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 2,-7 13H)7( CG 14.-?4;4_B [*"87 C/5L 3(.9!( 9\-!F9!( CP:)T ,()Z  ;"Q;)7JH  ;">H,( +"',-MG 3( +,"&E* CL-B

)  PE;3 +"'Biofuels( .48?"*  7 -.( A;)P5K7 3(  Q; PE;3 +"' 9\-! c(F ) d-."B(-&*Bioethanol 3( CG 4?"*  7 (

.22)T  7 4&U-B 48Z ,48ef H g,]F V48TF )QM&. I-h5' +3,H"MG gi-j67 g"0;"k 

40* )k"l m&n6B ,2  "* d-."B(-&* 4&U-B +2"jPZ(  *";3,( C* d-."B(-&* 1o;-*H  PE;3 +"' 9\-! +"K&To;H I"&*H  :)07 3(

 4?"*  7 ,-MG ,2 )Q? 145$ I"T488G 4&U-B 3(  Q; CG I"P!3-\ CpB 9Y' 908qH 9MG )QM&. g"0;"k 3( 12"YP!(

. 9!( 14? CP\(2)>F 

:CG 9!( A;( m&n6B A;( ,2 "7 C&k): 

- * 4&U-B.9!( +2"jPZ( C&L-B +(,(2 I"P!3-\ CpB 9Y' C."\,"G g(4&U-B,2)QM&. g"0;"k 3( 12"YP!( "* d-."B(-& 

- "* d-."B(-&*  8;Wb;"LMTBE 5;2"jPZ( [:"87 2"_;( r$"* A;W8* 4&U-B,2.2-? 

) ,(W:( V).F m&n6B A;( ,2 12"YP!( 2,-7 ,(W:( V).COMFAR:( V). A;)P5K7 C/5L 3( CG 4?"*  7 ( 12"YP!( 2,-7 +"',(W
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?@0K@ 

+"KMU"f A;)P5K7 3(  Q&;@).( X? IH4*  [*"87 C*  !)P!2.4?"*  7 )M* 148;J H  /0:

 +"' C."M. 3(  Q&;@).( v)j7 I(W&7 H 12-* I"E.(  bM&5' +"'  .()b. 3("QB( w*"Z +@).(

 C.-T)' "P!(, A&5' ,2.2-?  7 x-E67 ,-MG )' +2"jPZ( I2)G ,"G ";H +2"jPZ( 4?,

)&&eB 3H)* C* )_87 +@).( v)j7H 4&U-B V"y. ,2 +2"&8* )&&eB(  ."E.( I45B ,2  !"!( g

4? 4'(-\. 

 7 )y. C*  +"' C'2 ,2  PY. I45B "&&/&E: +"' 9\-! )*  8P#7  P08q C07"L CG 4!,

 C'2 C!  N ,2 4'2  7 I"M. "'  !,)*.2(2 4'(-\ +4;4L +"'-bU( C* (, 2-\ +"L 148;J

! 908qF9\-! 95&Z "; Ck)$ ,2 )&&eB 3(  ?". 240P7 g"."!-. 2-LH "* )&\( 9\-

 A;( C0!-B I"KL +"',-MG 3( +,"&E* )&\( C'2 ,2 1o;-*H CP?(2 4?, C*H, +4.H,  '"&T

.4.( 12-5. 3"aJ (, 908q 

 %K7 +"K;oB()P!( 3(  Q; C* CP:"; C0!-B +"',-MG ,2 )&\( +"KU"! ,2  PE;3 +"' 9\-!

 Q; ();3 9!( (-'H xJ )&&eB g()z( 3(  ?". 1"b. A;(.9!( 14? w;4#B  /q( H  w7(-$ 3(

3"T,"MP.( (-'H xJ )&&eB  /q( CO2 H2  ;(23 wb8LH  /&E: +"' 9\-!  /G ,-S* .9!(

 3"T 4&U-B  /q( [#87CO2  I"&7 A;( ,2.4.-?  7 x-E67 I"KL ,225 wG % CO2 )MP87

 H  /&E: +"' 9\-! 3(  ?". 14?18 9\"!H wn.H w5l .9!(  ;(23 wb8L 3(  ?". %

0: H +40* C/l)7 ,2 3"!H "* +3,H"MG +"KP&U"11.2,(2 ,()Z C/l)7 A;)B A&;"> ,2 % 

CO2  I4? V)T `#!H -L C* g,()l {H)\ [."7 A&73 1)G v()N( ,2 +,"jl 2"_;( "*

 7 A&733"T ,"MP.( A&73 1)G I4? V)T w7"$ A;)B  /q( [Z(H ,2 .2-?CO2  CG 9!(

 +"'2(4\, )b;2H ^"8PMlH +"K.":-NF48B +"K*t&!F"'  U"EQM\ I"KL ,2 (,  0&#N ,(-T".

 +()* )T( 4.4nP07 I(485M.(2 .4P:(  7 1)N"|7 C*  ;(=a 9&87( C_&P. ,2H 4.3  7 %Z,

3"T ,"MP.( 3( +)&bM&> CO2 4'(-\ ^"8*"P? +4.H, A&7W.4? V)T 2-M.  M;4.( 1,"f

 4'(-|. g"&l C\)f 4;4KBH 9E;3 }&67 `;)|B WL +W&f +4.H, A&8f C_&P. H 9:)T

 C*.2-* wQBH)>H  //5U( A&* +"' I-&E.(-8G u"!( )* "',-MG 3( +,"&E* w&U2 A&5'

 ,"MP.( R'"G +()*  ;"K?H, ]"|B( C* VW/7-B-&GCO2 14? 3( 12"YP!( 2)Q;H, A;( "*.4.(

 14? "&.2 3H, r6* 908qH 3"!H 9\-!F9\-! 4&U-BF+@).( A&7"B +()* -. +"K;@-U-8QB
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E;3 }&67 "* CG  ;"K;@-U-8QB.9!(H 48?"* ,"T 3"! 9 CO2.488G )MP87 (, +)P5G 9UH2 

 A;( 48.(-B  7 (-'H xJ )&&eB 3( +)&T-/L +()#;)B487H)&. +"KP!"&! AP:)T R&> ,2 "* "'

 9&#~B (, -L ,2 +( C."|/T +"'3"T I(W&7 9;"K. ,2 H 12)G 48G (, +4$"jB 4.H,

()N (-'H xJ )&&eB CU"E7 1,"*,2 CG  #!"87 +"KP!"&!.488G �WL 48.(-B  7 48?"* 14?  l

 C."|/T +"'3"T 4$"jB 4.(-B  7 ,(4;"> C0!-B +"')&E7 48?"* ,(4;"> C0!-B );=>".  ;(4L

 4$"jB R'"G. 48G %G (-'H xJ g()&&eB )*()* ,2 +);=> `&!J 3(H 4'2 R'"G (, +(

.9!( +2"jPZ( +"' R|* C5' 3( X5G 4873"&8;( C."|/T +"'3"T ,HJ A: 3( 12"YP!( +"K;

2)* +"K/l 1(, 4.(-B  7 +@).(  '23"* R;(W:( H )B ^">- +2"jPZ( 4?, H 2,HJ 2-L-* 2)*

 C$-5_7 9!( V3i "KPUH2.23"! );=> I"Q7( )b;4Q; ,"8G ,2 (, (-' H xJ )&&eB "* 13,"#7 H

( 12"YP!( m;-MB w7"? 4.(-B  7"K*"|P."8;( 48'2 "nB,( (, +@).( C* �-*)7 +"' x"|P.( 3( +( 3

 H 488G  7 4&U-B +)PM&* A*)G 4&EG( +2 CG 9!(  /&E: +"' 9\-! )*()* ,2  0&#N 3"T

 +@).(F *J +@).(H �)* 48."7  .4? 4;4_B +"K;@).( C* �-*)7 w7"G +"K;,HJ A: A&8h5'

 C;-KB w7"? 4.(-B  7  .4?4;4_B [*"87 );"!.4?"*  ;"7)T A&73H x-f I4.(3-! 3( wq"l

(-' \ +@).( X5G C*4&?,-F  {(-7( 3( �)* AP:)T H d-/! +@-U-8QB-.". +4&?,-\ +"'  

 "&;,HJ A: 9KL 3( )PM&* 9:)M&>H C0!-B C* 3-8' "K8;( C5' Cf )T(F4?"* (+,HJ A: W;,)

 CG 4?"* A*)G +3"! 1)&\] H x=L +,HJ A: 4.(-B  7 )b;2 x"|P.(.4.,(2 3"&. +,"_B

CQ.J 3( w#Z A*)G 4&EG( +2 A*)G x=L w7"?  C* IJ d"nP.( F 2-? 4$"jP7 -L ,2 4.(-P*

 A&5' ,2. A&73 +"' C;i ,2 IJ I2)G 1)&\] "* d"~7 +()* -L 3( IJ +3"!(4LH A7(  /67

 ,()Z ,"G ,-P!2 ,2  /&E: +"' 9\-! +"L C*  PE;3 +"' 9\-! I2)G A;Wb;"L "P!(,

 12)G +,(=T C;"7)! C8&73 A;( ,2 "',-MG 3( +,"&E* I-8G( H CP:)T d"#.2 (, IJ 9;4L "*H

 +@).(F4&?,-\ +@).( w~7 ^"> +"K;@).( w7"? ^"> 9\-! 488G  7 <tB  80;.488G  7

.488G  /&E: 9\-! A;Wb;"L (, I"'"&T 3(  ?". +@).( H  *J +@).(F +2"* 

 C* 48.(-B  7 CG 2-?  7 CPYT +,-."L "&&'"&T "M87 "*  ;"' 12,HJ): C*  '"&T +"' 9\-!

b;"L I(-8$ H "'H,2-\ ,2 w&OH3"T H A;W8* A;W4.-? 12"YP!( C*"M7 +"K'"bP!2 ";.  A;)PK*

 ,2 CPQ.H2.4?"*  7 d-."P7 -&* H I"P7 -&*F dW;2-&*Fd-."B(-&*  '"&T +"' 9\-! m;2"j7

 I4.(3-! 3(  '"&T +"' 9\-! CQ8;( dH( 9!( 9&5'( WO"l  '"&T +"' 9\-! 2,-7
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I4.(3-! 48."7  '"&T 2(-7 %&nPE7  W&. 9Y. 48."7 +2(-7 CQ8;( VH2.4;J  5. 9!4* x-f

 9\-! "K.J C* +48* Cn#N ,2 "7( 4.-?  7 x-E67 14.3 g(2-L-7 VW&."T,(H)Q&7 +";"n*

 9\-! 1488Q:)j7 H 1488G 4&U-B +"',-MG  \)* )k"l d"l ,2. 2-?  7 CPYT  /&E: +"'

:3( 48B,"#$ I"KL ,2  '"&T +"' 

Fw;3)* !((2"."G F"&U()P +,-K5L F"&#5/G FA&f FFXf FCE.(): FI"5UJ F48' F"Q&O"7"L F+Hi"7 

FI"PEKU 4&U-B A;)PT,W* w;3)*.....H "Q;)7JH 1488G v)j7 A;)PT,W* CP#U( 3( d-."B( 1488G25 

1"b;"L V"5B ,2.9!( 12-* -! A;( C* R&> d"!  C* d-."B(-&* ,-MG A;( +)&T 9\-! +"'

 7 <H):Z-7 ,2 "Q;)7J.4!,.2,(2 ,()Z +40* 9&0  ,2 +@).( v)j7H 4&U-B )N"\ C*

)&\( +"KU"! .9!( 12)G (4&> +)PM&* 4?, "Q;)7J ,2  '"&T +"' 9\-! v)j7 ,(3"* 

:4?"*  7 );3 s)? C*  '"&T +"' 9\-! 4&U-B <)PET 4;(-: 

1-  9\-! A;( 4&U-B ,2 (, 9&87(  $-.  '"&T +"' 9\-! +@).( [*"87 c-8B:+@).( 9&87(

(.48G  7 2"_; 

2-  )*  KL-B w*"Z )&z"B  '"&T +"' 9\-! v)j7 <)PET:  S&67 9E;3 g"ylt7

 v)j7 3(  ?". (-' +"' 148;iJ R'"G w&E."P> A&8h5' H +( C."|/T +"'3"T R'"G

.2,(2 W&. (, v,"0P7 +"' 9\-! 

"* "KP\-! A;( 3( 12"YP!( CG 9!( 14? 12(2 I"M. CP:)T g,-q g"0U"S7 u"!( )* 

 )&z"B  5! 2(-7 );"!H A*)G 4&EG-.-7 )&y.  ;"' 148;iJ R'"G )* 48.(-B  7 "K.J g"#&G)B

.4?"* CP?(2 

3-   Q;F  '"&T +"' 9\-!  S&67 9E;3 4;(-: )* 1Ht$: +3,H"MG R|* 3( 9;"5l

 14? Vt$(  ;"P!H, +2"jPZ( C0!-B )* IJ )&z"B "' 9\-! A;( C0!-B +"KG)67 3( )b;2

&8h5'. 9!( 7 )7( A;( A 4?"* CP?(2 I(3,H"MG 9M&07 H d"eP?( )*  P#~7 )&z�B 4.(-B

 C0!-B �>.2,(2  ;(347J,2H d"eP?( ,2 +( 148;(W: )&z"B  '"&T +"' 9\-! 4&U-B A&8h5'.

  7 +2"jPZ( 4?, H  ;"P!H, C0!-BF+3,H"MG R|* ,2  ;(347J,2 `L-7 "KP\-! A;(

 '"&T +"' 9\-! ,H4qH 4&U-B "7(.2-? .2,(2 (, 2-\ �"\ +"KP\"!);3 C0!-B C* 3"&. 
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1- L-)-@ %&#/3+ / 28M @ 

 );"\] R'"G H  PY. gi-j67 95&Z R;(W:(  /&E: +"' 9\-! 3( IHW:( 3H, 12"YP!(

 ,2 <tB H +@).( );=> 4;4_B H 4;4L [*"87 C8&73 ,2 g"n&n6B <)PET `#! 2-L-7

 C/5L 3(  /&E: +"' 9\-! )* C&QB R'"G 9KL . 9!( 14?  PY. gi-j67 H 9Y. 

 H 2-?  /&E: +"' 9\-! +()*  8;Wb;"L 4.(-P&7 CG +@).( );=> 4;4_B [*"87 C/5L 3(

 9!( CP:)T ,()Z  ;"Q;)7J H  ;">H,( +"',-MG CL-B 2,-7 ,"&E* 13H)7(" +"' 9\-!

 PE;3"  7 C/5L 3( 1H)T 48f C* 2-\ CG 48?"*"d-."B(-&*"  . 4.-?  7 %&EnB 

&*  d-7): "* "K/QU( c(-.( 3(  Q; d-."B(-C2H5OH . IJ C* CG 4?"*  7 )&y.  .-T".-T +"K7"

X&/&B( wQU(F  +"K/QU( +)! 3( )j8$ A&7H2 d-."B( . 2-M&7 12(2 9#E. ...H gta wQU(

*J ,"&E* H 2-M&7 wl  UJ +"KUtl H xJ ,2 t7"G CG 9!( X&B"Y&UJ4?"*  7 9!H4. 

 �.)&*  0;"7 d-."B( 12"YP!( IJ 3( 908q ,2 CG  U-."B( `/a( H 4?"#&7 c-#S7  ;-* "*

 wQU( 2-M&795 wQU( "; %95  CG 48;-T CL,295%  H wQU( IJ5 )y. 3( H 9!( xJ IJ %

 )*()* +2"5_.( CSn. 3(  ;"&5&?115-  d2"07  ?-L CSn. H u-&E/! CL,278  CL,2

)*()*  q-j|7 I3H H u-&E/!79.0g/ml ,220CL,2  d-."B(-&* .9!( ,(2,-\)* u-&E/!

 7 2-LH C* u"7-&* +48Z +"' CYU�7 )&|#B 3( +( CP!"M. gi-j67 3( )PM&* 13H)7( H 4;J

 7 C&KB +48Z H  "' 1W#! H I"P\,2 48."7 +WU-/! u"7-&* 3( +,H"8: I4? CP:)M&> "* .2-?

-B +()* CG +( C&UH( 2(-7. 2-M&7 12"YP!( d-."B( C&KB +()* W&. 2,-7 d-."B(-&* 4&U ,()Z 12"YP!(

3( 48B,"#$ 4.)&b&7 : 

- ."5E> w&#Z 3( +3,H"MG g"0;"k"' CZ"! 48."7 gi-j67 H 2(-7 14�)* F  u-#!H "'

gta . 

-  +,"_. +"' 1,( ^"\ H "' 14;)* 48."7  /b8L g"0;"k +"' C\"? H 12)7 I"P\,2 F

I"P\,2 . 

-  w7"? +)K? 47"L g"0;"k"\ +"' CU"*3+=a"G gi-j67 H  b.. 

- ): 48."7  P08q g"0;"k1"&! [;"7 H +3"! =a"G +"' 12,HJ . 

- ,-N C* CG  ;"' �/$ H [;)! 4?,"* I"P\,2 w~7 (3 +@).( 2(-7  ,"G A;( +()* �|M7

4.-?  7 4&U-B . 
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 }!-B ( );=> 4;4_B [*"87) +3,H"MG gi-j67 g"0;"k 3( CG 9!(  P\-! d-."B(-&*

&5|B 48;(): -L V48T )QM&. C* I(-P&7 +3,H"MG gi-j67 A;( C/5L 3( . 22)b&7 4&U-B +)

 H  M;(,J  ;H,(2  ;(=a  P\-! [;"8q ,2 d-."B( .2-5. 1,"?( ... H g,] 48Z ,48eh_.)*

 9$)! C* A;W8* "*  #&G)B "; w7"G 9\-! I(-8$ C* IJ 3( 12"YP!( "7( 2,(2 2)*,"G  P?(4K*

-MG .9!( R;(W:( d"l ,2 4.,(2 )y. ,2  ;">H,( +"',10 w5l R|* ,2  :)j7 9\-! %

 C/5L 3( "&.2 +"' ,-MG );"! . 488G A&7"B  PE;3 +"' 9\-! 3( (, 2-\ +( 12"L wn. H

  PE;3 +"' 9\-!  8;Wb;"L +()* (, +2";3 +"' 9&U"0: 48' H A&f  *-8L +"n;):J w;3)*

 .4.( 12)G 3"aJ  /&E: +"' 9\-! +"L C* 

)G] w*"Z : 2H,  7 ,"G C* A;W8* ,2 );3 +"K?H, C* d-."B( 13H)7( 9!( 

1-  A;W8* I2)G CU-7): ,"*H2 

2-  �/P|7 +"'4q ,2 "* A;W8* "* d-."B( I2-5. �-/|7 

3-  A*)G 4&EG-.-7 d)P8G 9KL A;W8* I2-5. C.o&EG( 

 7 4&U-B ,-MG ,2 +3,H"MG g"0;"k AB "K.-&/&7 C."&U"!  ;-! 3( ? 95EZ CG 2- 145$

22)b&7 VH407 IJ +( 12"7 C* (, g"0;"k A;(  ?H, "* I(-P* CG  B,-q ,2 A;()*"8* .

+"' C:)q 2-5. w;4#B  P\-! 2,(2 ,-MG +()*  .(H(): +2"jPZ( CG  B,-q ,2 A&8h5' .

 +"' ,-MG 95&Z 3( )B A&;"> )QM&. C&UH( [#87 "*  /\(2 d-."B( 14? C#!"67 14? V"5B 95&Z

j7 CG  ;">H,(;( g(,2"q +()* I(-P&7 4?"* 48PE' 12"7 A;( 145$ 1488G v) W&. 12"7 A

9:)T )y. ,2 +( 148;J . 

 g"0;"k 3( d-."B(-&* 4&U-B <H,  U"5L(  :)07 A5k 22)T  7 <tB )k"l m&n6B ,2

 CpB 9Y' 908qH 9MG g"0;"k +2,-7 C0U"S7 C* ()QM&. u"T"* C&UH( [#87) +3,H"MG

7 A&5|B 9KL I"P!3-\ C8;W' C* �-*)7 rl"#7 H 4l(H A;(,2 d-."B(-&* 4&U-B I(W&-  14;":

%;3(2)p* IJ. 

4&U-B d-."B(-&*  8;Wb;"L 3(  ?". +2"jPZ( +"' C:)q  !,)* C* m&n6B A;( )b;2 R|* ,2 

�-/\ CL,2) "#;99,5(%MTBE  H 9MG 9G)?.%;3(2)p&7 w\(2 4&U-B A;W8* ,2 2-L-7 

pB 9Y')QM&. 908q I"P!3-\ CCpB 9Y')QM&. C."\,"GHF d"!,21339 9!( 14? �&!"B

H .9!( +3,H"MG 2"KL g,(3H C$-5_7 );3 3H)7(  Rn. CPE.(-B I-8G"B 9G)? A;(
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 "* C."\,"G.4;"5. "Y;( I();()Q? 4&U-B,2  ;i"*,"&E*d"! ,2 AB ,(W' 4q 3( R&*  P&:)�  F

10908q H 9MG . 48Q&7 4&U-B (, ,-MG 3"&. 2,-7 )Q? 4q ,2  CpB 9Y'13000  ,"PQ'

 A&* C.i"! F 9l"E7 A;( ,2 . 2,(2 14M. 9MG 2";3 ,"&E* +"K8&73 H 9MG );3 A&73100 

 "B120  )Q? )* 1Ht$ CpB 9Y')QM&. C."\,"G ,2 .2-?  7 9?(2)* )QM&. ,"PQ' ,2 AB

                           :3( 48B,"#$ CG 4;J  7 9!2 C* +)b;2 +"' 12,H(): 4&Y!                                             

1-  V". C* 4? CP:)T IJ 1,"j$ CG IJ 3( �> )QM&. CZ"! 14."5&Z"* :)QM&. CU"YB "* u"T"*

 C* u"T"* . 22)b&7 12"YP!( CP|B H )#&: =a"G 4&U-B ,-y87 C* IJ 3( CG 9!( vH)07 u"T"*

\"8? 9E;3 }&67 1488G 12-UJ w7(-$ 3(  Q; I(-8$ 2(-7 +H"l H 9!( 14? CP

 }!-B C;W_B w*"Z )&a H 4;,"G"!  />  g"#&G)B �WL g"#&G)B A;( CG 12-* +WU-/!-8b&U

 7 "' +)PG"* g"0;"k3( d-."B( 4&U-B I"Q7( m&n6B A;( ,2 sH)M7 <H, 3( 12"YP!( "* .48?"*

7J w;3)* ,2 12)PET g,-q C* <H, A;( CG 2,(2 2-LH )QM&. 4&U-B +"' [5P_7 H "Q;)

 4&U-B 9KL (2"."G2,(2 2)*,"G 9\-! A;Wb;"L d-."B( . 

2-  +48Z 2(-7 +(,(2 CG )QM&. 240P7 +"' 9|> 3( �> �&/a 9*)? 14."5&Z"* C* :ut7

 ut7 . 2-M&7 CPYT ut7 2H)&5. )Q? d"PE;)G g,-q C* IJ I2-5. {,"\ I"Q7( H 9!(

(4.( 3( R&*  .407 g"#&G)B AP?(2 w&U2 C* )QM&. )&a d-."B( I"T 488G 4&U-B �"6U 3( 13

 5. x-/S7  P08q d-."B( 4&U-B )QM&. ut7 +"'2)*,"G 3(  Q; (=U .4?"* +()*  P08q

9!( 9\-! ,2  8;Wb;"L . 

 ,2 I()bM'Ho> 1H)T H2 )' +()*  P08q H  5/$ 2)*,"G "*  t7"G s)N  A;( 2-M&7  0!

 ,2 I(,(=T C;"7)! H );=> 4;4_B +"' +@).(.22)T CO(,( 12"YP!( 9KL -. +"' 14;( 

1-1- #')M N+ (+ 83 75O(* 2&P5Q-F 0#1-. R 

 [*"87 3( 9\-! 4&U-B +@-U-8QB I2-* I()T H I();( ,2 +@).( I(3,( [*"87 C* CL-B "*

 ,2  '"&T �"M87 "* +"KP\-! 4&U-B �"0#N FCP?=T ,2 9Y. "; 3"T [*"87 "* CE;"n7 ,2 �7-;"*

 ,2 +40* 9;-UH( H,2-\ +@-U-8QB C0!-B H  0&#N 3"T 3( 12"YP!( +@-U-8QB C0!-B "* CE;"n7

 "* "7( .9!( CP?(2 ,()Z +3-EK* H I"74.(, R;(W:( +()* 9\-! +"' 1488G v)j7 );"! ";

 F24_7 R;(W:(  8&* R&> H IJ  #."L gi-j67 C_&P. ,2 H 9Y. 95&Z )&b5Mf R;(W:(

! C.-b8;( 3( 12"YP!( )k"l d"l ,2 9\-! "* IJ 3( +4q,2  8;Wb;"L wZ(4l "; H "KP\-
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 ,2 +@).( [*"87 9;H467 "* CL-B "* CQ/* F9!( +2"jPZ( C&L-B +(,(2 "K8B C.  /&E: +"'

  B"&l H %K7  $-k-7 C* A&73 I4? V)T 14;4> H 9E;3 }&67 IHW:(3H,  T2-UJ H I"KL

G  !,)* H C#."L C5' <)b. (=U .9!( 14? w;4#B ,-MG +()* "* A;Wb;"L +"KP\-! C&/

 +"Mb'(, ,-MG +2"jPZ( g"."Q7( H [*"87 C* CL-B "* H CnS87 )' ,2  #E. +"KP;W7 C* CL-B

 .2-* 4'(-\  .-8G gtQM7 3( +,"&E* 

 +"KP\-! )* C&QB R'"G )* 1Ht$  PE;3 +"' 9\-! 4&U-B C* w;3)* ,-MG d"~7 I(-8$ C*

;"8q <)PET +()*  '(, I(-8$ C* F /&E: 3( g)L"K7 3( +)&T-/L +()*  /7"$ H  ;"P!H, [

  PE;3 +"KP\-! 4&U-B [;"8q +)&T wQ? C* X5G .2)b.  7 "')K? w\(2 C* "')K? C7-l

 +3,H"MG gi-j67 4&U-B R;(W:( )* 1Ht$ FI"&;"P!H,  B"&U"7 +"Kn;-MB H "')K? C7-l ,2

CG 2-?  7 mN"87 IJ ,2 CL-B w*"Z  /e? +"KPq): 2"_;( `#!  +()*  0."7 4.(-B  7 2-\

.4?"* "')K? ItG C* I"&;"P!H, g)L"K7 

 +()* 40PE7 H `!"87 +"K8&73 FI(-L ,"G +H)&. ,-:H 48."5' +( 1o;H g(3"&P7( 3( I();(

 +()*  /7"$ 4.(-B  7 X; )' CG 9!( ,(2,-\)* 4&?,-\ ,-. C*  !)P!2 H +3,H"MG

.4?"*  PE;3 9\-! 4&U-B [;"8q ,2 9:)M&> 

2 14;2)b. V"_.( +( 145$ g"n&n6B H "KP&U"0: 12-B 9E;3 +"' +@).( C8&73 ,2 I();( ,

 +"KU"!  N ,-MG 9\-! v)j7 +3"! C8&K* I"73"! ,"7J m#N .9!(79-1377  1@H)>

 +"KP;-UH( .9!( 14? V"_.( 12-B 9E;3 [*"87 3( +@).( 4&U-B  _8! w&E."P> I(-8$ 96B +(

B 9E;3 +"' +@).(  B"n&n6B :4?"*  7 );3 s)? C* (�7-;"*) 12- 

-  .4KM7 ,2 CU"*3 1"T A:2 3( �)* 4&U-B 4l(H 9E|. 3": 9\"! H  l()N 

- .12-B 9E;3 [*"87 H "' CU"*3 3( +@).( 4&U-B 

- .( .(-&l H  ."E.( gi-�: 3( wq"l 3"T) 3"T-&* 3( 12"YP!( "* +@).( 4&U-B1
 

U"0: F /&E: +"KP\-! );"\] ,-:H 9KL C* 4&U-B C8&73 ,2 ,-MG ,2 CP:)T g,-q +"KP&

 1@H)> H 12-*  '"bM;"73J g"n&n6B �S! ,2 "K8B H 2H467 ,"&E* I-8G "B  PE;3 +"KP\-!

 ,2 V4Z R&> +"',-MG C*  '"b. "* (=U .22)T  5. 14'"M7 2,-7 A;( ,2 )G] w*"Z  B"&/5$

;3)* 48."7)  PE;3 +"KP\-! �-j|U(  /$H -. +"K;@).( 4&U-B 9!2 H "KP:)M&> H (w

                                                            

1N( . ,-MG +@).( g"$t1384,-MG 9\-! v)j7 +3"! C8&K* I"73"! FI();( 9Y.  /7 9G)? F 
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 ,2 +,(=T C;"7)! H CL-B VHWU F,-MG ,2 2-L-7 +"' w&E."P> C* CL-B W&. H "K.J +"'2,HJ

 .22)T  7 �|M7 R|* A;( 

 +"' 1-&? AP:"; 9KL ,2 <tB H  5/$ 9\"8? VHWU Fi"* ,2 14? CO(,( `U"S7 C* CL-B

2)*,"G "*  ;"&5&? 12"7 X; I(-8$ C*) d-."B( 4&U-B 4;4L F ;H,(2 F ;(=a F P08q I(H(): +"'

 H I-T".-T 2(-7 3( (9!( );=> 4;4_B 9\-! X; I(-8$ C* CG IJ 4;4L 2)*,"G H  P?(4K*

.23"E&7 ,"Q?J R&>3( R&* (, 4&U-B +"' C8;W' R'"G "* +3,H"MG g"0;"k �-j|* 

.2,(2 2-LH  BH"YP7 +"K?H, d-."B( C&KB +()* 13H)7( 

()* "K?H, A;(  /G ,-S*:4.-?  7 %&EnB );3 +48* CP!2 C* wQU( +4&U-B [*"87 u"! 

1- gta 3( d-."B( 4&U-B 

2-  3( d-."B( 4&U-BBiomass (u"T"* 48."7 12-B 9E;3) 

3- )QM&. H 48Z ,48ef ut7 3( d-."B( 4&U-B 

4- I"B( 3( d-."B( 4&U-B 

2- &#$3 83 ,-$&.+ 0#1-. %+ ##S. 0$M8 

  ."KL 4&U-B "* CS*(, ,2 7 +2(-7 2H407 �WL d-."B( CG 9?(2 CL-B 4;"* d-."B(  CG 4?"*

  N10   U(12  7  8&* R&> H 14? )*()*H2 IJ 4&U-B CP?=T d"!  "B CG 2-?10  148;J d"!

 <H, C* I"KL wQU( 4&U-B wG 3( CG 9!( )G] C* V3i .4*"; R;(W:( ,"&E* 12"7 A;( C* 3"&.

 2H4l F)&5|B65 &5|B m;)N 3( 4q,2 H )Q? [;"8q  #."L gi-j67 3( )35  )b;2 4q,2

 7 wq"l 1)&a H "7)\ FV48T Fg,] 48."7 ,(248Z 2(-7 );"! )&5|B 3(  ,2 CG ,-S."5'.22)T

 1,"5? ,(2-5.1  7 �|M7  ,2 +4?, C* H, 4.H, "&.2 ,2 d-."B( 4&U-B g()&&eB F4?"*30 

&U-B I(W&7 gH"YB ,(2-5. A;( ,2 .9!"KP?(2 CP?=T d"! );"! "* w;3)* ,-MG ,2 d-."B( 4

1,"Z H "',-MG  7 CL-B w*"Z I"KL +"' .4?"* 
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,(2-5.1- "&.2 ,2 d-."B(4&U-B 4?,1
 

2-1- ,-$&.+ 7$&PT 8+*&/2 

 d"! ,2 d-."B(  ."KL 4&U-B2010  2H4l27   ."KL g(,2"q A&8h5' .4? "*  7 AB I-&/&7

 C."&U"! IJ1/1 v)j7 H 4&U-B .2,(2 R;(W:( % w;] +"',(2-5. ,2 `&B)B C* d-."B(  ."KL

. 9!( 14? 12(2 I"M. 

 

 

 

 

 

 

                                                            

1 9;"! 3( CP:)T)* .www.EIA.com  

2. Biomass and Agriculture: sustain ability, markets and policies, September 2004 

publication service, paris. 
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,(2-5.2- d-."B(  ."KL 4&U-B 

 d"! 3( d-."B(  ."KL v)j72000  "B2010  I(W&7 C* +4?, C."&U"! +2t&73 I"M. (, %

 7   A;Wb;"L 9\-! I(-8$ C* d-."B( 3( 12"YP!( w&U2 C* .4'2MTBE  ,2 d-."B( v)j7

(.9!( 12-* 4?, "* 1()5' 146P7 gi"; 

 

 

 

 

 

 

 

,(2-5.3- d-."B(  ."KL v)j7 
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3- R(J@ N&5F*-Q ?U. RVI 7WO$ 2&I 

 908q H 9MG Fd-."B(-;"* 4&U-B 1@H)> �(4l( 9KL Fwj: A;( ,2 ClH)S7 2,(-7 C* CL-B "*

 1o;H g(3"&P7( C/5L 3( 9!( 14? CP:)T )y. ,2 s)N A;( +()* I"P!3-\ CpB 9Y' CpB 9Y'

 7 I"P!3-\ :2-5. 1,"?( w;] 2,(-7 C* I(-B1
 

1-  2H4l C."&U"! }!-P7 ,-N C*350,000  H 9MG A;( ,2 (s)N C&UH( 12"7) u"T"* AB

 7 4&U-B 908q  C.(3H, 9&:)� "* d-."B( 4&U-B 4l(H AP:)T )y. ,2 "* 22)T1000  "B1050 

7�B w*"Z CpB 9Y' 3( IJ  /q( C&UH( 12"7 Fu"T"* AB.9!( A& 

2-  ,"|* A&*,-B H2 3( CG  B(H"b7 9Y' 1"TH)&. X; }!-B C."\,"G 3"&.2,-7 �)*5/3 

 7 A&7�B 9!( 14? w&QMB  B(H"b7  H w&S0B I(,H2 ,2 +4&U-B �)* 9!( )G] w*"Z .22)T

 )&50B(overhaul)  m;,WB ,-MG +)!()! �)* C* I"*J w;(H( "B A;2,H): }!(H( 3( C."\,"G

 7 .2-? 

3- J �)* H xJ I"73"! +,"&*J CQ#? X5G "* 32 C."\2H, m;)N 3( C."\,"G 3"&. 2,-7 x

CQ#? H I"P!3-\  7 A&7�B CpB 9Y' xJ [;3-B +"' )22)T30 (,"PQ' ,2 `0Q7 )P7 ,(W' 

4-  +(,(2 C."\,"G3  1,-G X; 9!( ,"|* 1,-G220  ,"|* AB370  ,"M: "* CL,231 

 ,"|* 1,-G H2 H 9$"! ,2 )YE5B(68  gH3"7 CP?=T ,2H 12-*  0&#N 3"T 9\-! CG AB

.9!( 12-* 

5-  7 A&7�B ,-MG 3"T +)!()! CU-U }\ 3( C."\,"G 3"&. 2,-7 3"T .22)T 

6- Cylt7 w*"Z 90!H 3( C$-5_7 A;( +(  2H4l)200  7 CG 9!( ,(2,-\)* (,"PQ'  3( I(-B

.2-5. 12"YP!( s)N +()L( ,-y87 C* IJ 3(  P5EZ 

7- &. ,-�l 9MG +"K&To;H )b;2 3( ,"G +";-L +H)&. W&.H C*)_B "* H �j|P7 ,"G +H)

.9!( I"P!3-\ I"P!( H I"P!3-\ 908q H 

8- 12"L C*  !)P!2 1"bM;i"> C*  Q;2W. H  /q( +"'  C*  Q;2W. W&. H 9\-! 4&U-B +"'

!( CpB 9Y' 145$ g(3"&P7( )b;2 3( d-j67 g(,2"q C* w;"5B g,-q ,2 ,-MG ,2"8*.9 

 

                                                            

1M&. 908q H 9MG 9G)? +"KP&U"0: <,(WT . d"!  N CpB 9Y' )Q1383. 
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3-1- N+ (+ 83  !"#$ 0#1-. R#')M 

 C* 2H467 "K8B )QM&. 9MG I();( ,23  7 I"P!3-\ H It&T FI(,4.3"7 I"P!(  ,2 2-?

 9MG 3( [Z(-7 3( +,"&E* ,2  Pl H 12-* %;2 g,-q C* 9MG It&T H I(,4.3"7 +"K."P!(

v)q IJ  7 )y.  7 A;()*"8* .22)T I();( ,2 )QM&. 9MG 2)G "$2( I(-B  I"P!( ,2 "K8B

 7 g,-q  5O(2 H  *J wQ? C* I"P!3-\ .2)&T 

  $(,3 +"KU"!  N +3,H"MG g,(3H +-! 3( 1)MP87 1,"7J u"!( )* )QM&. 4&U-B I(W&7

84-83  "B89-88 dH4L s)? C*1 7 :4?"* 

dH4L1- (AB) I();( ,2 )QM&. 4&U-B I(W&7 

 

 $(,3 d"! I"P!3-\ (AB)I(,4.3"7 (AB)It&T wG ,-MG(AB) 

84-83 81 .5530364 60 - 81 .5530424 

85-84 53 .4958866 390 41 .134 94 .4959390 

86-85 85 .5311504 39 .56 3264 24 .5314825 

87-86 14 .3097034 17 .447 - 31 .3097481 

88-87 2822877 47 .175 - 47 .2823052 

89-88 31 .5685002 88 .85 - 19 .5685088 

 

*87 1,"7J+3,H"MG 2"KL g,(3H +-! 3( 1)MP 

 dH4L ,2 CG C.-b."5'1  7 14'"M7  2H4l }!-P7 ,-N C* C."&U"! F2-?5  )QM&. AB I-&/&7

 7 4&U-B ,-MG ,2  7 I"P!3-\ I"P!( ,2 4&U-B I(W&7 A;( V"5B �"#;)nB CG 22)T .4?"* 

4- ,-$&.+ 7X#Y@ RO(* 2&(+J@1 

1-  ,"MP.( R'"G CO2 :CO2 -! 3( wq"l)YE5B( 2,(H )b;2 9\-! )' "; H A;W8* 9\ 

                                                            

1 9;"! 3( CP:)T)* .www.renewableenergyworld.com 
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 7 C."|/T 14;4> 4;4MB `#! 3"T A;( H 2-?  7 +(  CQ&U"l ,2 .22)TCO2  9\-! 3( wq"l

 4'(-\ d-."B( 4&U-B 9KL 14? CP?"G I"'"&T }!-B )&5|B 48;(): ,2 14? 4&U-B d-."B( -&*

( 9\-! I(-8$ C* d-."B(-&* 12"YP!( 9KL �,W* 9;W7 A;( H 4? ,2  Pl CG 9!

9\-!  5. 9:"; W&.  0&#N 3"T 48."7 +W&5B +"' .2-? 

2-  ,"MP.( R'"GCO  HCH 7 I"M. ,"7J :  +"' 9\-! CG 4'2E7,E5,E10  I(W&7CO 

 (,4  "B15  I(W&7 H 4q,2CH  A&* (,2  "B7  7 R'"G 4q,2 .48'2 

3-  ,"MP.( R'"GVOC9\-! :  R'"G d-."B( +H"l +"'VOC  7 I"M. (, 2 A&$ ,2 H 4'

9\-! );"! C* 9#E. d"l  7 2,(H I3( C* +)P5G C74q "' .488G 

4-  m/07 g(,] ,"MP.( R'"G(PM10) 3( )P5G +)SZ "* m/07 +(WL( :10  48PE' )P5&/&7

CE&G ,2 CG  7 [5_B I"E.( R?  ;(-' +"'  H �Y8B %PE&! C* `&!J `#! H 48*";

 7 I"N)! 9\-! ,2 .4.2)T d-."B( +H"l +"'  2H4l ,2 m/07 g(,] ,"MP.(10  4q,2

 7 R'"G .4*"; 

5-  ,-YU-! +"'4&EG((SOX) 2H, ,"G C* �U"\ g,-q C* 9\-! I(-8$ C* d-."B(-&* )T( :

9\-! ,2 .%;,(4. +4&!( C_&P.,2 F2,(4. +,-YU-! C.-T �&'  W&. dH"B( +H"l +"'(SOX) 

 7 4&U-B +)P5G .2-? 

6-  I@H)P&. +"'4&EG((NOX) A;( :9\-! ,2 w7"$  "B d-."B( +H"l +"'10  4q,2

 7 R;(W:(  I(W&7 FA;W8* ,2 d-."B( I(W&7 R;(W:( "* 4*";(NOX)  7 R'"G  %&y8B "* .4*";

 7 F�()Pl( g,()l CL,2 H, -B-7 .9?(2 Cb. x-/S7 +4l ,2 (, w7"$ A;( I(-B 

7- X&B"7H,J d-."B( :"'  5.  Q&B"7H,J C.-T �&' +H"l F  A;( .4?"* A;W8* CG 9!(  U"l ,2

 x)! IH4* +"'45 .4.,(2 X&B"7H,J 4q,2 

8- 9\-! ,2 4&O4U"P!( I(W&7 F"'4&O4UJ  3( 12"YP!( "* .4*";  7 R;(W:( Fd-."B( +H"l +"'

 7  PE&U"B"G 1488G w;4#B .2)G v=l (, w7"$ A;( I(-B 

9- A5;( A;W8* 3( d-."B( :wQU(  85;(  7 RBJ )B);2 12-* )B 2 2)&T C* RBJ C/0? )*()* ,

 7  ."!J  7 4&U-B A;W8* "* CE;"n7 ,2 +)P5G 2H2 H 23-! .48G 

10-  C;W_B X&8*)G 3"T H xJ I-f +,)k  * 2(-7 C* 9$)! C* 9E;3 }&67 ,2 d-."B(

.2-?  7 
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11-  d2"07 H 9!( (3 Io&EG( 12"7 d-."B(35 .2,(2 )* ,2 Io&EG( 2-\ I3H 4q,2 

12- * I"PG( 24$ d-."B(X5G ,-B-7 ,2 A;W8* )PK* �()Pl( C*H 12)* i"* (,  :)j7 A;W8   

F48G  7  R;(W:( "* CQ;,-N C*5 3( C;"> A;W8* I"PG( 24$ d-."B( 4q,284,3  C*87,2 H  "*

R;(W:(10 3( 9\-! I"PG( 24$ A;W8* C* d-."B( 4q,284,3  C*90   .4!,  7 

13-  �Z". �()Pl( C_&P. ,2)-L C* d-."B( 2H,H  9E;3 Ck,"$H  T2-UJ C.-bh&' ()&|#B ";

.48G  5. 2"_;(  S&67 

14-  C&/G C_&P. ,2H 2-?  7 x-E67 W&5B �t7"G 9\-! X; 2-\ +2-\ C* d-."B(

R'"G 9!( 14? �-/|7 IJ "* CG +4q,2 9#E. C* W&. (, A;W8* +"K&T48;iJ            

.4'2  7 "',-MG  :)j7 A;W8* ,2 d-."B( v)j7 R;(W:( +"K?H, 3(  Q; I(-80*  P08q +

 C;i )* ,(=T )&z"B +"'3"T R'"G 2,-7 ,2 -B-&G 14'"07 C* "',-MG A;( g(4K0B V"_.(

.9!( s)S7 A&73 1)G -L H IH3H( 

5-  &/ ,-$&.+ 7A(JZ(&TMTBE [(JA/ 83 

�"q-j|7) 9\-! ,2 d-."B( 4&U-B  /q( v4'  3( R&* (w;3)* ,22,3   ."KL v)j7

 7 ,2 .4?"*  3(  Q; .9!(  /QU( g"*H)M7 4&U-B 908q ,2 d-."B( )b;2 v,"j7 CQ&U"l

)  *-8L +"Q;)7( 3( 40* d-j67 A;( I"T488G v)j7 A;)PT,W*38 "* "&!J (%20 v)j7 %

 7  ."KL .4?"* 

  P?(4K* H  M;(,J F ;H,(2 F ;(=a F P\-! [;"8q ,2 d-."B( F4? 1,"?( �t#Z CG ,-S."5'

( "7( 2,(2 2)*,"G ,2 13H)7( A;W8* ,2  #&G)B 9\-! "; w7"G 9\-! I(-8$ C* IJ 3( 12"YP!

.9!( <)PET C* H, +2";3 9$)! "* I"KL 

 I"PG( 24$ "* d-."B(113  I"KL ,2 IJ v)j7 H 14? x-E67 x-a)7 ,"&E* 9\-! X;

 3(19  d"! ,2 )P&U 2,"&/&72000  C*30,5  d"! ,2 )P&U 2,"&/&72006 .9!( CP:"; R;(W:( 

 A;Wb;"L X; AP:"; d"#.2 C* 1,(-5' I"nn67 F /&E:  P\-! [*"87 I(W&7 R'"G  > ,2

12-*  /&E:)&a  P\-! 9\-! 3( 12"YP!( 145$ wQM7 H2 .4.(   T2-UJ 9E|.  /&E: +"'

 .9!"K.J +);=>".4;4_B +)b;2 H �()Pl( 3(  ?".  S&67 9E;3 +"' 

<tB H g"n&n6B CP?=T +"KU"!  N ,-q +2";3 +"'! "B CP:)T g�"* +2"jPZ( d-."B( 9\- 
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 9\-! I(-8$ C* d-."B( 3( 12"YP!( +";(W7 3( .2-? 4&U-B );=>4;4_B [#87 X; 3( 12"YP!(

 7  C."|/T +"'3"T 4&U-B V4$ H I2-* W&5B I2-* );=> 4;4_B C* I(-B  IJ AP\-!  N +(

+2 CG "_.J 3( 9n&nl ,2 .2)G 1,"?( ( AP\-! 3( wq"l A*)G 4&EG( gta 9MG  N Fd-."B

 7 v)j7 12"7 A;( 4&U-B ,2 12"YP!( 2,-7 )QM&. H 9\-! vt\)* (=U F2-?  F /&EY;"'

+2 C."|/T +"'3"T R;(W:( IJ �()Pl( 3( wq"l A*)G 4&EG(  13H)7( .2,(4. 1()5' C* (, +(

 7 ,()Z 12"YP!( 2,-7 9\-! ,2 gH"YP7 wQ? H v4' C! C* d-."B( 3( 48B,"#$ CG 2)&T  H2

 C.o&EG( H �/P|7 +"'4q,2 "* A;W8* H d-."B( I2-5. �-/|7 FA;W8* I2)G CU-7): ,"*

 CO(,(  B"6&k-B X;)' 2,-7 ,2 C7(2( ,2 CG FA*)G 4&EG-87 d)P8G 9KL A;W8* I2-5.

 7 .2-? 

C;"> (-' +(  +"')K? I"8G"! +()*  $"5PL( wQM7 X; (-'  T2-UJ H 9!( g"&l )j8$ A;)B

 7 �,W* 4?"* 9\-! C#'4? C:"k( g"#&G)B F(-' 1488G 12-UJ %K7 w7(-$ 3(  Q;  +"'

 7 I"&7 A;( ,2 CG 9!( "K.J )PK* AP\-! 9KL  /&E:  H x)! w&B(()PB C* I(-BMTBE 

 7 C:"k( IJ C* A;W8* �()Pl( ,2 w&KEB 9KL CG `&G)B H2 A;( .2-5. 1,"?(  ,"&E* F2-?

12-UJ 3( H 12-*  5! 1488G -' %K7 +"' 7 ( A;W8* ,2 .48?"*  d-."B( 3( F14? CU-7): ,"*H2 +"'

 7 12"YP!( 9\-! ,2 w&KEB 9KL  A;W8* I"PG( 24$ CG "_.J 3( .2-?95  d-."B( H113 

12"! ,"&E* �()Pl( A;W8* C* IJ I2HW:( (=U F9!(  �-/|7 .2,(2 1()5' C* (, +)PK* H )B

-! I(-8$ C* "',-MG  \)* ,2 W&. A;W8* H d-."B( 7 12"YP!( 9\  g,-q C! C* d-."B( .2-?

 7 ,()Z "'H,2-\ 12"YP!( 2,-7 H `&G)B A;W8* "* :3( 48B,"#$ "K?H, A;( 2)&T 

1-  "B d-."B( "* 9\-!10 "; %E10  )&&eB IH4* FI,47 +"'H,2-\ `/a(,2 12"YP!( w*"Z CG

 7 "K.J �()Pl( %PE&! ,2 .4?"* 

2-  "B d-."B( "* 9\-!22 "; %E22 B H "85 "; %E85  ,2  B()&&eB C* 3"&. IJ 3( 12"YP!( CG

.2,(2 H,2-\  ."!, 9\-! %PE&! 

3- .4.,(2 (, IJ v)j7 9&/*"Z  q"\ +"'H,2-\ "K8B CG  jU"\ d-."B( 9\-! 

%'  w;3)* ,2 I-8G(50 +H"l 9\-! "*  n*"7 H �U"\ d-."B( C* "'H,2-\ %22 H d-."B( %

78 7 ,"G A;W8* % Q;)7J ,2 488G I-8G"B W&. "111  9\-! Ck)$ +()* 1"b;"L85 d-."B( %

9G)? 1Ht$ C* .9!( 14? �(4l( w&#7-B( F ;"Q;)7J 2,-: H )/E;()G +"'  7  ;"'  4.3"!
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 v)j7 C* ,2"Z CGE85 .4.,(4. "'H,2-\ );"! "*  P5&Z gH"YB H 12-*1  ,2 d-."B( A&8h5'

 9\-! 1488G w&KEB I(-8$ C* "Q;)7J gi";( `/a( +"L C*MTBE  12HW:( A;W8* C*

 7  4? )G] �t#Z CG ,-S."5' 2-?MTBE  +48G C* }&67 ,2 IJ C;W_B H 12-*  5! ,"&E*

 7 g,-q .2)&T 

 12"7 v)j7 v=l "; R'"G d"5Pl( C8&73 ,2MTBE  F,-MG +"'H,2-\  :)j7 A;W8* ,2

8h5' .9!( CP?(2 R'"G ,-MG ,2 )&\( +"KU"!  N 12"7 A;( v)j7 I(W&7 g()S\ A&

 12"7 v)j7 3(  ?".  U"5Pl(MTBE  )~G( ,2 12"7 A;( CG 9!( CPMT A;( C* )_87

 ,2 "K8B H 2)&T ,()Z 12"YP!( 2,-7 )P5G "'H,2-\ A;W8* 9\-! R|* ,2 I"KL +"',-MG

9U";(  \)*  3( F"Q;)7( ,2 d-."B( 3( 12"YP!( .9!( 14? v=l �t7"G IJ v)j7 "Q;)7( +"'

 d"!2004  +2t&7  .2HW:( 12"7 3( 12"YP!( 9&$-857 "* I"7W5' HMTBE  }!-B A;W8* C*

.9:"; <)PET g4? C* F,-MG A;( 9UH2 

2C7".)* "&.2 +"',-MG 3( +,"&E* )k"l d"l,  9KL d-."B( 4&U-B +()*  .-T".-T +"'

 CO-T(,"> +Hi"7 F"&8G ,2 d-."B( .4.,(2 ()L( 9!2 ,2  :)j7 9\-! I(-8$ C* IJ  8;Wb;"L

 +"L C*  ;">H,( +"',-MG );"! ,2 H 9\-! I(-8$ C* 4O-! H "&U"P;( F *-8L +"n;):J

 4&U-B ,2 C&UH( 12"7 I(-8$ C* "; H x)! g"#&G)BETBE  9\-! 1488G w&KEB X; CG

 7 ,"G C* F9!( .2H, 

#&G)B )' "* d-."B( FA;W8* 3( 12"YP!( C* ,2"Z CG "'H,2-\ 3( +4;4L wE. 2"_;( �SU C* "7(  

 12"YP!( C* )b;2 ,"* I"T48.(, 3( +,"&E* F48PE' 9\-! H2 A;( 3(100  9\-! 3( 4q,2

12,HJ +H, wQU(  C* FwQU( 3( 12"YP!( 488G C/*"n7 A;W8* +i"* 95&Z "* m;)N A;( 3( "B 4.(

9\-! )b;2 "* `&G)B g,-q C* ";  ;"K8B C* F3-! IH,2 +"',-B-7 9\-! I(-8$  F"'

 (, CL-B A;)PM&*  S&67 9E;3 4;(-: FIJ w&U2 .9!( 12-5. `/L 2-\ C* )&\( I"&U"! ,2

9\-! C* 9#E. CG 9!(  B47 3(,2 +2"jPZ(H  CG 9!(  U"l ,2 A;( 2,(2  /&E: +"'

 [kH 2-#K* C* CG );=>4;4_B H 1W&G"> 9\-! A;( <)PET 3( W&. 9E;3 }&67 I(,(4:)N

8G  7 9;"5l 9!( 12)G X5G w;3)* +"')K? ,2 (-'.48 

                                                            

1 )#7(-. F"' 1488G A;)&? H )Q?  //5U( A&* C;)M. <,(WT.2006 d-."B( H )Q? IHW:(3H, +"'  8;):J  PYb? F

 #."L [*"87 H )QM&. C0!-B 9G)? Fw;3)* 
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12(2 V"_.(  P\-! wQU( C8&73 ,2  *-\ g"n&n6B CG +,-MG H2  7 C&!H, H w;3)* 4.(  48?"*

C;"7)!  72,(H wQU( H )Q? 4&U-B R|* C* (, ,i2 "'2,"&/&7  q-j\ I(,(=T  A;( 3( H 488G

C&?"l mN"87 ,2 d"eP?( 2"_;( C* m;)N  7 X5G W&. +( .488G 

 H R;i">  /7 9G)? %' I();( ,212,H(): R|>  1@H)> +H, )*  B"n&n6B I();(  PY. +"'

 A;( .9!( 12(2 V"_.( A;W8* I"PG( 24$ 148'2 R;(W:( C.o&EG( 12"7 I(-8$ C* d-."B( 2)*,"G

 ,2 wQU( 3( 12"YP!( 2)*,"G 9!( 14? V"_.( 9Y. 908q 1"bM'Ho> +,"Q5' "* CG 1@H)>

12)G  !,)* A;W8* )PK* +3-! V(,J +()* (, A;W8*  i"* m&n6B A;( +()L( 3( v4' 9!(

H A;W8* )PK* +3-! V(,J FA;W8* I"PG( 24$ I2)*  3( 12"YP!( "*  S&67 9E;3 )P5G  T48;iJ

 R;(W:( I(-8$ C* d-."B( 2)*,"G  .(4&7 R;"73J g"74n7 )k"l d"l ,2 9!( A;W8* ,2 wQU(

. I2-* 9#~7 g,-q ,2 "B 9!( 14? V"_.( A;W8* I"PG( 24$ 148'2R;"73J �;"P  +"'

I"Q7( g"0U"S7 H  .(4&7 .488G C:"k( A;W8* C* v)j7 +2"#7  Q;2W. ,2 (, wQU( F _8! 

 CP?=T +"KU"!  N CG 4?"*  7 +2(-7 2H467 �WL d-."B( CG 9?(2 CL-B 4;"* A&8h5'

R&> H 14? )*()* H2 IJ 4&U-B  7  8&*  "B CG 2-?10  ,"&E* 12"7 A;( C* 3"&. 148;J d"!

(W:( .4*"; R; 

6- \#KY. ?A#"#E 

"B 4l(H +2"jPZ(  *";3,( C* �-*)7 rl"#7 1o;H C* H  PE;3 +"' 9\-! C8&73 ,2 I-8G

 g,-q +( 145$ +"' 9&U"0: ,-MG ,2 2-L-7 +"' w&E."P> C* CL-B "* "K.J 4&U-B +"'

 7 s)N A;( g(3"&P7( H  "K&To;H C/5L 3( A;( H 9!( CP:)b. .4?"* 

- U"S7 C/5L 3( +"ZJ C7". I";"> C* I(-P&7 d-."B( 4&U-B <H, 2,-7 ,2 CP:)T g,-q g"0

 I(-8$ "* �;)?  P08q 1"bM.(2 +@-U-8QB-&* CP?, 4?,(  !"8?,"G +W;)KG I"El(" 4&U-B

I"7W5' )&5|B H 9:"Q*J <H, C* +WU-/!-8b&U g"0;"k 3( wQU("  C#8L 4Z": CG 2)G 1,"?(

.9!( +2"jPZ( +"' 

- IH  7 W;(-B 2(3J 1"bM.(2 2"jPZ( 4?,( u"8?,"G ,(W/T "k)&/$ +"ZJ C7". I";"> C* I

I(-8$ "* WG)7 I()KB 4l(H  7t!( "  8;Wb;"L,-y87 C* d-."B(-&* 4&U-B +2"jPZ(  !,)*

"*MTBE   .9!( CP:)T V"_.( V48T g"0;"k +H, )* }n: m&n6B IJ CG 2)G 1,"?( I();( ,2 
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- Q7( 2,-7 ,2  B"0U"S7 A&8h5'  CE!-7 }!-B A;W8* 9\-! ,2 d-."B( 3( 12"YP!( I"

 .9!( CP:)T g,-q ,-MG 9Y. 908q 

 )* ,2 (,  8: +"' C#8L %' H +2"jPZ( +"' C#8L %' CG  ."KL �S! ,2 m&n6B A;)P5K7

 72)&T "'WU-/! -8b&U 3( 12"YP!( "* d-."B(-&* 4&U-B s)N  !,)*)I"73"! }!-B 14?NREL (

)NATIONAL RENEWABLE ENERGY LABORATORY 7 (.4?"* 

7-  *+ 93&V5F+ 23&456+ ?O(&K@MTBE  [(JA/ 83 ,-$&.+M 

 A&8h5' H 48;J): R|* C* IJ w;-6B 95&ZFC&UH( 2(-7 95&Z C* 9#E. d-."B( 4&U-B C8;W'

 A;W8* "* IJ 9*"Z,H d-."B( 4&U-B ,2 9&n:-7 A;()*"8*.2,(2  ;i"* 9&!"El C&UH( 2(-7 `&G)B

(-B  7 gi-j67 �(-\F 4&U-B <H,F(-' H xJ c-.F CnS87  ;"&:()eL 9&0Z-7 C* 4.

.4?"* CP?(2  bPE* "K.J g"0;"k c-.H +3,H"MG 

  3( 12"YP!(H C&UH( 2(-7 C* I"!J  !)P!2F C&UH( 2(-7 A&;"> C8;W' u"!( )* CG  5PE&!

."B(  8;Wb;"L +2"jPZ( C&L-B 4.(-B  7 4?"* 14? �&!"B  #."L gi-j67 "*  d-MTBE 

.4;"5. g"#z( (, 

dH4L ,2 CG ,-S."5'2  H3 I"PG(24$ C*  *"&P!2 +()* I(-B  7 9!( 14? 1,"?(90  ,2

 3( C;"> A;W8*15  4q,2MTBE   "; H10  .2-5. 12"YP!( d-."B( 4q,2 

95&Z C* CL-B "* MTBE   80;10200 +4&U-B d-."B( <H): 95&ZH)P&U )' +(3( C* d";,

2,-7 1@H)> ,2   80; r6*8000  I(-B  7 CG CPQ. A;( AP:)T )y. ,2 "*H )P&U)' +()* d";,

 I"PG( 24$ C*  *"&P!2 +()*90  3( ,-MG C;"> A;W8* ,215 4q,2MTBE  H  ";10  4q,2

2-5. 12"YP!( d-."B(  (=U1530 d";,MTBE   w*"n7 ,2800  A;W8* )P&U )' ,2 d-."B( d";,

 .9!( 3"&. 2,-7 

dH4L2- M|*)z(A;W8* ,2 �/P|7 +"'4q,2 "* d-."B( 3( 12"YP!(   

 

I"PG( 24$ R;(W:( I(W&7 wq"l I"PG( 14? 12HW:( d-."B(  5_l 4q,2 C;"> A;W8* I"PG( 24$ 

2,9 87,2 5 84,3 

5,7 90 10 84,3 

 

[#87 :)bM'Ho> +"' CP:"; 
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dH4L3-  3( 12"YP!(  M|*)z(MTBE A;W8* ,2 �/P|7 +"'4q,2 "* 

 

W:( I(W&7I"PG( 24$ R;( wq"l I"PG( MTBE 5_l 4q,2 C;"> A;W8* I"PG(24$ 

1,6 85,9 3 84,3 

2 86,3 5 84,3 

3,9 88,4 10 84,3 

5,9 90,2 15 84,3 

 

[#87 :)bM'Ho> +"' CP:"; 

 9U"l A;( ,2 CG "_.J 3(10  A;Wb;"L d-."B( 4q,215  4q,2MTBE  (=U 22)T  75 

 7 3"&.2,-7 +)PM&* A;W8* 4q,2  2H4l A;W8*  ."KL 95&Z A&b."&7 AP:)T )y. ,2 "* 4?"*

 )+( CQM*160  ()P&U100  2H4l  A;W8* )P&U X; 95&Z F,i20,625  )T(. 9!( 12-* ,i2

 (, 3,( �).12000 x"EPl( "* H %;)&b* )y. ,2 ,i2 )' +(3( C* d";,5  2(3"7 A;W8* 4q,2

 2H4l CG %&!,  7 C_&P. A;( C*F375 7 C* d";,.%;,(2 3"&. A;W8* 2(3" 

 dH4L ,2 CG C.-b."5'4  CG 1@H)> ,2 +4&U-B d-."B(-&*  8;Wb;"L "* 22)T  7 14'"M7

 �-/\ +(,(299,5 +"L C* 4?"* 4q,2MTBE 2H4l )P&U )' ,2 I(-B  7355  d";,

 g,-q ,2 CG 9?(2 CL-B 4;"* CP#U(.4?"*  7  KL-B w*"Z %Z, CG 2-5.  ;-L C:)q

B 4l(H 9&U"0: "K8B C.i"! 2-\ 9&:)� V"5B "* +4&U-118   74&U-B d-."B(-&* )P&U I-&/&7

.4?"* ,-MG 3"&. wG +-b|!"> 4.(-B  5. CG 22)T 

  w7"G  8;Wb;"L +()* w;"5B g,-q ,2 A;()*"8*MTBE  +"'4l(H  PE;"*  P\-! d-."B( "*

2 d-."B(-&* 4&U-B +()* C&UH( 12"7 .22)T 2"_;( ,-MG �S!,2 +)b;2 4.(-B  7 "'4l(H A;( ,

 g(4&U-B c-. H  ;(-'H xJ };()? H CnS87 C* CL-B "* +3,H"MG g"0;"k c(-.( I"&7 3(

.22)T x"|P.( +3,H"MG 

dH4L4- ) d-."B(-&*  8;Wb;"L 95&Z gH"YB99,5  "* (4q,2MTBE* 

 

1530 d"*,  MTBE 95&Z15 4q,2 10200d";, MTBE)P&U X; 95&Z 

800 d";,  95&Z10 d-."B(-&* 4q,2 8000 d";, 
d-."B( -&* )P&U X; 95&Z99,5+4&U-B4q,2

CpB 9Y' ,2 

375 d";, 95&Z5 A;W8* 4q,2 7500d";, A;W8* )P&U X&&."KL 95&Z 
 

[#87 :mn67 g"#!"67 
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m&n6B  I"73 ,2  Q."* 3,( �). *12000  2(3J ,(3"* ,2 3,(  �). H d";,16000  12-* d";,

;( ,2 "7 CG 9!(.%;( CP:)T )y. ,2 (,  Q."* �). m&n6B A 

8- N]  #OV. M 8&V@&^ 8+JB+ < $ 2&I 7TM Q &I 

) ,"Y7"G ,(W:( V). )k"l d"l ,2COMFAR 14? Ck)$ ,(3"* C* H4&.-; I"73"! }!-B CG (

 +,(=T C;"7)! ,H"M7 +"KPG)? }!-B 12"YP!( 2,-7 +"',(W:( V). A;)P5K7 3(  Q; F9!(

( C0U"S7 ,-y87 C*)  _8! I"Q7Feasibility Study.4?"*  7 I-T".-T +"' 1@H)> ( 

 +2";3 ,"&E* +"',(2-5. H dH(4L +(,(2 ,"Y7"G ,(W:( V). CG 9!( V3i W&. CPQ. A;( )G]

 C* "_8;( ,2 (=U .4?"*  5. );=> I"Q7( 9;2H467 w&U2 C* "K.J 3( 12"YP!( I"Q7( CG 9!(

 9&!"El W&U".J I"&*IRR (,"> �&k-B H) Cqt\ g,-q ,2 %K7 +"')P7Summery 

Sheet AP:)T )y. ,2 "* (25  CQ8;( C* CL-B "* A&8h5' .%;( CP\(2)> 47J,2 )* g"&U"7 4q,2

 ,2 V,-B �). I2)G �"6U (=U 2H,  7 i"* 9#E. I"5' C* W&. "'47J,2F "KP5&Z R;(W:( "*

.2,(4.  B,H)k g"#!"67 

8-1-  *&#$ 38-@ 28+_` ?(&@ F 38M] /a b 

 w;] s)? C* 4l(H C.i"! 9&U"0: };()? Fu"T"* 3( d-."B(-;"* 4&U-B  P08q  l()N ,2

.4?"#&7 

d"! ,2 +,"G 3H, 2(40B   3303H, 

3H, ,2 9Y&? 2(40B    3 9Y&? 

9Y&? ,2 9$"! 2(40B    8 9$"! 

C."&U"!  5!( 9&:)�    4&U-B118 d-."B( )P&U I-&/&799,5 4q,2 

     3,( �).    1i2 = ,12000 d";, 

 *w;W8B �).    22 4q,2 

 s)N A;( ,2 w;W8B �). CQ8;( w;i2 *22 :3( 48B,"#$ 9!( 14? C#!"67 4q,2 

�iH(  C;"7)! 2-! �). "&;4;"$ (=U F9!(  q-j\ H  $"YP.( t7"G +,(=T C;"7)! 1@H)>

 ,2 .4'2 R?-> (,  q-j\ R|* +,(=T C;"7)! XE;, IH4* 2-! �). 4;"* +,(=T

 ,2) F%;)&b* )y. ,2  Q."* g47 48/* +,(=T 12)p! (, XE;, IH4* 2-! �). CG  B,-q
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 2H4l )k"l d"l17  +,(=T C;"7)! XE;, +(,(2  l)N )' CG "_.J 3( (.4?"*  7 4q,2

 XE;, A;( C* W&. +4;"$ "; 4;"* (.9!( A&;"> ,"&E* s)N A;( XE;, 48f )' ) 4?"*  7 W&.

 I(W&7 A;( CG 2)&T m/0B A&b."&7 ,-N C* +,(=T C;"7)! +"Kl)N  \)* C0U"S7 "* +4;"$

 s)N A;( +()*5  14? CP:)T )y. ,2 w;W8B �). A;()*"8* .9!( 14? CP:)T )y. ,2 4q,2

 s)N A;( ,222 .4?"*  7 4q,2 

:3( 48B,"#$ F48?"*  7 sH)S7 1@H)> A&;"> XE;, 148'2 I"M. CG  /;i2 3(  \)* 

1-  3( CG  /\(2 `&Z,.2,(4. 2-LH 2)&T 1)K* ,-G=7 +4&U-B <H, 

2-  C* CL-B "* g(,2"q I"Q7( A&8h5' H  /\(2 3"&. C* CL-B "* d-j67 <H): A&5�B

 Fd-j67 +()* 14? CP:)T )y. ,2 `!"87 <H): 95&Z H d-."B( IHW:(3H, +"k"nB R;(W:(

.2,(2 2-LH 

3-  "* d-."B(-&*  8;Wb;"L g,-q ,2MTBE M;i"> FA;W8* ,2  5O(2 ,(4;)\ ,-MG +"K'"b

 �-/\ "* CG 1@H)> A;( +4&U-B d-."B(99,5  F2,(2 (, 9\-! ,2 12"YP!( I"Q7( 4q,2     

.48?"*  7 

dH4L5- s)N +,(=T C;"7)! 

 

�;2, 

9\"! +"KU"! ,2 

9*"z +,(=T C;"7)! wG 
<2)T ,2 C;"7)! 

 +,(=T C;"7)! wG

(d";, I-&/&7) 9*"z +,(2)* 1)K* 3( w#Z 

+,(=T C;"7)! 85/1458579 257789 32/39558 17/1755927 

 

[#87 :)bM'Ho> +"' CP:"; 

 dH4L6- *d-j67 <H): 95&Z 

 

d-j67 V". (d";,)14? V"5B 95&Z (d";,)<H): 95&Z (d";,) ."KL 95&Z   5!( 9&:)�C."&U"! 

()P&U)d-."B( 4600 8000 10000-10500 118 )P&U I-&/&7 

 

 *( Vt0P!( m#N d-."B( )P&U X; 95&Z F /\(2 ,(3"* 39000  ,2 95&Z H w\(2 ,(3"* ,2 d";,

 A&* I"73 I"5' ,2  ;">H,( +"',-MG10000  "B10500 .9!( 12-* d";, 
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8-2- R#F&Oc J#1&$] 

 ";J CG d(-! A;( "* F9!( +2"jPZ(  *";3,( X; C* +)b.3"* c-. X; [Z(H ,2 9&!"El W&U".J

|B F1@H)> V"_.( 3( �> 148;J ,2 CG 48?"*  S;()? )b.";"5.  *-|* 48.(-B  7 C&UH( +"' A&5

 C* X5G 9&!"El W&U".J 3( v4' �)&\ "; 9?(=T 48'(-\ )z( s)N )* H 47J 48'(-\ R&>

 A;4* F4?"*  7 14? CP:)T )y. ,2 };()? 3( )&a C*  S;()? ,2 s)N I"T4.)&T %&5jB

"5. )&&eB C&UH( +"')P7(,"> )T( CG `&B)B ,(=T C;"7)! +()* F48Q. )&&eB C&UH( �;"P. H 4;

 4;"*  ;"K. +)&T %&5jB +()* A;()*"8* .9?(2 4'(-\ +)PK* u"El( H 12-* 1488G ,(H4&7(

  !,)* (, w7(-$ IJ g()&&eB C_&P. H 9:)T )y. ,2 (, )B  .()6* w7(-$ 3( +2(40B "; X;

 Cqt\ ,-S* .2-5.»)QB 3( 9!( g,"#$ 9&!"El W&U".J )&&eB "* 48;J): X; g"#!"67 ,(

C&UH( g"$tN( 3( wq"l �;"P. "* 147J 9!4* �;"P. CE;"n7 H  /q( +"')P7(,"> I2(2.« 

 2-?  7 CPYT F22)T �;"P. ,2 +)&b5Mf )&&eB C* )_87 F)P7(,"> X; ,2  Qf-G )&&eB )T(

 ,2 .9!( u"El )P7(,"> X; IJ H 2,(2 9&!"El )P7(,"> IJ C* 9#E. s)N CG ,(2-5.

1,"5?4 )  /\(2 123"* �). )P7(,"> C/&!-* (, 9&!"El W&U".JIRR 95&Z g()&&eB +"8#7 )* (

.%&8G  7 Cylt7  B"&/5$ +"' C8;W' H 9*"z +,(=T C;"7)! g()&&eB Fgi-j67 <H): 
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,(2-5.4-  9&!"ElIRR H 9*"z +,(=T C;"7)! R;(W:( F<H): 47J,2 C* 9#E.       

 B"&/5$ +"' C8;W' 

[#87 :mn67 g"#!"67 

 R'"G "* d"~7 I(-8$ C* 22)T  7 14'"M7 CG C.-b."5' Fi"* dH4L C* CL-B "*4  3( 4q,2

I(W&7 <H): +"'47J,2 IRR  C*20,93 "* ,-S8&5' .4!,  7 %4  ,2 R'"G 4q,2

C* `&B)B C*  /\(2 123"* �). F B"&/5$ +"' C8;W' H 9*"z +"K&;(,(2 23,13 H %22,78 %

  /\(2 123"* �). 22)T  7 Cylt7 dH4L ,2 CG C.-b."5' F9!( )G] C* V3i .4&!, 4'(-\

 14? C#!"67 9U"l ,222,28.4?"*  7 % 
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8-3- dM B e^ ?/ f1&Q 3-F RWO$ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

,(2-5.5- <H): wG C* �U"\ 2-! 9#E. 

[#87 :mn67 g"#!"67 

8'2 I"M. ,(2-5. A;( C* �U"\ 2-! 9#E. I(W&7 F4&U-B +"KU"! CP?=T "* CG 9!( IJ 14

R;(W:( H 4&U-B +"' C8;W' R'"G 148'2 I"M. )7( A;( .9!( R;(W:( d"l ,2 <H): wG 

.4?"*  7 4&U-B +"KU"!  N ,2 2-! 
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8-4- ) f1&Q ,&c d*8+NPV28+_` ?(&@ F CDc e^ ?/ ( 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

,(2-5.6- () �U"\ d"l <3,NPV+,(=T C;"7)! %_l wG C* ( 

[#87 :mn67 g"#!"67 

 R'"G ,(2-5. A;( ,2NPV  A;( ,2 I(-B  7 A&8h5' .2-?  7 14;2 w;W8B �). R;(W:( "*

)  /\(2 123"* �). �;)0B ,(2-5.IRR 123"* �). %&.(2  7 CG ,-S."5' .2-5. Cylt7 (

) �U"\ d"l <3,( IJ +(3( C* CG 9!(  /;W8B �). F /\(2NPV .22)T  7 )Yq (IRR   

 s)N A;(22,28.4?"*  7 % 

8-5- %&#1&@ &/ a b ?ghQ %8-g 

 "* 1()5' s)N Cqt\ g,-q 148'2 I"M. );3 dH4L25  .4?"*  7 47J,2 )* g"&U"7 4q,2

 7 14;2 dH4L ,2 CG C.-b."5'  w;W8B �). +(3( C* 2-?22  F4q,2NPV    s)N
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680F594F022 . .9!( 14? C#!"67 d";, s)N 123"* �)22,28  "* CG 4?"*  7 4q,2

.9!( +2"jPZ( H d-#Z w*"Z  \). ,-MG +2"jPZ( 9&0kH C* CL-B 
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9- \#KY. *+ eg&c i(&5$ 

)> )QM&. g"0;"k 3( d-."B(-&* 4&U-B  !,)* C* 1@H)> A;( ,2 +";(W7 C* CL-B "*H 4? CP\(2

 IJ12"7 C* 9#E.MTBE  H T )y. ,2 "* 12"YP!( CG  S&67 9E;3 g()N"|7 AP:)

3(MTBE  };()? ,2H48G  7 w&56B C07"L C* CG  $"5PL( +"' C8;W'H 2,(2 1()5' C*

 4&U-B w&E."P> C* CL-B "*H 2,(2 2-LH ,-MG ,2  Q;oB()P!( H  ;"&:()eL �"6U 3( CG  q"\

+3,H"MG R|* �&6q 9;(4' H +W;, C7".)* "* I(-B  7 ,-MG ,2 12"7 A;(  +"P!(, ,2 %'

 V"T [&!H �S! ,2 d"eP?( 2"_;(H +,"Q&* w�07 [:, 9KL C* %'H R|* A;( C0!-B

 �;"P. ,"Y7"G ,(W:( V). +"'  LH)\ H m&n6B A;( ,2 14? V"_.( C0U"S7H  !,)* "*. 9?(2)*

:22)T  7 wq"l );3 

1-  C* CL-B "*H );"\] R'"GH  /&E: +"' 9\-! 95&Z R;(W:( AP:)T )y. ,2 "*  w&E."P>

 9\-! C/5L 3( 14.-? 4;4_B +"' 9\-! ,2 +,(=T C;"7)! VHWU ,-MG ,2 2-L-7 +"'

 PE;3 +"' .22)T  7 �|M7  +"' m;-MBH g47 48/* +"' V(H +"S$( "* 4.(-B  7 9UH2

 H <)PET CG 4;"5. R|* A;( ,2 +,(=T C;"7)! C* `&a)B (,  q-j\ R|*  B"&U"7

 mN"87 ,40;"8q C.-b8;( C0!-B R'"GFI".(-L +()* d"eP?( 2"_;( I-h5'  B()z( VH)67

 g(,2"q R;(W:( I"Q7( C_&P. ,2  /&E: +"' 9\-! )* C&QB R'"GF"')K? C* g)L"K7

 C* "K;@-U-8QB C.-b8;( g(,2"q H "&.2 3H, +@-U-8QB "*  ;"8?J I"Q7(F  PY. gi-j67

.9?(2 4'(-\ CP:"; C0!-B )P5G +"',-MG 

2- 95&Z C* CL-B "*  +"',-MG C* +4&U-B d-j67 g(,2"q I"Q7( "',-MG );"! ,2 d-."B(

 C&/G ,2 )T( CG 9!( 9&5'( WO"l CPQ. A;(.2,(2 2-LH C;"E5' +"',-MG �-j\ C*)b;2

 �(4l( u"T"* 3( d-."B(-&* 4&U-B 4l(H I"P!3-\ I"P!( ,2 )QM&. +"' 908q H 9MG

-* CL-B w*"Z ,-MG ,2 d-."B(-&*4&U-B 9&:)�F22)T CG 12 12"YP!( C* w;"5B V4$ g,-q ,2

,2 +"'47J ,2 R;(W:( `#!  PY.)&a  B(,2"q d-j67 X; I(-8$ C* 4.(-B  7,-MG

.22)T ,-MG  PY. )&a  B(,2"q 

3- )  /\(2 123"* �).IRR (  AP:)T )y. ,2 "* s)N25  47J ,2 )* g"&U"7 %22,28  4q,2

PZ( 2-L-7 };()? C* CL-B "* CG 9!( 14? C#!"67 CL-B w*"Z H `!"87  \). ,-MG +2"j

.2-?  7 [Z(H d-#Z 2,-7 dH( C&k): A;()*"8* .2H,  7 ,"5? C* +,(=T C;"7)! +()* 
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4- +"L C* d-."B( I2-5. A;Wb;"L "*MTBE  A;W8* ,2 ��iH( ,-MG w\(2 4&U-B I"Q7( :

3( 12"YP!( MTBE !( �"&."zF4;J  7 2-L-* "' R|* );"! ,2 ,-MG w\(2 4&U-B 3( 12"YP

`#! A;W8* ,2 d-."B(-&*  H 9E;3 }&67  T2-UJ 3(H 14? A;W8* I"PG( 24$ AP:, )Bi"*

.4?"*  7 d-#Z 2,-7 W&. VH2 C&k): A;()*"8* .48G  7 +)&T-/L  8&73 );3 +"K*J 

5-  C.(3H, CG "_.J3(1100AB MTBE  C* +4&U-B d-."B(  8;Wb;"L "* 22)T  7 ,-MG 2,(H

H "K8B C. IJ +"L C.(3H, CQ/* 4*"&&7 R'"G d-j67 A;( 1488G 4&U-B +"' ,-MG C*  bPE*(

 3( R&#LH)\ 3(900000  CG 9?(2 CL-B 4;"* CP#U(.2-?  7 +)&T-/L ,-MG 3( ,i2

 4?"* ,-MG 3"&. wG +-b|!">4.(-B  5. 2-\ 9&:)� V"5B "* +4&U-B 4l(H 9&U"0: g,-q,2

7"G  8;Wb;"L +()* w;"5B g,-q ,48;()*"8*wMTBE   +"'4l(H  PE;"#&P\-! d-."B( "*

 4.(-B  7 "'4l(H A;( ,2 d-."B(-&* 4&U-B +()* C&UH( 12"7.22)T 2"_;( ,-MG �S! ,2 +)b;2

 +3,H"MG g(4&U-B c-.H  ;(-'H xJ };()? H CnS87 C* CL-B "* +3,H"MG g"0;"k c(-.(

.22)T x"|P.( 

6-  +()* %&nPE7 d"eP?( 2"_;( r$"* 1@H)> +()L( +()*  /7"$ 2-\ CG 2-?  7 2():(

 2"_;( %&nPE7 )&a d"eP?( C* 4; "* CP#U(. 9!"')K? C* VH)67 mN"87 3( g)L"K7 R'"G

.9!( %&nPE7 d"eP?( )*()* A;48f CG 9?(2 1,"?( W&. ,-MG �"n. );"!H CnS87 ,2 14? 

7- *  ;"8?JH  7-* R.(2 C0!-B )* 1Ht$ +2"K8M&> <H, C* d-."B( 4&U-B "* +"' +,HJ A: "

.4? %&'(-\ CnS87 ,2 +@-U-8QB-&* <H, C* d-j67 A;( 4&U-B V"bM&>F"&.23H, 

10-  %+3&PA"#E 

 C* CL-B "*H 9!(  ;(-'H xJ H  ;"&:()eL c-8P7 };()? "* +,-MG I();( CG "_.J 3(

 };()? [&!H �S! ,2 +,"Q&* 2-LH H 2,(2 2-LH +3,H"MG R|* ,2 CQ&;"' w&E."P>

)*  *-/S7.2,HJ  7 %'(): m&n6B A;( v(4'( C* w&. +( 

F9E;3 }&67 +()*  T,W*  .()b. F�,W* +"')K? ,2 (-' `!"87 ". 9&Y&G)b;2 v)N 3( 

 I4.(3-! C_&P. ,2(-' 9&Y&G 9:(3( +( 145$ R|*.4;J  7 ,"5? C* )M* 97t!H 2"jPZ(

 +()* 9;"K. ,2.22)T  7 2"_;( "'H,2-\ 9\-! I(-8$ C*  U-507 A;W8* 3( +)&T C_&P.

.22)b&7 CO(,( );3 R|* ,2 mn67 g(2"K8M&> +H, R&> CU"n7 



 !"#$ %&'(&) *+ ,-$&.+-#/ 0#1-. 23&456+ 7/&(*8+  191 

1-  ,2 908q H 9MG WG()7 2"_;(H i"*  '23"* "* 4&U-B +-! C* +3,H"MG R|* 9;(4'

)QM&. 4&U-PK8&73 

2-  Cq)$ C*  q-j\ R|* 2H,H 9KL V3i +"' A&5�B CO(,( H "' 9\"! );3 2"_;(

4&U-B 

3-  +"KP;"5l <)PET. d-."B( 4&U-B 3(  PUH2 

4- "* d-."B(-&* [;)!  8;Wb;"LMTBE  . T2-UJ +(,(2 +"')K? ItG ,2 

5-  v=lMTBE  ,"zJ R'"G ,-y87 C* d-."B(-&* "* IJ  8;Wb;"L H  /G ,-S* A;W8* 3(

IJ  S&67 9E;3 ,"#.";3 

6- 2-UJH -! X;3(  /&E: +"' 9\-! +);=> I";"> C* CL-B "* 22)T  7 2"K8M&> )P5G  T

 2,-7 ,2 )b;2 +-! 3(  PE;3 +"KP\-!"KP\-! C.-b8;( 3( )PM&* 12"YP!(F  9UH2 }!-B

 .2)&T g,-q +3"! �8'): 

7-   ;"P!H, mN"87 ,2 1o;H  C*  PE;3 +"' 9\-! 4&U-B [;"8q C0!-B +";(W7 C* CL-B "*

 ,2 [;"8q C.-b8;( C0!-B +()* (,  Bt&KEB 9UH2 22)T  7 2"K8M&> VH)67H ,2 mN"87 A;(

.2)&T )y. 
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j/&A@ 

- (3 +@).(  PY. +"' 12,HJ): v)j7 C7".,"7J1386  /7 9G)? +W;, C7".)*H 9;);47F

.I();(  PY. +"' 12,HJ): R|> 

-  F4&_7F I";45l(1381 A;H4BH C0U"S7 I"73"! F I()KB F 14.-? 4;4_B [*"87 2"jPZ(F

."K'"bM.(2  ."E.( V-/$ `PG 

- ).( g"$tN(,-MG +@1384 v)j7 +3"! C8&K* I"73"!FI();( 9Y.  /7 9G)?F

.,-MQP\-!- F +3,H"MG g"0;"k  !,)*1386   !,)*  /7 R;"5'F I()KBF485M;4.( F

.+3,H"MQBi-j67 g"0;"k- F  U-QU-7 +@-U-8QB-&*F  .4&! FW5;()>1372  C5L)BF

 WG)7 g(,"MP.(F-/b&*  nB W&b8fF+,-. "k,4567F O"#N"#N  #P_7  !48K7 g"n&n6B  /7

. PE;3 +@-U-8QBH X&P.@ 

-  2"KL g,(3HF  #."L [;"8qH I"P!3-\ CpB 9Y' 908qH 9MG ,2 )QM&. 4&U-B

.  7-5$ }*(H,H g"74\ 1);(2F +3,H"MG 

-  g,(3HFI"P!3-\ CpB 9Y' )QM&. 908qH 9MG  7"K! 9G)? +"KP&U"0: Ch|;,"B

.  7-5$ }*(H,H g"74\ 1);(2F +3,H"MG 2"KL- s)N  ,2 CPE*(H [;"8q H )QM&. C0!-B

 )Q? +(,-?F(s)N  B"74n7 C/l)7  ;"K. <,(WT) %_8> 4/LF I"P!3-\

)K7FI"P!3-\1366. 

-  3( 12"YP!(F 4567 F ):"?-GMTBE  4?,( u"8?,"GFIJ  S&67 9E;3 g()z(H A;W8* ,2

. 7t!( 2(3J 1"bM.(2  5/$ 9D&' -�$H  !"8MG"\ 

-  3( wQU( 4&U-BF I"El( F+W;)KG )&5|BH 9:"Q*J <H, C* +WU-/!-8b&U g"0;"k

.�;)?  P08q 1"bM.(2F+@-U-8QB-&*  !48K7 CP?,4?,(  !"8?,"G C7". I";">FI"7W5' 

- )#7(-.F"' 1488G A;)&?H)Q?  //5U( A&* C;)M. <,(WT2006 )Q? IHW:(3H);"K&PYb?F

.  #."L [;"8qH )QM&. C0!-B 9G)?F w;3)* d-."B(H 

- 9G)? +"KP&U"0: <,(WT  d"!  N CpB 9Y')QM&. 908qH 9MG1383. 

- F )Kf-87 F  Z-zH1380 5/$ g(,"MP.( CE!-7F  5&?-&*  !48K7 F 
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