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¥ Presentation	
  1	
  -­‐	
  What	
  do	
  we	
  mean	
  by	
  sustainable	
  fuels?	
  
¥ Sustainable	
  Fuels	
  Pretest!
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  1	
  -­‐	
  What	
  do	
  we	
  mean	
  by	
  sustainable	
  

fuels?	
  "#$%!9$**!?1$-&!'#&!/*,%%!'(9,.-%!,!9(.5$+?!-&)$+$'$(+!()!%1%',$+,2$*$'<!9#$/#!<(1!/,+!
/,8'1.&!(+!'#&!*,%'!%*$-&!)(.!)1'1.&!.&)&.&+/&3!
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'(!)1&*!1%&3!!a(1!%#(1*-!+('!?.,-&!'#&!8.&'&%'!(.!&;8&/'!<(1.!%'1-&+'%!'(!5+(9!'#&!/(..&/'!
,+%9&.%3!>,68*&!,//1.,'&!.&%8(+%&%!,.&!%#(9+!2&*(93!!F'!'#$%!'$6&7!'#&!6,$+!?(,*!()!'#&!
,%%&%%6&+'!$%!)(.!<(1!,%!,!'&,/#&.!'(!1+-&.%',+-!#(9!<(1.!%'1-&+'%!'#$+5!()!%1%',$+,2$*$'<3!!
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¥ A&)$+&!%1%',$+,2*&3!!Being	
  able	
  to	
  do	
  something	
  for	
  a	
  long	
  time	
  that	
  doesn’t	
  use	
  up	
  
resources	
  or	
  harm	
  the	
  environment	
  in	
  a	
  way	
  that	
  prevents	
  others	
  (now	
  or	
  in	
  the	
  future)	
  
from	
  meeting	
  their	
  needs.!

¥ B;8*,$+!9#<!<(1!'#$+5!'#&!C+$'&-!>','&%Y!1%&!()!)1&*%!$%!(.!$%!+('!%1%',$+,2*&3!!We	
  are	
  not	
  
using	
  fuels	
  sustainably	
  because	
  our	
  use	
  of	
  fossil	
  fuels	
  is	
  transferring	
  carbon	
  from	
  
underground	
  reservoirs	
  to	
  the	
  atmosphere.	
  	
  In	
  the	
  atmosphere,	
  this	
  carbon	
  acts	
  as	
  a	
  
greenhouse	
  gas	
  contributing	
  to	
  global	
  climate	
  change.	
  	
  Global	
  climate	
  change	
  has	
  
detrimental	
  effects	
  on	
  many	
  people	
  because	
  of	
  things	
  like	
  coastal	
  flooding,	
  unstable	
  
agriculture	
  yields,	
  and	
  extreme	
  weather	
  events.	
  	
  In	
  addition,	
  extraction	
  and	
  
transportation	
  of	
  fossil	
  fuels	
  can	
  be	
  associated	
  with	
  negative	
  environmental	
  impacts	
  
such	
  as	
  earthquakes	
  resulting	
  from	
  fracking	
  or	
  oil	
  spills	
  harming	
  animal	
  and	
  plant	
  life.!

¥ M#,'!$+)(.6,'$(+!9(1*-!#&*8!<(1!2&''&.!,+%9&.!'#$%!=1&%'$(+N!!Many	
  possible	
  answers.	
  	
  
Examples:	
  	
  The	
  proportion	
  of	
  miles	
  traveled	
  or	
  tons	
  moved	
  using	
  fossil	
  fuels	
  (as	
  a	
  primary	
  
or	
  secondary)	
  source	
  of	
  energy	
  vs	
  renewable	
  energy	
  sources.	
  	
  The	
  cost	
  of	
  alternative	
  
fuels.	
  	
  Other	
  effects	
  of	
  global	
  climate	
  change.!

! !
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Activity 2: Where do fuels come from?  
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¥ Presentation	
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¥ Activity	
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  Where	
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$+'(!,!)&9!/,'&?(.$&%!'#,'!,.&!/(+:&+$&+'!)(.!,+,*<%$%!()!%1%',$+,2$*$'<3!!!
!

QK R<%>!7/19<&'(14!349!<*%K!!>#(9!'#&!.&6,$+$+?!%*$-&%3!!"7'(14*M!#,:&!%'1-&+'%!.&%&,./#!'#&!
9,<%!-$))&.&+'!&+&.?<!%(1./&%!,.&!8.(-1/&-!2<!,%%$?+$+?!-$))&.&+'!%(1./&%!'(!-$))&.&+'!
?.(18%3!!F*'&.+,'$:&*<7!<(1!/,+!1%&!'#&!:$-&(%!*$%'&-!$+!'#&!+('&%!%&/'$(+!()!&,/#!Q(9&.Q($+'!
%*$-&!,%!%(1./&%!()!$+)(.6,'$(+!)(.!'#&!9#(*&!/*,%%3!!Z'!9$**!2&!1%&)1*!)(.! *,'&.!,/'$:$'$&%!'(!
D2--)&$*&6$*/)%'D*%&$<%*23*<72A,D&'2"*327*$)D6*3,$-*2"*<2%&$7%*327*3,7&6$7*7$3$7$"D$3!!"#&.&!$%!
,*%(!.((6!'(!$+:&%'$?,'&!('#&.!&+&.?<!%(1./&%!%1/#!,%!2$(-$&%&*3!

!
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!
!
!
!
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8**%**2%4'!
T$:&!%'1-&+'%!Activity	
  2	
  Worksheet:	
  Where	
  fuels	
  come	
  from3!!H,:&!'#&6 !8*,/&!'#&!-$))&.&+'!
&+&.?<!%(1./&%!'#,'!'#&<!%'1-$&-!$+!'#&!,88.(8.$,'&!8*,/&%!(+!'#&!-$,?.,63!!F+%9&.%!,.&!%#(9+!
$+!2*1&!2&*(93!!"#&!?(,*!$%!'(!,%%&%%!%'1-&+'%Y!,2$*$'<!'(!%&&!8,''&.+%!$+!'#&!9$-&!:,.$&'<!()!
'.,+%8(.','$(+!&+&.?<!%(1./&%3!

!
!

*
! *

Engines 
that burn 

fuels (CPE)

Renewable 
energy sources 
(wind, hydro, 

solar)

Move 
vehicles 

(kinetic E)

Generate 
electricity 

(electrical E)

Fossil fuel Biofuel

Gasoline
Diesel
Jet fuel
Bunker fuel
Natural gas

Ethanol
Biofuel
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Activity 3: Environmental impacts of fuel use  
!
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61*'$8*&!+&?,'$:&!&))&/'%3!!̂+&!()!'#&!6,$+!/(+/&.+%!9$'#!)1&*!1%&!$%!8.(-1/'$(+!()!/,.2(+!
-$(;$-&!'#,'!/(+'.$21'&%!'(!?*(2,*!/*$6,'&!/#,+?&3!!"#&!1%&!()!2('#!)(%%$*!)1&*%!,+-!2$()1&*%!
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,'6(%8#&.&!,!%#(.'!'$6&!2&)(.&3!!Z'!9,%!',5&+!18!2<!8*,+'%!,+-!'#&+!.&*&,%&-!,?,$+!9#&+!'#&!
)1&*!6,-&!).(6!'#&!8*,+'%!9,%!21.+&-3!!^+!'#&!('#&.!#,+-7!1%&!()!)(%%$*!)1&*%!.&%1*'%!$+!'#&!+&'!
6(:&6&+'!()!/,.2(+!).(6!'#&!)(%%$*!)1&*%!1+-&.?.(1+-!'(!'#&!,'6(%8#&.&3!!H16,+%!/(+'$+1$+?!
1%&!()!)(%%$*!)1&*%!$%!'#&!8.$6,.<!/,1%&!()!'#&!$+/.&,%$+?!*&:&*%!()!,'6(%8#&.$/!/,.2(+!-$(;$-&7!
9#$/#!$+!'1.+!/,1%&!?*(2,*!/*$6,'&!/#,+?&3!
!
I3'%/(3>*!!

¥ Presentation	
  3A	
  -­‐	
  Environmental	
  impacts	
  of	
  fuels	
  use	
  
¥ Fuel	
  Life	
  Cycle	
  Analysis	
  Worksheets!RL!8&.!)1&*!8&.!%'1-&+'S!
¥ >'1-&+'%Y!8(%'&.%!).(6!F/'$:$'<!J!(.!Q.&%&+','$(+!J!
¥ Summarizing	
  Environmental	
  Impacts	
  of	
  Fuel	
  Use	
  Worksheet!RL!8&.!%'1-&+'S!
¥ Presentation	
  3B	
  –	
  Biofuels	
  and	
  Global	
  Climate	
  Change	
  

!
E(/%&'(14*!
JK ./%*%4'3'(14!Q8!N!54)(/142%4'3>!(273&'*!10!0<%>!<*%K!!C%&!Q.&%&+','$(+!EF!'(!.&'1.+!'(!'#&!

$-&,!()!%1%',$+,2$*$'<!,+-!)(/1%!%'1-&+'%!(+!'#&!,%8&/'!()!&+:$.(+6&+',*!$68,/'3!!>*$-&%!I!0
LL!9,*5!%'1-&+'%!'#.(1?#!,+!&;,68*&!,+,*<%$%!()!'#&!&+:$.(+6&+',*!$68,/'%!()!/(.+!
&'#,+(*3!>'1-&+'%!%#(1*-!)$**!(1'!'#&$.!(9+!Fuel	
  Life	
  Cycle	
  Analysis	
  Worksheet!,%!'#&!/*,%%!
9(.5%!'#.(1?#!'#$%!&;,68*&3!

!
LK T(0%!&A&>%!343>A*(*!10!1'=%/!%4%/@A!*1</&%*K!!H,:&!%'1-&+'%!9(.5!$+!?.(18%!'(!)$**!(1'!Fuel	
  

Life	
  Cycle	
  Analysis	
  Worksheets!)(.!'#&!('#&.!&+&.?<!%(1./&%!'#,'!'#&<!.&%&,./#&-!$+!F/'$:$'<!
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J3!!"#&$.!8(%'&.%!(.!Q.&%&+','$(+!J!%#(1*-!#,:&!'#&!%'&8%!'#&<!9$**!+&&-!'(!,+,*<G&3!!"7'(14*M!!
H,:&!&,/#!?.(18!,+,*<G&!,**!()!'#&!&+&.?<!%(1./&%!(.!%(6&!.&8.&%&+','$:&!%(1./&%3!!
F*'&.+,'$:&*<7!,%%$?+!(+&!(.!'9(!&+&.?<!%(1./&%!'(!,!?.(18!,+-!#,:&!'#&6!8.&%&+'!'#&$.!
)$+-$+?%!'(!'#&!/*,%%3!!>,68*&!,//1.,'&!.&%8(+%&%!,.&!,:,$*,2*&!$+!Sample	
  LCA	
  Worksheet	
  
Responses3!

!
QK -<223/A!10!%4)(/142%4'3>!(273&'*K!!!̂+/&!%'1-&+'%!#,:&!,+,*<G&-!' #&!&+:$.(+6&+',*!

$68,/'%!()!,**!()!'#&!'.,+%8(.','$(+!&+&.?<!%(1./&%7!#,:&!'#&6!%166,.$G&!'#&$.!)$+-$+?%!
1%$+?!'#&!Summarizing	
  Environmental	
  Impacts	
  of	
  Fuel	
  Use	
  Worksheet3!!"#&<!%#(1*-!%&&!
%$6$*,.$'$&%!2&'9&&+!,**!()!'#&!&+&.?<!%(1./&%!,%%(/$,'&-!9$'#!,!8,.'$/1*,.!,..(93!!](.!
&;,68*&7!/(621%'$(+!()!,+<!)(%%$*!)1&*!$%!,%%(/$,'&-!9$'#!+&?,'$:&!&+:$.(+6&+',*!$68,/'%!
-1&!'(@!LS!&;'.,/'$(+!R)(.!&;,68*&7!&,.'#!=1,5&%!*$+5&-!'(!).,/5$+?S!,+-!JS!/(621%'$(+!
9#$/#!*&,-%!'(!21$*-!18!()!W^J!$+!'#&!,'6(%8#&.&3!!"#$%!$%!'.1&!9#&'#&.!'#&!/(621%'$(+!
#,88&+%!$+!,!:&#$/*&!(.!$+!,+!&*&/'.$/,*!8(9&.!8*,+'3!!"7'(14*M!!Z+-$:$-1,*!%'1-&+'%!(.!?.(18%!
()!%'1-&+'%!/,+!9(.5!(+!'#&!M(.5%#&&'!2&)(.&!,!9#(*&0/*,%%!-$%/1%%$(+3!!Z)!<(1!'#$+5!
%'1-&+'%!9$**!%'.1??*&!9$'#!'#$%7!<(1!/,+!9(.5!'#.(1?#!(+&!()!'#&!'#.&&!)1&*!'<8&%!R)(%%$*7!
2$(07!,+-!.&+&9,2*&S!,%!,!9#(*&!/*,%%!,+-!'#&+!#,:&!%'1-&+'%!)$**!(1'!'#&!.&%'!2&)(.&!
-$%/1%%$+?!'#&!.&%1*'%!'(?&'#&.3!

!
UK F(10<%>*!349!@>1#3>!&>(23'%!&=34@%K!!C%&!Q.&%&+','$(+!EU!'(!&68#,%$G&!'#&!6(%'!$68(.',+'!

-$))&.&+/&!2&'9&&+!)(%%$*!)1&*%!,+-!2$()1&*%!_!'#,'!2$()1&*!1%&!-(&%!+('!,--!,--$'$(+,*!
/,.2(+!-$( ;$-&!'(!'#&!,'6(%8#&.&3!

!
8**%**2%4'!
C%&!>166,.$G$+?!B+:$.(+6&+',*!Z68,/'%!()!]1&*!C%&!M(.5%#&&'3!F+%9&.%!,.&!%#(9+!$+!2*1&!
2&*(93!b('&!'#,'!9#$*&!2$()1&*!1%&!-(&%!+('!,--!+&9!/,.2(+!'(!,'6(%8#&.&7!+('!,**!8.(-1/'$(+!
()!2$()1&*%!$%!/,.2(+!+&1'.,*3!!*

*
 

  

Engines 
that burn 

fuels (CPE)

Renewable 
energy sources 
(wind, hydro, 

solar)

Move 
vehicles 

(kinetic E)

Generate 
electricity 

(electrical E)

Fossil fuel Biofuel

Extraction - 
destruction of earth 
formations, pollution

Use - addition of CO2 
to atmosphere

Growth - some water 
pollution

Use - does not add 
new carbon to 
atmosphere

Small impact such as 
blocking of migratory 
pathways of ! sh or 
birds
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Activity 4: A closer look at biofuels 
!
,<(9(4@!D<%*'(14*!

¥ M#,'!,.&!%(6&!()!'#&!(8'$(+%!)(.!2$()1&*!/.(8%N!
¥ H(9!-(!'#&$.!<$&*-%!/(68,.&N!

!
!
8&'()('A!E%*&/(7'(14!
>'1-&+'%!9$**!2&/(6&!),6$*$,.!9$'#!,!:,.$&'<!()!2$()1&*!/.(8%!,+-!/(68,.&!'#&!<$&*-%!()!%&:&.,*!
()! '#&%&3!!
!
"#$%&'()%*!

¥ >'1-&+'%!9$**!1%&!-,',!'(! /(68,.&!'#&!<$&*-%!()!%&:&.,*!2$()1&*%!/.(8%3!
!
I3'%/(3>*!!

¥ Presentation	
  4	
  –	
  Meet	
  the	
  biofuel	
  crops	
  
E(/%&'(14*!
JK O=3'!91!;%!G41;!*1!03/!3#1<'!*<*'3(43#>%!0<%>!<*%P!!>166,.$G&!)(.!%'1-&+'%!(.!#,:&!

'#&6!%166,.$G&!9#,'!'#&<!#,:&!*&,.+&-!%(!),.!,2(1'!%1%',$+,2*&!)1&*!1%&@!
¥ ](%%$*!)1&*!1%&7!9#&'#&.!1%&-!-$.&/'*<!$+!,!:&#$/*&!R(.!('#&.!/(621%'$(+!8.(/&%%S!(.!'(!

8.(-1/&!&*&/'.$/$'<7!6(:&%!/,.2(+!).(6!1+-&.?.(1+-!8((*%!'(!'#&!,'6(%8#&.&!9#&.&!$'!
/(+'.$21'&%!'(!?*(2,*!/*$6,'&!/#,+?&3!

¥ U$()1&*%!,+-!('#&.!.&+&9,2*&!%(1./&%!-(!+('!#,:&!'#$%!&))&/'3!!U$()1&*%!.&/</*&!/,.2(+!
-$(;$-&!'#,'!9,%!.&/&+'*<!$+!'#&!,'6(%8#&.&3!

¥ "#&.&!,.&!('#&.!&+:$.(+6&+',*!8.(2*&6%!,%%(/$,'&-!9$'#!-$))&.&+'!)1&*%3!
LK F(10<%>*!;(>>!14>A!#%!3!<*%0<>!*<#*'('<'%!01/!01**(>!0<%>*!(0!;%!&34!@/1;!%41<@=!10!'=%2K!!

C%&!Q.&%&+','$(+!I!R>*$-&%!L!_!ES!'(!.&6$+-!%'1-&+'%!() !'#&!8.(2*&6%!,%%(/$,'&-!9$'#!6,5$+?!
&'#,+(*!).(6!/(.+!?.,$+!,+-!$+'.(-1/&!'#&6!'(!,!:,.$&'<!()!2$()1&*!/.(8%3 !!

QK F(10<%>!&/17!A(%>9*K!!H,:&!%'1-&+'%!*((5!,'!>*$-&!I!,+-!-$%/1%%!'#&!)(**(9$+?!=1&%'$(+%@!
¥ M#,'!$%!2&$+?!/(68,.&-N!_!the	
  mass	
  of	
  the	
  dried	
  plant	
  material	
  harvested	
  from	
  a	
  

hectare	
  each	
  year!
¥ M#,'!,.&!8&.&++$,*%!,+-!,++1,*%N!!Perennials	
  are	
  plants	
  that	
  do	
  not	
  completely	
  die	
  

during	
  the	
  winter.	
  	
  They	
  come	
  back	
  from	
  their	
  roots	
  in	
  the	
  spring.	
  	
  Annuals	
  are	
  plants	
  
that	
  do	
  die	
  completely	
  during	
  the	
  winter	
  and	
  need	
  to	
  be	
  planted	
  each	
  year.!

¥ b('&!'#,'!'#&!<$&*-%!,.&!-$))&.&+'!$+!D$/#$?,+!,+-!M$%/(+%$+!-1&!'(!-$))&.&+/&%!
2&'9&&+!'#&!%($*!,+-!9&,'#&.!$+!'#&!'9(!8*,/&%3!!](.!&,/#!8*,/&7!9#$/#!/.(8!?$:&%!'#&!
2$??&%'!<$&*-N!!In	
  Wisconsin,	
  the	
  corn	
  yields	
  were	
  biggest.	
  	
  However,	
  in	
  Michigan	
  the	
  
Miscanthus	
  grass	
  yielded	
  more	
  that	
  the	
  corn.	
  	
  !

¥ M#,'!,.&!%(6&!.&,%(+,2*&!,+-!%1%',$+,2*&!%/&+,.$(%!)(.!?.(9$+?!2$()1&*!/.(8%N!!In	
  
Michigan,	
  once	
  the	
  price	
  of	
  biomass	
  is	
  high	
  enough,	
  farmers	
  could	
  grow	
  miscanthus	
  
instead	
  of	
  corn.	
  	
  In	
  Iowa,	
  it	
  probably	
  makes	
  more	
  financial	
  sense	
  to	
  grow	
  corn	
  and	
  use	
  
the	
  grain	
  for	
  food	
  and	
  the	
  stover	
  for	
  ethanol.	
  	
  In	
  both	
  states,	
  there	
  may	
  be	
  areas	
  that	
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aren’t	
  good	
  enough	
  to	
  raise	
  food	
  crops	
  economically	
  that	
  could	
  be	
  used	
  for	
  these	
  
alternative	
  crops.!

UK -<22(4@!('!3>>!<7K!!H4!A1</!*'3'%V!;=(&=!0<%>!01/!A1</!&3/!=3*!'=%!>%3*'!(273&'!14!'=%!
%4)(/142%4'P!!W<*'(0A!A1</!34*;%/K!!H,:&!%'1-&+'%!9.$'&!.&%8(+%&%!'(!'#$%!=1&%'$(+3!
F*'&.+,'$:&*<7!<(1!/,+!.&0?$:&!'#&!8.&'&%'3!!F+%9&.%!9$**!-&8&+-!(+!<(1.!*(/,'$(+3!!Z+!8*,/&%!
9$'#!*,.?&!,6(1+'%!()!.&+&9,2*&!&*&/'.$/$'<!R%1/#!,%!#<-.(&*&/'.$/$'<!$+!'#&!+(.'#9&%'S7!
&*&/'.$/$'<!6$?#'!2&!'#&!,+%9&.3!!U$()1&*%!,.&!R(.!9$**!2&S!,!.&,%(+,2*&!,*'&.+,'$:&!'(!)(%%$*!
)1&*%!$+!'#&!6$--*&!()!'#&!/(1+'.<!9#&.&!'#&!8*,+'!2$(6,%%!-(&%!+('!+&&-!'(!2&!'.,+%8(.'&-!
:&.<!),.!'(!2&!6,-&!$+'(!&'#,+(*3!!Z+!%(6&!8*,/&%!9#&.&!)(%%$*!)1&*!1%&!$%!'#&!(+*<!
&/(+(6$/,**<!:$,2*&!(8'$(+7!&*&/'.$/$'<!6,-&!).(6!+,'1.,*!?,%!6,<!2&/(6&!'#&!2&%'!(8'$(+3!!

XK O=3'!1'=%/!(401/23'(14!;1<>9!#%!=%>70<>!(4!9%'%/2(4(4@!%4)(/142%4'3>!(273&'P!!O=3'!
1'=%/!(401/23'(14!91!A1<!4%%9!'1!9%'%/2(4%!;=(&=!0<%>!1/!%4%/@A!(*!*1</&%!(*!*<*'3(43#>%P!!
Z'!$%!$68(.',+'!'#,'!%'1-&+'%!.&,*$G&!'#,'!'#&<!#,:&!+('!9&$?#&-!,**!()!'#&!),/'(.%3!!H(9!-(&%!
'#&!,?.$/1*'1.&!()!&,/#!2$()1&*!/.(8!,))&/'!'#&!&+:$.(+6&+'N!!M$**!),.6&.%!2&!,2*&!'(!6,5&!,!
*$:$+?!?.(9$+?!2$()1&*!/.(8%N!Q&'.(*&16!$%!)(1+-!$+!61*'$8*&!8*,/&%3!!Z%!'#&!&+:$.(+6&+',*!
$68,/'!()!&;'.,/'$(+!).(6!&,/#!8*,/&!.&*,'$:&*<!%$6$*,.N!!V$?#'!+(97!'#&.&!,.&+Y'!:&.<!6,+<!
(8'$(+%!)(.!8&(8*&!9,+'$+?!&*&/'.$/!/,.%3!!H(9!$%!'#,'!/#,+?$+?N!!H(9!=1$/5*<!,.&!9&!1%$+?!
18!'#&!)(%%$*!)1&*%!).(6!-$))&.&+'!,.&,%N!!!
!!!!!


