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O%'+8&9%B*(6%*=%=;%&'6#?*?8;.#95(#+"*
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E36%*4+5.*+, *(6#'*&%'%5&96BF*'5#7*3#"4B*
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5"5.)'#'*,&5=%<+&K*(65(*5..+<'*8'*(+*
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%,G9#%"9)*#=?&+$%=%"(*+, *;#+%"%&4)*
,%%7'(+9K*?&+789(#+"1F*

36#'*,5&=@(+@&%G"%&)*5"5.)'#'*,+98'%'*
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<#..*%=%&4%*#"*(6%*,+&='*+, *%"5;.#"4*
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J%%7*=+7%.*(+*5*6)?+(6%(#95.*'9%"5&#+*

+, *'<#(964&5''*?&+789(#+"*#"*'+8(6%&"*
-..#"+#'1*36%*&%'8.('*(6%)*&%?+&(%7*5(*
(6%*MIMDC*=%%(#"4*#..8'(&5(%7*(65(*
(&5"'?+&(5(#+"*#'*(6%*=+'(*%U?%"'#$%*
+?%&5(#+"B*?59K#"4*#'*(6%*=+'(*%"%&4)@
#"(%"'#$%*(5'KB*(6%*+,(%"@#4"+&%7*'(+&@
54%*'(%?*#'*&%.5(#$%.)*%U?%"'#$%B*5"7*
,5&=*=596#"%*'%.%9(#+"'*5"7*'(+&54%*
7%9#'#+"'*5&%*.5&4%.)*7%?%"7%"(*8?+"*
,5&=*'#H%1*

36%*=+7%.*5.'+*#7%"(#G%'*(6%*'8'(5#"@
5;.%*;#+&%G"%&)*95?59#()*,+&*5*4#$%"*
9+..%9(#+"*5&%5*'+*(65(*5*)%5&@&+8"7*
'8??.)*+, *;#+=5''*95"*;%*5''8&%71*

R%U(B*(6%*D#+J%%7*=+7%.*<#..*;%*5?@
?.#%7*(+*7#,,%&%"(*;#+%"%&4)*9&+?'*5"7*
4%+4&5?6#95.*&%4#+"'*(+*'(87)*(6%*#=@
?59(*+, *7#'(&#;8(%7*,5&=#"4*5"7*9+..%9@
(#+"B*(6%*#=?+&(5"9%*+, *$5&#+8'*'(+&54%*
+?(#+"'B*5"7*(6%*#=?59('*+, *(%96"+.+4)*
7%$%.+?=%"(1*

M*'%&#%'*+, *'+?6#'(#95(%7*=+"#(+&#"4*
7%$#9%'*65'*;%%"*7%$%.+?%7*5"7*59(#@
$5(%7*#"*(6%*G%.7'*5(*(6%*CD-*C"%&4)*

K.C. TING, AT RIGHT, AND BP CEO TONY HAYWARD DISCUSS CROP MONITORING 
SYSTEMS NOW IN PLACE AT THE EBI ENERGY FARM.
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,8%.*,%%7'(+9K1*A+<%$%&B*!"#$%&'()#*
4%"%&5..)*&%:8#&%'*65&'6*(&%5(=%"(*
9+"7#(#+"'*(+*7%9+"'(&89(*(6%*9%..8.+'%B*
6%=#9%..8.+'%*5"7*.#4"#"*,+8"7*#"*(6%*
?.5"(*9%..*<5..'1*36%'%*(+846*'8;'(5"9@
%'*4#$%*&#4#7#()*5"7*,+&=*(+*?.5"('1*

I<#(96#"4*,&+=*(6%*9+"$%"(#+"5.*+"%@
'(%?*?&%(&%5(=%"(*=%(6+7'B*J%"4*5"7*
6#'*9+..%548%'*G&'(*(&%5(%7*(6%*!"#$%&*
'()#*<#(6*5"*5.K5.#"%*?%&+U#7%*'+.8(#+"*
5(*7#,,%&%"(*9+"9%"(&5(#+"'B*<6#96*
?5&(#5..)*&%=+$%7*(6%*6%=#9%..8.+'%*
PYZ*?%&9%"(Q*5"7*.#4"#"*PY[*?%&9%"(Q1*
36%*'%9+"7*(&%5(=%"(*+, *(6%*&%'#785.*
9%..8.+'%@&#96*'+.#7'*8'%7*59#7#9*+&*5.K5@
.#"%*%.%9(&+.)H%7*<5(%&*(+*7%9+"'(&89(*
9&)'(5..#"%*9%..8.+'%*G;%&'*,+&*6)7&+.)@
'#'*;)*%"H)=%'*#"(+*'845&'1*

/&%(&%5(=%"('*5(*6#46*(%=?%&5(8&%'B*
%'?%9#5..)*(6+'%*8'#"4*59#7'*+&*<5@
(%&B*4%"%&5..)*7%4&57%*(6%*9%..8.+'%B*
6%=#9%..8.+'%*5"7*.#4"#"*5"7*,+&=*
#"6#;#(+&)*?&+789('B*<6#96*5&%*(+U#9*(+*
,%&=%"(#"4*+&45"#'='1*36%*8'%*+, *(6%*
(<+@'(54%*=%(6+7*"%45(%'*(6%*"%%7*(+*
7%(+U#,)*;#+=5''*?&#+&*(+*(6%*%"H)@
=5(#9*5"7*,%&=%"(5(#+"*'(54%'*+, *,8%.*
?&+789(#+"1*

E-, *+"%*95"*&%=+$%*6%=#9%..8.+'%*5"7*
.#4"#"*8?*,&+"(B*5*$5.8%@577%7*'(&%5=*
95"*;%*?&+789%7*5"7*(6%*'8;'%:8%"(*
?&%(&%5(=%"(*95"*;%*9+"789(%7*8"7%&*
=#.7*9+"7#(#+"'BF*(6%*58(6+&'*'(5(%71*
E36%*'845&*)#%.7*'6+8.7*;%*#=?&+$%7*
5"7*(6%*#"6#;#(+&*4%"%&5(#+"*9+8.7*;%*
=#"#=#H%71F*36%)*"+(%7*(65(B*5,(%&*(6%*
'%9+"7*?&%(&%5(=%"(*'(%?*5(*5*&%.5(#$%.)*
.+<*(%=?%&5(8&%B*8?*(+*\]*?%&9%"(*
+, *(6%*9%..8.+'%*<5'*7#4%'(%7*(6&+846*
6)7&+.)'#'1*

36%*%U?%&#=%"('*+,,%&*?&+=#'%*(65(*
7%9+"'(&89(#+"*+, *;#+,8%.*,%%7'(+9K'*
.#K%*!"#$%&'()#*95"*;%*599+=?.#'6%7*
,5'(%&*5"7*8'#"4*.%''*%"%&4)B*<6#96*
9+"$%&('*(+*5*.%''*9+'(.)*+?%&5(#+"1

J%"4*'5#7*(6%*4&+8?*#'*"+<*9+"9%"(&5(@
#"4*+"*+?(#=#H#"4*(6%*?&+9%''*9+"7#@
(#+"'*5"7*&%9+$%&#"4*(6%*'+.8;#.#H%7*
6%=#9%..8.+'%*5"7*.#4"#"*,+&*?+''#;.%*
577#(#+"5.*9+"$%&'#+"*(+*,%&=%"(5;.%*
'845&'1*36%*6%=#9%..8.+'%@&#96*?+&(#+"*
+, *!"#$%&'()#*#'*5.'+*;%#"4*%$5.85(%7*;)*
+(6%&*CD-*?&+4&5=*(%5='*(+*?%&,+&=*
%"H)=5(#9*6)7&+.)'#'*<#(6*5*"+$%.*
%"H)=%*9+9K(5#.*5"7*,%&=%"(5(#+"*<#(6*
4%"%(#95..)*%"4#"%%&%7*)%5'(1***

M*=5^+&*965..%"4%*#"*&%789#"4*(6%*
%U?%"'%*5"7*%,G9#%"9)*+, *?&+9%''#"4*
;#+,8%.'*.#%'*#"*8".+9K#"4*(6%*?&+(%9@
(#$%*'(&89(8&%'*#"*?.5"('*(65(*;#"7*(6%*
95&;+6)7&5(%'B*,&+=*<6#96*'845&'*
5&%*7&5<"*,+&*%"H)=%'*(+*5((59K*#"*
,%&=%"(5(#+"1*R%5&.)*(<+@(6#&7'*+, *
?&+789(#+"*9+'('*,+&*9%..8.+'#9*%(65"+.*
#'*#"*(6%*?&+9%''#"4B*<6#96*#"9.87%'*
?&%(&%5(=%"(*+, *(6%*,%%7'(+9K1*

R+<*5*(%5=*+, *'9#%"(#'('*,&+=*(6%*C"@
%&4)*D#+'9#%"9%'*-"'(#(8(%*65'*7#'9+$@
%&%7*5*(<+@'(54%*?&%(&%5(=%"(*=%(6+7*
(65(*'6+<'*?&+=#'%*#"*%"65"9#"4*
9%..8.+'%*7#4%'(#;#.#()B*(68'*=5U#=#H@
#"4*'845&*?+(%"(#5.*<6#.%*=#"#=#H#"4*
(+U#9*#"6#;#(+&)*?&+789('1*36%*(%96@
"#:8%*=5)*;%*=+&%*9+'(@%,,%9(#$%*(65"*
=+'(*;#+=5''*?&%(&%5(=%"(*=%(6+7'*
8'%7*(+75)B*5"7*=+&%*%"$#&+"=%"(5..)*
,&#%"7.)1*

36%*&%'8.('*+, *(6%*<+&KB*9+"789(%7*
;)*CD-*?&#"9#?5.*#"$%'(#45(+&*5"7*
!"#$%&'#()*+, *-..#"+#'*,++7*%"4#"%%&#"4*
?&+,%''+&*A5+*J%"4*5"7*$#'#(#"4*26#@
"%'%*&%'%5&96*'9#%"(#'('*D#"*_5"4*5"7*
`#5+^85"*_5"4B*65$%*;%%"*?8;.#'6%7*

#"*(6%*^+8&"5.*D#+&%'+8&9%*3%96"+.+4)1*
36%*&%'%5&96*<5'*5??.#%7*(+*5*?&+=#'@
#"4*?%&%""#5.*4&5''*95..%7*!"#$%&'()#B*
<6+'%*,5'(*4&+<(6B*6#46*)#%.7'B*.+"4*
?&+789(#$%*.#,%(#=%*5"7*=#"#=5.*<5(%&*
&%:8#&%=%"('*=5K%*#(*5"*#7%5.*;#+@

The photos show Miscanthus samples after the one-step (top) and two-step pretreatment. 
The 1% acid pretreatment (B) produced the darkest Miscanthus slurry. The alkaline-electro-
lized water samples (A and C) are also relatively dark. The two-step pretreated Miscanthus 
slurries (bottom) had a light color, from which chromatography analysis did not detect 
ethanol fermentation inhibitors.

HAO FENG, AT RIGHT, WITH GRADUATE 
STUDENT XIAOJUAN WANG
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%U?%&(*+"*%"$#&+"=%"(5.*&#'K*5''%''@
=%"(*<6+*#'*'%"#+&*'9#%"(#'(*5(*a5<@
&%"9%*D%&K%.%)*R5(#+"5.*a5;+&5(+&)*
5'*<%..*5'*57^8"9(*?&+,%''+&*#"*!2*
D%&K%.%)L'*I96++.*+, */8;.#9*A%5.(6B*
9+..5;+&5(%7*<#(6*+(6%&*=%=;%&'*
(+*7%$%.+?*(6%*9+==#((%%L'*+$%&5..*
.#,%@9)9.%*,&5=%<+&K*5"7*5??.)*#(*(+*
(&5"'?+&(5(#+"*,8%.'1*A%*#'*9+@?&#"9#?5.*
#"$%'(#45(+&*+, *(6%*CD-*?&+4&5=*'(87)@
#"4*(6%*%"$#&+"=%"(5.*5"7*%9+"+=#9*
.#,%*9)9.%*#=?59('*+, *5.(%&"5(#$%*,8%.'1**

E/%&65?'*+8&*=+'(*'#4"#G95"(*9+"@
(&#;8(#+"*#'*(+*=5?*+8(*'+=%*+, *(6%*
9+=?.%U*8?'(&%5=*.#"K'*#"*(6%*%"%&4)*
'8??.)*965#"*#"*5*<5)*(65(*5..+<'*
9+"'8=%&'*5"7*?+.#9)*=5K%&'*(+*;%((%&*
9+"'#7%&*<5)'*(+*&%789%*(6%*#=?59('*+, *
%.%9(&#9#()*5"7*(&5"'?+&(5(#+"*'%&$#9%'BF*
N90+"%*'5#71*EJ+&*%U5=?.%B*=5")**
5'?%9('*+, *(&5"'?+&(5(#+"*')'(%='*5"7*
(&5"'?+&(5(#+"*,8%.'*7%?%"7*+"*%.%9@
(&#95.*%"%&4)*+&*?&+9%''*6%5(1*A+<*
+"%*?&+789%'*(65(*%.%9(&#9#()**5"7b
+&*%"%&4)*65'*5*'(&+"4*#=?59(*+"*(6%*
+$%&5..*6%5.(6*5"7**%"$#&+"=%"(5.*9+'('*
5((&#;8(5;.%*(+*%596*$%6#9.%@K#.+=%(%&*
+, **(&5"'?+&(5(#+"*'%&$#9%1F*

36%*9+==#((%%*,+98'%7*+"*=+"%(#H#"4*
(6%*75=54%*+, *=5^+&*5#&*?+..8(5"('>
'8.,8&*7#+U#7%B*"#(&+4%"*+U#7%'B*+H+"%B*

5"7*?5&(#98.5(%*=5((%&>+"*68=5"*
6%5.(6B*4&5#"*9&+?'*5"7*(#=;%&*)#%.7'B*
;8#.7#"4'B*5"7*&%9&%5(#+"1*_6%"*?+'@
'#;.%B*#(*%'(#=5(%7*;+(6*<65(*(6%*75=@
54%'*<%&%*#"*cdd]*P(6%*.5(%'(*)%5&*,+&*
<6#96*75(5*<%&%*5$5#.5;.%Q*5"7*<65(*
(6%)*5&%*.#K%.)*(+*;%*#"*cdZdB*5''8=#"4*
98&&%"(*?+.#9#%'*9+"(#"8%*5"7*"%<*?+.#@
9#%'*5.&%57)*'.5(%7*,+&*#=?.%=%"(5(#+"*
5&%*?8(*#"*?.59%1******

36%*9+==#((%%*5.'+*'%?5&5(%.)*7%&#$%7*
5*&5"4%*+, *$5.8%'*,+&*75=54%'*,&+=*
9.#=5(%*965"4%e*(6%*<#7%*&5"4%*+, *
?+''#;#.#(#%'*,+&*(6%'%*75=54%'*=57%*#(*
#=?+''#;.%*(+*7%$%.+?*?&%9#'%*%'(#=5(%'*
+, *9+'(1*A+<%$%&B*5..*=+7%.*&%'8.('*
5$5#.5;.%*(+*(6%*9+==#((%%*#"7#95(%*
(65(*9.#=5(%@&%.5(%7*75=54%'*958'%7*
;)*%596*(+"*+, *2fc*%=#''#+"'*<#..*;%*
,5&*<+&'%*#"*cdZd*(65"*"+<e*%$%"*#, *
(6%*(+(5.*5=+8"(*+, *5""85.*%=#''#+"'*
&%=5#"'*'(%57)B*(6%*75=54%'*958'%7*;)*
%596*(+"*<+8.7*#"9&%5'%*]d*?%&9%"(*(+*
gd*?%&9%"(1**

36%*&%?+&(*"+(%'*(65(*(&5"'?+&(5(#+"B*
<6#96*(+75)*&%.#%'*5.=+'(*%U9.8'#$%.)*
+"*+#.B*599+8"('*,+&*"%5&.)*Zd*?%&9%"(*
+, *!1I1*%"%&4)*7%=5"71*-(*%$5.85(%7*
5*$5&#%()*+, *,8%.'B*#"9.87#"4*%(65"+.*
7%&#$%7*,&+=*9+&"1*ECg]*,&+=*6%&;5@

M*R5(#+"5.*O%'%5&96*2+8"9#.*?5"%.B*
+"*<6#96*CD-*#"$%'(#45(+&*3+=*
N90+"%*'%&$%7B*65'*%'(#=5(%7*#"*
5*&%?+&(*(65(*(6%*E6#77%"F*9+'('*+, *
%"%&4)*?&+789(#+"*5"7*8'%*95"*;%*,5&*
=+&%*%U(%"'#$%*(65"*(6+'%*&%W%9(%7*#"*
=5&K%(*?&#9%'*+, *9+5.B*+#.*5"7*+(6%&*
%"%&4)*'+8&9%'1*36+'%*75=54%'*(6%*
9+==#((%%*<5'*5;.%*(+*:85"(#,)*<%&%*
5"*%'(#=5(%7*hicd*;#..#+"*#"*(6%*!1I1*#"*
cdd]B*5*"8=;%&*(65(*&%W%9('*?&#=5&#.)*
6%5.(6*75=54%'*,&+=*5#&*?+..8(#+"*
5''+9#5(%7*<#(6*%.%9(&#9#()*4%"%&5(#+"*
5"7*=+(+&*$%6#9.%*(&5"'?+&(5(#+"1*

36%*CD-*#'*#"$%'(#45(#"4*57$5"9%7*
(&5"'?+&(5(#+"*,8%.'B*'?%9#G95..)*"+"@
,++7*9%..8.+'#9*;#+,8%.B*<6#96*(6%*
9+==#((%%*&%?+&(*'5#7*<#..*65$%*.+<%&*
75=54%'*(65"*=+'(*+(6%&*$%6#9.%*,8%.*
+?(#+"'*<6%"*9+==%&9#5..)*5$5#.5;.%1*
-"*577#(#+"B*E596#%$#"4*'#4"#G95"(*
&%789(#+"'*#"*4&%%"6+8'%*45'*PjAjQ*
%=#''#+"'*;)*cdZd*<#..*.#K%.)*5.'+*
&%:8#&%*;&%5K(6&+846*(%96"+.+4#%'B*
'896*5'*9+'(@%,,%9(#$%*95&;+"*95?(8&%*
5"7*'(+&54%*+&*9+"$%&'#+"*+, *57$5"9%7*
;#+,8%.'BF*(6%*&%?+&(*'8==5&)*'5)'1*

O%:8%'(%7*;)*2+"4&%''B*(6%*;.8%@
&#;;+"*?5"%.L'*&%?+&(*5''%''%'*<65(*
%9+"+=#'('*95..*%U(%&"5.*%,,%9('*958'%7*
;)*$5&#+8'*%"%&4)*'+8&9%'*+$%&*(6%#&*
%"(#&%*.#,%*9)9.%>,+&*%U5=?.%B*"+(*+".)*
(6%*?+..8(#+"*4%"%&5(%7*<6%"*45'+.#"%*
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This chart from the academy report shows CO2 equivalent emissions for different life cycles and 
a set of vehicle/fuel alternatives. Cellulosic is lowest among the fuel alternatives.
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Raman images of lignin in the poplar wood cell walls -- spatial distributions of the Raman 
signal intensity of lignin in a wild-type (left) and a transgenic sample
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EBI RESEARCHERS ARE TESTING THE VIABILITY OF A NUMBER OF DIFFERENT 
POTENTIAL BIOFUEL FEEDSTOCKS ON THE ENERGY FARM.
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The BioFeed Model 
explores the strategic 
and management-
level issues in biomass 
feedstock production, 
from the farm to the 
biorefinery.
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