~U:I-J. !?1!lt)'W) 

"'" ~lnfl:I-J 

350-370 

1,200-1,500 

" 
- fl'Jl:I-J;'W 12-16% 

- m:I-JlnJLLU\l 64% 

540-550 

1,000-1,300 

" " -tJll?ll~'Y1\l~:I-J~ 48-50% 

- ~!l\l LL~\l~~~ltJl~ 80 ulni 

- ~~~e,)'l (nn'/t)'W) 20-80 20-80 

- L!l'Wlsnlf (nn.lt)'W) 20-800 

- ~l),LfliJ~'W (nn'/t)'W) 1,000-5,000 1,000-5,000 

4. ~~'l\l1'W 

- lyJyh (Kw-hr/day) 

" - l!ltJl(!?l'W.lt)'W) 

25,000-47,000 

300-500 

380 V 50 Hz 

3-10 Ul'f 

22,000-44,000 

200-400 

380 V 50 Hz 

3-10 ulf 

~~1~ (OUTPUT) 

1. L!l'Vll'W!l~( ~1?l),~!lt)'W) 150,000 1?l1:I-J :I-J!ln. (640-2533) 150,000 1?l1:I-J :I-J!ln. (640-2533) 

2. CO
2 

(!7l'W [?)!It)'W) 100-120 100-120 

3. Fusel Oil (~I?l)'/t)'W) 300-600 300-600 

4. ~lnln~l (~Ud-J.lt)'W) 1 ,400-1 ,600 - TS 5-7% 1,000-1,300 TS 15% 

- COD 40,000-60,000 mg/l - COD 100,000-150,000 mg/l 

- BOD 15,000-35,000 mg/l - BOD 40,000-70,000 mg/i 

4.1 l?l~n!l'WLtltJn 100-200 20-30% TS 

(!?l'W~'t)t)'W) 

4.2 ~lL~tJ 1,200-1,400 TS 5-7% 1,000-1,300 TS 10-12% 

4 I 

I 



1I?ltl~h.Hb~~ 
q 

tJ~v.~'fl fl'l~ 

- COD 20,000-40,000 mg/I - COD 120,000-150,000 ppm 

- BOD 10,000-30,000 mg/I - BOD 40,000-70,000 ppm 

, ~ 	 ~ 

11~,11'W~'1 t:!J ~ 1:Wl ~n~(?l nl ~6Jl'el'l ~~tJ !?h'l1Yl ~n (?l~'W~ 1 n nl~t:.J~!?ll'WLb!?i~ ~i'W!?l'el'W~~~ ~t11:W11~1J~~btJ6]jt1 

'elth'l L~:W~ !?l~n'el'W~lltJ n dJ'W6Jl'el'l ~~tJ~ ~n (?l~1 n n~~1J'd'Wn1 ~n ~'W~'el'V11'W'el~ ~1J'Wm:Wl ru:Wl n 1 'W~L!?i~~t)'W 
~ 	 I ~ 

1'W'Il'W~~tJu~'1~n~1 lP1::nl1u,1J~n (Wet cake) b~'elt11t1Jb1J'WL~'elL~~'1'V1(?lLb'V1'W 'el~.h'lt~n!?ll:wnl~l~ 
~ ~ 	 ~ ~ 

!?l~n'el'WLtJtJ n ~1J'Wb~t) L~ ~'1 b(?ltJ !?l~'1 tr'W1J~~~u11 ruVll1'W~1'WfI'd 1 :W~'W~~~ ~n 1 ~fI'dU fI:W6Jl 'WI (?l ~~'el b~~'11 'W 
~ 	 q 

b!?l11J5n~ru ~'1iJ nl~Ul:Wl~(?l ~Lvi'l L~'ell~iJ6JJ'Wl (?l bVl:Wl~~d-Jl'Wnl~l~~1J'W~~'el ~~~'1~'d:W~'1 ~ nMl n~~U'd'Wnl~ 
fllfu'el t 'W~6jj~'W (Carbonization) ~~'el L~:w1J~~btJ6]j'W1'Wnl~t1rlt1Jl~'11'Wb(?ltJ ~n (?l ~1J'W~~ !?lJiru~6]jlf Lb~~~'1 

I I 	 I 9J I 

~ll'Wnl~L~:W flruIl1~6Jlt)'16Jlt)'1dl'W6JllfLU'el'l~1 nmd-Jl rufllfU'el'WfI'I ~'d ~~~~fh fI'dl:W¥'el'WYl~'1~'W ~~'el~I?J.J'WI 
q 	 ClJ 

1. 	 ~nMl nl~ill!?l~n'el'W~tJ~ n~1 n nl~~~!?l ~'el'V11'W'el~:Wl ~1J'WL~'el L~~'1 btitl'l~1 n ~1J'W11blJ VI 11'W 

nl ~~(?l nl ~Vll niJ n 1 ~~~~:w dj'W~ 1 'W'd 'W:W 1 n ~ ~~'1 t:.J ~ b(?ltJ !?l~'1 ~tl ~'1 LL'd (?l ~tl:W b6J! 'W 11 blJ VII n ~ 'W 
~ 	 ~, 

~u n 'd 'W ~'d:W ~'1U1Yltltl n~1 n!?l ~n'el'W~lltJ n~1:Wl ~n~:w~'1 ~ul1~~'W 
ClJ 

4. 	 ~n~1 fI'dl:W dJ'Wt1Jt~'Wnl~1~bil'W~1f~t~~1 nn~::'U'd'Wnl~fllfutlt 'WLen~'W:Wl ~1J'WL~tl ~~ ~'1 

5. 	 ~ n~11J~~~YlfiJll~6Jltl'l bil'W6Jllf~t~~1 n n~~U'd'Wnl~fllfutl t 'WLen~'W 

6. 	 ~ flMl fll n ~:w:w~ f116Jltl'l b~tJ~1 ntl!?l~ lVi n~~:w Ltl'V1 1'Wtl ~~ iJ L1J'W~1'W'd'W:Wl ntJl n ~~rinl~~(?l nl ~ 
ClJ 	 q 

~ 	 ~ 

'11'W~~tJu~n'Ml nl~UI"'I !?l~n'el'W~tJtJ n~1 n nl~~~!?l ~'el'V11'Wtl~:Wl ~1J'WL~!l ~~~'1 Pi n'Ml nl~fllfutl t 'W­

~en~'W(Pl~n!l'WLtJtJn~tlruVlJl~~'1t 'W6J!'d'l 400 - 550°C b~tJYh fll1'V1~~B~1'WLfli'el~tJJind;tW~tltln bLUU 
q ClJ ClJ 	 d.J 

~ 	 ~ 

~¥tl:W~'1~~fI~1~trt:.J~!?lJiru~dl'W6jjlf ~'1~1tJ~~L~tJ(?l~'f)l1Ju 

I 



I iI 

1?h~J''l ~~I,I,uutl J'~~ 'l ill (Proximate Analysis) ~~ tl J'~n 'elul,J ~ 'J t1 n1 J'fj L~ J'1 ~~ ~'J 1~~'W 

~'lJ'J'~bVlt1 dh 1,1,~~rI'lfU1)'W~~~'J ri'el'W-Vl~~ n'lJ'vhn'lJ'~nfu'ellJ'1,6Jli'W ~1l-J ASTM 3172-3175 

2. ~1,~J'1~~I,I,Uuw:mfi'll?1
q 

(Ultimate Analysis) b~t1L~I,~1'el~ij1)~l,flJ'1~~ CHN 

3. ~b~J'1~~A1r1'J'll-J~'el'W 1?l1~ ASTM 3286 
I I 

4. r"J~ ~rh'Wl~fl~'W~'JtJ n 1~~ n1J'~~ ~ 100 n n ./csn~ . ~'JtJ Lfl1'el~ ~'WI,I,UU LY1 'el6JJ tJ'l t1 n1~~ n1J'~~ 1?1 

.<:10...... 0.<:10. 

1.4 'Jfin1~~1b'U'U.:I1'U 

1 . .w'lI?1~n'el'WLtJt1nl-J1'elul~~'J1l-J~'W L~'el~n'jj''l~~mlL~t1n1J'~l,flJ'1~lfuuutlJ'~l-J1rw I,LU'lJLLtJnfi1~
q 

I iI I 

2 . .w1 ~'J 1) t.l1 ~ 1?1 ~ n 'el 'W b tJ t1 n Yl ~ 1 'W n 1 J'1) 'lJ 1 ~ ~ 'J 1 ~~ 'W U ~ t.I 1) t1L ~1~ 6JJ 'W 'l ~ Yl ~1) ~ n 1 J' LL ~ 'J ~ n 'jj' 'l 

n1J'~1fu1)1'W1,6Jli'WL'W~Jl'l'J~(?h~1 L~1)Vl1~Jl1'J~~ I,VI~1~~l-J~~ ~L'Wn1J'Ln ~csn1f L(?)tJn'lJ'~ I,rlJ''l~,r 

I,bU'lJtlJ'~l-J1 rw I,I,UULLtJ nfi1~ 
q 

I,I,~~~ I,flJ''l~~A1 rI'J'll-J~1)'W 

3. ~'ll,il'Wn1J'~~'l~L~11)~1)ul~fl'J1~~'W Screwdry 1,1,~~l,rl11)~~(?)LL'Vl~~n1~~n'lJ'~~1?1 1 00 nn./csn~. 

4. ~n'jj''ltlJ'~~'VlfiJl'l~6JJ'el~6Jj'lf~l~ L~'el~~l?ldJ'Wrh'W~~u'lJu~'el'WI,b~~~~I,I,'lJUl,ij'W1~I,Vll-J'l~~~nu 

n1J'L~~'l'Wt?l'elltl 

I I iI 

1. ~1l-J'lJ'n.w'l6JJ1)~ L~tJYll,n won n1)I?l~1V1 nJ'J'~ 1,'el'Vl'l'W'el~ Ltl~t1'WJ'tll,tl'W~'l'W.w1l-J'lL~Ltl'WL~'el L~~~L~~ 
q 'U 

i.I f - I 

2. 1~b~'el L~~~Yl~ A1 fl'J'l~~'el'W~'lnn~1 L~~~1L~'WnJ'~'lJ'J'Wn'lJ'Yl~'el~ n1J't?l'elltl 

3. 1~nJ'~1J'J'Wn'lJ'rI'lfu'ell'WL6JI~'Wtlfulh~ 0"l rwJl'l~6JJ'el~ l?l~n1)'WLtJt1 n 
q q 

iI 

4. ~1~1J'n ~'JU~l-J6JJ'W'l ~<IJJ'el~ L~'el L~~~I?l~n'el'WLtJtJn1~ 
q 

2. 'VlJ''l'lJ n~~Jl'l'J~~ I,VI~1~~~~'lVlfunJ'~'lJ'J'Wn1J'~'lfu'ell'W1,6J!~'W6JJ'el~ l?l~n'el'Wi.tJtJ n 

3. ~~1?1~1'Wl~rI~'WfQn nl?l~n'el'Wl,tJt1 n b~!l~1V1tl1t1~ 1?l~1 (?)
'IJ 

I 



• ~ 
UV1V1 2 


2.1 ~13J1~ 

, ,!I.I 
.::j .:/ .c, .::j.::j.c" tr .:/ IV tr .:/ IV.c, , IV IV .::j .ell IV .:/ 

GJj'J rt'€l ~'llJGJj'J ~ bGJj'WlJ~'}j'tJ ~GJj ~b~ ~~ ~'J lJ'J ~ rt'€l'J ~ ~ ~'l6]J'€l'l ~1'l1 ~'l'W'WGJj'JlJ'J ~'VIlJ1tJ f:l'l 'J ~ ~ 'VIJ''€l ~~1 J' 

~1~"1n~'liJ~~~ bGJl'W ~1'J~1J' ~1 bbn~1J bb~~Yl1'l~1'Jl~lJ1"1nrX'W~1'J bb~~:w~~nJ':W1"1n~nJ' biJ'W~'W 
ClJ q q 

I I I I g,., 

~'liJ~~ ~ ~n rt'J 1 lJ'VIlJ 1 tJ'VIcW'l ~'€l ~'JlJ'J~ dJ'Wn~lJ b'Y),Vn~VlJ''JlJ~'Wvi~tJ~~ blVl dJ'W~J'~n~~GJj~'l'VIlJ ~ (J''JlJ~'l
q q ClJ 

~1V111tJ rX'Wl~ ~GJjbnM~J') b~tJ~'JlJ'J~H,J~ ~"1n~6Jj~b~tJ'J bLl~tJ'W~~'l'l1'Wbb~'l'€l1~~tJdJ'WlJ'J~1'W~GJj~1'W 
!I.I !I.I 


IV "IV .:/ .:/ 0 .ell .:::..::j tr!/.l 


nJ'~1J'J'Wn1J'~'l brtJ'1 ~'VI bb~'l 'VI'l~GJj1J n bb~ ~~GJj'W1 J''JlJ bl'lsn1 n'€l'W'VIJ'tJ ~'JtJ (Mckendry, P,2001 ) bb~ ~ 

nJ'~'VIJ''J'l~~'l'l1'W~'VI~~'f) blJ1'n11~1X rt'J1lJ'VIlJ1tJ6]J'€l'l~'JlJ'J~1~~1 ~'JlJ'J~ ~'€l ~'W'VI1-tJ~~ bl~1~dJ'W~~'l'l1'W 
~ q 

~'J lJ 'J~ bU'Wbb 'VI~'l1~~ ~'l'l1 'W Ll J'~ bJl 'VI vrl1'l ~'W bU'W ~ ~'l 'l1'W'VI1'l brt iJ~ b~ tJ 'J~'€l'l rl1J'€l ~ ~'€llJ 6]J'€l'l 

rl1f1J'€l'W bb~ ~leJb~ J'b" 'W ~ Ll J'~ n '€l1J n'WbU 'W blJ b~ n ~ 6Wf)'l ~ 1 J'~ 'W'VI1-tJ~ bl n'€l'€l n~l~i~ ~~ lJ'€ltJl11 tJ1 'W _ q ClJ ClJ 

!I.I 

bbVl~'lih btj~6]J'€l'lrt1f1J'€l'Wbb~~leJb~J'b"'WlJ1"1 n bbn~ rt1f1J'f)'Wl~'€l'€l nlsn ~bb~~tl1 n1J'~'l brlJ'1~oJbb~'l6]J'€l'l~6Jj 
, !I.I , 

"~bu~tJ'Wbbn~ rt1f1J'f)'Wl~'€l'€ln lsn ~bb~~tl11u btl'W~1 J'~'W'VI1-tJ19l1'l1Vl ~1lJ1J'rl bt:.J11'VI~l~ '€l'l f11JJ'~n'€l1J 

(Probstein and Hicks,1982) 

I 



sunlight 

chlorophyll 

en(H20) m bb ~ ~ 'I ~ '! ~ '1 f U f ~ n !lU ~ 'W 'Vl1 tJ~ '1 ~ 'J n r1'1 fi:U 1 e:I bt?1 f [?1 bb ~ ~ ~ '1 f ~ 'W 1~ ~'I br1 f '1 ~ tf 

~ 'W fiil'l n U lJ mtJ 'I r1'1 ftU 1 e:I bt?1 f [?1 U f ~~ '1 ru VI ~ '11 'W ~'I fiil'1 n n '1 f ~'I br1 f '1 ~ tfbb ~ 'I fiil ~ ~ n!l !l n 6D 1 ~ sf~ !l ~ 'J tJ 

nf~u'J'Wn'1fer'Wn~ul~~1)'1 n'lfVl'1tJlfiill'W~6Jj b~!l1~~~'1'1'1'W~TVlftln'1nfiil1''1d L~ut[?1~'J'W~ LVI~!lfiil~~~~~l~ 

I ~ 

(Hernicellu lose) bb~ ~~ ntl'W (Lignin) ~'1 tr1f'l ~ ¥'I'I~'J'W1VI blj1jf~n!lU ~'JtJU'l [?11~ b\'~~~!l~h~!lf 

~!l'l~'1[?1'1~ ~'1!StJn~'1 ~!l~Wllr1r111f~ (Polysaccharides) 

vLl'Wr;l'J~l~~ ~~'1tJ bb~~1~yhuDmtJ1 tt?1tJ bruYn~le:1tt?1fl~~~ tr1f'l~¥'1'1~!l'l b6J1~~t~~ bb~ ~'1 

~'1fU~ 2-1 
'lJ 

I 



I !I/ 

2. 	 beJilbSZf~~b~~ ~'fl dJUb~U1~~'fl~bV'1! f01f011LJ'!?1l1 bn ~~u1f)l-Jn1J~f)n b6Ji~~t·~~ LL!?1":;'f)tJ1uJ'tJ 
~ 	 ~ ~ ~ 

'fliru~1U~iJ~nMru~n1J'rcr~ b~~'1 ~f)6jJ'fl'l'fl~1?l'fll-J'Vl1'1 bf01iJ !?11'1 n1J~f) n l6Ji~~t~~ Ll~~iJl-Jf)~ ~1 
~ 	 ~ 

!I/ I 

n ~ 1 :w 1 n b6Jj ~ ~ t ~ ~ ~ f) U 1 VI nJ" ~ L n ~" 1 n tJ11?l1 ~ t l-J b~ n ~ b~ ~ f) ~ f) n ~ -n ~ t f01 ~ 
~ '" q qJ 

~ I 

~'dUbfjij b6Jj~~t~~~n,,~tJJ'~n'fl1J ~f)~ti11?l1~ tl-J L~ ~~ b~~f) 1?l1'16jjil~VI~1tJl ~f)l-J1~'fl nud:Ju 

n ~~.J ~'1 J'tJ~ 2-2 ~'1" ~ L~UL~~ 1 tf01J''1 ~ ¥1'1 ~ f) u1t-Hll" ~f01~1tJ n1J~f) n l6Jj~ ~ t~ ~ ~ n L'lU 
q qJ 	 '" qJ 

Hemicellul as:e (Xylaoase) 0'0 

~ OK 0

\Q ., 
(~. to·, .. 

OH 

OK 

3. 	~ ncQ'U b'l:JU'fl'l rliJJ'~n'fl'lJVI~n~ ~1 ~blJosnil~Vlt1'11u~osn tJJ'~n'fl'lJ ~'d ~tf01J''1~¥1'1'f)~tJ':W1 tln ~ 

"lJ'fl'lVltlf)tJYJil~t~n~u~ b;'fll-J ~'flnU~'dtJ f011f'lJ'flU~1tll?lJ''1 (Aliphatic chain) ~'1Lb~ ~'11uJ'iJ~ 
qJ 

2-3 ~'1"~L~U~1~nlJuiJf01ru~l-Jml1un1J'li1U'fl'lfflh:;n'fl1J"lJ'fl'l~6J1 U'fln"1n~~nlJutJ'I'fltJ1u
q 	 qJ 

I 



'f)~~U~~n'fl1J~'f)~~'d~'dltwf~'f)~~1~vf'dhJLLU~'f)'flndj'W 3 ~'d'WVI~n ~'f) 

1. 	 fl'J1~~'U (Moisture) 
9/ 9/ I 	 9/ 

~'d1:l-J~'W"v~~1tJ~~m:l-J1 rutnVliJ'f)tJ ~'d~'d~~'d'W1VI nJ"'l~iJ ~'d1:l-J~'Wrl'f)'W~1~~~ L~~1~ 
~ ~ 	 ~ 

~'d~'d~ ~'d~iJ ~'d1~~'Wl:lJ Ln'W~'f)tJ~~ 50 

2. 	 ~'J'Uv1~e,nlV1~1l?l (Combustible substances) 

~1J'W~Le.J11V1m~LLu~'f)'f)nL1J'W 2 ~IJ'W ~'f) ~1~~~LVltJ (Volatile Matter )LL~~~nf1J'f)'W 

~~~IJ (Fixed carbon) ~1~~~LVltJ ~'f) ~'d'W~~
q 
nlVI~~1tJ ~~1tl ~'d L~'f) 1~f1J~'d1:l-J~'f)'W 

I I iI' I 

L'WYlVll:lJiJ'f)1 n1 PI ~~,r'W~IJ:l-JIJ~VliJ rl1~1~~~LVltJ ~~ LL~ C91~~1~ C911yJl~~1tJ ~ 1J'Wr11f1J'f)'W 
~ 

~~ ~IJ btl'WGJI'f)~bb~~~ Ltl'W~1f1J'f)'W~ bVI~'f)'f)tJ
~ 

.&" 	 g,., 

3. 	 csnUl1 (Ash) 

9/ I 

ft.1 9.; .::j cv,1 .::j 9.; n I 9.; dI.::j n"f ~ 9.;

bLn~1J ~1~GJl1'd "'l~~~C91'Ci'd'WGJlbCl1u~~~1'lJ~'f)tJ~~ 10-20 6Jj~"'l~:l-JuClJVl1n1~b~1 bVl:l-J 

bL~~n1~fh4'C91~'f)~:W~'d~ 



r Proximate analysis 1::::1~+:~: 1i1:~~ . i~:~:~ ;~~::;~L~::1~1~ 
I Moisture, % !s8.60 I 48.40 r78.40 I 40.00 ·1 41.70 I 59.4~60.~O 
r ASh, % --f2.03TUO-ro.70 10.90_[3.70 1.50 1 2.44 

Volatile Matter, % "["30.46 1 38.70 ~30T45.42 r 46.46 I 31 :oo-r 28.00 I 
r Fixed~~1~1u;-r:w D.6~-~ 1 

(KJ/Kg) 

9.56

- ~~ ---~~.---~~ ~ 
.c.I 
'YI3.l1 : http://www.efe.or.th [4] 

t?l ::: n !l 'W lUt..I n l1:l 'W ~ !l '1l ~ t! ~ ln!?l ~ 1 n n 1 J' n ri'W bb ~ ::: n 1 J' bb t..I n J1 ~ 1 n n 1 J' e-J ~ t?l b!l 'Vl1 'W !l ~ ~ 1 n 

~'W~1U:::VI~'1 iJ~ ~1 ~nMru:::i'J'Went! iJ n ~'Wru'Wr1 ~1t..1 n~'W~~!?l bb~:::iJ bPlMn1 n~'W~1U:::VI~'1U'W!ltHJ 
q q 'U 

iI 

r1'J1:W~'WUJ'::::W1ru 400/0 

t..I1n lln n1J'~!?ln1J' (~l1vh6jj'W tJ''1,:j1'We-J~ ~ l~'f) l~ ~'1l!l'Vl1'W!l~ rh~'1 n1J'e-J~ (?1 200,000 ~ ~J'/tj'W ~:::iJ ~:::n!l'W 

bUt! n In !?l~'W 250 ~'W/tj'W Vl1 n!l·'W1 r1 ~iJtJ''1'11'We-J~ ~ b~!l b~~'1l!l'Vl1'W!l~ n1~'1 n1 J'e.J~ t?l 200,000 ~ ~J'/tj'W 

I 

http:http://www.efe.or.th
http:0.90_[3.70
http:f2.03TUO-ro.70


~ ~ 

~tl ~'Wb~'W cW1~1'LIC?1L~iJ6n'W1 C?1 b~n ~1 n'l!'W.yhn1~~C?1osn'W1 C?1bb~r;}cW11tl(:.J~:W n'lJcW1L'Wtl'l (:.J~J-J (Mixing tank) 

LU'WU1 bb U'I (Slurry) L~tl~'1 b0]1 ~ n ~~'lJr;}'Wn 1 ~tJtl tJ bbU'ILLX btl'W~1 ~1 ~ tC?1 tJYl 1 n 1 ~b~ ~ btl'Wl6jj~Lbtl ~~ 1 
~ ~ I ~ 

tl~l~ b~~ (a-amylase) bb~~~~U1 bbU'I ~r;}tJltlU11'W~:Wtl rX~ (Steam cooker) bYJtlLLXtl1bbiJ-:liJtlru~Jli1 
q 'lJ 

~ ~ 

i'W~tl'Wtl~ ~ bD 'Wn 1 ~tJtl tJ bb 11'1 
I ~ 

1~btl~tJ'WbU'WcW1 ~1~ b~ nsn'Vl1''W 

~ ~ 

~1 n'l!'W~~Yl1 n1~tJtltJ f)~'1~ C?1Yl1tJL'Wtl'l Final 
q 

Liquefaction 
~ I ~ 

(Glucoamylase) ~ ru~.1Ji1 50-60 DC ~~bu'Wn1~tJtltJcW1~1~ b~nsn'Vl1''WLLXbtl~tJ'Wbu'WU1 ~1~n~tf)~ 

~1n~'W~~b0]1~ n~~'lJr;}'Wn1~VI~n tC?1tJ~~ b~~~~ ~1 'Wtl'l Prefermentor ritl'W~~ ~b0]1 ~ tl'l Fermentor 
'lJ 'lJ 

b't1'Vl1'Wtl~iJ f)r;}1~'lJ1'~'Vli~1 n~'WtC?1tJ ~1'Wb0]1~~'fln~'W Mash Column ~~1~btl'Vl1'Wtl~~iJ f)r;}1~'lJ1'~'Vli
q 'lJ q 

~ ~ I I ~ ~ 

tl~~~1ru~tl\:J~~ 50 U1n1n~1 (U1b~\:J) Vltltln~1nVltln~'Wtl~~~1'Wb0]1~n~~'lJr;}'Wn1nb\:JnU1~r;}\:J
'lJ 

bf) 
d 
~tl'l bbtJ n n1 n (Decanter) b~tl bbtJ n n 1 n~'W~1tl~~ ~'1'fltl n~1~ 1~1~()tl11tl (:.J~ (9] btJ'Wtl1~ 1 ~~~rfl~ 

iJ I iJ!l.I I 1 i.I 

~r;}'W{nVlbbtJn1~~~~1'Wb;r1~ nn~'lJr;}'Wn1~ih1JC?1U1 b~tJ ~1 n'l!'W~ ~tJ1 btl'Vl1'Wtl~Vll~lltlYl1 n1~n~'W~n f)~'1
'lJ 

~~tln~'W Rectifier Column ~~1~btl'Vl1'Wtl~~iJf)r;}1~'lJ1'~'Vli~tltJ~~ 95L'Wn~~'lJr;}'Wn1J'~~~bnC?1(:.J~(9](:.J~
q 

~ ~ ~ I 

~~tltJl~~tl Fusel Oil ~1n'l!'W~~Yl1n1~U\:J nU1tltln~1n btl'Vl1'Wtl~ tC?1tJ ~1'Wb;r1~ n~~'lJr;}'Wn1nb\:J nU1Vl 
'lJ 

bf)1tl'l Molecular Sieve ~'1Jl1tJL'W~~iJ ~r;} C?1 C?1en'lJ~~Yl1 n1~C?1 C?1en'lJ~1tltln~1 n b'fl'Vl1'Wtl~Yl11~btl'Vl1'W'fl~ 
'lJ 'lJ 

I ~ I ~"tr 
Vl~1'Wn~~'lJr;}'Wn1~tliJ rlr;}1~'lJ1'~'Vlfi~tlrJ ~~ 99.5 ~1~1J'~u11tl (:.J ~ ~ n'lJU1~'Wb'lJ'W~'WbYJtlLosjf bU'Wb~tl b~~'1 

q 

I 



I I 

r - - - - - - - - - - - - - - - - - - - H't.U~Il£D.P!I_ - - - - - - - - - - - - - - - - - - - - rr - - - - - - - - - -{.~~~- - - - - - - - - - - I 
, I I 

' 1 
II 
I I 
I I 

1 _ _ - __ ___ ____ _ _ ____ _ I 

I-------------------------------------------------->I ---------- ---, 
~4~ r------------------i: 

:E~95' • : : 

" 
I I 
II 
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I I 

~ _ _ _ _ __________, 

t I 
~ i 
( I 
t I 
, I 
, I 
, I 
, I 
, I 
, I 
• I 
, I 
, I 
t I 
, I 
, I 

,, - - _ .. - - - - - - - - - - ,. \ 

.d . 
'VI3-J1 : http://www.sapthlp.com/product.php [5] 

, 

rK~ b~ :i' 1 ~ t-f1 ~ ~ 'd tJ n :i' ~ 1J 'd 'W n 1 :i' I?l 1 ~ 1 ~ ~ if) 1 iGl b U 'W n :i' ~ 1J 'd 'W n 1 :i' 'Vl1 'l ~ 'd Jl1 ~ VI1- if) n :i' ~ 1J 'd 'W n 1 :i' 

'Vl1'l ~'d1:J..J ~tl'W (Thermal conversion Technology) ~~ bb1.J~if)if) n bU'W 3 n:i'~1J'd'Wn1:i' ~if) 1~1:i'1~~ ~ 

(Pyrolysis) bbn~~h~~'W (Gasification) bb~~n1nt:n1V1~ (Combustion) 1~tJbbt:.J'WJl1~if)fi1J1tJn:i'~'l.J'd'Wn1:i' 

bVl~1~1tlbU'Wt:.J~ t?lJlru~1?l1'l1 bb~~~~~n:i'1'W~1:J..J bVl~tJ:J..J~ 2-5 

I 

http://www.sapthlp.com/product.php


2.5.1 CONVERSION PROCESS 

~~,:j,:j1'W~n tJ1'W~r;}:Wr;} ~ ~ 1:W 1 ~f:l1l ~ ~ll~'e:ltJ'e:l'e:l n:w 1L~tJ n 1 ~Lt:-J11 'M ~1~L~tJ 19l~,:j'M1'e:l 

L~tJn1nll~tJtJLbtl~,:j~~ ~rer'Wt!'Wl~dJtJl~'e:l L~~,:j Vl1'e:l L1J'W~1n~J:J ~r;}~'Wb~tJ~fin1~'Vl1,:j ~r;}1:W~'e:l'WVl1'e:l
q 

~fin1~'Vl1,:j~r;} b~J:J n1~ ~1:W1~f:l nJ'~Yi11~i~~ltJ~fi ~'e:ln~~1Jr;}'Wn1~'Vl1,:j l~J:J-~r;}1:W¥'e:l'W (Thermo­

chemical process) Vl1'e:lbn!?l~1nn~~u')'Wn1~'Vl1,:j~r;}Jl1~ (Biological process) dj'W~'W 

2.5.1.1 n1'abe.J1b'VIal' (Combustion) 

n1 ~bt:-J 11'M~~1~~'W'Vl16~r;} tJ'e:l'e:l n:n b~ 'W~:W1 n bn'W~'e:l ~,:j,:j ~ ~ I,n ~ bU'Wn1 ~beJ 11'M~bbUU 
~ 

~:wunu1~tJ1~eJ~l9lJlru~I,U'W~1fu'e:l'W1~1)'e:ln16J!~I,I,~~cW1
'lJ 

I ~ ~ ~ 

n1nt:-J11'M~GJJ'e:l,:j~r;}:Wr;}~~1:W1~f:l1)fiu1tJl~'Vir;}111l'Vi,:jVl:W~ 4 i'Wl9l1)'W~,:jil f1)1) 
~ 

1. n1~~bVltJ~,)1:W~'W'e:l'e:ln1tl (evaporation of moisture)'Wn~~Ur;}'Wn1~~!?lflr;}1:W~'e:l'W
'lJ 

2. n1~ni'WGJJ'e:l,:j~1~~~bVltJ (distillation of vOlatiles)~1:W1~f:ll,tl'W1~vT,:jn~~1J'J'Wn1~~~
'lJ 

2/ 

bb~~fl1tJ ~r;}1:WJ'1)'W 

3. nln~.J11V1~GJJ1),:j~1J'~~I,'MtJ (burning of volatiles) dj'Wn~~Ur;}'Wn1~~1tJfl'J1:W¥1)'W 

4. n1J'1,~.J11'M~GJJ'e:l,:jfl1fU'f)'Wfl,:j~r;} (combustion of fixed carbon) l,u'Wn~~u')'Wn1~fl1tJ 

I 



2.5.1.2 n~~tJ'J'Un1~1~1>al~:a~: Carbonization 

. ~ 

bGJi'W 1:wvl~'fl1~ ~HVI ~'e)1~~1 n n1 nn'l1(PlJ' lb~ ~'fl (Pl~1'V1nJ'J'~ 1~tJ1~ ~ b'VI~1U~~f;1 n bbt.Jn~~1tJ btJ'Wfi1 (?l
q q q '1.1 q 

~ ~ 

lh~~'VlfiJl1~1'Wn1J'Vl1fl1fu'fll'Wb6Jli'W~'Wnu 3 u~rcrtJ'VI-Kn ~~U 
~ 

1 . m~1 rufl'J 1 ~;'WJ'~'VI~1~ n 1 J'vl1 fl1 fUEll 'Wbsni'W 

2. 6J1iJ~6JJ'fl~'flunJ'ru~1~vl1 fl1f,J'fl'Wl'Wb6Jl~'W 
q 

I ~ I 

oW'fltJ b~'fl1~~'fl~~1yJ b'Yhu'W ~'J~'J~Vlvl1 fl1fu'fll'Wb6jji'W~~bb(?ln~~1tJl~~~ (Pl.nru~VI-Kn ~'fl charcoal 
I ~ 

bb~~6jJ'fl~bb~~~~1VliJ J'~J''W1~tJiJ'fl~~uJ'~n'fluVl-Kn ~'fl fl1fu'fl'W 'W'flnu'W~'flb~1~1n~'J~'J~ (UJ'~~1ru
'1.1 q 

~ 

0.5-60/0) 1~tJm~1rub~1~~~'W'fltJnu6J1U~6Jl'fl~~'J~'J~ 
'1.1 

~ I ~ 

~'J~'J~~~~u fl'J1~~'fl'Wb~11u1'Wbtl'fl1~tJ (?lJ'~ ~~ fl'J1~~'fl'W~'J'WU~~Vl1 

110°C ~'Wn~1~'J~'J~~~bb~~ 

GJi'J~'flru'VIJli1 110 -270°C ~'J~'J~~~l~~~~1tJ~'J1~tJth~'fltJ CO, CO2 , Acetic acid bb~~ 
q '1.1 

methanol 'fl'e)n~1 

btJ'W~ ~~lifC~\~ bTl ~n1J'~~1tJ ~'J1~tJrot~fl1tJfl'Jl:W~'fl'W'fl'fln~11 ~~~~1~ 
q 

~ 

n16Jl~~~VI~1tJ6J1iJ~bb~~~ Tar bTl~~'W1'Wm~1rub~noW'fltJ 
~ 

n1J'~~1t.J~'J6Jl'fl~1:W~~fl~ bTl~~'W'fltJ 1~n16Jl~~~VI~1t.J6J1U~ bb~~l~ Tar 
'1.1 

I ~ 

1'Wm~1ruVl~1n~'W 

~GJi'J~'e)ruVlJl~~~'J~'J~~~b1J~t.J'WlubtJ'W Charcoal 'fltJ1~~~UJ'ru 
q '1.1 '1.1 

I 



1y~tJ'1~~~vj~t)n1J'n~'W~~ 1tJ (Destructive distillation) Lu'WnJ'~U'J'Wn1J'~~1t1 ~'J'Vl1'1 

fl'J1~~'t)'W~1~~~uJ'nJ1'WJl1'J~~1~i:l't)'t)n~v~'W i:ln1J'~ltJL'Vl~'J1~~'t)'Wt(?ltl'Vl1'1~'t)~ 'Vl11m~t:-J~[?lJinJ~
cu 

unmtJ11~tJ'l~~~ ~t)'1 n1 J'fl'J 1d-J ~'t)'Wcvr'l'Vl1'1 [?lJ''11O.l1 n n1J't)'t) n~ l,~i'Wb~tJ'IiJ1'1 ~'J'W Vl1t) 

~lnunffi'tJ1~'W1~ bn (?l~'WJl1tJl'Wl,fl1't)\lul) nn-w I,L~~\~l'1~'t)~ (1'Vl't)f'Vl) ~'11'Wu~~u'Wn1J'~~ltJ ~'J'Vl1'1 
fl'J1~~'t)'Wl'W[11'J~~~t)t)n~ 1,~'Wut)tJ Vl1t)b'W~~i:l n1J'~ltJ 1.'Vl ~'J1~~tl'Wl~bn ~n1J'1~tJ'l~~~t~t1 [?lJ''1~1 n 

n1J'be.J11VI~iJ1'1~'J'W6}Jtl'l6Jj1fbb~~bbn~ IStJ n1~~1 b1J'WnJ'~iJ'J'Wn1J'1~tJ'l~~~ 

b~tl~'J~'J~ bTl ~n1J'~~ltJ ~'J'Vl1'1 ~'J1~~tl'W~~bn (?ltl'4nJ'~6}Jtl'lunffi't111?l1'111~ I.bn bbn~~i:l 

~~'1'11'WU1'Wn~1'1 ~l~'W~i:ltl'lr1uJ'~nt)iJiu~tl'W I.b~~<lJj1f ~'1unmtJl6}Jtl'lnJ'~iJ'J'Wn1J'1~tJ'1~~~6}Jtl'l 
~'J~'J~ I.b~ (?l'l1~~'1~~n1J' 

Heat 

Biomass Char + Pyrolytic Oil (High- and moderate molecular weight organic 

liquid)+ other condensables in form oxygenated organics + CO2 + 

CO + H2 + CH 4 + H20 + others 

~ ~ 

1'W n 1 J''Vl1 ~1 fiJtll 'W b6J!i'W b~tl b~~'11~~ ~~ ill I.~ tJ~ ~'1 '11 'WluuJ'~~1 nJ 50% Vlrtl ~1 n n ~1,r'W6}J tl'l cu QI 

I ~ ~ 

~~'1'11'WYli:ltl~ [6] ~'1t!'Wt(?ltJ~'J'WlVI '1J~-:!UtJ~U1~1b~dJ'WI.~tll.~~'11m(?ltJ [?lJ''1 ~1 n n~l Cl1 b~n1J'I5jJ'W~'11 'W 

J'~t1~'Vl1'11~ln~t!n J'~tl~'Vl1'1~bfl'Wn1J'6}J'W~'11h~~1 nJ 100 nt~ b~ [?lJ' bbl?l~'1tl~1'11J'n [?l1~ n1 J'6}J'W~'1 

I.~tlb~~'11~~'W~'1 fl'll~"~ ~ltl~b6Jl'Wb~~ 
q cu 

I ~ 

~1'W<lJj1f~~i:l~n'MnJ~Yl b'lJ1n~1 bb~~i:l~l'Vl1'1 ~'J1~~tl'W~'1n~1 b~tl b~~'11~~'JtI ~1~lnl6}J'W~'11~'W cu 
I iI I !.I , 

J'~tJ~Ylln~n~l~'1 1000 Tlt~ b~ f?lJ'Vl1tl~ln n~l,r'W biJ't)U1:W1 bl'%UU bYltJuri'Wbb~'J~1'W6Jj1f~~i:lu1V1t!ntl~Vl
cu 

~ 

UJ'~~lnJ 20% 6}Jtl'll~bb~'1b'V1TW'W [7J 

http:lJ''11O.l1


I ~ 

b~'el bmtJ'U bVltJ'Un'U b~'el b~~'11~~::;~'U~'l ci'l'W6jj'lf~::;~~ bn'Ul~~'ltJ n~'l 1~~'l bU'W~'el'lvi'lcs.u'W'l ~"LX 
J I iI!I 

b~n(?l'l:WVl~'el'l n'l~l~ri'el'Wb~'el"fl'Wn'l~::;'U'J'Wn'l~ bb~::;"'Wn'l~tJ'l:W'l be.J'lU'W~::;btl ~ ~~'W~'WU'eltJ n~'l bb~::;"LX 
Iii'· I iI 

'el ru'VIll iJVl ~'1 n~ 'l ~'JtJ ~ n 'Vl'l ~'1 b'VI:W 'l::;~:W:W 'l nVl ~::;"~ bU'Wb~'el b~ ~'1Jl'ltJ"t.nJ~::; b'VI M ciTW6jj'lfr;) n"~" 'W 
q 'IJ 'IJ 'IJ 

n'l ~~~ bbYl'l L1J'Wn 'l ~,,~ bb~'1 n ~I ~'el'el~Jl'l ~ b~ n 1 vi'l"LX btl ~ n'l ~~~ bb t.i'W~'el b'VI:W'l::;~~ ::;~'J:W ~'Jn'W 

bU'Wn'el'W LC?1tJ'el'l PltJ'VI ~n n 'l ~~'el ~ ~ 'l~'Vl~ 'VI:W ~ r;) n ~'el:W ~'el'U ~'JtJ ~'W 'l:wcs.u'el'l bb~'1 ~'1 ~ ~ (attractive force)
'IJ 'IJ 

~ 

~'J'l:W bb~'1 bb~'1 (strength) bU'W~~ 'th'Wn'U n'l~'1 ~'el'lcs.u'el'l~::;tJ ::;'\,h'l ~::;'\,d 1'1'el'WJl'l r1cs.u'el'l ~ 'W 1 :wcs.u'el'l bb~'1-W 
q 

~'Jlh::;~1'WVl1'elllJ~~'Jtl~::;~'l'W~1~ b~'el",x:W'J~~1~~'J:W ~'J nt.m~::;bn1::;n'Wl~~L~tJ bbU'Il9l1:W bb~'1 ~'W'el'eln dJ'W 

3 bbU'U l~bbri (Mishar and grover, 1996) 

I I 9/ iI 

1. n'l:i'~~ bb Yl'l bb'U'UVl"~bb:i''1 ~'W~'1 btl ~~1 n n1n~:w~'W cs.u'el'l bb~'1 ~'1 ~ ~:i'::;VI~'l'lL:l-J b~ n~'U1b'J ru~'Wrl 
'IJ 'IJ q 

~'J~:W er~cs.u'el'l~~ ~~ bU'Wcs.u'el'l b'VI~'J bb~::;cs.u'el'l bb~'1 b1-tJn~1bb~'1bb'elC?1i1i'W (adhesion forces) bb~::;n1ntl~~'WD::;
q 


~ I 


~'Wb(?l'elf~'elr1tl'l (interlocking bond) ~::;V!~'l'l~~~ (~'1:i'tlVl 2-7)
q 'IJ 

3. n1~~~bb'Vl'l~"~bb~'1 ~'W~1L~tJ'el'l PltJ ~'Jtl:i'::;~1'W (binders) GJl'dtJ"~n1:i'~~ ~'Jcs.u'el'l~~ ~ ~1'V1f'U
q 

~ I 

n~In n1:i'~~ bbYl'l bb'U'U"~~'JtJ~::;~'l'W~'W'elt.i n'U6JjU~cs.u'e)'1 t91'dtJ~::;~1'W t~tJ t91'dtJ:i'::;~'l'WVl~~ ::;~'el'liJtJ'l'l bVl-WtJ'J 
'IJ 

n'l~~ ~~ ~cs.u'el'l ~'Jtl:i'::;~1'W~'W 'eltJ n'Ubb:i''1 ~'1 C?1 ~~::;VI~1'1L:W b~ n~cs.u'el'lcs.u'el'l bb ~'1 n'Ucs.u'el'l bVI~'d bb~'1 ~'1 ~ ~:i'::;VI~1'1
'IJ 'IJ q 'IJ 

~ I 

L:W b~n~cs.u'el'l~~ ~6jjU~ b~tJ'dn'Wbb~::;~'WD::;~'Wb(?l'elf~'elr1tl'l:i'::;V!~1'1~~ ~ (~'1:i'tJVl 2-7cs.u)
q q q 'IJ 

I 

I 



..--.. . (0) 

C) o 

(ft) 

(A\7A\

~~ 

(n) bbJ''l bb'J'Wb~'f)f'J'I~~ (Van derwaals forces) 
'V 

(6JJ) ~'Wfi~~'Wb!?l'f)f~'f)r1n'l (Interlocking bond) 

(fl) ~'WtI'I'lLVI'Wtl'J6JJ'el'l~'JtlJ'~~'I'W (Viscous bindersadsorption layer) 
d "'" 0 

'VI an: r.J'W!P111i>l1!P1!P11, 2548 

l::, ClJ I 

2.7.1 	on'W~'fl'W n1~'fl~ bb'Yh'l 

I 11 I 	 I 

rj~ ~ 
q 

Vi .w 1 ~.J 1 ~~ bb'VI 'l VI'l Vi ~ 'el 'lb~ ~'J tl J' ~ ~ 'I 'W Vl1 'f) 1 ~1~ ~'J tl J' ~ ~ 1 'W1~ tI VI'J 1 tl9 ~ 
'V 	 'V 

tlJ'~n'elu~htli'W!?l'el'W1'Wn1J'~~bbvi'lb~~ b~~'l~~bb'VI'l ('Jv'~1 91~~'I, 2548) ~'ln 

2.1 n'lJ''IJ~ (Grinding) b~'el1~rj~C?JiJ6JJ'W'I~b~n~'l .yh1~n'lJ'~~n'el'W.yh1~~'ItI;'W 

2.2 n1J''el'IJ (Drying) rj~~~~'I'Wn'lJ''IJ~bb~'J9~~n'f)'lJ1~iJr1'J'I~~tJ ~bVl~'I~1'Wn'lJ'~~ 

n'el'Wtllfl'J1~~tJ ~1nLn'W1tl b~~ b~~'l~~bbvi'l9~bb!?lnb~'f)~rub~tlr1'Jl~~'W
'IJ '" 

I 'V 

2.3 	nlJ'e-J~~ (Mixing) nlJ'e-J~l-.Jrj~C?Jfl'IJ~'JtlJ'~~I'WbL~~~1nr1~~1'l1 L~'f)1~~~b~'f)b~~'lbil'W 
I 	 I 'V 

bbvi'l1~ l~tlVi b'J~'n1'WnlJ'e-J~~9~~'el'l:Wl n~~Vi9~e-J~~~'IJ'~1'l1 L~1 bil'WbU'f)L~tj'J fl'W 91n 
'V 'V 	 I 

n1J'e-J~~.w1 tl'l r1'J1~~'W6JJ'f)'l~'J'We-J~~U'f)tI bn'W1tll~tlVI'J1tl~'J:W'J~ ~'I'l1 9~iJ ~ ru~~u~ 

dJ'W~'JUJ'~~I'W 
'V 	 'V I 

2.4 	n'lJ'~~~'W~tl (Pressing) ~'J'W~~~6JJ'el'l b~'f) bV~~'l b~tI'J9~~ niJ'f)'Wb~'I1tll'WLr11'fl'l~~bbJ''l1'W 

n 'I J'~~ 1~ bb hi 'W'fl'W ; 'W'el Ufl'lJ6J!v' ~ Lb~ ~ n J'~'IJ'J 'W n 1 J'b'W n 1 J'~~ ~'l t1'W r1 ruJl1~ 6JJ 'el'l 
'IJ 	 q 

i.I I i/ 	 I 
dI 	 "",.e:.I~ ~...,..., .e:.I..., 

L6J!'el L~~'l'Vl b~6JJ'Wn'IJ LLJ''l'el ~ LL~~J'~tI~L'J ~1'Vl'f) ~ 

I 

http:n1J'e-J~~.w1


......... CV I 


2.7.2 'lfin1'i'flWlbbVl~ 


YfVlfifi~ bb~'!i'H1'f1'! bb~ ~f) ru~ (2549) nl ~'fl~ bb'Vl'!I,~~ I, 'W ~'! cy'h 1~VI~ ltJ~lhb1J1J b~'W'fl~ b1J'W 

q q ~ 

bij ~Vf~'fl bb'Vl'! b~n1 (Pelleting) 'fl~ btl'W~nUl PHl (Cubing) r5~ btl'Wbb'Vl'!Yl'W (Extruder log) 'fl~ btl'WYJ'fl'W 

(Baling) 1'W~1V1 n~~:wiJtJ:w1~n1~'fl~ Ln~tJ'J,l~'f1'fl~~nl (Screw extrusion) b'W~l ~iJ f)'J1:W~~~'J nVl~1tJ 

1l~~n1~nl~'fl~bb'Vl,!~'J~'J~~'JtJbr11'f1'!'fl~bn~tJ'JVl1'f1~n~ ~1l-J1~bl'fl~1~ 2 bbUU ~'!~ 
~ 

VI~ltJ1I bb~'J t~tJiJ R.T. Bolwing btl'W~~ ~ ~'Wbr11'f1"'fl~iJ~'J'W1l~~n'f11J~~1 ~'1d ~'f1 bn~tJ'Jvi~'f1~ nt 
1/ . , 

n~~U'f1n1~ ~'J:W~,!~~U1JbtX f)'J1:W~'f1'Wn~~U'fln1~ bb~~~~U1tl f)'Jl:W~'f1'WbYl 'f1'!'Vl ~ ~1V1fu1~ ~~bail'fl~ bb'Vl'! 
q 

b~'fl b'W ~'! ~'f1" ~l'Wnl ~1J ~ bb~ ~iJ r1'J 1 :w~u 'fl~ J'~VI~ 1'1 7-120/0 Vl1 n ~'!Vl1'f1 ~l n~ l~~ ~r5~1~1~ e.J ~ 
~ '1.1 

1/ 

n1~'fl~ bbtX,!~~bail bb~,!'fl~~'!1l~~:W1 ru 11 ,000-17 ,000 1l'f1'W~!?l'fl (?]1~1'!iJ'J bb~ ~iJ n1 ~btXr1'J1:W~'fl'Wlbri 
~ 

n ~~1J'fl n'fl~'Vll1tX~ 1~1l~~n'f11J b6jj~ ~ t~ ~ ~ niJ'Wbb~ ~f)1ft1J1tl b~~l?lb 'W1~ ~~u,1:W1'fl~VI~'f1:W ~ ~~1tJ 
~ q 

1lJ'1pj~1nb6JJ~1 r11'W dh bb~~n~'WbVlij'W cy'h bm~'!'!1'Wb~'fltJVI:W ~uruVl1~,!tJln bti'f1'!"'11nn1~~'!n~~"'11tJ 
'" q q 

i/ if I I 

6JJ'fl'! ~'W~~'f1'fl'! rnnnun'J1 ®bb~~n1~6JJ'W11lYl'! 'W'e)n~l niltY'! btl'Wn1~b~:WJ'1tJ1~,xn1Jt~'! b~'f1tJ~n ~'JtJ 
q 

f)'J1:W bVliltJ'J~cy'hbtX btl ~ n1~~ ~~ ~ n'Wbtl'Wbb'Vl'!1~ ~1V1 f1J'~6Jl~iJtJ1" bVliltJ'J b~'W b'W r1~'W b"'1~1 ~'W ~ntl'W 

bb~ ~ b~~'W 9 ~1ailn1~~1V11'f1 n ~~~,!cW6Jl~t 1J bb~'J~'Wbtl L9) btl'WtJl" b VltJtJ'J 1 ~ 1V1fucW6Jl~1~iJ b~ 'WbtJ Vl1'f1 tJ 1'1 
I I I i.I 

bVltJtJ 'J~ ~ ~'tl'! iJ n 1 J' b~:W ~'J b~ 'f1:w1l ~~~ 1 'W bcW'f1b~r.r'LI ~!J n'Wb tl'Wlb'Vl'!1~1'~ L9)~ U,1 :Wl~~ Lbvi" b~'f1 L'W~" 
q 

1/ 1/ 1/ , 

~~~reI'!~1'Wn1J'~Ub~ btl'W~'Wb~ n1 ri'f1'Wt~tJ1~~rl btl'W~'f1"~ ~r1'J1:W~'W Vl1re1btX LVI~'f1r1'J1:W~'W~~ ~'W'fl ~ 

n 1 ~'fl~ b11 tJ n 9 ~1ail bL~" ~(?I ~ 1 n ~ 1 Lb U U bb ~ '1 n 1 ~~L9) L11 tJ iJ ~ rei b~ tJ b~ tJ" n 1 ~ 1?l1 n bb ~ '1 ~ 'e) 1'W ~ ~ ~ 'W 

9 ~1~~1:Wl~bl 1711 n b~reI b'W~'!1tX bbtX'!1~ 

I 



g" g" g" 

2.7.3 ~'JtI'J~~1'U n1J'yj1b~'Elb~~-:J~(?)Uvi'lb(?)tJ1~~'JtlJ':;~l'w,r'WdJ'Wn1J'tJ~ ~bbvl,~ b~'El b~~'l 
I I J I '" it i.I 

~'l ~'JtlJ':;~1'W ~'f)~1J'Yl b~~ b~11t11'W~u'J'Wn1J'~(?) b~'ElYl~:;1,x'El'W1l1fl~'f)-:J b~'El b~~'l,r'W~ ~~ ~n'W~~'W 
q 

, , g" 

bij 'f) n n 1 J'1~~'J t1J':;~ 1'W 'f) rwVlIl iJ bb~:; fl 'J 1 ~ ~'WYl1~1 'W n 1J'~(?) n~:;~ (?)~'l ~'JtJ bb~ ~1~'W~-:Jll~~11'Wi1 
q 'lJ q 

g" g" , 

~'JJ'~:;n fl rw~~llil ~'li1~'f) nJ'1 fl1 (l n 1:lJ ~ (?) fl'J1~~'W 1:lJ~ n ni'f)'W~1tJ bb~ :;bn1~'f)-:J ~'Jlh:;~1'Wbij'El~1'W
q 'lJ 'lJ 

it I iI I 

!V .:::1.:::1 !V !V .:::I """ CV n ~ , !V ,<;;; ~t1 !V .:S "'" 
n1J'btJ1 bb~'J !P1'JJ'~:;~~ b(l1'W'f)tJ'Vl~ ~ ~ry),:;'W'WuJ'~1 rw~'f)'l fl1 fl'J1~ J''f)'W6JJ'f)'l (l1'Wn~:;~ ~~'l ~ (?)'JtJ6Ji~iiU(?)

q 

g" g" 

1. ~1J'~'W'Vl1 (Organic) bb1J'lbiJ'W6Jlu(?)1:lJnu1 (Hydrophobic) b~'W U1~'W~'W (tar) 
g" g" 

U1~'W~'W (bitumen), i'W (resin) dJ'WrX'W bb~:;6JlU~i:1U1 (Hydrophilic) b~'W blU'l (starch) molasses 

dJ'WrX'W 

2. ~1J''f)u'W'Vl1 (Inorganic) bbU'lbU'W ~:;~1tJl:lJl~ (Insoluble) b6J!'W ~'W~b~'W(?](cement), 

~'WbVli1tJ'J (clay) bU'WrX'W bb~:;~:;~1tJl~ (Soluble) b~'W t1'W6JJ1'J (lime) bU'WrX'W 
'lJ 

g" 

3. ~1~tJ~~ (Combination) ~'J'e)th'lb~'W i'W(resin), U1~'W~'W (tar), UU'l(starch) 

bb~:;bitumen bu'WrX'Wbb~:;1~bbu-:J~'JUJ':;~1'W'El'f)nbu'W 3 n~~n~'f)
q 

g" 

3.1 ~'JtlJ':;~1'WUJ':;bll'Vl b~'Vl1n (Matrix-Type Binder) 1'Wnnl1i1'f)'41l1fl~:;~n bn1:;n'W 

bu'Wn'f)'W'f)t.h'll.bU'W fl'J1~!?i'f) bti'f)'l~ :;~1 nVl1'f)iJ'f)tJ~iJ 'f)t! nu rX'WbbUU~'f)'lr)~ ~ ~'JU J':;~1'W ~'JUJ':;~1'W1'W 
'lJ q 


g" 


nnl1i1 bGJ1'W Pitch, Paraffin, Clay, Wood bb~:; Tar biJ'W~'W 

3.2 ~'JUJ':;~1'WUJ':;bll'VlYJ~~ (Film-Type Binder) b~tJ~'J'W~1n~:;1~ ~1J'~:;~1tJ 

~'J~~1tJ Vl1'f)~1~1~biJ'W~'Jvl1~ :;~1tJb(?)tJvr'J lu bb~:;~'J bbtJ n ~1J' b(?)tJ tJ ~ tJ~ ~~1~~:;~'f)'W~1'll.b~-:J bb~:; 
, g" 

fl'l 'Vl'Wbij'f)vl 11,xbb,x'lVl~'l~1n n1J'vl1 b~'f)b~~'l b~tJ'J ~'J'f)t.h'l b~'W Sodium silicate, entonite,molasses, 

.?I !V
starch, gum bb~:; gluesbu'W~'W 

g" 

3.3 ~'JtlJ':;~1'W'Vl1'l bfln (Chemical Binder) lh:;~'VlfiIl1~~'f)'l ~'JtlJ':;~1'W~:;~'W'f)tJnu
'lJ 

til) mtJ1 bfli:1J':;VI~1'l~'J'WUJ':;n'f)U~'f)'l ~'JtlJ':;~1'W Vl1'f) ~'J b~'f) nosll'f)'ltll)mtJrl bro1n J':;VI~1'1 ~'JtlJ':;~1'Wnu 

rJ~(l~U~(lnbn1:;~'J bu'Wn'f)'W ~'J'e)tJ1-:J b~'W n1J'tJ~~J':;VI~1'l Ca(OH)2n1J molasses 
q 'lJ 

g" ,g" g" , 

2.7.4 n1'JW1 n bb~~ 1'Wn1J'~(?)bbvl-:J b~'f)L~~'l L~tJ'J ~:;1~r)~ ~Yl~ fl'J1~~'W~'l ~'l,r'Wri'f)'WYl
q 'lJ 

1~, 2546) 



!V 

L~1Yl'l dJ'W~'W 

2. 	 n1~1J ~tltJl~~'J~'J~tJtltJ ~~1tJ [9l1~ fi~~~csn1 ~ ~~vl11~bn ~ bbn~ij L'Vl'W~'l titl~1 Lt1'WLLn~ 

~tl'Wn~~~ncsnU~~~'l bL~~bt1'Wr['W[9l~1tJn~1bbn~fnfutl'Wl(?1tltlnl6Jl~'l 21 b'Vl1 

3. ~'J~'J~~~ijm~1n,dh~~tl'W~1tlsn~LyJ'f)fl:hiLn'W¥tltJ~~ 0.2 ~'l,r'Wn1~1l1~'J~'J~~1L~11vr~ 

~~l:JJri'f)1~Ln ~iJt1Jvr1 ~'f)~Jl1~ LL'J ~~tl~ 
!V 	 !V I 

4. 	 ~ LCf16Jltl'l~'J~'J~ij~Jl1~ Lt1'W~1'l ~'lU'WL~~1~~~Yi~~1l111J L~1~1J~ n~1tl1Jfu~Jl1~ ~'W 
'IJ 

~ Lt1'Wn~(?1 

5. 	ri'f)1~Ln~~1tJl~ ~·¥1'l'l1'W1'Wcsn~csn'W 
q 

7. ~1~1~C1f)'Ju~~m~1run1~lfL~~1tJL~~1~ij6Jl'W1~~L'Vl11n'W vl11~ijr[[9l~1n1n~11vr~~ 

~~1L~~'f) LL~~n1n~11~~~~~u~nr 
'IJ 

!V I 

.:::j.:::j iJ iJ I .:::j ft I .:::!:I 


8 . ~6JlLC11'W'f)tJn'J16Jj'J~'J~u~~LJl'Vl'f)'W 
I !V I 

9. 1~~~'l'l1'Wf)'J1~¥'f)'W~1nn~1~'J~'J~1J~~LJl'Vl~'WL~~1~ijf)'J1~~'W~1 ('W'f)tJn~1 12%) 
!V 	 !V 

10.rI11~~1tJu'f)tJn~1L~'f)L~~'l~~'l'l1'WyJ'f)~~~ L6J!'W ih:w'W~u n16Jlfi~~~csn1~ LL~~n16Jl~'l~~ 
q 

cV13J1: http://www.espthailand.com/Product01 .html?gclid=CNLpoaSmvKgCFYlc6wodSTbfBw 

I 

http://www.espthailand.com/Product01


n1nn~l?l:i' b~tJ1~riubfl~'f)'1tlljn:i'nrllUU Free Fall b~'f)~n~1n'l~~6JJ'f)'1~1?l:i'1n1:i'1'IX~YJ1~~'f)'W ~ruVl1JiJ 

6JJ'W1 ~6JJ'f)'1'f)~Jl1 rl bt;) ~1~1fi 'Wn1:i'vhtlljmtJ1 'f)'! r1tl:i'~n'f)'J6JJ'f)'1 lbn~ ll~~rlt;)1~~'f)'11t;)6JJ'f)'1 ~1'WGjj1f 

nl J'ln ~ ~ 1 'W6Jl 1 fl'Wm~ 1 ru~1 bbl9lij flt;) 1 ~ ~ 'f)'11t;) ~ ~'1 ~ ~~'l.Ji'l t'W n J'~Ut;)'Wn1 :i'vl"lt'IX ltl'Wn16J! lb~ ~ 
'1.1 

j/ I i,.I I I 

n1 J'l~11VI~ ~t;)'Wfl'J1~~'f)'11t;)6JJ'f)'1 ~1'WGjj1ft1'W~~L~~~'Wb~'f)1~flt;)1~~'f)'W1'W~r?l:i'1Vl~'1 6JJ'W1 ~6JJ'f)'1'f)'WJl1 rl 
'1.1 q 

~ I 

b~'f)b~~'1 b~n bb~~bt;)~1 t 'Wn1:i'vl1tlnmtJ1cW'f)tJVl'f)ruVlJliJ~'1dJ q '1.1 '1.1 

Michael Jerry Antal et al.[11] ~ n~1 n J'~Ut;)'Wn1J'fl1fu'f)1'WL6J!i'WlbUUJ't;) ~ b~t;) 

b~ tJ~ t;) ~t;) ~~.w1~1t ~'W n 1:i'~ n~'H') f'l~ 1~bbn 1~~ b6J! 'W l~b£fl si'l ~1 t;) b~~ bb~ ~ btl~'f) n tft;) Lbij n fl1 b~)bijtJ
'1.1 

I I 'iI I I iI 

(fixed bed) ;'1 t;)n'f)'f) nbbuu1~btl~t;)1crJVl bn~~'Wbrl~'f)'WVl~'W~1'WU'W6JJ'f)'1 lU ~~t;)'W'VI1'1nU'f)1n1 flYllVI~~'1 
'U 

n1:i'bn ~tlljmtJ'1'f)tl1'1~~\lJ'nrcW'f)tJ n~1 30 'W1Yl ~1 n ~~ n1:i''V1 ~~'f)'1~U~1~~~t;)'Wl~6JJ'f)'1 ~1'WGjj1 f 

ltlU 29.5 - 400/0 6JJ'e)'1~1"nrnbb~'1L~~~'W 59-63% 6JJ'f)'1fl1fU'f)u1'W~t;)~t;)~t;)nbu~tJ'WludJ'Wfl1fu'f)'W
'U 

R.J.A. Gosselink et al.[12] ~n'l:~nn1n~~flt;)1l-J'Vl'W'Vl1'W~'f)n1:i'~~1tJ~t;)6JJ'f)'11~~'JtJ 

n1 :i'vl1 fl1 fu'f) 1 'Wb6J!i'W~ 'f) ruVlJliJ ~ 1 (275°C) 6JJ'f)'11~~ Ub~tJt~ bl?l1 'f)U bbUUU ~~lJ'UUt;)U~~~'11~ 
q 'U q 

I I ~ 

~~ l?l.nru6fll~1'Wbt;)~1 15 U1Vl iJ ~~vh t ,x~6JJ'f)'11~Vlvl1 fl1fu'f) 1'Wb6J!~UbU~tJ'W~1 n~.w11?l1 ~'Htlu~ ~1 

b~tJn1J'1tXrlt;)1l-J~'f)'W~'f) ruVlJliJ b~tJt;) rlUbbl9l6Jlt;)'1 bt;)~1~cW'f)tJ n~1V11'f):W1 n n~1 vl11,n~~vl1 n1:i'rl1fu'f) 1 U 
q 'U 

~ ~ ~ 

b6J!iul:w btl'WbU'f) b~tJt;)rl'W Vl1'f) bn ~J''f)tJ bbl?lnu'WbU'f)1~bb~~Ylu~t;)it;)'Wbll?ln~1tJ 1?l1:W~1 ~u n1J'vl1 fl1fu'f) 1U 
~ I 

b6J!i'W1U~t;)'1'f)ruVlJliJ~'1~1 n 275-4000 C vl11,xbn ~:i''f)tJ bbl?ln6JJ'W1~1VI ill lb~~~~l~1 bU'f)l~ ;'1lJ ~~vht,x
q 'U '1.1 ..... 

• ~ I 

rlt;) 1 ~ bb ~'1 bbJ''16JJ 'f)'11~~ ~ ~ 'I ~'1 t1UJl1 t;) ~Yl bVI ~ 1 ~~:w ~ 1 VI fu n 1:i'vi 1 fl1 fu'f) 1'Wl6J!i'W6JJ'f)'11~~u ~'f) 

I 

I 



I , I iJ' I!J' 

'Vl~~'el~~U~l bil'el'f)ruVlJl~hb~~br;}~l t 'Wnl~vll fnfu'f)1'Wb6J!i'Wb~:W~'W e-J~(;l.nru~Vl1~~~ijulV1un~~~~
q qJ 

350°C br;}~l 15 'W1Vl Jllr;}~1~~ln~'el'f)n~b~'W~ f11f')lfU'f)'Wf')~ #lr;}~~~~ ~ ~r;}'Wnl~~ bf1~l~1X'Dl (;l
qJ q q 

I I I 9/ 

(Ultimate Analysis) ~u~ld~'el'elruVlJl~bb~~br;}~lVlvllnl~f11fu'f)1'Wb6J1i'Wb~:W~'W~'eltl~~"lJ'el~f11fu'f)'W
q 'U 


I i/ 


1'We-J~(;lJlru~~f11b~:W~'W bb~~(c;nnnl~~bf1~1~1Xvnf11f1r;}1:W~'f)'WC!Jl'el~e-J~(;l.nru~ ~U~l nl~vllf')lfU'el1'W-

b6J1i'W~'elruVlJl~ 375°C br;}~l 15 'W1Vl Jllr;}~~ln~'f)'f)n~b~'W~f11f')r;}1:W~'f)tJ~lb~1~~~~~
q qJ qJ q 

i/ 

lh~~'VlfiJll~ 1'W~1'W~r.rtJil~nMlnl~f')lfu'f)1'Wb6J1i'WC!Jl'f)~~r;}:Wr;}~ 3 6JlU~ 1~bbri 1~tlf11~tl#l~ 6Jll'W~'f)tJ
qJ 

i/ I I 

n 1 ~'f)'el n bb UU bb~ ~~ ~1~~'Wt VI ~ b~'f) ~ n Ml e-J ~ C!Jl 'f)~6JlU t?1~ r;}:W r;} ~Vlt~bb~ ~reJ 
q 
b1JVlJl 

qJ 
~t 'W n 1 ~ f11 fU'el1'Wb 6J!~'W 

I i/ i/ I i/ I 

~U~ 1 bil'el'elruVlJl~t 'Wnl ~f11fU'el1'Wb6J1i'W~~~'W ~'f)tJ~ ~tt?1tJU1V1,rn f11fu'el'W~ ~ b~~~'W~r;}tl b~tJVl 
q qJ qJ 

i/ i/ i/ 

'elruVlJl~ 450°C ~~1~~'eltJ~~b(;)tlU1V1,rnf')lfu'el'W~~~t?11'W~r;}:Wr;}~i~ 3 6JlUt?1 ~r;}'W~'eltl~~t~tJU1Viun
q 'U qJ q 


i/ I i/ I 


"lJ'f)~ ~ 1 ~~ bVI tJ~ ~~ ~ ~~ f11 f1r;}1 :W~'f)'WI?l'f)U1V1,rn C!Jl'f)~ ~1 'W6Jll fVl1~~ ~~~~'W(;l1:W'f) ruVlJl~ bb~ ~ bil 'el 
qJ q qJ 

i/ I I 

bt?1tJU1Viun f11fU'el'Wbb~~fh f)r;}1:W~'f)'W~~~ ~ bil'elvll nlJ''Vl ~~'el~Vl'el ruVlJliJ1'Wnl~f)lfu'f)1'Wb6J1i'Wb~tJr;}n'W
qJ q q 'U 



AIQI• 
1JV1V1 3 


9.- 9.­

'!1'W~{tJtl~ ~bbU'!~\,HWe),Wb 'Wfl1 J'vl1~{tJ~~fl b1J'W 3 ~'d'W ~~ ~'d'WbbJ'fl tJ1 ~'d~th'!l?1~fl~'W 

btJtJfl~1flfJl?1~1V!flJ'J'd.Jb~'Vl1'W~~~1fl:W'Wb~'W vl1fl1J'rJ!?l~1 Heating Value ,Proximate Analysis 
I 9.­ I 

bb~~ Ultimate analysis b~~~flM1 ~'d1d.J bv!d.J1~~d.Jb'Wfl1J'tJ11?1~fl~'WbtJtJfld.J1 btJ'Wb~~ b~~,! ~'d'WVl~~'! 
I 21' I I 

tJ11?1~fl~'WbtJtJ flVl ~1'Wfl1J'1~ ~'d1d.J~'Wd.J1 ~ flM1 flJ'~U'd'Wfl1J'~1fu~1'Wb6jji'Wb~~V!1~Jl1'd ~Vl bv!d.J1~~d.J 

b'Wfl1nn!?l char ~~~d.J~,!~b~J'1~cJ~1 Heating Value ,Proximate bb~~ Ultimate analysis 

~'WI?1~'W~!?lYl1 tJ ~ flM1 bmtJ U b Vl tJ U fl1 J'~!?l bb vl '!1?1 ~fl ~ 'W btl tJ fl J'~v! ~ 1'1 fl1 J'~!?l ~~'Wbb~ ~fl1 J'~!?l bij 'W 
q 

9.- I 

~~~d.Jvl'!~ b~J'1~cJb~,! b~J'M~~1~ I?1fb~~tJ111J~ fl1J'(;.J~ I?1b~'1~1 ru.6JltJL9l~1'lJ 
0» 'I.J 

I 

1. b1?11b(;.J1 TUBULAR FURNACE MODEL CTF 12/75/700/201 ~~~ CARBOLITE 
I 

2.1 .:::::l2.1 

2. I?1~U tJVI!l MMM MODEL ECOCELL 
'I.J 

I 

3. b1?11b(;.J1 MODEL SC 96 AVM ~~!l MODUTEMP 

4. BOMB CALORIMETER MODEL 6200 ~~~ PARR 

5. Tube furnace: type 21100 (0-1 ,200°C) Thermolyne Corporation, USA 
I 

I .:::::l2.1 

6. CHN Elemental Analyzer t'W CHN-2000 tJv!~ LEGO 

7. 6Jl!?l~'lJfln1!'Vl !?l~~Ufi1 f?1~1V!1J'b'W~'W 
q q q 

http:b1?11b(;.J1
http:b1?11b(;.J1
http:d1d.J~'Wd.J1


n1'aVl ~~'fHI~1'lJbb'an 

1 . 	 ~'l bU'Wn'lJ'Vl'lbJ'~~'l'WbihVl:W'ltJ~ ~~ I?lb'e)Vl'l'W'e)~fCil'ln~'W~'liJ~Vl~~ b~tJ ~rl bU'Wn'lJ'Vl'loll'e):W~fCil'l n 
<u 

I ~ 	 ~ 

2. b;J'e) 1~J'~~'l'WbiJ'lVl~~'ltJv'h n'lJ'~'e)1J r:n:woll'e):W ~ b1J'e)~ ~'Wcsn'e)~ bJ'~~ 'l'Wv!~~fCil'l m1'W~'l bU'Wn'l noll'l 
<u 

I 	 ~ 

1iJ bn1J~'J'e)tJ'l~ l?l~n'e)'WbtJtJn b~'e)U'l:W'l~ bfl~'l~~~:WU~ b1J'e)~ ~'W 1~bbn 

• 	 Proximate analysis 1?l'l:W:W'lI?lJ'~'l'W ASTM D 3172-3175 
0» 

• 	 Ultimate analysis 1?l'l:W:W'lI?lJ'~'l'W ASTM D 31202-31205 
0» 

• 	 Heating Value 1?l'l:W:W'lI?lJ'~'l'W ASTM 5865-04 (Gross Calorific Value) 
0» 

~ I 	 I 

1. 	 U'lI?l~n'e)'WbtJfJn (wet cake) 'e)1J1~fl'J'l:W~'W~'JfJbfl1'e)~ Screwdry Ylfh~~n'l~~~1?l 

100 n n .!1Ijj:W. 1~bVl~'e) fl'J'l:w~'WiJJ'~:W'l ru 10% (fl'J'l:w~'Wl'W1?l~n'e)'WbtJtJ niJ J'~:W'l ru 40%) 

bb~~~~~J'iJ~ 3.2 
<u 



• • 

Temperature 

... 
+ ••••• ..... 

Gas &Tar 

3. V!~'l~ln'Vl:i'11J~Jll'd~~bV!:Wl~~:w1'Wnl:i'~lf1J~1'Wbsn~'W~~n~'WbtJtJn ~'lt11~'d~~1'l 

:Wl~bfl:i'l~tf Proxi~ate analysis, Ultimate analysis bb~~ Heating value ~nflf'l 



I CII 

n1"aVi ~~'fl-!J~'J'WVI~13-J 

1. U1 [9l~n~'WbtJrJ n b ~1 ~ nJ'~U'd'Wn1 J'~ ~ [9l bU'W~ 1'Wr5~ bb vl'l Vi~'l ~ 1 n'Vl J'1U ~Jl1 'd ~~ bVi~1 ~~~1 'W 
qJ 

d d Q...' I Oev ~ 
"atlVl 3-5 b~W~'l~~bb'Vl'l (Extruder) n1~'ln1J'~~[9l 1 00 nn./e!jj~.
QJ 

I I Q/ I 2..1 cz 
J'~Vi'd1'l 611'WreJ ~ bb'Vl'l bb1J1JJ'~'Wbb~ ~bbU1J brJ'W 

3. ~br1J'1~tf Proximate analysis, Ultimate analysis bb~~ Heating value 6Jl~'l~1'Wr5~bbvl'l 
2/ r;z 

bb1JU J'~'Wbb~ ~ bb1JU brJ'W 

4. ~ br1 J' 1 ~ tf~ 'W 'Vl 'W bb ~ ~ r1 'd 1 ~ ~~ 'Vl 'W 'Vl1 'l b ~ J' M~ ~ 1 ~ f?1 fL 'W n 1 J' ~ ~ f?1 ~ 1 'W r5~ bb vl 'l bb 1J 1J ¥~ 'W bb ~ ~ 
q q q os 

I 



I 
.q 

tJV1V1 4 

~ 

~~nl~~b~~l~1Xbb'U1Jtl~~:Wlru (Proximate analysis) bu'Wnl~~b~~l~~dj'f)"~'W b~'f)V11 

r1ru~:wm6JJ'f)" l?l~n'f)'WbtJtJfl n'f)'W9Ill nl~'Vl f?1~'f)" 1911:W:Wl r?1~~1'W ASTM 0 3172-3175 1~bbnnl~~ b~~l~~ 
q ~ 


~ I ~ 


..:!j ~ If"' ev ev.::::j .::::jev..::. If"' 

~'dl:W6Jj'W ~l~~~bVltJ bb11 bb~~~l~'U'f)'W~"l9l'd bb~f?1"f?1"19l1~1"'Vl 4.1 'W'f)n~ln'WtJ"'db~~l~V1bb1J'UbbtJnfil191
q 

(Ultimate Analysis) bb~f?1"~'l19l1~1'l~ 4.2 

~'l ~'d ~ 1~ 'l btJ'W~ 'd 'W~ b~11V1~11X~ ~'l'l 1'W b~ tJ'l ~'fl tJ ~ ~ 13.33 9" bV1:W 1 ~~ :W'flt1 1'l~'l1'Wn 1 ~LJ1:W 1~ ~tJ 

b~'fltl¥'Utl~'l ~ ruJll~ n'f)'WLJ11tl1~'l1'W
q q 

7.55±0.16 

~ 

bb11 15.25 ± 0.31 

63.87 ± 0.42 

13.33 ± 0.04 

'fl~f1tJ~~n'fl1J ~ b 't{ IV 

~'fltl~~ ~tI'lJ1V1'lJn 

If"' 

~1~1J'f)'W 35.10 ± 0.18 

1tlbf?1n~'W 5.98 ± 0.02 

1'Wbl?ln~'W 1.00 ± 0.00 

I 



~~ nl:i'~ b~:i'l~,x(P)1 ~';lld-J~tl'W btl'Wnl:i'~ b~:i'l~,xbdtl~ ~'Wb~tlVll (P)1 ~';l1d-J~tl'W6Jjtl~ ~~ntl'W 

btJtJnritl'WVllnl:i'Vl~~tl~ ~ld-Jd-Jl~:i'~l'W ASTM 0 3286 
OJ) 

fO'll n ~~ nl:i'~ bfl:i'l~,x(P)1 ~';l1d-J ~tl'W6Jjtl~ ~~ntl'WbtJtJ n~1J~ 1~ (P)1 (P)tl'W~l~ ~1 ~tl~ (P)1 bY1tJ~ 

13,864.38 KJ/kg ritl'WVll nl:i'~l1f1Jtl1'Wb6Jli'W ~~~ ~';l1d-J bVld-Jl~~d-Jtlth~~~1'Wnl:i'\!ld-Jl~~tJ b~tl1J¥1J1J~~ 

~ rulll~ ritl'W\! l11J1 ~~1 'W 
q 

~ , 
~ 1'W~ ~tJUbtl'Wn l:i'~ n Ml ~ ~ 6Jjtl~!?l';l bb1J :i'r?ltl n 1 :i'Vll fll f1Jtl1 'W b6Jli'W ~~ntl'WbtJtJ nVl ~1l1';l~ r?l1~ 1 

r5'W1~bbri tlruVllliJ 400, 450, 500 bb~~ 550°C 1'Wbbr?l~~~';l~tlruVllliJVllnl:i'Vl~~tl~~:i'~tJ~b';l~1 30, 45, 
q ClJ q ClJ 

I 
.:::j 

Vl:i'~tJ~b';l~l 60 ~1'i'i~bCVItl 16.57% 
IV II IV 

btl1 34.42% bb~~fl1'itJ'elUfl~IWJ 47.84% 

http:13,864.38


(Pl~n'el'Wbtl!ln 

YC (%wt) M (%wt) VM(%wt) ASH (%wt) FC (%wt) 

"'" 'el r;u VI 11 :J.J 
q QJ 

(oC) 

b'J~1 

('W1Vl) 

400 30 45.85 2.13 33.41 29.01 35.45 

45 44.54 2.65 28.30 29.86 39.19 

60 42.22 2.66 26.16 32.12 39.06 

90 40.79 3.32 19.74 30.95 45.99 

450 30 42.42 2.02 26.11 29.71 42.16 

45 39.93 2.55 24.00 29.61 43.84 

60 39.81 2.14 18.86 32.99 46.01 

90 37.82 1.95 16.13 34.85 47.07 

500 30 41.55 1.89 19.08 40.27 38.76 

45 39 .94 1.45 17.13 38.98 42.44 

60 40.58 1.17 16.57 34.42 47.84 

90 36.55 1.28 15.02 34.99 48.71 

550 30 39.13 2.65 14.11 45.99 37.25 

45 38.71 1.86 12.87 41.41 43.86 

60 37.83 1.55 12.15 42.69 43.61 

90 34.53 1.13 11.24 37.85 49.78 
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I I i.I I 

~1J ~ 1 biJtlvl1 n 1 ~~ 1 f1Jtl1 'W b6Jl~'WVltl ruVlJliJ ~~~'Wb'W~~tJ ~ b'J ~ 1 VI b vl1 new 
q qJ qJ 

I I • i/ I 

VI ~n rl1~(?1 tl~ ~1J~~ntl1J ~1~1b'Wf?1~ntl'WbtJtJ n~~ ~~ bVl~tltl~ bb~~biJtl b~~~ruVl.lJiJb~~~~'Wb1tltJ1 % ash 

"'l~b~~~'W btitl~"'l1 n~1~1E1b(?1~~1f1Jtl'Wb'Wf?1~ntl'WbtJtJ n"'l~bn (?11JljmtJ1 bb~~b1J~tJ'W11J biJ'W~blhb'W~~ (?1 
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d d d d 

_ 30 tn Yl _ 45U1Y1 • 60 UTYI ~90'Wfl'V1 

4 00 450 Temperature(oC) 500 550 

~t1cV1 4.5 
QJ 

I I !V 

tlt.h~~'J(?1b~'Jbb~~~~bVltJtltJb'W~1J volatile bb~~biJtltlruVlJl~h~~~'WbiJ'W 550°C % volatile matter ~(?1~~
qJ qJ q qJ 

n1~~(?1~~tltJ1~~'J(?1b~'Jl5jJtl~ volatile matter b'W6Jl'J~~~tJ~b'J~1 30-60 'W1V1 "lJtl~n1~~1f1Jtl1'Wb6Jl~'W 

1'Wbb~~~6Jl'J~tlruVlJliJ btitl~"'l1n volatile matter U'W~'W~'Jb1nrh~(?1 bb~~b~tlb'J~1~~1nn~1 60 'W1V1 volatile 
q qJ qJ 

I 
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S _ 30 U1W - --4S U1~ . 60 'U1\1 ........ 90 'U1M 


0 

Temperature(1lC) SOO400 4S0 sso 

d ~I 

"'l1flf?l1~1~'Vl 4.3 bb~C9l~b~bihJ~1 biJllllruVlJliJb'Wfl1~~1f'IJ1l1'Wb6Jj~'W~~~'W % fixed carbon 
q ~ ~ 

I 91 I I I 2/ 91 

b'W[91~flll'WbtJtJ fl b~:W~'W ~~ bb~ ~~b'Wfl~1Yl ~tJVl 4.6 billl~"'l 1 flll ruVlJl iJVl ~~~'W"'l ~~1:W1 ~{;l1~ ~"J1:W~'Wbb~ ~ 
~ q ~ ~ 

~1~~~ b1~tJ~ dJ'Wll~ ~tJ~~flll'IJ1tJ1~:W1 fl~'W ~~v'hb~ % fixed carbon ~ dJ'Wt?1"J b~~~~~1'W1~~~~~ ~ 
~ q 

I ~ I 

~~~~ "J'W b~:W~'W llth~1~n [911:W fl1 ~~1 f'IJ1l1 'Wb6Jj~'WVl fJ ruVlJJ iJ ~~ t11l:W ~~ e-J ~b~ btl ~ fl1 ~~ tlJ b~ tJ % yield 

5JJ1l~ [91~fli1'WbtJtJ fl b,j'Wn'W~~ ~1l~~ fl1 ~~"Jtl ~:W1l ruVlJl iJllt11~ bV!:W 1 ~~:w 
q q ~ 

ltl~ 4.6 
cu 

.::0. I cv I \1.1 

4.3.1 n1l~~1?l{)1'IJ'fl~bbVl.:lbbtJtJl'fl'IJ 

I i-' 

VliJ(P1r.Jl:w~'Wtl~~:Wlru 40% 

Ul[7J~n'el'Wltltlm·ih~l(P1i'el'l Screwdry 

l~'el'eltI1~(P1r.ll:W~'W 



2/ 

~'lI,~~~~'dl~~'Wlh~~lrw 10% 

1. 


1. 


l 




~ I IV I ~ 

4.3.2 n1~eJ~ I?l tl1'W'fl ~ bbVl~ bbtJtJ b!J'W 

l 


, ... 
Yl~flr;)ld-J~'WtJd~d-Jlru 40% 

u'l!7l~n'fl'W~tltJnl"ih~~fli'fl\l Screwdry 

l~'fl'flU1~flr;)1d-J~'W 

!7l~fl'fl'W~tltJ n~ ~1'Wnld'flu1~ f1r;)ld-J~'W~l:~/r;) 

:Wl~e.Jl~'QruVl.1JijtJd~d-Jlru soooe ~'Wfl~ltJl'L1'W 

e.J\l ,h'W~ ~1 b~~~u'11tJ e.J~:W nu 19i'r;)tJd~~l'W 

~~'fl1~\.n'fl ~btJ'W~nl~n'W~U'W~bvl\l 

... 
VI~\l~l flU'W~ojJl~fld~Ur;)'Wnldre)~ ~lvl\l 

l~'fl1W.~"ll'Wl ~ ,h'Wre)~ ~bvl\l !7l1:W af'fl\lnld 



2.- 2.­

ri1Ui'~ bbcvi~ bb'U'Uf'elu d:l'fl1~ C~tJ1J i1'111V1'Wn ~1J1 btlJ'1 ~~~I?l fl~n~ 1tJ b~ f)'d1:W ~tl'Wtlth'l J''d ~ l~'d 
2.­

ll1 tJ b 'W J' ~ tJ ~ ~ 'd ~ 11 ~ 'W 1 'W bn~ ~ l tl1b 'W tl1 :w 1 ru :w 1 n ln~ f) ~ 'W 1 yJ ~ tl 'W ~1 'l ~ tJ tl ~ b 'W 6Jl 'd 'l "'l 
q 
~ ti ~ 1 yJ 

i1l~~1 ti ~~1l1GJl'W~tltlflnu
q 


I CV I w; 2.- 2.­

t;l1 U 'el ~ bb 'Vl ~ bb'U 'U b!J U lV. tl b~ tJ 1J ll'll 'W i1 '111 VI 'Wfl ~ 'V1 'W 'V11 'W ~ tl fl1 J' lll?l n~n b~ f) 'd 1 :w ~ tl 'W 

1~tl1'd'W1'W In ~~ ltl1b'Wm:W1 ru~tltJ lfl (9)f)~'W1yJ~tltJ1'W6Jl'd'l"'l (9)~(9)1yJ 1~ih~~1ti~~Jl1GJl'W~tlUflnU 
q q 

I CV I ~ 

t;l1U'el ~ bb'Vl~ bb'U'U~'elU 

2.16 ± 0.03% 

I CV I w; 
t;l1U'el ~ bb'Vl~ bb'U'U b!JU 

5.78 ± 0.07% 

28.98 ± 0.29% 2.41 ± 0.01% 

26.20 ± 0.10% 32.80 ± 0.16% 

42.66 ± 0.36% 59.01 ± 0.08% 

0.110% 0.0534% 

20,257.25 KJ/kg 24,790.21 KJ/kg 



~'"JI3-J~'W: ~1'W~ (91 ~~1J'lJ ~~hJ~ 011 ~r:l1d-J~'W~'l n ~ 1 ~1'W~(91 ~~U1J~~'W ~ti~'l~1 n ~1'W~~HI,'lJ1J l,iJ'W 

iJn1~~~d-Jl9lr:lU~~~1'W ~~ I,I,U'ld!'W~1'lJ~~~'l I,~~1~tl'WJl1 ~6JJtl'l [9l~ntl'Wl,lJtJn~ (71 ~ (91n'W~~'W b(91tJl'Wi'WI?l~'W 
q 

n1~~~d-J I,I,U'ld!'W~1'lJ~~~'l~~iJ n1H~d-J~116N1'lJl'W~ (91 ~r:l'W~~~ 1,~d-J1 ~I,~~ l1X~r:l d-J dJ'WI,~tll,~tJr:ln'Wbb~ ~ 
~1d-J1~blrer(91I,I,Yi'l1~~1tJ 

I 
I Q/ c:Q e:l I I I Q...I 2..1 ~ I Q/ W; 

~1'a'ag-; b'Vi~ : bl1'W'f) (911,1,1J1J btl'Wd-J ~1 ~1 ~~~ I, ~tJ ~ '1 n r:l1 bl1'Wtl (911,1,1J1J ~tl'W b'W'E)'l~ 1 n bl1'Wtl (91l,bUU I,tJ 'W 
'U 

~ ~ ~ 

~r:l1d-J~~'W~~l,n !?1n1~~~I,~tJ6JJ'e:l'ltn1'Wl9lr:lI,I,U'l volatile matter u'WY1'W~h ~r:ld-J~'l f11f1J'f)'W1'W[?l~n'f)'Wl,lJtJ n 

~~bl n 1,~11~~n~1~.Hu'Wl,l,n~llth'l~r:l (911,~r:l 1,1,~~~~~~tJ~tn'W~'lJ volati Ie 
'U 'U 'U 

~ 1 'W~ (91 I,I,UU ~'f)'W I, ti~'l ~ 1 n ~ 1 'WreJ(91 1,1, 1J U l,iJ 'W~ ~ f11 f1J'f) 1 'Wan~ '1 [?l ~n 'f)'W I,lJ tJ n ~ 'f) ru~ Jl ~ ~'l C-'8000 C ) 
q 'U 'U 

1,71 !?1nln~11~~'f)th'lI,~d-J~~'Wn~ltJ dJ'W~~csn1f 'Y1111X~1d-J1~bl1~ f1r:l1d-J~'WI,I,~~~1~~~I,,\MJ~ bU'W~~ A'lJ~~n~u 

b51: ~ 1'Wre)!?1 ~~1JU~'f)'WiJ bCh d-J 1 n n~1 ~ 1'W~ (91 ~~UU ~ij'Wl.ti'f)~~1 n1'W6Jl r:l'l~ ru~Jl ~ ~11~ ~iJ ~~ tJ'l 
q 'U 

volatile matter ~blnrh~!?1 'f)~A'lJ~~nll'lJ[?h~11'W[9l~n'f)'WblJtJ ntJ'l f1~ 1,~~'f)'f)t1 bb~~I,~'f) b~d-J'f)ru~Jl~l1X~~~'W
'U 'U q 'U 'U 

~'f)tJ 1 % ash ~ ~ b~ d-J~'W ~ti~~~ 1 n ~1 ~1~b(91 ~f11 f1J~'W1 'W[?l ~n~'WblJtJ n~ ~I,n !?1'lJl] mtJ1 bb~ ~b'lJ~tJ'W1'lJ dJ'W 

~bbl11'W~~!?1 ~1~f1J~1'W~(91 ~~1J1J bij'W~b~~~iJ ~1fu~'Wf1~ ~r:l~'l n~rl bl,[?i I,n (91~ bblTW'f)tJ n~1 ~ti~~~1 n ~1'W~(91
q 'U 

• I iI I 

~~~'l1'Wf1r:l1d-J~~'W~~ I,n!?1 ~bl1tilltJ I,bl1Vll,n (91;'W~~ I,n !?1~1 n 19lr:l'lJ~~~I'WVl~~d-J~~1'lJd-J1nn~1 

I 
I <r Q./ ~ I 

f11~1~1J'f)'W~~[9lr:l~d-J1nnr:l1 

I 



~ ~ 

1'Wfl1J"Vl ~~f)'I\ldJ'Wfl1J'~ flM1 bmtJiJ bYltJiJm:W1 bUfl1J'1 ~b~f) b~~'1 ~'d1:W~1:W1J'f:l1'Wfl1J'~ ~ ~ ~1~ 
q 

I IV .::;; 

tl1'U'fl (9l bbtJtJ btJ'U 

. ~ ~ 

'1t.1cVi 4.9 bmtJiJbYltJ1Jm:W1bUfl1J'1~b~f)b~~'I~1'W9Il'l 3 bbiJ1J 
QJ 

I ~ I 

~1 flJ'UYl 4. 9 cu bb~ ~'I1~b~'W~1'W'd'Wfl1 J'1~b~f) b~ ~'I1 'Wm:w 1 bUYl bvl1 n'W6]f)'I ~1'W~~ bb vl'l bb~ ~~ bb1JD 
~ I 

b~'W1~~1~1'W~~ bbD1J¥f)'W~ fl1J'1~~l'W'd'Wb~f) b~ ~'I:W1 flYl~ 
q 
~ J'f)'I~'I:W1 ~f) ~1'W~~ bbvl'lfiJ'J':W ~1 bb~~~l'W~~ 

I , I ~ , 

b~f) be-J 1 ~tl bUV!!l ~ ~'I 450-500°C Yl J'~tJ ~ b'd ~ 1:W1 fl ~'W ~ 1 fDtl'WYltltJ1 'W(?l~fltl'WbtJtJ fl~ ~bn ~fl1 J'be-J 11V!~ 
q cu cu cu 

I ~ 

fl~ltJ dJ'Wbbn~tltJ1'1J''d ~ b~'d bb~~J'~bV!tJf)tJ1 'WJ'U volatile ~'I e-J~1~ % yield ~ ~~'I ~1'W~1~~'I~tJ1V!i!n bD1 
cu cu 



, !II !II 

bU'Wn1 ~~~ ~-:! f?l~n~'WbtJtJ nVi ~1'Wn1~1~ f)fJ1d-J~'W1~bU'Wbb vl'l b~~ b'W ~'l ~fJtJ~fir5~ b~'W 

!II , 

bU'Wbbvl'I bb~ fJfiil ~1~ bb vl'l b~~ b'W ~'l Vi iJ ~n Mru~ bb~ ~ f)
q 
ru~ d-JJJ~ b1~ ~~'WYJ'Wbb~ ~~ 1 d-J 1 ~bl1~\J ~~btJ6JitJbb'Vl'WYJ'W 

4.5.2 fl'J1:l-J~1:l-J1~tli, 'W n1~~ 
q 
n~ ~1v-J ~~~~b'J~1 n1~1.~fl'J1:J-J'ii'el'W bb~~n1~tJ~~~ 

q 
n ~hl11tJ1.i 

tJ~~b~~U 
I CV C;;; 

tl1'W'eI ~ bbtJ1..H~'W 

I 



t.I ~~ bll 'VI"TW 

500 n~:I-J 

f'I~1'Ubcsn3,h 

('U~b'JrubrKIl1«1jf'U~) 
<=:J 

'" 5 'WTVl 30 'W1cV1 

I cv ~ 

rl1'U'el ~ bb'U'U btJ'U '" 10 "kncV1 
<=:J 

40-50 'WTVl 

<=:J 

20-30 'W1'Vl 

10 (Deficiency) 80 (Surplus) 80 (Surplus) 

10 (Deficiency) 80 (Surplus) 80 (Surplus) 

10 (Deficiency) 80 (Surplus) 80 (Surplus) 

"1'Ui'~f'el'U: n1~~ 
q 
n~ 

q 
~~ ~1~~'f)'l ri1'W1~b'd~1tJ'f)tJ ~ flrr'WbtJ'f)~1'W~'d'l bb~n b~'f) ri1'Wbb~'l bb~'d flrr'W 

!/.I 

tJ'f)tJ~'l 1~fl'd1:W¥'f)'W'f)tJ1'l~'d~b~'d bn~fl~1'Ub~dJ11J1'Wn~1\l bV!:W1~~1V!~'U1~dJ'Wb~'f)b~~'l 

1~ fl'd1:W¥'f)'Wbbri'U'f)tJ b~'f)f1.'Wt~'l'l1'W'f)
q 
~~TV!n~~:W m:W1 b1Jbtl'1:W1 n ~1 n n1~'Vl ~~'f)'U nu~ 

q 
~'Vl ~~'f)u I\J PK 

e-J~:wv'htltJ fl'd ~1~tltJV!d!n tltJ~~~ ~ bb~ ~tltJ fl'f)ni'd:W ~'dtJ V!1'f)'f)1~1~~1\l~1'd1'Wn1 n~:w ~~~'U~'W'Vi~tJrr~bl 
q q q q q 

bb~~fl'd1:W!fl~:w~:w'U~ru~'f)\l ~'W1'W~~tJ~tJ1'd 
q cu 

I 



~ 

r;l1'Ui'~ bbcvi.:J : n1 ~~n"'l C91 ~ t?11yJ6Jl1l,n11'Wboj! br;) ~1'W1'Wn~1 b1l't.wl-.:l 2 bb1J1J ~ ~tj'WbtJ1l~1 'W6J1r;)'l bb~n 
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THE UTILIZATION OF WET CAKE FROM ETHANOL 

INDUSTRY AS BIOMASS BRIQUETTES 
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,nU19iJ ~ n111 n1 Jtl1(;]~n'EluL1jiJn L1A~'ElYi~91n n1d~~(;] L'ElVl1U'El~hJ1-nUd~Ltl~U~11A1U~~(;] L1JU 

~rnJ'd~iV1 LLvi~~~1lJ1dC1u'11ul-nd:luL~'El L~~~ LLJ~lun1dliXfl'd1lJT'ElU LV1tl~'dlu(;]~n'EluLniJn LV.~'El~~91 n 

'fJ (;]~11Anddl--1 L'ElVl1U'El~;j'El~ rlUd~n'ElU Ltlun1n,rU~1U~~~~~ ~hun1dri'EliJ~~1iJ LL~~~~1?l -vl11iXJJ Li1'Eli'du 

LL~~iJ~~1 n~Ur1'Elu-li1~'UUfl~1iJn~U~~~ ~,rnC1 nu'11u~~LV1iJ Lufi1Ud:::LiJ"l1U ~1U19iJd~~iJ LLU'd flV11u 
~ ~ 

n1du,1lJ11-1fu d~Ltl"1lW LV1iJ n1 du'1lJ1~~(;] LUU~'dlJ'd ~iV1 LLvi~ L~'Ell-n LU'WL~'El L~~~ LLU')'Vn~ n1d19iJ Lil-J91 n 

n1du'1vl'd'Elth~(;]~n'El'WLUiJnl-J11 Lfld1~vfLLUUlh~lJ1 ruLL~~r11 fl'd1l-JT'ElU ~'Jrh (;]~n'ElULtliJniJ r11 fl'd1l-J~U 

8.68% ~1dd~L~iJ 67.76% Ln1 15.75% fl1'fU'ElUfl~!K'd 7.81 r11fl'd1l-JT'ElU 15,486 nL~9~[;]'ElnL~n1lJ
'1/ 

f1'd1lJ~U1 LL t1u~ L~lJ1 ~~l-Jlun1du'111J LiJUL~'V LVi~~ LV1iJU,1\U'f) ~fl d1~t.fLLUUUd:::l-J1 ruLl~~fi1fl'd1l-JT'ElU 
~nfl¥~ (;]~n'EluLuiJniV1LLvi~iJ"lJU1V1l~'W~1~UtJn~1~ 4 6Jll-J. iJ1'd 10 5Jlt-J. ijFi1Fl'J13JiU 11.61% 

~1~~::&VlEI 68.82% U11 16.59% Fn{USUFl-3i1'J 2.97 Fi1fiiJ'J13JiSU 15,512 nffl'iflvisnfflnf3J 
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Fh.[fl& WfJ{ 0.08% Viur:h r11'f) Lf1d1~vfllUUUd~l-J1rulL~~fi1fl'd1l-JT'ElU iJn1dLU~tJ'WmJ~N L~ nU'EltJ 

n1diV1 LLvi~ LUUnl'rU 1lJUd~~1l1~"lJ'El~ (;] ~n~ULn tJ n 1 iXil'El~ rfud:::n'EllJvY~V11~ Lflil LLfi~n1iJ1l1~~ J1 L~l-J'El 
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~11'd~L~tJ~~ JJ f1r)'W'Vi'El~lJ f1'ddlu,j'd~9V1~V11~~l-JlJ l'ru fl1 flJ'rl'Wf1~!K'd ~1ml-J1ru"ll'El~ LL~~~ l~~'ElU'EltJ.'11 q 'll 

"" " liXiJml-J1ru~ Ln1 r1'ElU'll1~~~vl~'l!un1d't1't1 n LLuuiX'rl~ l~11~~9~!X'El~~91dru1n~ n1dl''dUd'dl-J~ ltl1'rl'Eln91n 
'll 

~~ud~~fiV1 LtlJtJU LVliJUd~~~1~n1dl-1ftht,rthJLLfi~(;]~n'rl'l..uniJniV1 Llvi~ Ld~~1ul-ndl'W~'Wnfi::: 38,332.8 
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iJr111-n~1iJlh~l-J1 ru 5,973,600 U1V1/U LV1iJLd~~1'W~1l-J1dC1t!d~Vlfi~whl-n91t11u~,)'WL~'EllVi~~lul~n~ 

I 



102 

g" 
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" , " 1II t ff~ tJ 1 6tJ (l 'I 1 lfll U1 lJ'U Vi ~U Il-:J J 1 tJ l'U 

U'U TYIl-:J(l tl fll 'U f)l'H1 nl6tJi:1ty111t~tl i 'l1t n~fl11lJ 

~-:J~'U UIl~ff1lJ1dt)vhl1i'1'UJll1iJJlJ ~tl 
'U 

Q,I 0 " Q,I 51 j) Ij} ~ 

YH1-:J-:J~'WUl YH'l-:J-:J1'U6tJtJ~ t1JU~U U~~1tJlJtyVi1 

HIl ~fJ11ffJ dfllJ 1 fllJ1tJl 'U f)11 ~1lJ 'U 1 11111 tt1~t~ 'U 

~11'ff~~11fl1ff~ t'VIfllU 1Il~ fl1dt~'U d~UU U'Cl~ 
q 'U 

~ffll:Jl ~'Cl(l~tt1U'UltJiJltJ6tJ(l~fl1flf~
'U ~ 

11 Vi~-311~~-31'U ~ ~fll1lJ 1'H lJ 1~ fflJ U'Cl~t~ 'U 111 l~' 

lJ1 f)~ ff~ ~(l11 ~-3-31'U ~llJ III 1t1(l-3 ttl 1 f)1h ~l 'VI fl' 
q 
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l~Q~U 'H'Cll{l~ltJVi ~ tYl'U LnfJl"(l-3 vl.:j fl1flf! 

Q,I d I ~ d 

11 Il.:j -31 'U 'VI ~ U'VI U ttl 1fl'1fl1J1Il L'b''U fll9f'lf1 fll'Vi 

(Biogas) lUltl ltl'VI1'U(l'Cl (BioethanoI) 

, " j) Q,I d ~ 

ttl 1 f) fll1lJ 11 (l -3 fl1 1 11 Il .:j .:j 1'U 'VI ~ -3 6tJ 'U 
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q ~ q 
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'H,j~i'Ulih'HlJ1tJ6tJ(l~~'VI1ifl'lff~{ ~tl U~U'W1lJ'Ul 

un'ffl9f~(l~ 2551-2565 1~tJri-31ff~lJi'l1~ 

fll J!11 ~l (1'~6tJ(l-3~1l 'ffl'H flJ J lJ lV'VI1U (l'Cl ri ~ ~'Cl i'l1 

'Q ~ ff 1Vi fl J J lJ 1 tl 'VI 1U (l III n~ fl1 J 6tJ tJ 1 tJ ~1 (l ~ 1-3 

" n11-36tJl1~ 1~(J~~tih'HlJ1(J1uTI l1. fl'. 2554 1'l1~ 

flldi~ttl'VI1U(lIl 3 ~1'U~~Jt1'U l~(l'VI~IU'VI'U 
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U1lJUi'UU1lJU1Uuci'U 91 1uTI 2555 1~lJ~lViti1(J 
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1~ttl'VI1U(l'Cl 9 ~l'UiillJ/l'U l~(Jri'llff~lJi,r~ 
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th=1Iln"8~lftQRtJ il'U1'Ul1~l'U riUr::Jnl1HDft1'U' (Uft1tl'U) 
-

v mw 

irlJtllU::m;~ 
.. 

mmi11l1C'l 
.. v • 

~~U/mm.JllllCl 

irlJtllu::l1ft~/mmillllC'l 

~mJ/irmYlu::l1ft~ 

mmrl1l1Cl/irlJ tllU::l1 ft-3/~mJ 

mnirlJtllU::l1ft~ 

1 

27 

5 

12 

5 

1 

2 

1 

200,000 

8,290,000 

675,000 

1,810,000 

770,000 

200,000 

250,000 

100,000 

11JJI'i1.r-,1nl1~ii~ 12 .21)5.000 

Ih::lIlYl"8~lVlQ~tJ ;ilU1UlH~lU rila~nl1~aVl'n2.1 (a~ll 

1U) 
:mnlJll'11C'l 

.. 
~mJ/mmhVllC'l 

irU'CYlU::l1ft-3 

.. 
nlOll lVllC'llirU 'Ill t1::l1ft-3 

4 

6 

2 

I 

575,000 

770,000 

330,000 

150,000 

nJJI'i1.r-,1nl")~ii~ l.i'i25.0011 

, 
.<:t <lI <lI <lI tI <lI

'tun: fl'l:Jl'HplJ'Ul'VH1..:l..:ll'UYI~UYl'UUB:;Cllrjfl1:J'VHlNl'U, (1l.!BlfllJ 2551) 

'Q~ {1'1 'VI f) 'l 'l lJ lCl Yll'U Cl" ~ ~Cll ~'U l~Cll~ ~~ 
~ fll 'l 6ij (11 tJ ~d Cl ~ 1~ lJ 1 f) ~~ l L'ff~ ~ , 'U ~ 1 'l 1 ~ ~ 1 

~l1tJunlJtll~~fll'l~~~ w ihHl1J'U ~~U{1'~~1'U
q 

Q. 'jI Q~ " Q ~ C> 

~1'Jl~YI 2 ~dm'H~'U1)..:IlJnl'lfff)1:Jld..:l1)lf)ll~"~ 

" 
q . 

lCl Yll'W Cl"~..:IU~ ~ 'W \l 'U \l U L.wCl h1'Ln~ f)1'l 'W~ 'U 1 

~ c:l c:l ~, 'jI~ 
CltJl~tU'W 'l:;UUlU~L{1'l\l L'ViCl 'H lU'W 'Q~ {1'1'H f)'l llJ 

9' 

n'U'Vl f)fllfllh'U TVW1uJ 1U jcilcJ'uv:tJiJ ;ffnn;;;~
q -) 

IV q q "" "" n1)vV) f} 1)'lICJ~1 fffl'YIl f}v)1J 1nn j ;;U1U f} 1jN gYl 

lV'YI HJug 
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1 ~1~ tl 
q 
~ lJ Vl1 ~ fl1 'j 1 fl1:j" 'j ~ 1 fl fll fl J1 ~ 1(;) U(;) ~ 

iT'U ri1tJ~l1"~11:h"\11"fl ~lflfll'j lh ~liJ'inJ~lJ1W 

'tIel~l~tl~lJel cil~1'1~11'1 "llJ~l'U1'U 1 'j ~~ lh1lel VI 1 . q 

~ 

'\.,Iel(;)yj ~ fl1 'j 'tiel llJel'UUll" ')1l~~1 'j 'Nlh11elVllh1 el(;)
q ... 

~ 

1~el1~~~ ~lJl1~~lnll'tlel~lihJ (Waste) lJ1fllJlt1 
~ 

1~'W lj~~1'UlelVll'Uel(;)1~el1~~~ (iT'WihtJ~l1"~) 

'tI'U11ltil"~fl1'j~~~1.h~lJ1W 200,000 ~"'j/l'U 
~ 

~~~tJ~1Jlwil1dYtl~lflfll'j~i1" lJlflG~U(;)~ 

1.1'j~lJ1W 521,400 m 
3 fllfl"~flelhllUVfl"lfl 

fl'j~lJ1'Ufll'j~i1~lh~lJ1W 82,500 ll'W/U 1 'j ~'11'U 
JJ ~ 
~ Q 0 0 QJ 

lelVl1'Uel(;)1'l1ell~(;)'1 (fllfl'Ul~l(;)) 'tI'Ul'flfll(;)'1fl1'j 
~ 

~il~1.1'j~lJ1W 100,000 i1~'j/l'U ~~~1.1~lJlwih 

ltitl~lflfl1'j~il~ 1Jlfl()-:)U"~1.1'j:;lJ1W 330,000 m
3 

1.1~lJ1W fllfll1 J!el fl'ja~1.1 'j:;lJ 1W 125,000 1l'U/1J 

(,j'el 1J (;) ~ ~ 'I \l1 fl1 1'1 'j -:) fll'j c;Y '11 ff~ lJ 1VI fl1 'W 1 (;) ~ n 19f 
'II 

; 1 ill ~U 2552) tr'l' li ITlJ 'j llJ ~ 1.1 'j ~ fl c) U fl1 'j 
'II 

~'~flJel'Uru1~nelff~1'11 'j~~l'U~il~Hel'Vllh1el~
q ... 

• JJ 

lYlel1,*1~\H:}ftJl~i1'1 1'1l1l111\,1el'Wlfl~ell~~ 

')) IV d d It]'))'d <:::I : d 

1 0 (;)1'W~'W/1J ~~111'W !1l1llJ1.1'j lJ1W 'W llfftl U(;):; 

'tiel ~1 ti t1~ lfl fl1'j ~i1 ~ lJ 111 ft'1(;) l11 fl1 'j 'I '11 hI'li ~ 

')) 

6Jfl1U1'U 

~ 1fl fll 'j ff1 'j 1 ~ tY tll 'U fll ~ fl1 'j ,)11 fl1 'j 

'\Jel'lli1t1~ lnlltll fl1 'j '1'11'U ~i1~HelVll'Uc) (;) ~ ~el rJl 'U 
'II 

JJ 

nfl~'joW loW lfllflc;YllJ1 1 ~1 'W ill'i ~il"il 
q 

£.I 11ltJ~tYlJ 

• JJ JJ , 
IV d;:!s <:::I 0 ;:!s 

flU fll fl Vlll1 " el VI 'I \l1 fl fll 'j fl 'j el 'I 'W 11 'l1 el lJ 'tI el ~ 

1'j'l'l1'WJ1~1f;) l1~el'l$l\,1fleltJ 1~'W~'U 1'W~1'Wi,)t1 

~ JJ 
4 Q Q,I QI I q oQ,l 

'Vl1l UVI \,11 'lfel 1~ f;) ~ l1 f;) fl c) 1Vll 'l1'W tll'W 11 'W 'W llJ \,I 

1~1 nlC)f1i'j'jlJ'l11~ 1~'W~'W 1'Wfn'j~i1~fl11lJ~el'W 

1'))1 di;:!S s't '" d
6Jf 'Wel"ffll1fl'j'jlJ 9f~tlB1U\,Ifll'j~llfll'j'\Jel~lfftJ

q 

~ 

elfh~fl'jlJ1'1t1'jUf;)~lnll1.1'j~ lt1'l$uff~tYll 'j1lJl'1~
'II q 

JJ 

ffl1J l'j tl 1.1 'j ~l1Vll rill~~ 1£.11 hi fll 'j ,)1ll111:}fel 1~il 'I 

, , 
""'I QJ .::t.::t V 

2. 't1'U't11U!8 fltfl"i !!'tl~-:J1U1'lltl't1!fltl11.1 8-:J 

2.1 Ull1l'WlHl 

U1.1 'j 'j 1.1Yl')f~(;) 'Vll'11 fl1:l~'j 1.1'j:;lflVlU11 'IU":;U 
~ 

1~1(;)
'U 

1'lf'U iT'Wffl1.1~l1rr'l,elelV, fl1flJ1~1", ,j111~1l 
1~'U ~ 'U 11ltJ~1'.J fl'j ~U1'U fll'j VelVff(;)lt1Uf;)~l1 iTfl 

1~ el 11.1 ~ tJ 'W U11 '11 ~ 'U J 1 ~ 1 f;) Uf;) ~ fl i hi 1~ 'U 

lel111h1elf;)n'l~'j llJ 1(;) fJ(;) C
2
H sOH ~~1l 

1~elll1.1'j:;lJ1W 78 el'lft'119ff;)lCM{jtYflWtYlJU~ 

1~V~1'1.1l~hI'tIel'l111f;)11tY 1:u~i1 ~~'vJ~l{j 1~\,I ... . 
;:!S <:::I dd , ;:!S d <:::I 

16Jfm ~ f;) ~'VllJ fllc) el faVI hi ff'l l'U el 'I ~ 1fllJ el el fl9fl tI'U 
'II 

JJ 

ff'lG'I 35% 1l'l,r'Ul11flihmlmVl'hlel(;)'1.1~tYlJnu
'II 

I 

oW 
~ 

,11'\.,1 ~ lJ'W ctl'U 1'W fl~'jlc;Y1h1yj 1l1lJ l:;fflJU~1\l:;'~ 

I 
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2.2 fl1'lN~~UtlYl1Utlil 


1'0 'Vl 1'WV" 1~'W l1r;l~~1'W 'Vl~11 l'l'U'lfU~l1it~ 

, ~ ~ 

1ij'OU 11U ~H"lJ tl1JlhlJ''U ffllJTHl1 ~1~'W1';'Ol~ ii~ 
~ ~ 

1$11~l'l~U l'l'UU1lJ''W11J'Uci'Uu''::lhlJ'''J~19$'' 1 ~v 

1~ tl~1] ~ 1 ~~iifll'Ol'll'UV" 1111 ~v'O fl1 ~'U 3 
q 

~ 

U'j::U1l1'l1tY~ 1l~i1 

2.2.1 fll'l'tnJmtlYllUtlil111fl1~Q~1J 

U'l~lill1J1V11il 

1~ tl~1J U 'j ::lil'Vl Jl~l"~'~fll'j ~ii~1'Ol'll 
q 

lI]3}'9.1 : d: dI 
'U'O" b~Ufl 'OeW fllfl'Ul~l" 11~::1Jl'l'U1~1" C)f~ 

l'~ Q~ 1] 111 ~ 1 i1 
~ nV ~ rlU 'j:: fl V 1] -ff 1 'U 111 tY 1~ 'U 

J 1 ~ 1 " 9$1 fl 'j 'ff ~ 1~ 'U J 1 ~ 1 " llJ 1 " fl " ~ 'II q 'II 

~ , 

lh::flt)1]111tlth~1" llJwfJm~tll 2 "l$U~ flt) 
~ ~ 

U1~1~fl" 1fl'ff U"::U1~1"l'hfl1'VH" lWfl1'j11lJ'fl
'II q 

ml'l1tW"ulflJl~1"C)f1fl'jffirwn~'U~'O'W ll~tf flt)
'II 

riJ 
~ 

'W U'j fl ij 
~ 

1~1"~ 1 fl 'j 'ff u:: 1n~ U5n~ till eJ 1 ~ 'j 1" 
~ 

qf'ff (Hydrolysis)l$lUl~l"fl" 1fl'ffu,,::vhflll'l'ff
'II q 

3421l1lJ 181lflJ 180llflJ 180 nflJ 4x46 flflJ 4x441lflJ 

ooliJtH1~;1~'l'[J~mY11u'[Jftllitl1.lfi'uJwn'fl'o{lmf 0.53801lflJ 0.5146 flflJ 

2.2.2 fll'l11,Jflltl't11U tlil 111 fl1~tI 
q 
~ 'U 

1h~lill1UU-.3 

l'~ Q~ 11 U 'j:: 1fl l'l 11 11 ~ ~ 1 ~1 'U fll 'j ~ ii ~ 

l11un l¢l'un ~m~ii~l'll-3fll'j1fl1:l~'jvnflity~'lf 
• 9.1 9.1 9.1 d 9.1 1 9.1 ", a' 9.1 


1'lf'U 6ijlllul tlllffl" till b~~ 6ijll1Jl'jL"V till 

:JI 

Yh~ U~::~lfl~'lfMl 1'li'W lJ''U!;hu::l1r;l~ ('n~ 

MllJ''Uff~ U"::~'Ul~'U) lJ''U~t~ lJ''ULl'lff 1~'U1i''U 

11lVUi1~1~'U'Vi'Oi11lJ'O{tl'O~Jl~1"fl" lflff lrlf)'Ul
'II 

_3-1' •UlJ~lJl~1'Ufl'j::1Jl'Ufl1'jVVtl (Hydrolysis) ~1t1 

u :: UtllJ VV V11 i1-:J ~1 tiL V 'U 19$JJlJ 1 fl fl1l fl 'J ~ 

l~ tl-:J u 1fl ff1lJ 1'J tl fll1]fllJ fl1'J Vtl V, ~~ltJfl11LL":: 
q 

" U~ I:!l'l nlJ 1 fl fl11 fl1'j V'O tiLL i1-:J ~lvttl 'U 1 C)fJJu:: 

• _3-1 QI" <!! 0 , 9.1
1. fl1'jtltltlUlJ-:Jfl'J-:JU'Jfll1'Jtlfl1'J'Vl1 11 

~ :JI 

Ui1-:Jll1"l (Liquefaction) riJ'U~tl'UU u:: '~m'W lC)fJJ 

u'O~vh tl::iJ1"'ff (a-amylase) VtltJui1-:J~~Wl11JiJ 

90-100 tl ~ff119f" 1CtltJ'ff 1~n"1U'j:: lJ1W 1-2 

(Dextrin) 

2. fll'j~t)VU1J~flf~I:!~Y11Vl1~'Ofll'J 
, cl ~ :JI ~ 

LU~tJtHtI'Uih~l" (Saccharification) .,r'U~V'WU 

u::'~1tl'U1C)fJJfl'J1fltl::iJmff (Glucoamylase) VtltJ 

1~fl'Vl~'U91'~tlWl1fliJ 55-65 tl~ffllC)fmCtltJff hf'1$l 
q <u 

Jl~l" fl" 
'II 

1 fl 'ff ~-:J '~'ff~ff1lJl'Jtl1~11lJ'm ~'Ul~ V; 1 

'W tl ~ 1 ~l ~ tI fl 'j :: 1] '1 'U fl1 'J 11lJ'fll tl l'l1 'W tl" u 1 fl 

1'~ Q~UU'J::lfll'l U11~ffllJ1'JtlUff~~ l¢l'll~fflJ fl1'j 

H(C.HIIOs) OH-nC.HuO.-----. 2"CzHsOH +2nCOz 
~ 

lJ, 

(m'j~) (n~1rln) (mYl1~Jm) 

162 flllJ (lJUU'fl~.mli) 180 flllJ 2.x46 nllJ 2x44 nflJ 

~~lihH1'('1~cm~ltJYl1!:HmlYi!l1.Jfi1JII~-l 0.5679 nllWl'flnllJ 

'th~lilYl'tfU'tI 

1'~tl~1JU'J::Lfll'lL~'U'tI 1f1Url ~l~,j'll
q 

I 
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" , 
(Cellulose) l~ih9f~~ 1~'ff (Hemicellulose) ~~~~ ,j'U9l{)'Ul'Unl1~~~m'Vl1'U{)~ 1~wv111u 

'U 

ftl 'j/ Q Q.I Q~niJ'W (Lignin) ll1m9fl:\~ 1~'ff1~'W'YH)~UJ{){Etl{)-3 lI~1J)~n{)1J~ltJnl)l~)tJlJl~[lll1J (Raw material 
q 

J1~1 ~ n~ 1 fl'ff~ {) tiu dJ 'W rt'1 tJ tJ11 U~ ~{) ~ 1'W 'nJ preparation) f)l)l1iJ f) (Fermentation) f)11n~'U
'lI 'lI 'lI 

" , " ~~n~~n1:Jw:a~'Wla'U'ml1iitJ1U~~1,j~~~ltJU1 (Distillation) U~~f)1)fh~lIU1 (Dehydration)~-3 

l~ii 19f~ ~ 'ff1 ~ 1'Un)W~1~[l~Ul~'U1111-311 ~{)1~[l~UU)~Ul'Vl~ f)1~ 'W 'YffJ ~ llJ {) {Etl {)-3t11 ~1'l1'Vi 'U 1'Vl rt' 
q q'lI 

'1 '1 'j/ QQ.I 
SI 

,~ 
, 

(Pentose) l1~ltJ'lS'UlI 1'lf'U 19f1'l'ff (Xylose) UlJU !'U1CJf~~ L~rt' lI~~{)-3lJEtl'U~{)'Uf)l)tJ{)m'Vi{)
'lI 

l'Urt' (Mannose) UC'l~{)~11ul'U'ff (Arabinose) lU~ tJ'Ul~ 'U t11~ 11:\ ti{) 'U f)1)11 iJ n (Hydrolysis) 

" l~ 'W,;' 'W ffl 'W ~ nU'Wl~ 'U W{)~ llJ{) {Etl{) -3YJ ii~ 11~'Un1W f)1) ~~~m'Vll'U{)~ ll1tJl~nlf)'l11~1~1lC'l~ 
~ , , 

(Phenylpropane) 9f-3 'Vl 'U ~{) n11 tJ{) tJ iJ'UdlU~l1~-31~'-J111Q~1JU'ff1l-3,r-3n1'Vi~ 2 U~~ 3 

~llJih,ru 

n'lrl~'lVl'l~ (Molasse s) I 

Il("'l1·'tJ}Jr)l~q~tJ (Pre-treatment) 1 

1 t~u"n 'l (Dilution) .---- th 

il 

"iIU'Jl.li'i'l',l"\UJfi (F ermentation) 

---. CO z 

,-------------­
: L~-;~·tJ .uLL.Jn{j~i;) : . ... .. .. . ·il 
 r ----- - ­

--_ I )'h*1iA'Ui)'tJ~"'UU ,)Ui'i 'l)'fi fru (0 isti II ati on) 1__ ~.. ___ 

il 

il 

I "'aYl'll..l/fl~ 99.5% I 

I 
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rl't)f.lLL~~ ~NLLffl (Liquefa cti 0n) 

--------------, 
I d J. b I I .it:;' i ­
: nrriLt1r"HJ1Jn~'1L 'lI'il I +- f.I't)f.lUlJ~~N~Orr11f.1 (S.aGc.harifiGation) .......-­

~ ......... ..............., .............................
.------~-....-..-..-.., 

'm..I iJUfl1 rn 11'fl (F erm entati 0n) 

D 

)'~l·Df~ltJ[j'lJfr ....-- ~au'jtJfI·)ffl~tJ (Distillation)
" 

." 

lIU'1tJfll)utJfrUI (Dehydration) 

D 
J. 

- ti'1L~t1 

I 
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2.3.ll-.l-.l1lu·~n~H6'Y11U6t1'U1.h~'Y1fl"rltJ 

I\llflfl1'J cY1'Jll\l (\'tl1'Wfl1'n fl1'J ~~~Wl'll 

'U Btl 'tItH L 'J "N1'U~~ 11 ltl1'1l'Utltl i'U lh ~l 'Vlff' 'Vl tI 

vnrh L'J-:J-:J1'U~il~ltl'Vl1'Utltll\l~i~1~tI~1Jl1"n 2 
q 

lh~lfl'Vl ~B l11Q~1J~1~'UJ1~ltl '~un 
fl1fl,f1~ltl Utl~l~tI~lI~l~'Uui1-:J l~un l1''U 

q 

JI JI , 

d1Ll~11~-:J l1'-:Jih'VlflL 'U LtlVVii~~il1lltl'Vl1'Utltl1 'U 

th~1'Vlff''Vltll\l~~l1tl1fll1tl1t1 1'lf'U Shandong 

Ll'j~l'Vlff~'U l'VlflL 'U Ltl~'tItl-:J Katzen lh~l'Vlff 

~111!tlllJ~fl1 l'VlflL'U LtlV'tItl-:J Maguin Interis 

Ll'j~l'Vlff~.r-:Jlffff l'VlflL'U LtlV Praj Utl~ Alfa Laval 

Ll'j~l'Vlfffl'Ul~V 1~'U~'U 

JI , 

1~ till ~ tl ~ III flL 'U Ltl ~ I\l ~ ~ ;r'U 11 tl 'U fl1 'J ~ il1l Vi 

fI f( 1 tI n'U u ~ 11 ~ fl ~ 1 -:J n'U 1'U 'j 1 V tl ~ 1~ V ~ 'tI tl-:J 
JI , 

fl'J~1Jl'Ufl1'j~il~ L~v;r'U1ItltJ1'Ufl1'J ~il~1111 Lll\l~ 

(ltavv material 

preparation) flTl'l1l1fl (Fennentation) fl1'jfl~tJ 
JI 

(Distillation) 11 tl ~ fl1'J ti1~~U1 (Dehydration) 

1'U fl'J W~ 1~ tI~1I1~ 'U 11'U d1tJ ~'YI ~-:J I\l~~tl-:J ~ 
q 

1111fl (Hydrolysis) 
JI 

~il~ltll'll'Utltll\llflfl1flU l~ltl Utl~l1''U cY1U~11~-:J1u 

'ju'tItl-:Jl1unl'u ~-:JU~~-3iU1l1'J1-3~ 3 
'II 

-in,!n1Jl1n~ os.: U'llliY'lSnan 

1hm'al,o~fn~n ih,d" n'mhn~a 

1. 111"~C11t1lJt)C1Cl~U - III t.l~lJU1~1~~~'l1~H-tlJ-t'nJ"~lJ1ru - fl1""i1~61~,nJu~tJ't)u (Calcium) ~,)t1 

17-25% TS H
Z 
so

4 
~~~~~~II'lC1~I1'CU'Ml11 

- L~1~~,)1~H-tllWtJ"~1I1ru 25% TS 

2. Fl1,.ti't'ltILLiI-3~t1tn11C11~ - ~')U1~'\fl-if~1JFl'U'ri'flm~~ ~lIIlJmL1J1J - 'bjlj 

SSF (Simultaneous $'3.El:::h,~Jml;}~!i.qnand 

Fermentation) Wltlri'OO Liquefaction ~'ltI 

~'flu'lf]llf U.-amylase 100-105':'C 1-2 -:till . 

LL r.I ~ ~.~~.,c..~lt~rl1K~ti.QQ ~'l m'flu'l'llf 

GJ."!~.myt~~..g 50-55':'C 1-2 -:till , 

3. fl'lmlJfl -d'OO~L~~lJflLL1J1J SSF ll.1ltlf:;lJ1Jfl1mlJfl - LL1J1J Continuous Fermentation, Fed 

~~~t1UL1J1.I 8atch Fermentation Yi~~5-3 8atch LL~~ 8atch 

- tJf~~l'liil'mfl'lmlJFltJ"~lI'lru 90-91% - tJf~~Yliil1Y4fl'lmlJFltJf~1I'lru 92% 

(U'MIfl~ '1 fl'1 fl,l'1 r;t '1 R ~;l1N-"'1 fl ~ fY LA t1 

tJf~~l'liil'1Y41~JU~'flUfl'1f~tI~'ltl) 
4 . fl'1ffi~U.LR~'11~f~Ylf - Distillation LLR~ Molecular Sieve - Distillation m'l~Molecular Sieve 

Dehydration Dehydration 

- tJf~~l'lill'lY4fl'lrfl,~mJ~lI'lru 98.5% - tJ "~~Y1ill1Y4fl'lrrntmJf~lI1CU 98.5% 

I 



no 


:~;-:-!~m~~1-"'11f.-·---~4~-~ \f•• ~~~~~ -~---':~:'t~'~~::: "-:S~:::'?-"-'-;m~<;'=::~=--r~~ ~:,~f¥f~~~'! ~rf(-'~~ 
- -. 1 a _ _ • 

~ -.~ ~ _" ~._ .. -.... ' ; - - .- .. - -... .-- _. . - . -- i";T!r$ . - ­

i-,~:~- __ ~~-~~:L~: :. ...; : ~.. -"~....~~, ~T~' -~~~~~.~:~>; ~~~;~.~-[~.: ~. ::~~·2i~{~~~:~.~~~ 

'J1MVl1Vltl~'J'U 

L'elVll'Utl~ ~ln~ 

(China) 150,000 

U1MVl '!]tl'ULLn'U 

L'ElVll'U'El~ ~ln~ 

Praj (India) 150,000 

, 
a ....eI 

Ltl 'W.L'W.tl:i'tI 

Praj (India) 

Maguin Interis 

(France) 

200,000 

150,000 

I 

U1MVl flULI'I'elfLUiu 

LVW~ LLri~16jje:l'El~ 
I 

fltlftltlL:i'iu ~ln~ 

Alfa Laval 

(India) 

150,000 

!)'1~nl:i'~n 

nn.J~dd~~liJl'I Fed Batch Fermentation 

55,000 

Kang De Jiu Ye You 

Xian Gong Si 

~'W.~1t1~~~'1 

/~'W.LVlVll 

SDMECO 30,000 

'1untu'l1~ SDMECO = Shandong Machinery & Equipment Import & Export Group Corporation. 

v .ct '4 v 
2.4 fll'Hl ~ fll 'j "6 -l tty £J U Il ~ fHI 'VHHHJ &~ ill fl 

fl'j~1J1'Ufll'j~~Vlt6f11'U61l 


i'U fl'j ~1l1'U fll'j ~il~Lfl'VIltHHl'Ufl fl1llfl1l~1 ~ 


~ ~ ~ 

L9f" ~~ 'ff 11U 'U fl ~L n ~ ~ 'U tJI1 tJ vl-l UfI tU III 'Vi 'U fl.:J 
~ q . 

1.1 
~ 

1 fll flffl11~l'~ fl~1~ n'U1IllJ'1fiJ~"V.:Jl11f.)~llYi'1~ 
q 

o 'Q,I d 

1IlfHl1'j'ffl'jl11 'Vtllll fll'j1l~fll'j'Ufl.:Jl'fftJtl"~ 

~"'Vi" fl tJ 1tJI'Ufl~1'j ~ ~ l'U ~il~1fl 'VI1'U fl" leu 11 1I~,:r'W 

'W 11 i 1 1.1 
~ 

1 fll fl ff 1 iJ~1u lj fll 'j U V fl L9f" ~tj 'ff ~lJ 1 '1 ~ 
~ 

U'j~ lV'lfU LL~1I~Ul1.11fllflff11u~il~nl9f~11l1'W 

L~V '1 ~1l1V'1 'U 1'j .:J.:J1'U i 'Ull1.:J 1'j .:J~1'U ~ lj fl1'j ~il~ 
~ ~ 

lfl 'VIl'U fltl1l1fl fll flU l~ltl" ~lj fl1'j U11.1 1fl1 flff1lJ 1 '1'* . ~ 

'1 U fll'j ~il1IUV 1~tJ~'fflJ till fl1 flY]' 11 ~fll1.:J 111 fHl1'j . q 

~ ~ 
o;:!l "i 0 ;:!I g)

fl'jfl.:J'U1L'1ffllJ'Ufl.:J l'j.:J.:J1U'U1111tl 11'jfl'1f11,JflfltJ 

,rlull'U 



111 

l~tl~hJUa~ 	 t1lmh~la 

Ha'VHHUJ'~ f.}Will'Yf 	 f.}Willl't 

lV1Q~1J (INPUT) 

1. 	 l~ll~U (~U~~lU) 

J} 

2. 	 'ill (ClU .lJ. ~~lU) 

3. 	 ffl)"lflij 

- Vff~~~ (nn.I1'U) 

- l~uiC}$,r (nn.ll'U) 

c:t~ cv 
- ffl'jlfllJ~U (nn.ll'U) 

4. 	 Yi~~~l'U 

- iyHh (Kw-hr/day) 

- lmil(~U.l1'U) 

~ill; (OUTPUT) 

350-370 

1,200-1,500 

20-80 

20-800 

1,000-5,000 

25,000-47,000 

300-500 

J} 
<!I 

- fll1lJ'If'U 12-16% 

- U~lJltlH1~~ 64% 

380 V 50 Hz 

3-10 Ul)"" 

540-550 

1,000-1,300 

20-80 

1,000-5,000 

22,000-44,000 

200-400 

J} J} 

-'\.h~lClli'll1lJ~ 48-50% 

- 'U~~U~~Cl~ClltJi~ 80 u~n9f' 

380 V 50 Hz 

3-10 Ul'j" 

1. L'aV11U'ilft( ~(;J1ui'ilt)u) 150,000 [iJ1~ ~'an. (640-2533) 150,000 [i)1~ lJ'an. (640-2533) 

2. CO
2 
(~U ui'at)u) 100-120 100-12U 

3. Fusel Oil (~[i)f6u) 300-600 300-600 

4. ~1n1n~1 (ftu.~.6u) 1,400-1,600 - TS 5-7% 1,000-1,300 TS 15% 

- COD 40,000-60,000 mg/l - COD 100,000-150,000 mg/l 

- BOD 15,000-35,000 mg/l - BOD 40,000-70,000 mgtl 

4.1 [i):::n'aULUtln 100-200 20-30% TS 

(~uui'at)u) 

4.2 ~1L~t1 1 ,200-1 ,400 TS 5-7% 1,000-1,300 TS 10-12% 

(ftu.~.6w) - COD 20,000-40,000 mg/l - COD 120,000-150,000 ppm 

- BOD 10,000-30,000 mgtl - BOD 40,000-70,000 ppm 

I 
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JI 

1~vlu~lU1~VU~~fln~lnl~U1 
'II 

• JI 
~ 0 Q ~ 

fHl'UU"~nl~uvnu 1111 nnl'j~" \Jllt)'Vll'lH)"111 nlJ 'U 

l-ff'U ''UiJlIlI'l1u'VlH 1 ~ ~~l'UlI~U l\Jl~nfl'UliJvn111 
'II 

~ JI JI 

~~lni1ilmU'Ufll111'jri'''111~fl il~~ 1lJ l'U t1flU 1 
'II 

l~m~fl~~\JlnlClf~1fll~ ~~1~',Jnl~~~nl~~~lV 

U"~ff~~1n~ff~ w iJlIlI'l1'U 1~VlI~tln~1f111lJ 
'II 'II 

l'Vi lJ l~fflJlm ~fflJ'l1~l 'U nl~U llJ11~'U14tJl'Vi ~~ 

2.5 't11Jfl1'U111Wfl11)j 

Youngmi et al. (2007) 11~~l'Vlffffl1i'!flllJ~fl1 
.k.::1 ,VV "i 5't..., 1 C>C> 

~~lJnl~ 'l1'\Jl1l'Yi~lUU1\Jl(J~'lJ 'U nl~~"\Jllt)'Vll 

'Ufl"lI~ijnl~~~\Jl DDGS l~'U~~~ulwCl'i'~1~1I1n 

tll 'j ~ 1lJ tl 'U '\J fl ~ tll n ~ 1~ 'U i" (l ~ U ~~ ,;' 1,,1
'II 

.k ~ • .::i ~ d ~.::1 , 
9$~LU'U ~1'W 6ijfl~ tll tl'Vl lU'U 6ijfl~ U'\J~ 11) vl 'j t1tl11 

wet cake (wet distillers' grains) tlUri1'U6ijfl~ 

~m~u~~~"~"ltnf11¢l (thin stillage) l1~~tl1'j 

. 

~ ftl v cS d ,'J1ef ..., tt' 
ll1"flu~~lJ1W'jflV"~ 10 (l~ 12 l'Vifl 'IH"V~ff"1 

l~v DDGS lI~l~'U11l1ri~6ijfl~ l1h~'Uu"~'Yi~~~1'U 

~~lrity~ll1 i'u 1 fl'UlJU"~1 f11atJ flni~l~'Uul1ri~ 
6ijfl~ 1 vJ l1Jfl1lm~vJfl~vJfli'~6ijfl~ri'''1~1'Vi1n~1111'If 

JI JI JI JI 

ri'\Jl11flV11~ tJ ~ ~1lJ n~ ri' \Jl1iJ m l"~ ri'" l'U 1 1 ~V1 ~ 

Yiltll~ffnlnri1'U11)~fW1J6ijfl~ DDGS ~~"1~1~~ 6 

Scott Lander (2007) '11'fln~lnl~ul1tffl 
DDGS 100% lJ16~Uvi~ 1~v'1l,;'fl~',*~111~~ffl'U 

l1i'~11~11 l~VflfltlU1J1J mold 1\lVil~~111i'1J6~1,ifl 
JI 

DDGS 1I1ntll~'Vl~"v ,:nl11i1fl DDGS lJ16~Uvi~ 

''Uflf~U~tlVilJ11ihh Pellet Durability Index 

(PDI) 1~'Urhfl11lJ'VlU'Vll'U 92% lrlfll11~VUl'VlVlJ 

tllJ V1'l1Vi ~~~1 'U 'l1U ~~'U ~ U llJ 16~ 11 vi ~ 1~fl t~ 'U 

14mVi~~lhh PDI 11'j~1J1W 99% 111'l~ DDGS ij 

~1 PDI ~ln11~')f'Wcl'Nl'U 1~tJ~1I1tlij11~lJ1W 

.c:I , ~ I 
~l'jl-lfl 6 ~1'Uu'j~tlijlJ6ijij~ Distillers' dried grains with soluble (DDGS) 

Spiehs et aI., mean value, 

coefficients of variation 

Belye~ et aI., mean (%) 

NaMoisture content (% total) 11.1 

Dry matter content (% total) 88.9 (1.7) Na 

Total mass closure 100.0 

Crude Protein 30.2% (6.4) 31.8 

Crude Fat 10.9% (7.8) 11.9 

Crude Fiber 8.8% (8.7) 10.2 

Starch Na 5.1 

ADF 16.2% (28.4) 17.2 

Ash 5.8% (14.7) 4.6 

I 
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~nij'U1 'UtJ11J1W UtltJVll1 M'~fl111J{j~11~'WU1;'l~
'I 

" l'l'W~fl U'j '1ij tJ~tl~ l~u lHJ 11 "'1111 nuul~U 1 

DDGS 1J1l'l~1;'lfl'llJ1tl~Uvi'l111~ 'VitJ';h~Th PDI 

ff'lnl11~1JtJ'j~1J1W 94% lrlflLtJ~tltJl'VitltJntJ 
'\I 

ll'lfll 'W 11;'l6~ 1~1 'W n1'jtl~ U vi'l-vY11 tJ ~~ 1 PDI 

tJ1~1J1W 72% 1l1~~1 PDI 96% lm~'~l'l~1;'lfl'l 

U1 DDGS tl~llvi'l1'Utl1l'jld1'U 10% 1J11~'U 
" L~fl1'Vi~'1~11JntJ~1'U11'U1'U1 'j '11yHh Corn Belt 

Power Cooperative's wisdom Station l11fl'lffLtJ'U 

19ffl{ r!lfl lfl11 n1'jlfnll11! DDGS tl~Llvi'l1M' 

~lfl111J~fl'Wlh~lJ1W 8,400 Btu/pounds ~11JntJ 

~l'Ul1'Uih;JiJUff 10,500 Btu/pounds 1'Un1'j 

l'l~ 1;'lfl'l L~'U 'j ~tJ tJ ¥itJ 111,jln~ ilty111 1 ~1 'W n1'j 

" 1~'U 'j~tJtJ fl nl1'1iJ'H'1~ nl'j tJ" flvci'mtJfl {fln~1V 

.. 
3. 	 ;J'U~f)'U'fhfll'j'YI~HHl~ 

~~ IPllfl l'l1'U fl il111 nl1'U ff1tJ~11"'11 'U 

tJ'j~Ll'lf11l'ltll'l1'1 L~tJ '9f~ 
" 	 . . 

3. 	 l,r1il'UYil'j '1'11'UlU1111J1milfllhn1'j 

-::Sl .,. rI 
IPl ~ n fl 'W llJ tI n lJ 111 fl 'j 1 ~ l1LL tJ U 

tJ'j~1J1W uil~Thfl11lJ~fl'W 

1. 	 U1~1fl~1'1IPl~nfl'UlUtln (wet cake) 

~1'U n1 'j ~'U1tJ1tl'U LL vi 'I ~1mfl~fl'ltl~ 
1 ~ 1 ~ 'j il fl d 11 ~ 11 'j 11 1vi fl ~ ~ 1Pl1 il 'U 

'\I 

" ~ I ," "" Q.IU'lJ'lJ lJ 'j ~1J1W LLil~fllfl111J1fl'U fl nfl'j 'I 

• 	 ~1 Heating Value 1Pl11J1J1'1'jl'1'U 

ASTM 5865-04 (Gross Calorific 

Value) 

I 

• 	 fl1 Proximate Analysis '111J 

1J111'j~1'U ASTM D 31202-31205 

3. 	 ffnlj 1 fl111J ~1J l'l 'U l'l1 '11f1'j l:Hi f11 ff'l';
'I 	 'I ... 

1~flfl1'U1W ~il th ~11 iJll'j ~1111'1 n111~ 

~1'U11'U n'lJ nl'j1~11 ~ nfl 'U lU tI ntlllLLYl'l 

,il'U,4mVi~'1 
I 

1.1 lfl~f)~)jf)U~~e)'JJfl'lwi'U~l'Ui~u
'I 

1) L1I1L~1 TUBULAR FURNACE 

ci " MODEL 12/65/550 Vl1fl CARBOLITE 

2) $lflU TREMAK MODEL TS .... 

8136 

3) l1Pl1L~1 MUFFLE FURNACE 

d 	" MODEL ELF 1il14 (201) tll1B CARBOLITE 

4) BOMB CALORIMETER 

ci"MODEL 6200 tllffl PARR 

1.2 1~t:l~'lJ 
'I 

~1fldl'1~1~ ~fl lPl~nfl'ULiJtln111fl 

1'j'l'l1'U~~1I1B'Yl1'UBil ~"nljW~~1'U9ftl i1~1 ~Lf11:J 
q 

n1 n'Ufl'll1'U d1U~11~'1 Uil~~ n~'lHp"\fl~1t10ff~ 

Uff~'1~'1'jU~ 4 llil~ 5 
'\I 

I 
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au~ 5 ~~flfl'ULiltJfll1~-:J1l1fl~lUfll'j'~Lfll 
!I 

QI 'j/ .!i .::lQ,l Q,I Q,I ~ 'j/ 

m 'Vll lHHHl1 fllJ 'U Lff'U fl11lJ'l1U flfl nll~lJ C1 fllltu ~lllJ fl'U l U 'U nfl U 

U~-:JEUfl-:J lf111 fll fllJU ~l-U ~11 tr-:J 

4.1 	 fH'fl11't1Vl'U)-llu~'nu!·Hl 

4.1.1. ~enJ~,y1'U 

.... 

2. 	 ih~~nlrc.J~~~vwT~ 200.000 ~~r / tJU 

a. f"I'J1~ff!l,mI11~1:rJyh~"~11I (kW-peak) : 3/320" . 
II 

b. nl11sifYi~""IUl'Wyh (kWh/tl) : 22,750,000 
., , 

rt'Jll-Jr'a'U) (;l1l-Jrlt1nlrvl~il 

c. lh:::LJl'VIL~!lLYi~"Vllsif : thuih.l 

d. tij~lrunl11-ifL~!lLYi~" (~t.hur,j) : 38,332.8 lii'wu 
I 

5. 	 ~~n~uLi.hJn Lnl?1"1n~'Jul1?1"11~~nlrc.J~(;1 LL~~iJ ~ 'J 'U "1It1~ n 1 rn ~'U Ltl 'VII U'a~ Ln 1?1 (;l ~ n~ 'U LU tI n 

tfhJ1rutJU~~L'VhLr tlr~l-J1rutJ'U~~ 250 ~U 

~1'aLiJ • iJ BOILER "1I'Ul1?1 20 ~'U 2 ~'J 

• '.i'~tI::;L'J~nl'UnlrYil,n'U 24 "jUJ. 330 t)'u.!tI 

1. Disinfection 2. Fermentation 

3. Dis~tillation 4. Dehydration 
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4.1.2 ih~'H)~1-!)~~nrl1.JliltJnlJl11f111~MfflJU~ 

lifn-!)~'W 1~Vflnfllf111lJ L~ 1.,1 111 1~' 1.,1 fll1 fl~ 

CL.­

~)J1.Jj;I 

d 
fl'J1l-J'"1lU 

(% Moisture) 

IV ",j L T IV
'i'il!l~~en'il.:J'fl.:JFt ~n'il1.J 6I!lU1'V1Un 

8.68 

~1J'J'~L~tI 

(% Volatile matter) 

67.76 

'" Len 

(% Ash content) 

15.75 

fl1fU'tIUfl,II;1'J 

(Fixed Carbon) 

7.81 

'" fl'J1l-JJ''tIU 

(Heating Value) 

15,486 (KJ/Kg) 

"" '" ftl1 ~ I'ill nH" fll1 1Lfl1 1~11 ffllJl'H)ff~ lJ ~ 11 

4.2.1 U1(;]'J1)th,!(;l~n'tlULthJn (wet~~ flV ULU tJn1l1 flV 
q 
~ff111 n'J 1 lJ m'VI1'WV" ffllJ1'J (l 

~ I 

cake) ~ 1 un: J'~U J'U LU U LL 'Vi'! ~ 'J tI Lfl1't1'! €~il1lJl1~'Wl~m~i)-!)1~ l'WV-!)1l1n91~nV'W1UtJn;)v 'IJ 

" 
n1 nlJ' 1.,1 (;y,11 ~11 ~~ ,)~ 1~ 1.,1 'U V-!) 1fftJ~llJ1" ~ 1n~ hlt~J'~ fl~1 Lr9 J'U ~~(;l LU'WL~'tIl~~'!llvi'! 

'IJ 



116 

i~d,)t.l1m~"lJ'\..n~~~fl-ln,)~-lijL~\uhf!!t.lun~,)-l 

th:;~nru 4 'UJ. fl')')~U')')tl'j':;~nru 10-20'1!~. 

I 

U,)l'I:;nflt.lLlju nti' (;\ LLvl-l~').r-l~')~,rn L~fl~,)l.H~')ru 

J')~,rn~m;/;;:;1-l"lJfl-ll'l:;nfl\.lLnUn (l'I:;nflt.lLnuni~LLvl-l 

14 nfl'W ~~')~,rmJ'j':;~')ru 1 nL~nf~) 



I 
q I ~ ~ ~I 

~Tn-3Y1 8 U~~~fll1lfl<,il~l1U1J1JlJ<,i~lJ1WU~~ 

r11fl11lJ ~fl 'U 6ij fl ~~~ flfltJ iu tlflfl~ u 'Vi ~ 

~ II'~ 

~Ifl !I~~1I1fl.!2 'eHi fl'&If2J'l..I~ 
II 

,j~nlfl'l..lb~!I'Ll1'VI,rn 
.I 

11.61 


(% Moisture) 


rl'l1l-J"J1'W 

68.82 

(% Volatile matter) 

~1dd~LVltJ 

i. ­

16.59 

(% Ash content) 

rl1fU'El'Wrl'l~'l (Fix 

LrI1 

2.97 

Carbon) 

i.­

rl'l1J.Jd'El'W 15,512 KJ/Kg 

(Heating Value) 

~1dtJd~n'Elui~ L~'Elf 0.0876 

1~'El'Eln16jjC'l 
I 

, 
v """ I

~'l[;l1d1'l'Vl 9 ~U'l1 

• 	 fii'1fiJ'J1:lJ(U (% Moisture) 11.61 rl'l1J.J~'W 
VI J.J 1 tJ n 'I tJ1' J.J 1 ru J1 ~ i:J 'El tJ L U 'W ~ 'I ~ t?i' 'El 'I 

'IJ 

" ~1i1'ln'l1'Wn1du1l-]1 LU'WL~'El L~~'l {hiJ 

" 	 I 

rl'l1l-J~'WLn'W1'EltJ~~ 50 n1lJLVlJ.J1~Vl~~ 
o 

'W1J.J1 

• 	 ~1 'i'i::' 'U £J (% Volatile matter) 68.82 
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, ", 
Vl1lJ iJ'El 1 n1 PI ~'lU'W~'ll-J'l~VliJ rh~1dd~LVltJ~'l 

LL~VI'l~1~ Vl1~1~~1tJ 
" • 	 "11 (% Ash content) 16.59 iJrh~'l ~U11~'El 

"l .J 1 ~ '111 """ "l"l """~ III'(i'l'WVI Len Vll-] Ll..J '" "1l'll-J')~'(i'l'W LVI'1J~~l..J"1.I Lfl1 

" lh~l-J1ru1'EltJ~~ 1-3 Vl1niJ~ Ltl1tJd~l-J1ru1'f)tJ 

~~ 10-20 ~~iJl1'1JVl1n1JL&n1V1~LL~~ri14'", 

~'El~l-Jrl'ld ~,:nr'Wn1d'El'Eln LLUU,x'El'l Lt:.J11V1~ 
" II """ "'" """ II

~~(?l'El'l~~1dru1 Cl'ln1dd'lUd'll-J"1.I Ltl1'El'El n"1n 

,x'El'l Lt:J11VI~'EltJ1'liJtJd~~'Vlfi1l1~ 
11'..... 	 """ , 

• 	 Fl1'i'U'i1'UFI-3111'J (Fix Carbon %) 2.97 l-Jrl1 
, 

o 
(?l1 

LU 'Wn 1 dU'lU'El n n 'I ~1 rl') 1 J.J 1'ElULL~'l rl1 fu'El 'W 

rl'l vi',)~'lU'El n 1,x'Vl 11U n'l d:l'W"1.I'El'l LL ~'l~ LU 'W 

• 	 Higher heating value, (KJ/Kg) -; 5 5 12 1,x 

~ 1 rl'l1 l-J1'El'WtJ 1'Wn ~1'l ~ 1l-J1 dClU1J.J1 LU'W 

L~'ElL~~'l1~ 

"1.I'El'lci1'W'fl"'LLvl'l1~Ln'W 0.2% 9'l1~~'lt:J~nd~'VlU 

l?l'El ~'l LL'l "'~'ElJ.J 

!II 

LL'vl'l LU'W~~'El L~~'l 

4.2.3.1 LmtJULVltJumJ.J1run1d1if~~'l'l1'W 

d:~VI~1'l th'W~'WLL~~(?l ~n'El'WLtltJ n 
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I .----- ------~-·l--·· -. g,"'-T- ~~~--T--=--· - -i ---l~--T·--- ·--:-T--~~~~ 

AProximate analysis ! LLn~'U i~1~sn1,;} ! g, ( l'U'iI'ilti : !'l!.ltJ1~)J i I tI 

i I ! 'iI'iI!.I ! : tl1~"'1Tl ! ! lJ1~tI 
__________ , __ 0 , ____ ~. _i_ _ _____,__.~.------- . _,.__ ._.__.____~__ .______ ..___.__..._. ___ .~ 

I J : i 
MOisture, % 12.00 : 10.00 : 50.73 i 9.20 45.00 i 38.50 , 12.00 

I 
- - - ., . ..-. - ~ - - . 

Ash, % i 12.65 ; 10.39 ! 1.43 6.10 1.59 i 4.42 3.50 
.--._--- --_._- ._- ------ -- ..--. -- .- _._-_.- .-_._- -- -.~~ 

I !
Volatile Matter, % i 56.46 ' 60.70 41.98 67.80 i 45.70 42.68 68.20 

. - .-- . _. --- ".•• --V" 

Fixed Carbon, % . 18.88 ' 18.90 5.86 16.90 7.71 14.39 16.30 

Higher heating 14.755 13,650 9,243 16.794 10.365 13.12? 18 ,2C,? 

value, (KJ /Kg) 

Proximate analysis 'YI~~1!.1 ~1CPiU 'VI1~ ~~ ~1&iU bVlt1irU btJ~'ilnl~ 

tJ1~tI . tJ1~tI tJ1~tI ,r1,;}b"'~ i1,;}b~~ i1tJ~VI~~ !.Ifl1'"1 
<U 

Moisture, % 58.60 48.40 78.40 40.00 41.70 59.40 60.00 

Ash, % 2.03 1.20 0.70 0.90 3.70 1.50 2.44 

Volatile Matter, % 30.46 ' 38.70 16.30 45.42 46.46 31.CO 28.00 

Fixed Carbon, % 8.90 11 .70 4.60 13.68 8.14 8.10 9.56 

Higher heatin g 9. 196 9.370 3,908 11.298 11.7"04 7.451 6. 811 

value. (KJ /Kg ) 
__._____.___ ._. ____. ___ .. ._J 

." 
'VI~' : http://www.efe.or.th 

~1'a1~v110 eif'ila.!~vf'J1tJ"1I'il~ L~'ilL~~~ 

5,500 Kcal/Kg 3,705.10 Kcal/Kg 

116.16 lffw1'u 172 ~Wr)U 

3. 'alA1 3.25 U1V1/nn. 

http:http://www.efe.or.th
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BOILER 20 Ton/hr 

OPERATE 24 Hr/day 

330 Day/year 

Pressure 8 bar 

Steam Product 158,400 Ton/year 

Heat content of steam 660 Kcal/kg 

Feed water inlet temp. 130 °c 

Efficiency of coal-fired boiler 0.72 

Energy Require 105,415,200,000 Kcal/year 

Energy Require 105,415,200,00 

o 

Kcal/year Energy Require 105,415,200,000 Kcal/year 

GCV of coal 5,500 Kcal/kg GCV of 

compressed 

wet cake 

3,705 Kcal/kg 

Mass of Coal 

require 

19,166,400 Kg/year Mass of 

compressed 

wet cake 

28,452,146 Kg/year 

Or 19,166 Ton/year Or 23,4S2 Ton/year 

Quantity 2 Unit Quantity 2 Unit 

Total Mass of 

Coal 

38,332 Ton/year Total Mass of 

Coal 

59,604 Ton/year 

Or 116 Ton/day Or 172 Ton/day 

, .~ 

~l'll,r" 13 fll'if11'tJ1W fll'i~~~\llfl~fl'H)~Uvi\l"~flfl'tHiltJn 

4172,000 nn.l-lu 172,000/300 - 24 I.fI"l'El.:l 

I 
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//~ = ·1 UNIT .1.1 ..... ~ n'd ·lJn~g lA~'d"'il~fl 2 ~~ U~~ lA~'il"~~:)J ., rl'l 
/' ."" 

L/ '~ ...A"ll.J ..... ~ l:iI1~130 :>s:_ 3.000lJTn:n"l ... -1l:lln ..... = 1.440.000 l,nn 

- - - - - - - - - - - _1- _ - - -- ------. 

~\ ~' 

> 
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" . 

lrltJii1'U 1W Vl'J1lJ()~11~lJ1W l1~fltJ'Ulil tJfl 

~1~1 'W fl'J ~1J1'W fl1'J ~it l1fl11lJ ~tJ'U 1~tJl'l~U 'Vl'U 

fll'J 1 ~ri1'U ~'U ~~ tJ tJ f11l 11 lJ ~~ fl 'J ~ lJ 1'U fl1'J Hit 11 

l1~fltJ'Ulil tJflfllltl'Vl~ l~tJ~llJ1'J t1~it 11 1M'lVi tJ~~tJ 

tllJl1~lJ1W14tJlViit~~fi'tJ~'VIllll'VI'Ul,j'11tJ ~~ 
Q ~I 'j) ~ 

fl'J~lJ1'Ufl1'J~"111J'J~fltJlJ1l1tJ lfl'JtJ~HfflJ 

l1~fltJ'UliltJfl 1 ~1 ~tJlfl~tl~ flllllvl~ 2 ~1 

2. Variable Cost 

fl1'J~itll 300 fHl./'l1lJ.) 11ltJ1~~'WVl'\J'U11l 18 x 10 

tlJl1'J ~~u~1l~1'UnJ~ 6 
'II 

~ ~ v ~ 

4.2.3.2 1Afl11~l1N{;l~8'UU't1'U't11-3~1'Ufll"H-3'U 

fll"l t1 fllJ 1 fll "lUl fl~ fl8 'Ulih.l fl (WET 

CAKE) 

1. !l1f11r"1l't.nc;) 1 0 x 18 Ll-J(;]r 8,000 U1Yl/(;]1r1-3Ll-J(;]r 1,440,000 U1Yl 
I 

2. Lfl1!l-3~~l-J (MIXER) 
I 

ell 

82,000 u1YllLflr!l-3 82,000 x 12 = 984,000 U1Yl 
, 

ell 

145,000 u1V1/Lflr!l-3 145,000 x 24 = 3,480,000 U1V1 

4. L(;]1!lU (8 !?lW12 GJl~.) 200,000 U1V1 10 x 200,000 = 2,000,000 U1V1 
v , 

5. r~uu1YH~1 LL~~~C;)!?l-3 Lfl1!l-3~nr 15,000 U1Yl/~C;) 

, , 

Lfl1!l-3~~l-J 1 Lfl1!l-3) 

15,000 x 12 = 180,000 U1V1 

o col "'" 

6. r~UU~1rJYi1'W~1l~rJ-3 LLUUl-J 

l-J!l L(;]!lr"1l'W1C;) 5 !?l'W 

550,000 U1V1/~C;) 550,000 x 2 = 1,100,000 U1Yl 

9,184,000 tlTVl 

~'U/1'U 

'Ull'l/flfl. 

'Ull'l/1'U 

o Q.I d., 

~l'Ud'WTUl'll'll~l'U 1'W/lJ 

'Ull'l/iJ 

12,040 

. " 

.. ; 
- . ­

I 

172 

0.07 

330 
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~ 
1Jl't1/lflHl-:J 11,350 

<!I

'VfUfNl'Utl~trVl-:J 24 fI'U 1Jl'VI/t~'e)'U 6,000 

fl~ln'Ut~'U 1Jll'l/i) IIIIII 

n1Clfli'lJIi) 38,332,800 
1----------4 

'llfllOll!11'U 1Jl'VI/n1Clfli'lJ 3.25 

1J1'VIIi) 124,581,600 

U '~~"il''l fll CU'illU 
'l 

'~V' ~ v' ..,.fll CU'illUf)1'l CUfJ1U'HU '~v' 1v 11fll CU'illUfll'l 11f1~fl6Ul UO 

, 1 v' '11fll 11 'illUfitl 38,332,800 x 3.25 

=124,581,600 lJ1niiJ 

(172 x 1,000 x 0.07 x 330) 

+(24x6,000xI2)+( 11,350 x 24) 

= 5.973,600 'J.JlnltJ 

il'lU : 1l1fl1l1'jl.:JltJ~tJUllltJUfhl~~lmr1'Ul~ 

i~lllt,dn' lfl~fl1'jU1f1:;flflU (11 tJfl~~Uyj.:J1~1~'U 
SI 

l1ffll~~.:J'VI~ll'YI'W(iluM'W ff1lJ1'jt:l1l'j:;l1iT~ 
SI 

rll1~~ltJl'Uff1Ul';~lV.~.:J i tJiffiJ(;l:; 

124,581,600 - 5,973,600 = 1/8.5.J5.{)()() v1n/fJ 

'jI 0 'jI 1
UlJll:;'Ulf1'W'VI'W6ijfl~ fI'j~fl1'j (Fixed

q 

'jI 0 'jI d Q,J d 'jI

Cost) l6ijllJlf11'U1W~1tJ fltJ~lJfl11lJfllJll'W6ijfl~ 

1fI'j ~ fll'j l~fl~1l1flll::flfl'Ulil tJfll~'W6ijfl~li1tJ~ln~ 

'ill flfll'j ~ilf1 lm::ln~Lllu tl~ lJ1WlJl flllfll'U fll'j 

U1f1:: flfl U 'U tJ fllJl1 ~'W 14'fHV. il~ 'VI~ U'VI 'W14fll'Vt ii~ 
..., 9! .d 1 ..., I 

l1't1fl 1UUUU1'V11~l1'W~ l.!fll'j'il~fll'jfltJl~fI'jlJ 

~:; fl fllJ 111 tJ fl 'ill fl fl1 'j ~ ~ f1 ttl 'VI 1 

Ufl't1 ~ fl11lJll1lJ1::fflJ 1 1,,1 fll'jU llJl!~ 'W14fllV.il~ 

SI 

fl11lJ 1fl 'W 1'U 1 Ufl~ ~ 'W 6ij fl~ f1:; flfll.! 1i1 tJ fl ~ u-:il 

1l1'fllfl11lJ~fl'Ull.!'j:;~Utll'UflCll~ 15,486 

KJ/Kg 1l1flJl.!~~UllJl~~~1il'U;f1lJ1~ij~uvi~ 

SI 

tJ'j:;lJ1Wlm::fllf111lJ~fl'UUflfli'~ 'ViU11 ;1lJ1~ 
.. 

..., I d I ~ 

'f)~U'VI~lJfllfJ1UJ'JIU 11.61 % 

V J ~ 

68.82% 6tH 16.59% fJ1"i'UtJUfJ-3f112.97% 

http:fJ1"i'UtJUfJ-3f112.97
http:W14fllV.il
http:1/8.5.J5
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<::i • <::i • ,J<V 

0.08% 'If1lJ~e:l~UVl.:.1lJfl1f111lJ'je:lU 

L,j~tJtJLL11~.:.11~n.ue:ltJ Li1e:l.:.1111nn1'jD~uvi.:.1111tJ 

n 1 'j 11 i'U 11 'j.:.1 ff f11 'Vi 'U e:l.:.1 \9l ~ n e:l U L11 tJ fl , ,rij
q 

" ~ <::ie:l .:.1 f111 'j ~ n e:l U 'Vl .:.1 'Vl1.:.11 f1lJ LL ~ ~ fl1 tJ f11 'Vi 
, !lI 

1l ij 1 Lff lJ e:l L11 'U ~ ~ , l1' ~ 1 f111lJ ! e:l tJ ff.:.1-\j U 
'II 

~nlH.u~~11U'Ue:l.:.1~1lJ1~D~U vi.:.1ff1lJ1'jt:l~~ 

i vJ 1 ~ ~ 1 tJ L d e:l .:.1111 fl ij ~ 1 ff 1 'j 'j ~ 1'K tJ ff .:.1 
'II 

!lI 

~1lJ1~D1IUvi.:.1ijUe:l{J ,,rijU~lJ1W~Lti'1 

,J lIJ,J' <::i_I "'" "'" 
1I1fl'Ke:l.:Jl~lll1lJe:ltl1.:JlJlJ'j~ff'Vl1ifl1'Vi 

U~1IU~e:ltJc1f~LvJe:l1,UU~ lJ 1W ~ llJ1 fllrie:llVi tJU 

nUlJ1\9l'j~lU 01Ue)'1IU vi.:.1~.:.11lJci.:J~~ f)'j~Vl1J 

~ ~ ~ ~ ~ 

l1WlU1'Vi~.:J.:J1'U 'Vl1lU VlU U~ ~fl'4 'j fl'hl'Vi ~.:J.:J1U, 

f)'jlJ. fl'j~'Vl'j1.:J'Vi~.:J.:J1'U. 2551.'U ltJ1J1{J 
!lI 

<V ,J Ci "'" 
'Vi ~.:J.:J 1U 'Vl il U'VI U 11 1U L'Iffl L'Vi ~.:J 1e:l 'VI 1 

Ufl~. [e:lflUl~U]. Ul1~~~lJ1: http:// 

www.dede.go.th. [23/312552]. 

<V <V <V ~ <V 

'ViVll U1'Vi ~\l\llU Vl1IU VI'tHl~~fl'4 'j n'hl'Vi~~.:.11tJ, 

f)'jlJ. fl'j~'Vl'j1.:Jl1~.:J.:.11U. 2549. 'j1t1.:J1U 

<V ~ 

'il'JUfflJU'jW 

"'" Gt,J_1 '1 ~~ 
fl1'j~~\9lmVl1Ue:l~lJ11'lflJ'j~ ltJ'lftJl'Vie:l 

l~lJlJ{;lfh. [fle:l'Ul{;lU]. U'K~.:.1~lJ1: ... 

http://www.dede.go.th. [23/3/2552]. 

<V <V <V~<V 

'Vi Vll 'U 1'Vi {;l.:.1.:.11tJ VI 11 U'Vl'U U{;l ~e:l '4 'j fllJ 'Vi i;1 ~~1U, 

fl'jlJ. n'j~'Vl'j1~l1~~~1'U. 2552.n1'j 

l11tJ\9l'j .:J~e:l~~U111ti'e:llJ U{;l~lrlflU llJ1flTU1W 

'Vl 1.:.1 1f1 'j 'hl! f11 ff \9l l' tJ U ~ ~ ~ 11 'j ~ 'K V11 'U e:l.:J 
!lI 

Ci "" _ l<::i <::i • 9 ,J' .,. 
llj1tH'Vi~.:.1 llJ'jtJ1I1VltJ1J'j~1111.:.1f)1'j l'Iftl1Ul1U 

U{;l~ ~1lJ1{;le)'1IUyj.:.1 l11rh ff1lJ1'jt:l11'j~l1V1l 
!lI 

~ l' ~~ 1 {J l'U ri 1 U 1~e:l1l1 il.:.11 U' ~f!l.:J1I ~ ~ 

lb ~ lJltu 118,545,000'Ul'niiJ lrie:ll Vi tJ1I n U 

~U'Vl'U'Ue:l.:J lf1'j~n1'j (Fixed Cost) 'j~{J~tJ11~
q . 

ij lJ (;l ~ 111 'j ~ lJ 1 W 9,184,000 111 'Vl 
'II 

\9l~f)e:lU t'iJ tJ f)~ \lij f111lJll1lJ l~fflJe:l V1.:J lJ 1f) i U 

f)1'jU1lJll~U14m'Viil~'K~m~fl~il\9lfl11lJ!e:lU 
iUf)'j~1I1t.! f)1'j~1.:J'l'Ue:l.:.11 'j.:J.:Jl'U lde:l.:JlIlf) 

1~Ul4e:ll'Viil.:J~ llJ~e:l~,r~4e:l U(;)~V.:JL~U f)l'j 
!lI 

,r~ f)1'j 'U e:l.:J Lff tli l1' ln~ 11 'j ~ lt1'HU Bf)11.:J V.:J ij 

f111lJ f1lJ 'Vl 'U 'Vll.:J lf1'j lJ;Jf11ff\9l11~U e:l Vl.:J lJ 1 n 
q q ... 

-d.:.1 Lff~lJ f)1 'j ~il\9l f)1'j 1~le:l Vl1U fl~ 'Ue:l\l 

th~1V1f11'VltJ. [e:le:l'Ul~u]. U'K~~~lJl: 

http://www.dede.go.th. [23/312552]. 

C1I C1I C1I " C1I

'ViWl 'U 111 {;l.:.1~1'U VI~UVI'U LL{;l~e:l'4 'j f)l:J l1 "~.:JltJ, 

f)'jlJ. f)'j~'Vl'j1.:.1'Vi~.:.1.:.11U. 2551. 1 'j .:J~lU 

http://www.dede.go.th. [23/3/2552]. 

<::i <::i • 
VI 1 .:.1 1 fI lJ 'll e:l .:.1 'H 1 lJ 1 {;l 11 \9l {;l ~ 

'lnJ~.[~fl'U"H1]. U'Kci.:J~lJ1: http:// 

www.efe.or.th. [4/5/2552]. 

http:www.efe.or.th
http:http://www.dede.go.th
http:http://www.dede.go.th
http:f)1'j~1.:J'l'Ue:l.:.11
http:http://www.dede.go.th
http:www.dede.go.th
http:Vl1.:.11
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~lJ'Vf:i f1~ l"lJ~. lelfH1'111'1flflTHfl'Vll1HHHl1fl 

11'UfflU~Yi~~. ['Vfl'U 1~1J]. LLl1r;l~~lJl: 

htq?://210.246.186.28/fieldcrops/cas/et 

hlindex.HTM. [14/5/2552]. 
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PRODUCTION OF LIQUID FUEL DERIVED FROM PYROLYSIS 
OF INNER TUBES FOR MOTORCYCLE AND BICYCLE 

~lU1,){J.nijl~ tp_h ~ (1' ~fft~'f) ~f)f! 1f1d1lH~U'11' fil 1..1 f)1';i '111 {J H 11..1 ';i fl,)f)';i (J1U{JU~HCl~ tll,:j 11..1 

) fl,) f)';i tl1U ~ 1~'l 'l1H~1 ~,:jiJ t'J ~r111) ~ f)v'Ul1 ~nlth.w l.:j'fj'j) lJ'lf1~UCl ~(J1,:jihl1" ~ llHh~UlJ1H11) ~ 111lJU 

J1l1U1~vL'Vi i1 ~'VI ~H 'VIU hW~lU f)';i ~ 'U lU f)1';i' 'Vi 1)" l,,~bY ~ 1f) f)1) 'VI~ Cl e:J~'Vi 'Ull ~ ~~nru cvl~LlJu 'tJ e:J,:j!'Yj Cl 1 

11~ vJ1l1'Ut~e:Jt'Vii1~~ ~l~~1f)f)1';i ~1'Vi 1';i'Cl~(1'{J1~ lu 'j fl ,)f)d m'U{Ju~uCl~ (J1~ ''U'j mlf)) m'UihB lJ1ru bY ~bY~Hrlv 
'II • 

1. fl1u.uilulJ leutHifty111 

'l1 ~ ~u'U 1 ';i ~ ~1'U ~i1 ~ (JHcfv'l fl ~_h ~ 1il 'VI 

~1~ "l lW'lh~t'VIf11 'VIlJtl e:J lHLfi~ '\J{J~{J1~11~lJ1 ru 

lJ1f)1'UH~Cl~il h'lf'U 1'l~~1'W~i1~lJ1,:j1u 

,)f)';i (J1'U lJ'U~HCl~')n';i lJ1'UtL M~11~ ,:jijtJ~lJ 1ru lJ1.:J 

tfflJ';idlJ~,:j 44.8 i'U~e:Jill1~'f)ft~L1J'W mlJ1rulJ1.:J 

11~ lJ 1 ru lJ 1.:J 1*(J ';i d lJ ..t111 ';i ~ l'V1 f1 'f) 1" ij tl~ lJ 1 ru 

lJ 1 f) f)11 ~ e:J viu ~ e:J TI lfff! V1.:Jll1 ci 1rll1J 'Uil1'l ~ ~ €l 

1'l.:J,:j 1U.J.:J 1 1..1 H~'\j€l ,:j~'W l'J'UH Cl~~11~~ lv1 'U f)1'l 

o QI ~ Q,I I, 9J QI 

f) 1" ~ 'VI,:j {J.:J (1',:j ~ Clll 'f) {1' il1'Vi L1 1 ~ Cl 'f) 1111 Cl ~ {1'.:J f1lJ 

1~lJ'ld]J6f)~dlJ fl.:Jti\.nl1 f){1'llJ 1'l 0'l11lJ1-:1lV1 ci1~lJ1 

9 ~l ~... -I 1 a'd _Of ~ 
b'lf l1lf)~lJ'l~ V'lf'Uf)"~bYllJlJOCl~Uty111~1'U 

~,:jLn~,r€llJ hi' 'U 'f)f)"1f)~5,:jn'llJl'H1Cl~~U'VJU '1..1 

f)1)~11iJU,:jlU'tJe:J,:j'U~,r'VI~1.:J "l 1fi "1f)f)1'lf1f)f!1 

1 fllfll'l$11f1liI'Y1rl'Ufl flW::l'Y1t11fflft~{ ~vnCl.:JmW1n111'Y1t1T~tI t1l'pJi''U n!.:JI'YIl1 10330 

2 t!!'Utffl11lJl~·Uli1ffllli.:J'l$1~~1'Uill~·HiltllJ i11~'Hflli IICl::1ftfl~'U~P ~VflCl.:JmW1n111'Y1Vlcrtl 11l'JlJ1'U np!'YI'Vt 10330 

3 fttllU'U1UVl1rl'.:J.:Jl'U ~VflCl.:JmWlJlnl'Y1Vlrl'(I 11l'JlJ1'U npL'Yl'n 10330 



~l'Wl~{J~~l'wlJTYnJiliJfll'ltl1{J1~':i('lu~~1~H"'1 

1 tI ~1~ n':i:: lJ l'U n 1':i 1 'Vi 1':i 1 ,,91~L.y;tI ~ft ~L~~ 
~ ~ 4~QJ~.q CIt' 
L'l$tlL'Yi"~lVl"l Vl'H)'WllJ'Wl')1t1L'Vi"~')1~"~l~ '1 [2] 

l'If'U Jllj'Uun lC}1~'U ,11,j~fllll ~L91" ,11,j~l~1 

U,,~,11,j'UL~1V1't!n ~~ LLfl~U,,~J1,j~ ~ '1~1I1fl 

I fl':i~lJl'U fll':i h'ih i.,,91~ijfil'Vi~~~1~fll1lJ~ tI'W 

'lh~lJ1W 30,000 - 35,000 fn"~"/fil"fli'lJ [3] 

~ 0 '1 _I' ~ ~I .1 "" ~ 
1I-!J~llJn('l'Wl tu l'l$llJ~l'l$tlLVi"~'VlllLL'Vl~ t~ 

1 ':i ~ ~ 1~ ~ ~~ 1VI fl 'j ':i lJ '1 ~1 "{J ~ 'j -:J 1'If~U1 i. til~ 
~.., .9dj.l "" ~,~

'VlllLL'Vl'W'W llJ'WLlIl91 ~LlI~l')1tJL~" ~ -Uti ~VllJ tI tllJ1 

'VlllLL'Vl 'W J 111'~ L'lJ 'W 91 ~ LL" ~ ~ 191" 1'W 'j (I tI 'W ~­

• 

I ':i t:l,)n':i tIl'U (J'W ~ 11~ €) tI 111 'U 1 (H tI'W 1~Hl ~lJ h1'n'lJ 

1 'j ~ fli'WJl,j'WlY7 f)~ ft ~ltl'W,1111'14 fl ruil1Vi ~\I~14 
'1fl' fl1':i'Vl'lJ'VlTU ,:n'Ul,){J~l~{Jl~tI\I [4-8] Vi'lJi10\l 

tlJ ij n 1 'j ~ n 1:J 1 fl1 J r-l ft ~ J 111''W 11 1 fl U 1 \I '1 'W 

':i t:l ,)fl 'j {J 1'W U'W ~H" ~ {J 1 \I '1 'W 'j t:l ,)fl 'j til 'W ~ \ll1J 'W 

f)~r1t1':i ~ flf)'lJ~ -ff1AtlJU ,,~11'mfi~1J tlJH lJ tI {J~1 '1 'W 

~1\.JlItI'W fllJ ~ft ~ l'll 111'i1 ~'W \l1'W l~ (H tI'W ~ 1'W 1'W 

lJlfl ~~J14fll':i UU'l ~UU1\1 '1 'W~ 1~1~lJ1~'j! 1'W 

L~ml1lJ1 i ,*L1J'W'YHl\l\ll'W'Vl~U 'Vl'W 111'n'lJ 1':) \I\l1'W ~\I 

lJfll1lJU1C'i1-!1\llllUtlV1\1lJ10 

\1114 l,rurl~\liJu 'Wlft ~ '1 U 01'.iU1U1\11U 

.., 0'.., ",,:~.1 "" 
':it:l 11 fl'.i U1'W t1'WlIU"~ 11 n':i U1'W~" ~L lJUL 'lftl LVi" \I 

~ I d Y fj/ Q.I 

lVilJ'l;d" fl1'UtI\I-U tI~L'" ml"~" flll'W 'VJ'W flTWVi" \I \lTW 

,,rnlJ 1 ':i\l~lU '1~ '.illJvf\l5\1iJ~lU i'Wfll'.i"fl 

VI 

2.1 m'l11fl''n:::'thn~11~lU6\1~U''6\1tJ1\1h~ 

1'*01'.i l1fl'.i l~MU lJlJ1.h ~lJlru (Proximate 

d 31I 

analysis, ASTM D3173-3175) LVitlVl1fll'.itltl"~ 

A 31 _~ 0' 

-Utl~fll1lJ'lfU ~1'.i':i ~m {J un U"~lJ':ilJ1ru fl1'.i1JtI'W 

U " ~ 1Lfl ':i 1 ~ M~ ru VI tJ iJ fl 1 '.i ~" 1 tI ~1 {J 1 \I' 'W 

Thennogravimetric/differential thennal analyzer 

(TGA) (Perkin Elmer i~ Diamond TGIDTA) 

2.1 Ol'l'n1'l'il~£J 
\llul~u~1~U1\1lw 2 ')111" '1~Hn Ul\11u 

'.it:l,rf)':itllUUu~VliJU1\11i':i'jlJ'l$1~ (NR: natural 

rubber) LlIU tI \I flU '.i ~ fl tI 'lJM crf1lL" ~ {J 1\1 1 U 

'Jt:l,)fl'J U1'W~\liJ{J1\IUTn" (llR: butyl rubber) l1J'W 

U .:Jr1tb ~ fl eJ'lJl1 ~0 1fl~ €) \lu5 fl'J uflVi b '1"9i,,,~ '1 i' 

'1'W'Vl~"tI\lU"'~\li\l~tJ~ 1 1flUll1t11\11u-u'Wlfl Ix] 

C}flJ.~ J1M'Ufl40 o1'lJ 'lJ)'J~l14lfl~tI\ltJ~f)'jurU'lJ'lJ 
. . 

l'lJ~'W\l (Fixed bed reactor) -Yivl1111f)U"'~Ul"'" 316 

~'if .t 
('tJ'W1flL~U~1'Wi!1'WUfl(ll\1illU'Wf.)f) 1.80 'tn fll1lJ 

~ v v 

'HU1 0.035 'Wl lW~fl11lJ{Jld 32 'Wl) 1I1flUUU1 

lfl~ tI\ltJijf)) ruttJ 111'fll llJ~tlU lul~lm1U'lJ'lJvltl~ 

ij~llJ1'j t:l fll'iJ fllJ €) ru 'H iliJiU f)1'J i.l1ll1,,9i~ 1I1lJ 
4 4 'U 

~~ ~ I d 

tlWVlillJ'Vl~tI\lfll':i'j~Ml1\1 400-600 tI\lfllL91(llCJW~
• <U 

ill{J '1~U'.i'.i{J1f)lfl'UtI\I i. ~ lj\) ~1IU U,,~nf)l'j fl11JrJlJ 

ilPl) 1f)1'J 1M" -U tI \11 U 1~'.i11IU ~ 0.05-0.1 iJ" ftft~'.i 

~ tI'W 1-Yi 1 ~U~ ftlPl nru CVl1 tI~ lnfl ~'W \l f)fl l'lJH11 U ~ 
'VlH tI tI f) -U tI \ll fl~ 6 \I'll ij f)'.i of~ \ll1- Vf)~l'W~ ill1J'W 

J1,j'tH1J1 (Light oil) ffl'l1i'1J,11!TUMU f) (Heavy 

oil) U,,~riTW'l$lf (Char) 1I~fl~tI~l'Wlfl~f.)\llIilf)'.iW 

~\lJ1,jU'HUfl 1I~t:l nUUf)tI f.) f) 1 flVf)l'.i f)1'.i~n"~lU
'\I 

L~lI'.i~ i.~1fl'jyhL'.i'W'vll hrl~~illPlnrucyfL~UJ1,j'W
'\I 

• 


http:1I~fl~tI~l'Wlfl~f.)\llIilf)'.iW


2.3 fll"l1tfl"jl~l1tl'nj'~h'6,,'1~ilfl.flwCfl,:...t1"j,,,~tl 

J1l1''U l tI 1 11 lJ ~ J111'U 11 tT f1 ~ 1;;11 11 tJ 

ltfl'il~l'f~lfll1lJ~-eJ'U (Gross caloritic value, 

ASTM 020 15) illlJlruim)~-eJ{ (ASTM D 3172 

<=> '" 0''jI
Method B) UlJ ~ f11'i H~ f1 11 ~ '1 ~ lJ ~ il ru 'Yl WHJ 

Simulated distillation gas chromatograph 

.c.:I cJ' del 
(Varian i'U CP-3800) ~H'VIflt~-eJ'iHtIti FlO 'VllJ 

Capillary column CP-SIL 5CB ~llJi~f1l':i 

ASTM 28870 

il~)'n~l'fH tltItJ'i ~ lJ! ru (Pmximate analysis, 

91 '" 0' I 

ASTM 03173-3175) In -eJlJJlfl ~ 1~11 fllfll1lJ 

~ -eJ'U (Gross calorific value, ASTM D20 15) UlJ~ 

mlJlru~myJ-eJ~ (ASTM D 3172 Method B) 

~ l'i 1 ~ fl I t1 LHH C1lJ ,r~ 'U 6 H.I1 ~ 1 'U 

'itl11f1'HJl'UtJ'U~ (tJH1i11lJ'b'1~) UlJ~tJH1'U 

1 tI 11f1'HJl'U (tJl~ii'·,)'Vitl) 1l1fl fl1) 1m tJtI r~ tJtI 

'Vitl11 tJl~1'U 'itl 11f11 tJl'UtJ'U~ihBlJltuC1n1~m tJ 

l;l'~fl11tJl~1'U'itl 11fl1 tJl'U ~~1 ~tJ.J1 ltJC1111 ~tl1 tJ 

m~lrlll~ln~f11'iC1tlltJ~11'U1~ldl~f1l11'Vi 11 Ltl 

I QI a'.:t i9Jd ,9111tJl~1'U1t1~fl1tJl'UtJ'U"lJl1'U1 ~'UlJ'YI~~ 11 

~ii".ntucyf~liJ'Ul1nC111"~ 'U-eJ~m"1~1f1fln'vt 1 1 '1." 

~C1lJlflfl11tJl~1'U1t111flj tJ1U 

% 

lh::urVltIH 
% 

.l 
fl11lJ'tf'U 

%t'I'n 

'i::llHl 

% 

"Lm 

.. 
fll'iUtJ'U 

fI'lf11 

(Jl'l1'U 

.. 
'it:lllfntll'UtJu~ (tIl'l 0.17 63.91 13.67 22.25 

li"j"jlJ'I$l~) 

tIl-.lhnmln1mu 

(tlNihYlCl) 
1.34 56.24 5.57 36.85 

11r;) 11{J~iJ ~'Y1 ~'Vi lJ~ -eJ f1':i ~ tll'U f11'i 1'Vi i'i 1" 

;L1' ~-eJ -eJtu'Hilll~mlJl~L1'lJl'Wfl1'i 1'Vt i'i 1,,;L1' ~~. .. 

1~'U -eJ tu 'H illl ~ l~tJ ~tI ln~f11'i L1' lJ ltJ~l'Y1 Hfll UJ... . 
~-eJ'U ~~C11lJl'itl1111;;~lflfll'i111tJl~1'U'tJ 
"'" .. 91 d d ""'1 <;'
1!fl'i1~11~lmfl'i-eJ~ TGA 1'Vt-eJ111f-ltul1.fJlJ 'Uf11d 

L1'''VJ~l LhWrtltJl~ l'U 'itJ11f1'i {Jl'UtJ'U~'Vttl11iJ'lfl~ 

-eJtul1flll1J-eJ~f11H1"lfJ~111,j~-eJ-eJm~'U 2 'lf1~ ft-eJ. .. 


'lf1~1L'ifl~~U~-eJtul1iliitJ'i~lJ1tu 340 - 420 -eJ~fYl
. .. 
19f"1; (J L1' t iJ'U f1l'.i L1''' 1 (J ~1 'U -eJ ~ tJ 1~ 1i j j lJ 'b'l ~1'U 

. " 
tJ1lJ 1 tu 58.7% 11" ~ '111 ~ fl L1' 6 ~ ~ 'H1 ~ f-l tu 11 iJ II 

d 91tJ1~lJltu 690 - 735 -eJ~fYll9f"19ftJC111J'Uf11'i 

C1"lfJ~1'U-eJ~fll~tI-eJ'U11t1~fl1'UmlJltu 6.09% 1W~ 

all1f1JtJl~1'U 'i tI 11fl'i tJl'U 'Vi1J11ij'lfl~f-ltu l1.fJll 'U-eJ~ 

flljL1'''ltJ~lU,j,,'l-eJ-eJf1l1J'U 2 'lf1~ l'lfUn'U fi6 

'lf1~Udfl~~11~-eJtul1fliitJ1~lJltu 380 - 440 ~~fYl. .. 

19f"1;m1 liJ'UflTH1"ltJ~1'U-eJ~tJl~ihVi"1'UmlJltu 

45.24% 11"~'lf1~~L1'-eJ~i~1191f-ltul1.fJijtJ'j~lJltu 450 

- 465 -eJ.:JfYll9fm;VL1' liJ'Ufllj'tY"ltJ~1'U~NL1'ljL~lJ 



H~~hHJ1~'h.n.filJ1W 3.78% lfltltl1~~~~HH'lfWfl 
~llJ1'HHHntl~1 l,r~lU'l11~'VWl1 fliJ 400-500 

• '\I 

h.t'HI,)f)'j tl1'Utl'U~ H~Hl~11tl1~Hl ,)f)HI1'Utl'U~ 

~llJ1'j (l~Cl 1tl~1 1,r~1 tlf)11LL Cl~" i'Vi tr~ ~1'UU'V tl 

fl11 1fl tlii'ff1Ll1 fJ 111 f) el ~rf'l.J 'j ~ fl 'V'U 'U 'V~ tl1~" 'U ~ 

L~'Utl1~li'j'jlJ'b'1~~~ lfltlvt1 1 'l.J~~'ffCl1tli1 l~~ltl 

1fn -:J~~1~ ~lJi1~iifl11lJ~1'U 'VI1'U ~'V fl11lJ ~el'U 

~-:Jf)11tl1~li'jdlJ'lf1~
'U 

\ 
l-_ . 

"'-~, .. 
,~ 

J 

lfl) m 

---~ . 

1 
l 
I 
" . 

.,. 
.. 

~)) ~u m "I m m ';11 

~ii~ulrutti' lVi lj lCl~'ff~~rul1iJiJ~l~ '1 L~'U 

l,rifl11 'V ru 11 fl iJ" 'U 'l11 ~ 'U 'V ~ fl1 d 1Vi 1d 1Cl ~ 'ff. '" 
I Q Q I I JI 

d~1111~ 400-500 'V~f11l9fClL9W'ff lJ~Cl~'Vfl1)'VtlCl~ 

fl1dL'l.J~tl'U 'U'V~tl1~ "'Ud(l,)f)'jtl1'Utl'U~ (~flm'Vn~ l'U 

, .K I~ d dJi d

'ff1'U'U'V~L'U'Vtl1~L'VI1'U'U) LVitl~LClfl'U'Vtl lfltlll~lJ 

~l'ff~'fffl~'VtlCl~ 9l.8 ~'Vrul1fliJ''Ufl1'j1VildlCl~'ff
qJ III If! ~ 

450 'V~f11L9fClL9W~ 'Vd1~1 d ~~llJL~elVi ~ld W1 

'V~rl'l.J';i ~ f) el'U 'U el ~ ~ ~~ n wtti' Vi 'U11 elru 11 fliJii~ Cl. '" 
I JI I JI 1JI ....... ....J ::1 


fl el'U 'U l~lJ 1f)~'V ';i eltlCl ~~ Cl fl 'U'V~~Cl ~fl ruCV1'V1 LlJ'U 

'U el~ Ll1Cl1 (t11lJ'U l'Vi 1d lCl~'ff) LLCl ~LLn'ff 1~W'VilJ11 

~elrul1fliJ 450 el~f11L9fClL;tl'ff ttl~"M~~~.nrutti'~ 
q '\l 

~I ~ II) 1 II) "" ..J Cl JIQJ

LlJU'U1lJU ~'Vi 'j' !Cl9$~lJ1fl'VI'1fl(l\ldeltlCl~ 

c1f~HJl.:)lUdtl.ijf1'HJlUtlul9l' lu'Uru~~1JrHI~el 

~i'l~.nrutti'~LiI'U'Uel~H~':) (ci1'U'lf1f) l~lJ1f)tTf) hw 
d II) ~JI d "" d 

lJ~Cl !fldeltlCl~ 33 'VI~rul1iJlJ 450 el~f11l9$ClL9$tl~ 

L~ eJ-:J tl1fl~ru11 fJiJ~ '\ ~J'U l~{;,(llJ l)"(lYi 11Mci 1'U 'lf1f 

Lfl~f)1'j{;,(Cl1~~1 

100% .Q5 

DO" -·94 

BO'lf.t - '33 

l 7D'If.t ·trZ~ 
-91 ~BD" 

.~§ 
g 5~'If.t -9)~ 

-!JJ(3~ 4D" 
CI 

-930 3D" 
-fJ1~D" 
. '1J310'lf.t 

D" +-------~--~--~~~--~---,~ 
4Ql ~ 460 ~ 6DO *t 

'jiJ~ 2 ~1~ 'V tlCl~ fl1dL'l.J~tl'U 'U'V~ tl1~1'U';i (l ~f)';i tll'U ... 


tJ'U~ HCl~~'VtlC'~~Cl i,r'U'V~~~~nruCVll'Vi1';ilCl~'ff~ 


~rul1t.JiJ~l~ '1 (mlJ1rutl1~1'U 40 f)~lJ tl~';i1f)1';i 


111Cl l'U l~';iL~'U 0.1 iJCl~~~';i~'V'\.nVl nCl1 30 'U1-Vl) 




L'U 1~'H"'U~1\l'1 "lfl~t1~'U';her~'.i1fl1'.iLVln'UV\l 

L'W 1~'.i1"'U lj~n~elfh~elUn~fl1'.itt1~[J'U'Uel\l[J1\l 
~ "" "d 'JI 1 .:t I _I 'JI
b'U'Hl \lfl'.i[J1lW'U~!nfl'UelU ~WlJfl1lJ'j ~lJ1W 'j V tl 

.:t I "_I "" ... " 
n~ 91 l1n~lJ~n~elel\lfllJ'.i~flel'U'Uel\l~(\~.fHl.!CV1 

d 'JI I ... a c;-J'11 1'JI:l1
tnfl'WvtH'tf'Ufl'U b'U ~'jt"'Uf;Jfl'U1lJ1 'lftlJ'UHfl(\' 

i 1 Vi 11~ el U1 1 el 1 Yi 1'j 1 n ~ (\' vel fl " 1 fl! fl i el ~ 

tJ~fl'jru1~[Jl~lj~n~elfl'j~'U1'Ufl1'.ilYi1'.il(\;(\' 
~... "" '1 31.£ a ~ 'JI11J 31 

l!n~lJv\lfl'Wfll'Hfl~f)l'j!~l ~VllJGJf\l\l~'Vll ~VI ~~ 

mlJl~Jl11'Un~n\l ml1\ll1 

'l1fl~tJ~ 4 Yi'Ull'lBlJ1WJ1U'W'j1lJ'Uel~ 
U 1 \l1 'W d tl ,)fl 'HI 1'W t1 'W ~~ , ~ 'i) 1 f) fl 1 'j Ll Yi 1'j , n ~ r;,' 

~'WelVrl'UelWVI.f):lJ l~uihB:JJlw 13.55 16.82 lln~
'" . '" 

16 11 flllJ YielWVI.f)lJc:u 400 450 Un~ 500 el\lfl'l• ~ 

LGJfnl;Ur;,' ~llJrll~'U Jlu'W1Yi1'j'n~r;,'~'~ 

(\,llJl'HH!,j\lelelm~lnflU'W!'Ul (Light oil) Hn~ 

Jl11'WVlUfl (Heavy oil) ~~\I~!l1'Wil~~ruVl!JlJlu 
f)1'.ilYi1'.iLn;r;,' 500 el~fI'llGJfnl;(Jr;,' ,,~h1 

~~~.nwCY]~!'I1'UJllT'W!'U llJlf)~'l'~ tJ'j ~lJ1W~vf] 

n~ 69 'Uv~tJ1lJ1WJllTU~~VllJ~ lu'Uw~~ 

n~ 'U V~ ~~~.nwcn~!~\.nl1u\'H 'U l1fl ~!~ u\ln'W 

VI~v i~Ll~fl~l\lnlHHl1~ihrurllritlJ 

100~ 

OO~ 

SO'll 

I 10'11 

001Ji 

l 5(J~ 

-40~ 

B :!IJ'II 
2l]1Ji 

10~ 

O~ 

"31
(J'W~Hn~'jeltln~Nn ~~'Uv\lNn~.f)WCV1 ~Yi 'j bnGJfr;,''Vl 

er~'jlfll'jlV1nl'W 1~'j!"u~l\l'l (mlJlflWl\ll'W 40 

rlllJ qrul1.Q:lJ 500 el\lfl'l~9fnl;Ur;,' n,n 30 'W1Vi) 

TtitBlol:1 3.55 IJ ~I 16.11 gal 
10(P)\ 

R~ 

RffiII ~ .. 
l 11m 


81m 

c 
0 6ffi1.5 
Q 4ffi1. 

8 
~ 

31m 
2ffi1. 

1crfi 


1m 

..DO "c 

'.lt1~ 4 ~el£m~Jl11u!'Ul-Jl11'Ul1um!n~mlJ1W 
QI 

J1UU'.i1lJ'Uel\l[J1\llu'jtl,)fl'j t11'U~ i~"lflfll'j lYi b 

In;(I'~elwl1.f)iill~f)~l\lrl'U (mlJ1w[J1\llu 40. '" 

flllJ er~'jlfll'jll1C'11u 1~'.i!\I'U 0.1 lJn~i1~'j~el'U1Yi 

11nl 30 'U1Yi) 

ltJ~ 5 ur;,'~\lfh~el[J(\~fl1'jLt1~[J'U'Uel\lUl\l 

l'W'jtl ,)fl'j [J1'UHn~~el[Jn~Nn 1~'Uel\lN~~fiWCV11~ 

bln;(I'l'U'lf1\l~Wl1iJii 500-600 el\lr11LGJf(\!;[Jr;,' 

Yi'Ul1~Wl1iJii'Uel\lfl1'.i L~1 '.i In;(I''lilj~C'19lelfh 

8 - B5:lSttd 
~~ ~ .g.qg U 

- B3 

. Bl ~ 

. B1 .6 
• DB ~ 

- BB 

- BB 

- B7 
. . liB 

•B6 
0.1 0.50 
FbN,*~~n) 

IIJ 31 "" ... ~ 1 IIJ "" d 

I 
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rf.)Uel~fll'jltJ~U'W '\Jf.)\1 U1 \11 'W 'Jt:I ,)fl'j Ul'W Uel~lrlf.) 

tm UlJ L'Vh.llJfl'UU1\ll'W'j fI,)fl'j ul'Wu'W~'WlJilU1\1 

l'W'Jt:I,)fl'J ul'W~f.)\l1~~w'H .fJiJ~\1\1flill'W fll'J 111 
1 "I .., I/( ~ .., "" ..d ~1 

'J bt\9fC1 ut\~~t\ b~'\Jf.)\I~t\~flruCVI'VHlJ'W'\Jf.)\l1'Ht\d 

lf1'j l~ l1~tn~fll'jC1t\lU~TYll\lfldllJrf.)'W i~Ul fl 

flilUl\ll'W'Jt:I,) fl'j Ul'WU'W ~~t~'WU1\l1i'j'jlJ'lfl~ 

C1f.)~f1~f.)\lfltJ~ftfll'Jilf1'n~l1 TGA f.)cil\l~l'jR\PlllJ 

e111'Jlfll'J 1'Hft i'W 1~'Jl\1'W 0.1 iJft~~~'J~f.)'W1Vl nt\l 

30U1Vl) 

~tJ~ 6 UC1~\lf.)\lrltJ'J~flf.)lJ'\Jf.)\I.Jll3'u~l~ 

l1tJ";i1Vl~ru'H.fJij 550 f.)\lf)'ll9fftl~UC1 lij~l,rmlJlru 

Jll1'U'JdlJlJlfl~'l'~ tJ'j~lJlru 9.81 fli'lJ Hftdj 

f.)\lrltJ'J~flf.)tJ'\Jf.)\lJll1'Ul'Ul~\lrf.)Uft~ 69 1u '\Jru~~ 

~f.)ru'Hflij~lel\l~ 500 f.)\lf)'lt9fftl~UC11,rtJ"ilJ1W
• '\I 

Jll1''W'jdlJ~l'l'~tJ'J~lJlru 5.83 fli'lJ Uft~n.Jll1'u 
ltJllY;U\lrf.)Uft~ 29 l'YhtTu Yh1,rC11tJl~il~ 

f.)ru'HfliJ 550 f.)~f)'ltC}felttiuC1 t~Uf.)ru'Hflij~
~ cu 	 II cu 

~ c1 c!/ 'jI 	 .., I 20" 
f.)\lf)'Wl$ftlC}fUrY 'JJlJlflfl\lHH.lft~ 39-50 f.)l;) 11J 

10" 

1'HlJl~C1lJ1Ufll'Jlll'JJ1~l'Wfl'j~tJdUfln i'W h ift 
D~ 

100~ 

90" 

90" 

i 
70~ 


80~ 
c 

D 


ISO"~ 
.~ 40" 

8 ~o~ 

C1f.)\1 Ufl~t:ll'W'lfl'J'Vl b~lJ'Jf.)UfI~f1l'J'Uf.)UfI\l1Id\1\1lJ'it:l,) fl'i Ul'WUel ~ ~ f.) Uel ~ ~ el 1~ '\J f.) ~~~~tlruCVI1l1 
y 	 .l ~ .h d ~ ~d 0 

'J f.)UfI ~C1l'J 'J ~1'H UHft~f1dllJ'lf'W1Il 9f.:ull'W '\Jf.)~'Vl'Vl11'iiel~C1~~ru'H.fJiJ~h\l'1 ('lIhJlruU1\11'W 40 fli'lJ 

~C11~f.)~il\Pll~t.nlllJ'W 


,lmi 

fOX, 

fmI. 

11tm 
.-£mI, 
~ 

;,g.. &l9I. 

~ 4(JJ'j 
II 

<J 31ft 

m 
1~ 

(Jft 

~~ 5SD'C BDD"t 

5 

T.;tal Dlt SKI U01 

51JJ 'C 

a5 
Jll1''W'JdlJ'\Jf.)\lUl\l1'W'Jt:I ,)fl'j Ul'W~'~illflfll'J ll1 

'84 


92 
 1'J1ft;C1~mU'Hfliiu1lfl~l\ln'W (mlJ1WU1\ll'W 40 
• '\I 

-92 ~ 

-91 ~ fli'lJ e1~'Jlfll'j 1'Hft i'W 111'Jt\l'W 0.1 ijft~~~'j~f.)U1Vl 


-BO ~ 

nell 30 U1Yl)

-B9 B 
-99 

-91 ~l'il\l~ 2 UC1~\I""lJ,j~'\Jf.)\lcil'W'ln{~L~ 
-BB 

....5 	 rolflfn'J Lv. 1'J Lt\;""Ul~ i'W'Jt:I')fl'J Ul'WU'W~HfI~Ul\l 

lu'Jt:I,)fl'Jul'W~~ru'Ht.JiJ~1\I '1 illfl~l'Jl\lUC1~.:dl 

f.) ru 'H fliJi,jij ~ft~ f.)C1lJ'U111 ~U'Jd'JJ'\Jf.)\lcil'W 'lfl~.J\I 
• '\I 

I ..d "I ~c1 ~ .. "" ~ 



I .,.,d III 'j) 

01'U'lf1'.i'VI ~~Hl1f1f11) ,1 'j) .,. OJ 

%fl11lJ'lf'U %L01 %fl1)1Jel'Ufl-:.l~1 

0.17 63.91 ]3.67 22.25 

400 0.24 14.70 31.85 53.21 

450 0.49 12.93 32.86 53.72 

500 0.30 12.97 32.43 54.30 

1.34 56.24 5.57 36.85 

500 0.50 13.96 32.14 53.40 

550 0.18 9.90 26.55 63.37 

600 0.59 14.86 29.98 54.57 

I ~ 

fl1fl11lJ'H),U (Cal/g) 
lh~Lfl'VItt1~ ;J .. 

'11111''UL1J1 11111''U1-1'\1f1 
I .,. 

01'U'.lfl':i 

400 0.76 1.25 0.72 10,298 8,966 4,695 

450 0.80 1.15 0.78 9,806 8,197 4,608 

500 0.78 1.17 0.53 10,006 9,408 3,883 

500 0.97 1.98 1.94 9,881 8,856 6,589 

550 0.83 2.13 2.82 9,789 8,679 6,629 

600 l.12 1.78 1.25 8,947 8,252 6,884 

j) , 

mlJ 1fl.! ri llJ ~ t;)'Uu" ~ fl1fl11lJ ~ el'U '\J tl-:.l 

J111'U11J1 J111'U'I-1,rml(l~ri1'U'.lf1{ u"'~Hl'U 
d I ~ QI QI.c:tV 0 Q,I 

~n1-:.1'V1 3 'W'U11'U1lJ'U'I-1'Uf1lJ':itlttel::f11lJ~0'U 

CI 'j) 1 d ~ OJ 

"'-!l"'fl fltl ':itltlel~ 2.13-1.15 'U'\Jfl.!~'VI'U1lJlH'U1 
'II • 

u" ~ri 1'U '.lf1{ii~ tl Vel ~ ri llJ:: t;)'U 1 f1 crLt; V-!ltl'U 1fl tI 

tll-!l l'U'i 0 ';f1':i tIl'Uiiill lJ1fl.! ril'lJ~t;)'U'i1lJ~ -!lw:h 

~el'l11:U'U'I-1,rO 9,408-8,197 Ufleleltl~)Oi'lJ U,,~ri1'U 
eld I ,,~ d 

'lfl'nJfl1fl1 llJ 'i tl'U~ l"l'fl 6,884-3,883 u fl "" tl'i / 

oi'lJ 

lfltl~1 L,jJl:U'Ultl1~ L~"'llJl':i0111lJl1 '* 
'Vl~H1'V1'UJ1:U'U~!~el 1fi' l'U '\Jfl.!~~J1:U'U'I-1UolTmJo 

111lJ11,*'Vl~HL'Vl'UJ1:U'U!~1 ~-!l"'llJl'it1~'UtT'ULfi' ro10 
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,," '" ':JI all fl~~fln11fl':il~11Ul'lJ'U1'Ulfl1tJHflC1 f1'l'lJl ~':i 

'll:WU'U'U~l~el~fll':ifl~'W (Simulated distillation 

gas chromatograph) ~.:.J~l'lJl':iOH,j.:.J'i$il~'Uel~ 
.. 

.. 4 1':J1 QI Id
Ul-U'U~llJ'lh~~fl1~el~'UeJ.:.J'CY1':i ~ f)~'W 'i$1~ 

tlW11 fJiJl~lJ~'W ~~tlW11fJiJ 200 el.:.Jffl19HH~ tI'CY 

1~ 'U ff 1 'W 'U el.:.J U'W yJ 'Vll (Naphtha) 'If 1 ~ tl W 11 fJ iJ 

200-250 el~ffl1'lf~1~tI'CY l.n'U~h'U'Uel~lfll':i~'U 

(Kerosene) 'lf1.:.JtlW11fJiJ 250-350 el~ffl1'lf~1~tJ{t' 

1~'Uff1'U'Uel.:.Jun'CYeleltJ"1'Ul (Gas light oil) 'lh~ 
?I

elWl1fliJ 350-370 el\lffl1'lfm'lftl'CY 1u'U'CY1'W'Uel~. .. d I 

un{t'eleltJ" (Gas oil) U~~'If1~~ru111JiJ 370 el\lff1 

l'lf~l~tI'CY ~~~W 11 1JiJ~~'Yi'1 mll'W ffd'U '\J el \I fl1fl 

f111'Uel'W (long residue) 1rtelU1Jl'l1'Wt'Ul~ ll~1l1fl 

fl1'l lYi h 1~;{t'~ ~W111JiJ 400 el\lffWif'H~tJC1 lJ1 

1!fl 'j 1~"f~1t1HflC1 1fl 'JlJll\P1 'J fl 'j 1~ U 'U'U ~ 1n el \I 

fll':i fl~'WU ~1vll fll'J 1m tI'U1 Vi tI'Utl'UJ'lJU It fl 

1'lf~'Wun~J1'l1'W ~!CUn 'Vi'Ul1J111'W!'U 1~ 1~1l1fl 

fll':i '1'Vi 1'j In;~Htl'WJ'11'U~ elQl'W'If1~'U el \1,1 1lJ'W 

.. "I _I d d1
ufllcu~'Wu~~U1'l1'W~! '1H'I ~\lH{t'<o]\I L'U~u"l 7 CU\l 

11 1 flU1'lJ 1fl~'WRII ~{t'1'lJ 1':i 0 ~ ~11! tl'U J 1lJ'W ~!"lfn 
.. 0 do d~ 1':J1

11~ml1'l1'WnfllCUn'U'Vl'lJfJruill'Vi~'U'W ~ 

~~--------------------~ 

100 

oc==-~~~--~~~~--~ 
o 10 20 ~ 40 50 Ell 70 00 ~ 100 

KcumJative vourne (%wi) 

I. U~I ol ( B~yclo ~ • U~I 01 (10010'_) .He.., 01 (8ic.,.10 ~ DHe.., ..1(".101 ~1 

• 4

'nJfi 7 ~eltJ~~ill'lJl11'HY~~'lJH~~~~H~H)~'Uel~
~ 

.. .. '" d"" "':JI a 1 ~1'l11.H'U IU~~UI'l1'W11'W fl'Vl11fl':i 1~11 ~1tIUflC1 f1':i 

'lJll~':ifl':iI:WU'Ull~l~el~fll':iflcr'U 

'illfl':iU~ 8 'V4'U'~hl'Ulh-u'U1'Ul~1~'illflfl1':i 
'II 

1'V41 ':i 1~;~tJ1\11'U':io')fl':itJl'W~tlW11 fJiJ 550 eJ.:.Jffl 

':JI _.I d.& dl'lf~H~tI~ 'il~ 1~mll1w 'Uel\lU'Ull'VlllJlfl'YI~f)'lf.:.JlJ 

th~ ltJ'l1Ul'U fll':i111 '1 U ~~fll~'W J,'l1'Uufll 'lf~'W 
ff1'U l'UJ1-uulnrn~1~'illflfll':i LVi 1':i '~;{t'tJl.:.J l'U 

• d 1':J1 
':iO')fl':itll'UtI'UflfitlW11fJiJ 450 eJ~ffl1CUm'lftJ{t' ~ 

" a " dill1J1W 'UeJ.:.Jun{t'el eltJCH1" ~11 fl~eleJtJ ~H 'U11J lfl'YI~f) 

~~iiU':i ~ ltJ'l1Ul 'U fl nUl'u~~~ 11:/'UJ1-U'U~h9$~ 

ff1'U fllflfll1tJeJ'U ~.:.J{t'llJl':iOU11Ul~'Ufl1':i~~fI 

J 1'l1'U1~11~ll::iieJ\lrlu':i:: flellJ1Jlfl~~~ eJ~l 'U J l-UU 

11 U fl ~ L~ II 1 fl fl 1 'j 1'Vi 1 ':i Ln ; {t' £l 1 ~ 1'U 

'jO,rfl'J£ll'U£l'Ufl~tlW111JiJ 450 el\lffI19$nl~£l~ hw 
~ 'jI "_I '" 

ll::U{t'~ \I~n fllJ 'YI ~neJ \I!'U'U'J elt'm:: el\lflu 'j:: fleltJfl\l 

d 
\PIl'J1\1'Vl 4 

}J '"''' ~ 'j)
\ll'W 1,r£luu C1~\I tl\l eJ\I f1th:: flel'U 1lJ el\l\PI'W 

lln:: tl ru VI fJiJ~m'lJl:: C1'lJ 1'W flU C1~ l£li1'U eJ\I£ll\1'¥i 

. "1?1 ':JI1~1 'W fln'YIfl~el\l~\lihh:: ltJ'l)''W 'U fll'Hu'W 'Uellqln 

'j) "" d QI d 
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Production of smokeless briquette from wet cake waste of ethanol industry 

from chiped cassava 
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Abstract 

This research study, the wet cake to be used as alternative fuels by providing proximate 
analysis and heating value found that low fixed carbon content which is burned for energy only 13.33 
percent and relatively low heating value is 13,864.38 KJ / kg. Perfectly suited for research to improve 
quality prior to use. Then bring the wet cake to carbonization in various conditions at 400, 450, 500 

and 550°c in each temperature range of the experimental period, 30, 45, 60 and 90 minutes in oxygen­

limited conditions. It was found that the appropriate condition for carbonization is the temperature at 

500°c for 60 minutes. The condition has 1.170/0 moisture, 34.420/0 ash, 16.57% volatile matter and 

47.840/0 fixed carbon. When get the appropriate carbonization condition, thus bring the wet cake to hot 
and cold compressed to compare the efficiency of thermal energy found that cold compressed high 
fixed carbon content 59.01 % and heating value 24,790.38 KJ/kg while hot compressed fixed carbon 
content 42.660/0 and heating value 20,257.25 KJlkg. Both of the production of briquette charcoal 

in commercial, hot compressed cost 0.17 baht / piece, sale price 0.525 baht / pieces, total production 
at breakeven 704,225 pieces and payback period of 0.18 years, cold compressed cost 0.3175 
baht/piece, sale price 1.05 baht / pieces, total production at breakeven 338,524 pieces and payback 
period of 0.17 years. Based on fixed cost 250,000 Baht ,assuming sale price of both briquette charcoal 
10.5 baht / kg and the payback period compared with the capacity of the machines. 

Keyword: carbonization, wet cake, hot compressed, cold compressed 
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~el-J ijnl1"~-J'Ylu"::1J1J1.hu~Jll;£.Jl.l"::~'Yln-n1'V'l ~~ 
~ ~ 



. . 
dTHn':i1~tlYt~~·:nw TIYi ... ~,j'lJYi ..... 


GlTn\l~ 1.3 "l1t)3J~nTH~1~d';)1~.:I.:I1,"~~<1ILfl'Y11'U,fl~,;)1n3T,"~htJ::'V\~.:I1.'nthr'U,LG~\UL~:n1nJ1<111~Thudm.yifh~.:I

~ 	 ~ 

n1~~~<11 150,000 ~<1I"l"/l'U, 

1Glrl~l.JLL~:• 
~~"'~eHJ1~ 

1Glrl~l.J (INPUT)• 

.¥ 
350-370 - T'l111J~'U, 12-16% 

- m3J1mLLU.:I 64% 
'" 

2. U1 (~1J.3J. <iifllU) 1,200-1,500 

3. 	 ~1~Lf)n 

- ~~'ll~.:I (nn.llu) 20-80 

- Lt)U16J!~ (nn.llu) 20-800 

- ~THT'ln~U (nn.llu) 1,000-5,000 
... 

4. 	 'W~.;J~1U 

- 1~yh (Kw-hr/day) 25,000-47,000 380 V 50 Hz 

- 1flJ1(<ilU.llU) 300-500 3-10 lJ1f 

~~1~ (OUTPUT) 

540-550 

1,000-1 ,300 

20-80 

1,000-5,000 

22,000-44,000 380 V 50 Hz 

200-400 3-101nf 

1. Lfl'Yl1Ufl~( ~<1I~<iifllU) 150,000 <1111J 3Jfln. (640-2533) 150,000 <1111J 3Jfln. (640-2533) 

2. CO2 (ill. <iifllU) 100-120 100-120 

3. Fusel Oil (~<1I"l"/1U) 300-600 300-600 
'" 

4. '\.t1n1nLh (~1J.3J.llU) 1,400-1,600 - TS 5-7% 1,000-1,300 TS 15% 

- COD 40,000-60,000 - COD 100,000-150,000 mgll 

mgtl - BOD 40,000-70,000 mg/l 

- BOD 15,000-35,000 

mg/I 

4.1 <1I::nflULurm 100-200 20-30% TS 

(~u<iifllU) 

4.2 '\.t1L~£J 1 ,200-1 ,400 TS 5-7% 1,000-1,300 TS 10-12% 

(~1J.3J .I1U) - COD 20,000-40,000 - COD 120,000-150,000 ppm 

mg/l - BOD 40,000-70,000 ppm 

- BOD 10,000-30,000 

mg/l 



. . 
11'HTl'l1itl'nc;.:J,ntJ iJYi ... ~,j''UYi ..... 

,;)lnn17~1''l1';)tHn'\.U'l1'Wn17i<iln17''llth1L;£J 

LLa:;~a'WaEl£JLi"llEl'l17'1'11lu~~~Ltl'YI1'\u)a~ij1uu';)';)Ut4 
~ 

£1'1'tlJtn1l17t1i<ilnl7"lltl'lL~£Jiil'1 ')~Ln<il,rU,;)lnn17~~<il 

LULL ii a :: offU Cil El U LL a :: ttl 11 11i U7::1 £J '21 11tl ci 1 'I L ~ 11 ~ 
<il::n ElULU£Jn dJU"lJ tl'lL~£J~di<il,;)lnn1::lJ1Un17n tu 

LEl'YI1UEl a Lt!t4tl7111 m1l1n1 ULLii a::iULU'lluii£JU~'I 
d :"1 ..I 0 i.tl ='1 ..r ...~n~l~::nElULlJ£Jn (Wet cake) L'WElUl LlJUL"nElL'Wtl'l 

'Yl<ilLL'YIU tlcil'1L7n~12Jnl11iCil::ntlULtI£JnLuuL.:BElL~~'I 
1 Cil £J Cil1 'I ~u tl 1:: ~lJ iJ tl:) ~ 11 U~l U ~ 1111.:B'\.4 LL a:: 

nl1~1lJ~2J"ll'U.1CilL.:Bm'W~'ILULCilltl~n1nt ~'Iijnl1ll12Jl 
...... ..I.,...... ., ""'!'I.r ...
tl<il LL 'YI'1 L~ El ~ ~1I"lJ'\.41(f1 L~ 2Jl::~2J Lunl1 L"nLlJ'\.tL"nElL 'W a'l 

~ d .. i. .... 
112J'YI'I~n~ln1::U1un11~11Utl UL~"nU 

(Carbonizatlon) L~myj2Jtl1::l£1"nu1'\.tnl1'\.t1'ttlLi'llU 

l<ilmnCilLt!'\.4~~<il.nm6¥l"nl'f LLa::rT~dJunl1LYhJ~m.rn~ 
~ 

"lJ fl'l"lJ fl'l til '\.4"nTfLiifl~,;)lntl72Jlm~lflJ flUTl"~1 LLtl:: 

f11 ~ 112J1flU ~ a'",rU L~ tl~~Ul i.tl ~nl1~ ~ <i1 til U 
~ ~ 

B<j] U.Y1'1L UL.:n'l",'ll rn"nEJii fli.tl 

2 'YIll'M-D LL~:: \l1,"1iuihiiU111v\l 

2.1 Gl::nv,"LuunCil:: n tl ULtI £1 n dJu"lJ tl'l Lff£1 
. , ... 
~ A ~ • ~ 

'YlLn<il,;)lnnl1ntlULLtl::nl1LLtlnUl,;)lnnl1~a<i1Le:J'YI1UEltl 

,;)In;J'U.~ltl::~sr'l ijff~'h srn~m::11U6Jf£1 ijn~~UUTl~l£1, , 
n~una'~ LLa::ih~~nln~u~ltl::~ sr"tl'\.ttl ci ijTl112J.:BU

'U 

tl1::2Jlm 40% !)tlLUU"lJtl"L~£1i12J1a~~n<il,;)1n 

tl Cil ti 1 ~ n 112J L n <9l L U U tl7 11 1 m 2J 1 n ii tl i\HJ1 n LL ri, 
nl1i<ilnl1 tll~Leriu 11\1~lU~~CilL.:BElLYi~'ILa'YllUEl tl 
fha\lnl1~~<i1 200,000 ~Cil1/iu ';)::ijCil::nm.HU£1n 

Ln<ilit'U. 250 ~wiu ~lnm.41TlCilij11\1~1U~~<i1L;m~~\I 
Lfl'YllUElafha\lnl1~~Cil 200,000 ~Cil1/iu th::2Jlm 

... ~I _.r tl ~ &.0•• r."1
20 11\1 ';)::2JCil::nm.UlJ£1mn<il"llU 1::1Ilm 37 ~lU<i1W1J 

2.2 n11e.l~GlLv'YI1,"v~~1naJ,"~1tl::'Hr" 

(aJ,"Ll.1,") 

n1::lJ1Unl1~~ CilLtl'YllUtltl,;)lnJJU~lt1::'V\~" 

(JJ'U.Li'U.) L111,;)lnn1::ulunl1LCil1£12JiCilt1~lJ~ a :U'U.Liu , 
'\.tl111lJ<il L iij"lJU1<ilL~n -;;)In,r'",Yl1nl1f1<il"lJU1<il LL~1 
ttli.tl~~2JnuJl1un"~~1I (Mixing tank) LU'I.4tilLLU" 

(Slurry) LYl m~\I L,Jl~n1::lJ1Unl1citl tJLLU\l1idJUJl<illa 
~ 

l<il £1l11nl1L~lILflU't~3!LLtl ayhtl::i.lILa~ (a-amylase) 

LLa:: <tl3.ni'l LLiJ \I ~1 £1 i.mi'11u ~~fl <tl)J (Steam cooker) 

L~tl1i,rlLLiJ\lijtlrn~fl3j~L~2Jl::LunT~'thtlnm£1l"lJtl\l 
~ ~ dJ 

LtlU't6Jf3!LLfltlyhEl::L)JLa~~ 90-100
o

C ,TUCiltlUU';)::L1JU 

nl1citl £1LLU\IL..xLtl~ £1ULU'U.,rlCilltlL~ni'Yl1U 

-;;)ln~w'il::'Yhnl1cifl £1~f"~<il""l £11un\l Final, 
Liquefaction 1<il tJL tlUL~3!n a 1Tl fl::L1I La ~tl m'V\flij 

~ , 'U 

50-60°C ';):: L U '\.t n 11 ci tl £J ,r1 Cill a L ~ n i 'YI7 U l..x 

Ltl~ £1'U.L1J'U.J1Cill tlntl1~~ ,nn,rU\1::L,Jl ~n1::lJ1Unl1 
~ \J 

~;Jnl<il£1\1::L~2Jn~Cil1un\l Prefermentor ritlU~\1::Lil~ 
'U 

n\l Fermentor L~tl'Yhnl1Yt3TnJ1CillantllTlR1~ 
~ 

Ltl ~ £1 loU U'\.tL fl 'YllU tl tl ~ ,,1 U n1::lJ'l'U.nl1U-;;) ::L~ 
L tl 'Yll 'U. tl tl tl fl tl n 2J 1'~' fl £1 tl:: 8-12 LL ~ ':) 5\I L~ 
TlTfufl'U.L<il tltlnLan~Lu~~~~~ tl'Wtl El tlL~~1 £1 

J1Yt 3Tn~L~-;;):; t1 n ttl LlJ L nlJi.11.un\l dj £1 f 
'U 

(Beer Well) 1m,yl~n1:;lJ1Unl1nt~ LYltlri11~ 
'U 

Lfl'Yll'U.tl tlijTl112JlJ~~'Ylt2Jln;ju1<fi £1t-J1UL,Jl~Yt Eln tu 
, \J 

Mash Column \1::L~Le:J'YllUtltl~ijTlll2JlJ1~'Yl~i.h::2Jlm 
.... !' I!'.ct d 

~ 

Q.., .ct 
1fl£1tl:: 50 'U.lnln~l (U1La'£1) 'Yltlan\11n'V\tlntl'U.'U.';):: 

., . 
t-Jll.4 L i 1 ~n 1:: lJ 1 un1 1 LL £1 n tt1 ~1 FJ L~~ tl \I LL £1 n n 1 n 

'U 

(Decanter) L~ mLtJnnlnJJ~~lJ:;Yt~\I tltlnllla-12Jl1t1 

ttlLtl ~~Cil LiJUfllYtl1i<ilf1~ ~'lUJ1~ LLtJ n i.~\1:: ~·h'U. 
., ... 

Lil~n1::lJ1Unl1ultT<fi\t1 L;£1 "inmr'U.-;;)::\t~ILtl'YI1Utl a 
'U 

~L<illthhnl1ntu~nf1f.J~'V\flnt~ Rectifier Column 
.., .... .d ... "".r ... 

\1:: ~<ilLfl'YI1Ufla'Yl1lf1112J"J1~'Y11)1tl£1tl:; 95, 
., j .,..,. .., ....4 

Ll.4n1::lJ'l~nl1U\1:;Ln<il~~Cil~tl'Watl£1 L<ilTltl Fusel Oil 

-;;)ln~'U.\1::~lnl"HL£1nJl Elfln\11n Lfl'YI1~Eltl1<il£1t-J1'\.tLil~ 
\J 

., . ..I 
n 1:: lJ 1 U nl1 LL £1 n \t l'Yi Lf11 tl 'I Molecular Sieve 

:B\lfll £1 1 U,;)::ij ~1<il <ili'lJ -;;)::~1 nl1Cil<ili'uJl tl fl n "ill n 
'U ~ 

Lfl'Yll'U.fltl~lLiLtl'Yll~fltl~t-Jlun1::u1~nl1dij 


Tl112JU1~'Y1t1tltltl:: 99.5 ~12Jl1'1\bLtl~~~nlJJl3Tu
, 
LlJU;ULyj flliLUULiflb'W~" ~1'V\-rlJ1r1 £1UCil1~ 

http:Lfl'YI1~Eltl1<il�1t-J1'\.tL
http:Lfl'Yll'U.tl
http:LLa::rT~dJunl1LYhJ~m.rn
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~3J1 : http://www.sapthip.com/product.php [3] 

L~ e)'W,;)1,.m1ii~f1
q 
m~3JlJ'"i-na~:n13J1~~::L~u,li 

';h:n13J1 ~ W13JTH1~,;)::LL1.h,.ulu LUu,L.;fa L~a~i~ Lf1Tl::~ 
\I 

1~~1 £In'-::lJ1u,n1''~1~ ') :A~ a1,;) LtJu,n'-::lJ1u,n1'-Yl1~ 
.:a1111'W'VI1an'-::lnu,n1'-Yl1~Lf1~fl1i3Ji'au, 

n1,.LLU,.,-U.:a13J1 ~1iLilu,LL~ ~~~ ~'I'I1U,~ ij
\I 

U'-::;YlRln~ il,-::'YilL~~ £JlitYlfl1u,1~ fln17LLU,.,-iJ
\I 

Yl1'1fl113Ji'au, (Thermal conversion Technology) 
d':'1 ... \l 1 VI ...sn'lLLlJ'IaanLlJu, 3 n,.::lJ1u,n1'- f1a L~ ,. L~sn~ 

(Pyrolysis) LLn'Uvhf1iu, (Gasification) LL~::n1"Ltn1'VI~ 

(Combustion) 1~mL~u,.rn~aRlJ1£Jn"::lJ1u,n1'-L'VI~1'd' 
1udJu~aCil.nmsyf~1" '] LL~Cil~i"nTlyJW13JL'VI~tl3J~ 2.2 

http://www.sapthip.com/product.php


2.4.1 CONVERSION PROCESS 

Y-l ~.\J.\J1U~n mUi1111 ~ ,n 1Il~rlU ~~U ~ a tJ 

. a a n 11 11 ~ tJ n 1 ~ L~ 1 L ~ 3JL ~1 ~ tJ ~ ~ " ~ '1 a 1~ tJ 

nTl" L u~ tJULLU ~.\J l'ti~ 5u,xU 1 ~dJULitelL Y-l ~.\J ~1a L1JU, 
til~LTl iii1~u1~ tJi~nT!'Yll.\JTl11111aU~'1ai~nl~'Yll.\J 
i1LTliinL~ til111~tln~~CthL~~~ltJi~ ~an~::U1unl~ 

'Yll.\JLflii-fl11111au (Thermo-chemical process) ~'1a 

Ln~,:nnn~::u1unl~'Yll"i11l1Yi (Biological process) 

I.tJu~\.b 

2.4.1.1 n11"Unl~aJ (Combustion) 

nl~L~lL~3Jtil~aU'Yl7EJ~1 tJ a a n6BL,;)U~ 111 fI L nuY-l a 

~.\J,;)~Ln~Lijunl~l.~lL~3JI.LUUti~u~rn1~tJL~~~~.nru'tl
'\I 

L1:JuTlTfuauL~ a an Lsn~I.L~~Jlnl'H~lL~~"lla.\Ji1111~ 
til~l~tlaRultJL~~l ')LU~"~~~ 4 .ffu~au~"d ~a 
1. nl1~L~tJTl113J;}uaanLU (evaporation of moisture) 

Luun1::U1unl1~~fl1lu~'au 
'II 

2. nl1n~U"lla.\Jal11~L~tJ (distillation of volatiles) 

ti13Jl1tl LUUL~~"n1::U1unl1~~ LL~~Tll tJfl113Ji'au 
'II 

3.nl~L~lL~~"lla.\Jtil11::L~tJ (burning of volatiles) 

I.Uun1~U1Unl1f1ltJfl1l3Jfau 

4. nl1L~li.~~"lla"fllfuaUfI.\J~1 (combustion of fixed 

carbon) Lil~n1::U1unl1TlltJTl113Ji'at.l. 

Carbonization 

nl1~lTllfuai.uLsn~u1iL~atil1~n 
~ .... ~ ~a ~ A ~ 

a.\J TlU1:: n ausnusnauu U3JTll'lU aULuua" flU1:: n au 

L"1i U L ~~ '1 a l'ti ~ L~ ~ ali';) 1 n n 11 L n 1!t ~ 1 LL ~ ::, 
... ,.J' :'1 

a~ til~n'l13J 1~ tJl ti~ L~ ~lU';)~tln bbtJn ti~l mlJU!il~ 
, 	 , 'II , 

f( .1 ad d a f(

Tl11U a'" LL~~ti11lJ1::n au LTl3J au ') sn" al ';) 3J Tll1U au 

Luua"~U1~n auni.~ 

1::~il" nl1Ln~TlTfu a L ULsni'U"ll a.\Ji1111 ~ 
do.... .... A 1~a.~ ., d 1" 
sn.\J,;)~,;)ln~aansnL,;)U ~1a';)~ "15LY-ltJ.\Ju13J1mUatlLYia "15 

Y-l a ~ ~ '1. vh 'Yll,xu i111 1 ~ ~l'il Tllfu aLULsni'U';):: 

LLCilnti~ltJ'~~~~Jlm'tl~~n ~a charcoal LL~::"lla.\JLL~.\J 
a o.cla 1'" ~u .... A ~ 
ti~l'Yl3J~Y-llU ~tJ3Ja.\JTl 1::nau~~n Tla Tll1UaU 

~ A ~ ... 

U a n U U Tl a L tl1 ';) 1 n "151 3J 1 ~ (U 1 ~ 3J 1 m 0.5-6%) 

1~tJtfi3JlmLt11';)~~uacinu"15u~"lla.\J~13J1~
'II 

1wffu~aunl1l'il,nfuai.uLsni'u~"1i1.\Jam~llij~1.\J '1 
, '\I J 

til3J11tlti1Ui.~fli11 ') ~"d', 

"1f1"a m~llij 	 i13J1~,;)~1UTl1l3Jf£)UL-n1Ltllu 
~ 'II

° ..t1 d ~,.J'20 -110 C 	 Lua ~£J<iI1" sn.\JTl1l~1aUti1UU 

';)~l'il1~Tl1l11~ului1111~ 
1::L~ tJ £) an'ttl LL~:: am~llij';):: 

, '\I 

"1i1.\Jam~llij i13J 1 ~ ';):: L~ 3..i ti ~ 1 tJ ~11 ~ tJ 
~ 'II 

110 -270°C 	 tl~atJ CO. CO2• Acetic acid 

LL~:: methanol Elan3Jl 

"lf1"am~llij 	 LtJU,;)~~L3!L~l1Ln~n1'lti~1tJi1, 'II ~ 

270-290
o

C 1~tJ,;)::TlltJTl1l3JfauElan3Jl 
.d "'~no ... 
sn,,';)~ ~~nlsn~ti3J~~1tJ"ll'U~LL~~I 
nTar Ln~~'"'tum3Jltu.L~mrEltJ 

"lf1.\J£)m~llij, nl1ti~1 tJi1"ll El" i.~ tJ.\J Tl" L n ~ 
'II 

290-400oC ,rUElci
'\I 
L~nlsn~ti~~~ltJ"lJit~ 

1II~ l.r.: d ..t
LL~:: ~~ Tar Uu1111tu.'Ylll1n"llU 

"1i1.\JElm~llij ~"1i1.\JElm~llijd'i1111~,;)::, 'II ~ 'II 

400-500
o

C Ltl~ £..lULthilu Charcoal El cil" 

LY-l l1i.~ 6Bti~'1El n11n kUti~l tJ (Destructive 

distillation) LtJun1::U1un11ti~ltJi1'Yl1"Tl1l111aU~ 
i.:Jj ti1lU1tu.1Ulll1 ~ ~i.:Jj n a a n; L';) '" ii nl1tll £..l L'Yl 

'II 

Tl11111aul~tJ'Yll"era3J l'il1~L~~~~.nm~'U'ltJ"ll£).\JLL~"
'II 

~a "151f "llEl"L~~1~fl1ULLtiUL~'YlTfLL~::LLnti 

U ~ n~ tJl L"ti 11'1. ~ 6Bti~El.a nl1Tl11111a tnr" 
'Yll.a<il~.a,;)lnnl1El a n6BL~iuLYl tJ.aUl.\J ~1U ~1El,;)1 n 

U ~ n1 tJl ~u ') ~ Ln~~Ulll £..l1 ULTl1 El ,,1.1 ~ n~m L L ~:: 
'Yll.ae1Elll (1'YlElf'Yl) :J,,'tuiJ';)';)uun11"~ltJc;l1, 



· . 
11'Hn'l1~rJ'Vi~'HTU iJ-Yl ... ~,j'1J-Yl ..... 

'" 1 d....... '" A 1 dd ...
'Yll·Hl11111El'U. 'U.1l11::'YlllElEln'l5L"il'U.'U.ElrJ 'V\1El t4'Yl'Yl1l 

nl1ch m'Ylf11111i'El'U.L'iLn~nl1L~t 1Liil6fi~t~rJCil1~"illn 

nl1L~"IL'V\3JU1~ ~1'U.en El~"ll'lfLLiiI::LLn~ L1rJnL~11LiJ'U. 

n1::tJ1'U.nl1L~ t 1Liil6fi~ L~El~13J1ii1Ln~nld~iillrJi1 

'Y11~ f1113Ji'ElU"il:: L n~ El'ltn13Jen El~tl ~ n~£.11 <lh~ ') L~LL ri 

LL n ~~ ij ~ ~~~1 'U. tll 'Un al~ Jl3Tu~ ij El ~ ~tl1:: n El tJ 

... .... 
LEm aTHl1\J il\J 

Zanzi R et al. [4] 1~n'bl-1L~t 1Liil6fi~~1111ii1 

El cil~d1~L11enEl~L3JLLiiI::1~~L'VI~ElLi'Yll"nldLn'bl-~1 t~ rJ 
'I 

1".... A .1.... ~ Add 
"ll'ntJLf11El~lJ!ln1nHLUtJ Free Fall L~Elf'ln'bl-ln" 

~ iii en El~ elCil11nl1L i f1113Ji'El'U. El cu,'V\11 il entn ~en El ~ 
'I '\I 

El'lt111f1 L1ii11~L,n'Unld'Yhtl~n1tJi El,,~tl1::n EltJen El~ 
LLna' LLiiI::f1113J1 El"L1en El"tilU"ll'lf nl1Lnen til'U"ll'Tfl'U 

tl 13J 1 rn ~ 1 LL <Ii ij f1 11 3J 1 El " L 1 ~ ~" "il:: ~ tJ ~" 1 'U 
'II 

n1::U1'U.nl1Yh1'idJ'Unl'l5LLiiI::nTH~lL 'VI3J ~1'Uf1113J 

1 El"L 1en El" til'U."ll'lf,x'U."il:: L ~3J:fiUL~ elL if11111i'El'U.L 'U 

5Ci111~a'~ en'U.l~-n€l~ €l'U.111f1L:ftm ~~~L~n LLiiI::L1ii11L'U 
'\I 'I 

nl1Yil11 nm[Jl,zEl [J~ El m'VIllij~~
~ ~ '\I 'II 

d 

Michael Jerry Antal et al. [5] f'ln'bl-l 

n1::tJ1'Unl1f1lftJ ElL 'UL'l5iuLLtJU11~L11 ten [J~1111li1 

~'Ill~J1L,n'Unl1~n'bl-lflf~d L~LLri L3JiilL'l5~ L3Jlel'f1 
'\I 

sU~,jl1t ~Cil LL~::Lll~ Eln51uijnf11LenLij[J 'thnldf1lfuEl­

LUL'l5i'U.LLUU11~L11~f1113Ji'U 1 megapascal L'U. 
A .IA f" ..: .d 

Lfl1El~lJ!ln1mLCill L~l LLUtJ LUCilU~(fixed bed) 'l5~~n 

'I "'. I 'II •• 1 d A.K A d.K '" 
El El n LL tJtJ L'V\ L lJ iii 1 ~TIYI Ln~enUL f1 iii El 'U. 'Ylen 'U.enl 'UtJ 'U.en €l ~ 

LtJen~1'U.'Y11~nU Ellnlf'1~L'VIa~~3Jl YilLV;'~13J1mll~ tJ'U 

1tlLtJLiJ'l.4LLna'LLa::til'l.4"ll'lf~ihlhJttu.f1lftJEl'Uf1~i1~" 
'\I 'II 

ten rJLinall'U.nl1Ln~11~m[Jl El cil~ ~3J\l1n!,rEl tin11 

30 'U.l-n "illn~iilnl"YI~iilEl\l~lJ11~en~1UL~enEl"rh'U"ll'lf 

dJ'U 29.5-40% en €l "liT""rn LL i" L~3J ~'U. 59-63% 

enEl~f1lfuEl'U.1'U.~1111ii1ClnLtJ~ tJ'U.Ltl LU'U.Tnfu Elt4~ El ciL'U. 
'II 'II 

"ll'Tf LLiiI::ijtl1::~'Yl~111~nl1LtJ; [J'U.LLtl iiI~L~,,~ ~~~1'U. 

~enLilt4 55.1-66.3% 

....... A d f" 


n'lCil[Jltu. LLiiI:: nenlnl1.[6] f'ln'btlnl1f1l1UEl­

L'U.L'l5i'U.~1111 ~ ~1 'VI i'tJ nl1li~ll4E) cil" ijlh::~YI~11l'W 

1'U"1'U.iirJd~n'btlnl1f1lfuElL'U.L'l5i'U.~El~~1111ii1 
3 "ll'U~ L~LLri L3J[JTll~l1i~ "ll'l'U.aElrJ LLa::n::iilltJl~3J 

'\I 

~Eltu.'VI11il~l (400-450o
C ) t~mllLllt,ht4nl"f1lftJEl

'I 'II 

L'UL'l5i'U.L'U.LTI~El~tl~n1n!~Yilnl1ElEln LL'U'U LLliI::~i'l"it'U. 
1'VI1i L~ El~n~1~iilenEl""ll'Uen~1111~~liLLiiI::Eltu.'V\l1ilL 'U. 

'I '\I 

nldf1lf'U ElL 'UL'l5iu 'W'U11 L~El El tu.'V\11 ilL'U.nl1T11f'UElL'U. 
'I '\I 

Q.- ..:Q.- .:r" t !' f{ .r ..­
L'l5"ll'U~"en'U del [J iii:: en [J'Ul'V1UnTll1tJ El'U"il:: L~ 3Jen'U.en1 tJ 

'II 

ten[J~Elm'V\11il 450°C "il::L~i'Elr.J~::t~ltJJ1'V\un,nf'UEl'U.
'I '\I 

~~~enL'U.~13J1ii1~~ 3 "ll'UCil ,h'Ui'ElrJa::t~rJJ1'V\unenEl" 
'II 'I 

~11:: L'V\ [J"il::iiI en iii" fllf1113Ji'El'U~mIl 'V\ unen €l" til'U"ll'lf 

~L~"il:: a'"itUCill3J El tu. 'V\11 ij LLa:: L~ ElLtl~[JtJ Lri [JU a'3JU~ 
'\I 'I ~ 

enEl"tilU"ll'lf~L~"illn~'HJ1aL~1iiil::"!fUen 'W'U11 n::al 

tll ~3JLiJ'U~13J1 a~LV;'i'El tJ a::ten tJJ1'V1Unf1lfu El'ULLiiI:: 

fll f1 113J tel U t1'" t1'en L~ El Yil n 11'Yl en iii El" ~ El m'V\ 11 ilL 'U 
'\I ~ 'I '\I 

nldTllfuEl~i.WlliuL~tJ1nu 

S.R. Teixeira a, A.F.V. Pena a and A.G. 

Miguel b [7] tJ116fi~LU'U.~~~enLLEliilnmH)~LLiiI::J1Ci11ii1
'\I 

'Yl11 tJ"illnaEl tJ~L'V\ru~a'en.,t1tliln uiil::inTl1~nl1~1'U. 
., 'I 

.., ... .....r... f{0 

~ iiI~~l'U. 'Ylen LL 'Yl'U.'Yl'VI iii1 n'VI iill tJt1'1'V\11J L"!fElL~ iiI"1n [J'U.CiI 
.....1 f"..tA A Q.­

1Ci1nlJd::t1'''Tlen El""lU'UTI Elnl1Lt1'UEl'Y11" LiiI Elnnl1"ilennl1 
'I 

cu .d A I oJ' 
nu Solid residue YI~a~"illnna3J€lCila'1'V\n113J'U. 

'I 'I 

nln"ll'l'U.aEl tJnflL~lL 'V\3JL ~El~~CilLmll LLiiI::L~yh ten tJ 
'II ' 

Cogeneration nl1L~1L'V\a.TrhLid;en.tLtll~ijtl13Jl tu. 

6fi~ f1 El'l.4El El n L'l5~a''' L iJUEl,,~111:: n €ltJ'V\ t n Ltll~ L n en 
'\I 

"illnnnl1L~ltilU( > 30% ten[JJ1'V\,xn) nntt1111L"ll'L'U 
'II 

"1'l.4iitJd~1 [J nldYilliLU'ULLvi" d;CiI"illnnl1Liij El 

nen5CiI ten tJ nl1Li~" til ~~ a'lIntJ LL iJ" aJ~~ltJ::'V\~" 

"illnnl1iLTl11::'V\1enrJnl1LiLf1~El" Thermogravimetric 

LLiiI:: differential scanning calorimetry nn'\l13Jl1i 

[) n 
'\I 

tJ 1 tJ ~n 'bI- tu.:: .tLn1 LL iii :: ti 1 'U. 5 en LL vi ~ ten tJ ~ iii "ill n 

nl1'YlCil iii El~ LLfien~LiLV;'U.11Lt11~ Lilen"ill n nln"ll'l'U.elEl tJ 

~11111n'll1~11"!f1~nl"i~aCilri1,"L~ ten rJril'U.e)enLLvi~ 
.ell I d 3.d1 I .... 

3JTl113J'V\'\.41 LL U ULUfW 1.12 g.cm LLa::3JTllT1113JdEl'U 

LU~tJ 25,551 KJ I Kg 

http:3JTl113J'V\'\.41
http:n"ll'l'U.el
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3. Lfl1tJ\Jij tJLLa::nT~'~1 L,",""TWnt9lath' 

3.1 Lfl~tJ\JijtJ LLa::tJun'lm1,""1,"~~1I .. 
1. 	L~1L~1 TUBULAR FURNACE MODEL 

CTF 121751700/201 ~iEl CARBO LITE 

2. imJ fliEl MMM MODEL ECOCELL 
'IJ 

.,j ~ 
3. 	L~1L~1 MODEL SC 96 AVM £J'VIEl 

MODUTEMP 

4. BOMB CALORIMETER MODEL 6200 

flifl PARR 

5. 	Tube furnace: type 21100 (0-1,200oC) 

Thermolyne Corporation, USA 

6. CHN Elemental Analyzer i~ CHN-2000 .. 
.,j .., 

£J'VIfl LEGO 

7. "lf~flUn1rnYl~~flU1n~D1'V1111~~~ 
.. 	 q q 

3.2 n1'l'YIG>l~tJ\J 

• ~I .., , .r 
1.'un~::nmUu£Jn (wet cake) flU b~fl1111"lf~ 

~1mfl~fl.J Screwdry ~rh~.Jn11~~~ 100 nn.l"lfll. 
'I 	 ~ odI .r .1 .r .,
b'VI L'VI ~ El Tl11~"lf'U.lJ1::1I1 nI. 10% (Tll1 ~"lf'U. bt.I.~::n El'U. 

LiJ£Jnlh::1I1n1. 40%) LLa'<i1.J~.J1t1~ 3.1 
'IJ 

r11~.Jn11~~~ 100 nn.l"lfll. 

2. tt1~.J~::n El'U.LU £Jn~ ~·ht.l.n1'flU1I1U~1iii 
"lJ'U.1~ 1.18 - 2.36 1I1i. LLi1flTfuflL'U.LSU-n'U.h~~1111::~ 

r11'V1'U.<i1 ~El Elnl.'VIl1ij 400, 450, 500 LL~:: 550°C 
q '\I 

luLL~~::,r1.JD nI.'VIl1ij'¥hn11Yl~~ El.J~1::EJ::L1~1 30, 45, 
q '\I 

60 LL~:: 90 'U.1-t; luI111::-.ij1n<i1flflniRL"ilt.l. t~EJu~EltJli 

LLn~L'VI~luer~11 50 mll'U.1-t; fltln1rnn11'Yl~~fl.J 
~ 

Q QI QI ~I d QI .J 
11'H1'1'i'HWVHl·Hl'U lJ'Yl ..... IQ'U'U'Yl ...... 

~------~~~(-----

IT=pmtw. ! 	
-.

, - .! 

-- -. 
..... ---. 

~::nelULiJ EJn 

3. 'VI ~.J"il1 nYl111J ~1111::~ L'VI1I1::~1I1 'U.n1' 

flTfu fl'1ULsu-nt.!.~::nelULU EJn ~,nbi1mh.J1I1i Lfl11::~ 

Proximate analysis, Ultimate analysis LL~:: Heating 
~ ~ 

value flnTl1.J 

4. tt1~::n flt.!.LU EJn L,y1Gin'::1J1t.!.n11~~~ LUt.!. 
'\I 

r:i 1 t.!. fJ<i1 LL'Yl.J 'VI ~.J "il1 n 'Yl11U a"111l:: ~ L'VI1I1:: ~1I1 'U. 

n11fl1flJElLt.!.LSU-nt.!. t~w~~~r:i1ult.!. 2 1t1LLUU ~fl 
'IJ 

r:iTt~fJ<i1 LL'Yl.J LLlJlJ'rEl'U. LL~:: r11"l.tr~LL 'Yl.JLLlJlJ Lfit.l. 

5. ~n~1~nMm:: t11::ff'YlnI11~ n11~n"il~ 
.. 	 q 

~~ '1y.j LL f:l:: fl1111 L'VI1I1:: a"~1t.I. n11tl.1 L tllitl,::t EJ ''If't! 
1::'VI 11.Jrl1Uel<i1 LL'Yl.J LL UUlflULL~::LLUlJ Lfit4 

6. 1Lfl11::~ Proximate analysis, Ultimate 

analysis LL~:: Heating value "lJD.Jr11t.1.fJ<i1LL'Yl.JLLUU-lflt.l. 

LL ~:: LL1J'!.JL fi U 
A ~.., .., 

7. 	1 L TI 11:: 'VI ~ t.I. Yl U LL ~:: fl1111 flll 'Yl t4 'Yl1.:1 .. .. ~ 

L\'I1M~~1 ~~ fl t.!.n1'~~ ~ r11 t.l.el~ LL'Yl" LL lJU-lflt4LL ~:: 

L~1JU Lfit41t.!.Li"Ynm"lf£J 

http:flt.!.LU
http:luLL~~::,r1.JD


· .
11'Hn)~~V'Yi~~~1'W iJYi ... \!oU'UYi ..... 

.... .. 
4. &:J~nTlf1G1iH)\lLL~::1~TH\UH~n17f1~HHh' 

4.1 &:J~n1'l~Lfl71::~Iil::nen,uTIun 
.... t&'. I 

~ ~ n1~1 Lfl,)l:~ LL U U lJ'-:: 111 ru. (Proximate 

analysis) LL~::~1Tl11 ~.I'i'tlt4 L Ut4n1')1 LTl~l::~LirEh'l Cil'U. 

L~ El~lfl ru.,nJ,r~"lJ El.:l <i1::n Elt4LtI [J nri Elt4rh n1~'Yl~ ~ El.:l 
~ 

<i113J1J1Cil')~1'" ASTM D 3172-3175 LL~:: ASTM D 
o<J 

Gl111\1n 4.1 	~~n1~1 Lfl,)l:~<i1::nElt4LU [In LLUU 

U~::3J1ru.LL~::~lfl113J1Elt4 

fJ\I Ath::n fJU 

7.55:!:0.16 

15.25 :!: 0.31 

63.87 :!: 0.42 

13.33 :!: 0.04 

13,864.38 KJ/Kg 

~ fl"lJ El.:l Tl ru. ~3J,r~ 'Yl1.:1 Lfl ij"lJ El.:l <i1:: n El 'U.LiI [J n 
~ 

Y-lUi1flru.Jl1Y-l El ci1t4~::iU~l <i1::n Elt4LU [Jnij~1fl1fu Elt4 
~ 'II 

fl.:li1~1 tA.:ILtJ~~1~~L~lL~3J1~~;.:I.:I1~L~[J.:IfEl[J~:: 
13.33 LL~::~lfl113Ji'El"'L~[J.:I 13,864.38 KJ/Kg, 

~.:I ijfl111J L '~un: ~3J1,..n111~[J L~ElU1UU').:Ifl tu,111 Y-l 
~ , 

rim,u.t1"1.u1i.:l1~ 

4.2 	&:J~tJfJ\I~1LLth'l,"nl'lnlflTfufJl,"L'1f21," 

.:11 ~1 i [JitL U ~n1')~n ~1 ~ ~"lJ El.:l i1 LL tJ')~ El 

n1~"';1 fll'fu El "1. ~L6!fi~Cil:n muiI [J n~ ~1l11: ~1" ") 

5~"1.~LLri Eltu,~l1iJ 400, 450, 500 LL~:: 550°C 1'U.LL~fl:: 
, 	 'II 

';-1.:1Elru.~lliJ"';ln1~'Yl~~El.:l.yh:[J:L1~1 30,45, 60 LL~; 
, 	 'II 

90 ~lYi 1t~1111:,hn<i1ElEln;aL~~ ~~<i1nru.sn~Cil"';l[J,;)ln, 
n1,)fl1fu El "1. ~L6!fi,.. ~ El "h\4 ~1 LLUU tJ'-:1J1 ru.~3J,r~ 

"lJ El"th~ LL~<il.:li.:l<i1111.:1~ 4.2 LL~::,)U~ 4.1 LL~: 4.2 
'II 

<i111J~liu · 

,;)lnn1~'Yl~~El.:l Y-lUi1 ~1111::.yhYl1J1::~3J 

til'V\,lU n1~fl1fu elLUL6!fi''-l<1l: n m,ulJ [J n ~ El El ru. ~llii 
~ 	 'IJ 

.... .¥ 
3Jfl113J~\4 1.17% ~11,)::L~[J 16.57% Lt1134.42% 

Wet cake 

YC (%wt) M (%wt) VM(%wt) ASH (%wt) FC (%wt) 
Temperature 

(OC) . 
Time 

(minutes) 

400 30 45.85 2.13 33.41 29.01 35.45 

45 44.54 2.65 28.30 29.86 39.19 
60 42.22 2.66 26.16 32.12 39.06 
90 40.79 3.32 19.74 30.95 45.99 

450 30 42.42 2.02 26.11 29.71 42.16 
45 39.93 2.55 24.00 29.61 43.84 
60 39.81 2.14 18.86 32.99 46.01 
90 37.82 1.95 16.13 34.85 47.07 

500 30 41.55 1.89 19.08 40.27 38.76 
45 39.94 1.45 17.13 38.98 42.44 
60 40.58 1.17 16.57 34.42 47.84 
90 36.55 1.28 15.02 34.99 48.71 

550 30 39.13 2.65 14.11 45.99 37.25 
45 38.71 1.86 12.87 41.41 43.86 
60 37.83 1.55 12.15 42.69 43.61 
90 34.53 1.13 11.24 37.85 49.78 

http:Lt1134.42
http:13,864.38


· . 
dl'H"l'ji~tJl'f".:J,nW 1JYi ... ~,j1JYi ..... 

t.l.1<il::n m.UtJtlnL-n1 
I .d ' , .d 
~L~'H)~ Screwdry ~L~'lel~ Screwdry 

.d .., • .r.d VI • ..r 
L~HH)U ~a~113J"15'U. L~elelU ~a~113J"15'U. 

<il::nel'\.utJtln~e.h'U.n1'lelU 'Yl1n1lli<ilri1uLLa::~«3J 

L' ..r ~ a~113J"15'U.el elnUa1 LLil~3Tutl1J::'V\t\l .. .J' 
~\lL'V\ael~113J"15'U. 'l'U.el<iln~1'U.~~m'V\2.J1:: 
th::3J1n4 10% 

I 
'Il1<il::n el'U.LtJ tlnL-n1 ~ U1<il::nel'U.LiJ tlnL-n1~ 

'U '\I 

n1::U1'U.n1'lel~ LL'Yi~ n'l::U1'U.n1'ltl~ LL ri~ 

L~ElL'V\i.~-n'U.1~ L~ elL'V\i.~-n'U.1~ 
..I~ ...;~ 

<il13J'Yl~el\ln1'l ~13J'Yl<il el~n1'l 

.d 6~ .... ~ 
L3J el TI1n1'lL~1L'ltlU'lel tl 

I "" I « 
rl1'U.el~U'Yl\lLLUD Ltl'U.LL~1~::i.~ri1'U.5~LL'Yi\l 

http:rl1'U.el
http:l'U.el<iln~1'U.~~m'V\2.J1
http:a~113J"15'U.el


<Pl111\1n 4.3 LL~~\I~l:lnl~iLfl~l::~ 

fl ru~1I~1::'V\,-jl\1 rilUe1~ LL Yl\l LLU'lJi'eJULLl:l:: LLUU LVU 
~ 

{h~5(.9l rl1~5(.9l 

LL'Yl\lLL1J1J LLrl\lLL1J1J .. a 
'H)~ LtJ~ 

2.16 :!:. 5.78 + 

0.03% 0.07% .. 
.Ln1 28.98 :!:. 2.41+ 

0.29% 0.01% 

26.20 :!:. 32.80 + 

42.66 :!:. 59.01 + 

0.110% 0.0534% 

20,257.25 24,790.21 

KJ/kg KJ/kg 

A'l13Ji," : til UeJ~ LL UU LVUij ~1 fl1111~U 
a' \I n 11 ri 1 ~a~ LL U 'lJ i'eJ U Lit eJ \I ';) 1 n ri 1 '" e1~ LL'lJ 'lJ L V U 
'1.1 

ijnl1~ a'lIi1th:: ~lU ~ eJ LLiJ\I~~~ltJ::'V\ t\l Lyj eJ 1~ 
~I d... .... ... .J' 1 L .t 

eJ\Unfl"1leh'il::neJ1J.,LlJtJntJ~Cil~nU~"lJU ~tJ U"lJUCileJU 
~ 

nl~t-J a'1I LLU\I ~U~1 u::'V\ ~\I "il:: ij nl1L~ 11 til l:l\l1t11 U 

iCil ~1U~Yi eJ L'V\1I1:: Lyj eJ 1~'l111 LiJ,,1.L deJ L~ tJ1 nULLl:l:: 

a'11111tHr~LLYl\l1~~l tJ 

• • "'" '" d I ~ " 

a' \I n 11 t11 ~ tl Cil LL tJ tJ ~ eJ U L U eJ \I ';) 1 n t11 U eJ ~ LL'lJ tJ LtJ U 
'1.1 

ijnl1t-Ja'1J LLU\I~u,hu::'V\ ~\I;ft\l LUUa'11au'Yl1rJ"lfilCil ihtl 

LtI\ti1U~::a'IU Lrl eJ u1J\I ~U~lt1::'V\ ~\ll~i'Ufl1111i'eJU 
,;)::Ln~nl~~::L 'V\ tJ"lJ eJ\lJl1Ui1LLiJ\I volatile matter 

.t ... .t 6' 1 ~I .., .., 
U'\.4~U~1 ~111'Yl\lfll~UeJU UCil::nm.ulJtJn"il::t1nL~l L'V\lI 

'IJ 

n~l miJ~LLn~eJ £jl\1~1~L~1 LLl:l::~::L 'V\ tJ eJ £j1U~tJ volatile 
'IJ 'IJ 

.. ..... I .. • .... 

F1111Jtl,"F1\1<Pl'l LL~:; F11F1113J1tl'" : t11UeJ~ 
~ .d I ~ ..... I .... t 

UUULtJ~1If11fll~tJeJ'\.4f1\1Cil1Ul:l::fllfl1111~eJUa'\ln11 
'1.1 

rilUe1~UtJ'lJi'eJULiitl\l,;)lnrilUe1~ LL'lJ'lJL~U,;)::flTf'lJ eJ1 U611 

~\lCil::neJuLiJtJn~eJru'V\Tlii~\I (> 800°C ) di~nl~ 
'I 'IJ 'IJ 

L~11 'V\3JeJ £jl\1L~lI~';)unl:ll tJLtlu~\I"1nf l'i~11~~1111~t1 
1~ fl1111~ULL~:: ~1~'l:: L'V\ tJ ~ L U 'U, eJ \I f11.11:: n eJ'lJ lt11i 

1I1n~u ~\ll'il1~ % fixed carbon ~dJ'U,i1L~l"lt\l\llU 
li~\I~~~3ji~ti1'U,L~1I~U

'IJ ~ 

I.., ..., ..., d.., I Q"I 

U11 : t11UeJ~LLUU~eJU3JLt11111nn11t11UeJ~ 

LLUUL~ULtteJ \I ';)1 n1u-rl1\1eJru'V\Tlii~1 ,)"il::ijLWtJ\I volatile 
, '\I 

matter ~t1nnli~ eJ\I~lh::neJ'lJ<ill\1 ')LUCil::neJULiJtJn
'II 

U\I fI \I L'V\ ~ eJ eJ ci LL ~:: Lrl eJ L~ 11 eJ ru'V\ Tl ii 1 ~a' \I ~'U, L~ eJ tJ ')
'II 'I 'IJ 'IJ 

~.J' 4 Vll 6' 1% ash ,;)::L~lI"lJU LUeJ\I,;)ln~l~ btl' til'lfll1'lJeJU U 

Cil::n m.uiJ tJn"il::ditiltl~mtJl LLl:l::LU~ tJ'\.4LtJ LtJU~Lt111U 
.c:t 0 CLoo ,,,, ~"".::II ~ ca." 

YI ~til ~1 'V\ 'ltJ t11UeJ til LL'lJ 'lJ LtJ 'U,LL3J,;):: 3J fll~U eJ UT1\1 Cil1 ~ \I 
, 'IJ 

..... .J'..,.., .4 0 ~ " 

n11 LL~ Ln~"1JLt11UeJ tJn11 L UeJ\I';)ln t11UeJtil LL U'lJ LtJ'U,';):: 

t1~::n eJui1 tJ t-J\I"1nftlUTllfl L~ n Ln eJ L~i'UT1113Ji'eJU,;)::
~ 

di~nl1a,n L'V\lTeJ cil\111tilL~1L~LiJu"r'l ~\I\ll'U,T1113Ji'eJU 

~\I L ntil Lt11UeJ tJ Lt11~ Ln~;j'U.~\I Ln~,;)l n i1tJ~:: ~lU~ 
~~3Jl:l\lLtJ3Jlnn11 

i~LcWtl{ : ,h'U,e1~LLUUL[jUij~li'~L~eJf,ztW 

nil rilUe1til L~ U'lJi'eJu~\l3j fl113J ill ~'U.ft~ tJ Cil~ \I nu 



, , 
'll'H'\'l'ji~V'Vi~.:J':l1'W iJYi ... ~,j'lJYl ..... 

1Un11'Yl~flehrULiJ1.4n11~nH1L1fhJ1JL.yhJl.Itfh.l1mn111iL~my.j~~ fI'l1:JJff13J11t111.4n11,;)~~~LyJ 1::tl::L'lfl1 
~ 

n111 ifl'l13Ji'a1.4 LLfl::n111h:: tlnlih.b Luli'th::t£J"lnr 
~ 

..... ~ ..... a 
tl1,"v(.Ql LL'lJ'lJ'Hl," tl1,"v (.Ql LL'lJ'lJ LtI," 

1tJ~ 4.3 LLa'~~1iL~1.4~,1';)11.4'l1.4n111"lfL.;5m~~~l1.4m3J1 m~LYl1n1.4 (500 ni'3J) L ~1.4L~i1ti11.4e1~LLl.Il.Ii'a1.4 
'\I 

(50 ni'3J , :E'U.) ij-;)1'U.'l1.4n111"lfL~my.ja~3J1nn'·hti1ue1~LL'tJ'tJL~U (100 ni'3J,:E'U.) 

4.5.2 A113J~13J1'ltlt,"n1'l~n~(.Qll~ 'l::tI::L1~1n1'l''''''~113J1v," LL~::n1'llh::tlnGf,"11t1'l'2f
'I 'I 

lh::ttl~~ 

l.h::Lflnrh," 

500 n-l3J 

A'l11JL1J3-h 

(1J~L1m'~fl1~,"::) 
..... ~ 

tl1,"tJ(.QlLL'lJ'lJ'lv," 

..... a 
tl1,"v (.Ql LL'lJ'lJ LtI'" 40-50 'U.1Yl 

80 (Surplus) 10 (Deficiency) 80 (Surplus) 

• .... a 
30 (Surplus) 10 (Deficiency) 80 (Surplus) tl1,"v(.QlLtI'" 



• • 

• •• 
• • 

• • 

't1.Gll/ll!U~U: ~'O 't1.~U1.n.m~~'t1.L~ : 
n. 

't1.Gll/ll!U~U! 90'0 't1.G~n.m'l!>~'t1.L~ : tl.l!>~Gm~rtGIt. 
",f' " 

"rl ~ 1n. rt,,::~""C! ~ L n. n. l' 

l!!) {!" L U t' (! It"l4}t' {! rt 1~ "' rUHt ~"9·~ 
'" I ~..r ~ 

re!U~l~/LJ..Ln. 99'0 
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