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I6-!-5+'+,#59!&*-!'+.!2&$+*&=%-!2+*!"&9-9!D!&'(!S>!@6-*-!@&9.-@&.-*9!&*-!+'%4!9;11%-,-'.&*4!

.+!=#+2;-%!1*+(;5.#+'!&'(>!.6;9>!@&9.-@&.-*!.*-&.,-'.!5*-(#.9!&*-!,;56!9,&%%-*!Q%-99!.6&'!!U]!

+2!"&9-9!!!&'(!?RJ!!e+@-$-*>!-$-'!.6-9-!9,&%%!&,+;'.9!+2!5*-(#.!*-(;5-!+#%!+*!-%-5.*#5#.4!5+9.9!

=4!&=+;.!?H]J!!!

I+!&56#-$-!=*-&B"-$-'!2+*!"&9-9!D!&'(!S>!+#%!@+;%(!'--(!.+!=-!9+%(!2+*!fDD?\=&**-%!&'(!

-%-5.*#5#.4!2+*!fHJa?\BF6>!*-91-5.#$-%4>!=+.6!2&*!6#/6-*!.6&'!5;**-'.!1*#5-9J!!E%.6+;/6!

*-'-@&=%-!-'-*/4!&'(!/*--'6+;9-!/&9!&=&.-,-'.!5*-(#.9!,&4!=-!&$&#%&=%-!2+*!9;56!&!1*+5-99>!



! #K

.6-9-!&*-!91-5;%&.#$-!&.!.6#9!.#,-!&'(>!#'!&'4!-$-'.>!@+;%(!'+.!=-!9;22#5#-'.!;'(-*!&'4!1%&;9#=%-!

95-'&*#+!.+!,&B-!9;56!&!1*+5-99!-5+'+,#5J!!Z+*!"&9-!U>!@6#56!#9!9#,#%&*!.+!"&9-!D!=;.!2+;*".#,-9!

%&*/-*!QSHH!6&R>!-5+'+,#-9!+2!95&%-!*-(;5-!.6-!5+9.!+2!1*+(;5.#+'!=4!&!O;&*.-*>!.+!f?SH\=&**-%>!

9.#%%!,;56!.++!6#/6!2+*!5;**-'.!+*!2+*-9--&=%-!-5+'+,#59!+2!*-'-@&=%-!=#+2;-%9>!-$-'!#'5%;(#'/!

/*--'6+;9-!/&9!5*-(#.9J!!!

!

*$Q%#!1IZN!!I633$2/!-4!$,,6$%!)-'('>!&,)%60&,.!4&,$,)&,.>!-4!(+#!3&)2-$%.$#!Q&-46#%!)$'#'!

@$'#

1%#)(2&)&(/!

L2-06)(&-,!

)2#0&(
!

XL#2$(&,.!

#WL#,'#'
5

@$L&($%!

)+$2.#
@

@-'(!-4!L2-06)(&-,!

P[-!P$'(#P$(#2!

(2#$(3#,(!)2#0&(

A$'(#P$(#2!

(2#$(3#,(!

)2#0&(
`

XV#2$%%!)-'(!-4!

L2-06)(&-,

! f^D!>HHH! f?>`_H>HHH! fD>!aH>HHH! QfS!aR\==% fS>`UH>HHH! Qf?^R\==%

?
7--!5+9.!+2!

1*+(;5.#+'
f!>U`H>HHH! f?>D!H>HHH! QfHJ_?R\BF6 fS>`UH>HHH! fHJ!a\BF6

)

D fUUS>HHH! f?>^!H>HHH! f?>a?H>HHH! QfSHUR\==% faH?>HHH! QfDD?R\==%

S
7--!5+9.!+2!

1*+(;5.#+'
f!>SaH>HHH! f!>^`H>HHH! QfHJ^`R\BF6 f_?a>HHH! QfHJa?R\BF6

U f?>???>HHH! f^>H`H>HHH! f`>H?H>HHH! QfDH?R\==% fD>HDH>HHH! Qf?SHR\==%
!

EJ g*+99!-%-5.*#5#.4!1*+(;5-(!2*+,!=#+/&9>!$&%;-(!&.!fHJ!H\BF6J!!Z+*!=#+/&9"+'%4!5&9-9>!.6-!-%-5.*#5#.4!5*-(#.!

#9!5+'9#(-*-(!#'!.6-!5+9.!+2!1*+(;5.#+'J!!!

AJ )K5%;(-9!)%-5.*#5#.4!3*+(;5.#+'!"*-(#.!&'(!#'5%;(-9!I&=%-!)7D!)%-5.*#5#.4!3;*56&9-!5+9.J!

"J E.!^]>!#'5%;(#'/!=+'(!*-1&4,-'.!&'(!(-1*-5#&.#+'J!!!

0J A&9-(!+'!&$-*&/-!87!@&9.-@&.-*!.*-&.,-'.!2--9!2+*!=#+56-,#5&%!+K4/-'!(-,&'(!,&99!*-,+$&%J!!L-$-';-!

(+-9!'+.!#'5%;(-!&!1*-,#;,!2+*!';.*#-'.!*-,+$&%J!

)J I6-!%&5B!+2!1&*-'.6-9#9!#'(#5&.-9!.6&.!*-$-';-!2*+,!@&9.-@&.-*!.*-&.,-'.!#9!/*-&.-*!.6&'!.6-!.+.&%!5+9.!+2!

.6-!+1-*&.#'/!-K1-'9-9!&'(!5&1#.&%!56&*/-9!2+*!.6-!2&5#%#.4J!

!

XL(&-,'!4-2!?3L2-V&,.!72-)#''!1)-,-3&)'!$,0!"#'-62)#!7-(#,(&$%!

I6-!5&9-9!.6&.!-,16&9#P-!@&9.-@&.-*!.*-&.,-'.!&*-!&=%-!.+!1*+(;5-!5+9."5+,1-.#.#$-!=#+2;-%9J!!

e+@-$-*>!&.!&!'&.#+'&%!95&%->!.6-!'--(!2+*!%+5&.#+'9!#'!9;''4!5%#,&.-9!@#.6!&55-99!.+!9;22#5#-'.!

2%&.!%&'(!&'(!9;11%-,-'.&%!"<?>!#'!&((#.#+'!.+!@&9.-@&.-*>!@#%%!9-$-*-%4!%#,#.!.6-!&11%#5&.#+'!+2!

.6-9-!5&9-9J!!E%.6+;/6>!&!9#/'#2#5&'.!';,=-*!+2!5+,=#'-(!&%/&-!@&9.-@&.-*!.*-&.,-'."=#+2;-%9!

2&5#%#.#-9!5+;%(!=-!%+5&.-(!#'!.6-!87>!&9!-$#(-'5-(!=4!.6-!+$-*!^>HHH!-K#9.#'/!@&9.-@&.-*!1+'(9!

#'!.6-!87>!.6-#*!&//*-/&.-!5+'.*#=;.#+'!.+!87!%#O;#(!2;-%!*-9+;*5-9!@+;%(!=-!,#'+*T&.!=-9.!&!

9,&%%!2*&5.#+'!+2!!]!+2!.+.&%!(-,&'(J!!E((#.#+'&%!*-9+;*5-9!&'(!#,1*+$-(!-5+'+,#59!&*-!

'--(-(J!



! !

"#$!%&'($%&($)!*+,+(&(+-.!/-0*1!2$!)$,-3$1!$.(+)$*4!24!0'+.5!60)/#&'$1!.0()+$.('!&.1!%&($)7!!

89!%&($)!+'!&3&+*&2*$!&(!*-%!/-'(!:$757;!'$&%&($);!2)&/<+'#!%&($);!$3$.!9)$'#!%&($)!+.!'-,$!

*-/&(+-.'=;!-3$)&**!-6$)&(+.5!$!6$.'$'!&)$!.-(!*+<$*4!(-!+./)$&'$!,-)$!(#&.!&2-0(!>?@;!,&+.*4!

10$!(-!9$)(+*+A$)!60)/#&'$7!!B$(;!%+(#-0(!%&'($%&($)!()$&(,$.(!/)$1+(;!(#$!0.+(!/-'(!-9!-+*!-)!

$*$/()+/+(4!%-0*1!2$!&2-0(!C?"CD@!#+5#$)!(#&.!'#-%.!+.!(#$!9+.&*!/-*0,.!-9!"&2*$!EFG!9-)!H&'$'!

I"D7!!E3$.!%#$.!)$*$&'$1!9)-,!(#$!.$$1!9-)!%&'($%&($);!(#$!-(#$)!9&/+*+(4!'+(+.5!*+,+(&(+-.'!

:/*+,&($;!%&($);!9*&(!*&.1;!&.1!HJC!'-0)/$=!%+**!'(+**!)$'()+/(!(#$!/-.()+20(+-.!-9!,+/)-&*5&$!

2+-90$*'!(-!*+<$*4!&2-0(!>@!-9!(-(&*!KF!*+L0+1!90$*!/-.'0,6(+-.7!!M-%$3$);!9-/0'$1!-.!'6$/+&*!

,&)<$('!:$757;!2+-1+$'$*!&.1!)$.$%&2*$!&3+&(+-.!90$*=;!$3$.!-.$!-)!(%-!2+**+-.!5&**-.'!6$)!4$&)!

%-0*1!2$!&!'+5.+9+/&.(!'066*47!!8.!5$.$)&*;!&!90(0)$!2+-90$*'!+.10'()4!%+**!)$L0+)$!&!,0*(+(01$!-9!

9$$1'(-/<';!+./*01+.5!&*5&$7!!

F+5.+9+/&.(!+,6)-3$,$.('!+.!6)-10/(+-.!/-'('!-3$)!(#-'$!6)$'$.($1!#$)$+.!&)$!*+<$*4!6-''+2*$!

(#)-05#!90)(#$)!&13&./$'!+.!2-(#!2+-*-54!&.1!$.5+.$$)+.5!)$'$&)/#7!!8.!$.5+.$$)+.5;!(#$!,-'(!

'+5.+9+/&.(!/-'(!)$10/(+-.'!%-0*1!/-,$!+.!(#$!&)$&!-9!2+-,&''!6)-/$''+.5!:$757;!#&)3$'(+.5!24!

2+-9*-//0*&(+-.!&.1!-+*!$!()&/(+-.!9)-,!%$(!2+-,&''=7!!N'!&.!$!&,6*$!-9!(#$!+,6&/(!-9!(#$!*&(($);!

+.!H&'$!D;!&!*&)5$!/$.()&*!-+*!$!()&/(+-.!6*&.(!+'!9$1!24!9+9(4!G??"#&!9&),';!%#+/#!%-0*1!)$L0+)$!

%&'($%&($)!9)-,!&!6-60*&(+-.!-9!D!,+**+-.!:-)!-(#$)!$L0+3&*$.(!%&'($'=7!!O+3$!,+**+-.!6$-6*$!+'!

(#$!/-,2+.$1!6-60*&(+-.!-9!F&.!P+$5-!&.1!Q+3$)'+1$!H-0.(+$';!.$&)!(#$!$.3+'+-.$1!9&),!'+($'7!!

P+'()+20($1!9&),'!+.!'0/#!&!*&)5$!&)$&!%-0*1!*$&1!(-!*-.5!2+-,&''!#&0*';!+./)$&'+.5!/-'(!&.1!

*-%$)!(#$!$.3+)-.,$.(&*!2$.$9+(!-9!(#$!$99-)(7!!P$3$*-6,$.(!-9!&99-)1&2*$!',&**"'/&*$;!-."'+($!

-+*!)$/-3$)4!($/#.-*-5+$'!%-0*1!1$/)$&'$!(#$!.$$1!9-)!()0/<+.5!2+-,&''7!!R$(!2+-,&''!-+*!

)$/-3$)4!24!/$**!1+')06(+-.;!$,0*'+9+/&(+-.!&.1!/$.()+905&(+-.!%-0*1!2$!-.$!$!&,6*$!-9!'0/#!&!

($/#.-*-547!!89!(#$!1)4+.5;!#&0*+.5;!&.1!$!()&/(+-.!/-'('!-9!H&'$!D!1$/)$&'$1!24!(%-"(#+)1';!-+*!

/-'(!%-0*1!1$/)$&'$!24!&2-0(!>D"C?@7!!!

H0*(+3&(+-.!&.1!$.5+.$$)+.5!)$'$&)/#!+'!&*'-!.$$1$1!(-!*-%$)!/-'('!(#)-05#;!9-)!$!&,6*$;!2$(($)!

/-.()-*!-9!A--6*&.<(-.!5)&A$)'!&.1!1$3$*-6,$.(!-9!*-%$)!/-'(!6-.1';!/*&)+9+$)';!&.1!1+5$'($)'7!!

"#$'$!+,6)-3$,$.(';!%#+/#!&)$!6-''+2*$!+.!(#$!.$&)"($),!&.1!&)$!&*)$&14!&''0,$1!+.!(#$!/-'(!

6)-S$/(+-.'!-9!(#+'!)$6-)(;!1$/)$&'$!(#$!9&/+*+(4!/-'('!24!'$3$)&*"9-*1!/-,6&)$1!(-!/-.3$.(+-.&*!

%&'($%&($)!()$&(,$.(!&.1!2+-,&''!#&)3$'(+.5!1$'+5.'!(#&(!0'$!/-./)$($!(&.<'7!!"#$'$!

$.5+.$$)+.5!&13&./$'!1-!)$,&+.!(-!2$!1$3$*-6$1;!#-%$3$)7!!F+./$!6#-(-2+-)$&/(-)'!&)$!

+.#$)$.(*4!+,6)&/(+/&*!9-)!'/&*$"06!&.1!%-0*1!2$!0'$1!-.*4!+.!'$$1!/0*(0)$!6)-10/(+-.;!)$'$&)/#!

-.!(#$+)!1$'+5.!+'!0.*+<$*4!(-!#&3$!,0/#!+,6&/(7!!!

"#$!,&S-)!-66-)(0.+(4!9-)!*-%$)+.5!/-'('!&.1!$!($.1+.5!(#$!9$&'+2*$!5$-5)&6#+/!)&.5$!-9!&*5&$!

2+-90$*'!+'!+.!2+-*-5+/&*!)$'$&)/#7!!8./)$&'$'!+.!2+-,&''!&.1!-+*!6)-10/(+3+(4!:(-.'T#&"4)=!&2-3$!

(#$!6)-S$/(+-.'!-9!(#+'!'(014!'#-0*1!2$!6-''+2*$!(#)-05#!'()&+.!'$*$/(+-.!&.1!5$.$(+/!

+,6)-3$,$.('!&.1!,-1+9+/&(+-.'!-9!(#$!&*5&$7!!J.$!6)-,+'+.5!&66)-&/#!+'!(#$!0'$!-9!'()&+.'!



! K#

@#.6!*-(;5-(!1#/,-'.!5+'.-'.>!@6#56!@+;%(!%-99-'!.6-!,&N+*!2&5.+*9!(-5*-&9#'/!.6-!

1*+(;5.#$#.4!+2!&%/&-!,&99!5;%.;*-9>!.6&.!#9>!9-%2"96&(#'/!&'(!.6-!%#/6.!9&.;*&.#+'!+2!

16+.+94'.6-9#9J!!e+@-$-*>!.6-!9;*$#$&%!&'(!1*+%+'/-(!(+,#'&'5-!+2!9;56!#,1*+$-(!9.*&#'9!#'!

.6-!+;.(++*!,&99!5;%.;*-!-'$#*+',-'.!@#%%!*-O;#*-!-K.-'9#$-!*-9-&*56!&'(!&($&'5-9!#'!5;%.;*-!

,&'&/-,-'.J!!G'5*-&9#'/!1*+(;5.#$#.4!*-O;#*-9!#'5*-&9#'/!.6-!9#P-!&'(!5+9.!+2!,&'4!+2!5&1#.&%!

#.-,9!'--(-(!.+!6&'(%-!.6-!&((#.#+'&%!=#+,&99>!1%;9!&((#.#+'&%!2-*.#%#P-*J!!I6;9>!&!(+;=%#'/!+2!

1*+(;5.#$#.4!#'!"&9-9!D"U!@+;%(!(-5*-&9-!.6-!.+.&%!;'#.!5+9.!+2!+#%!+*!-%-5.*#5#.4!96+@'!#'!.6-!%&9.!

5+%;,'!+2!I&=%-!)7S!=4!&=+;.!DH"DU]J!!C+!5*-(#.!2+*!';.*#-'.!*-,+$&%!2*+,!@&9.-@&.-*!#9!

5+'9#(-*-(!#'!.6#9!*-1+*.J!!!

"+,=#'#'/!.6-!&=+$-!1*+N-5.-(!5+9.!2&5.+*9W!!#'5*-&9-!(;-!.+!2-*.#%#P-*!1;*56&9-!.+!*-1%&5-!

@&9.-@&.-*!';.*#-'.9!Qh!H]R>!&=9-'5-!+2!@&9.-@&.-*!.*-&.,-'.!5*-(#.!Qh?H!.+!h?U]R>!(-5*-&9-!

(;-!.+!+'"9#.-!&%/&-!+#%!-K.*&5.#+'!Q#!U!.+!#?H]R>!&'(!(+;=%#'/!+2!1*+(;5.#$#.4!Q#DH!.+!#DU]R>!

.6-!+$-*&%%!1+.-'.#&%!2+*!5+9.!*-(;5.#+'!@+;%(!=-!&.!,+9.!&=+;.!#?U]J!!I+!&56#-$-!*-&9+'&=%-!

'-.!1*+(;5.#+'!5+9.9!@6#%-!=-#'/!#'(-1-'(-'.!2*+,!@&9.-@&.-*!.*-&.,-'.>!&%.-*'&.#$-!*-$-';-!

@+;%(!=-!'--(-(J!!<.6-*!.6&'!@&9.-@&.-*!.*-&.,-'.>!.6-!+'%4!5+"1*+(;5.!,&*B-.!+2!9;=9.&'.#&%!

9#P-!#9!&'#,&%!2--(J!!7#'5-!.6-!9+%$-'.!-K.*&5.#+'!1*+5-99!&99;,-(!#'!.6-!1*-9-'.!9.;(4!*-O;#*-9!

=#+,&99!(*4#'/>!(#$-*9#+'!+2!.6-!1+9."-K.*&5.#+'!=#+,&99!.+!2--(!(+-9!'+.!*-O;#*-!,&N+*!

&((#.#+'&%!-22+*.J!!I6-!5&*=+'!&'(!';.*#-'.9!#'!.6-!(#$-*.-(!=#+,&99!@+;%(!'+!%+'/-*!=-!

*-545%-(!2+*!&%/&-!/*+@.6!&'(!@+;%(!'--(!.+!=-!+=.&#'-(!-%9-@6-*-!Q-J/J>!1;*56&9-!+2!'#.*+/-'!

&'(!16+916+*;9!2-*.#%#P-*!&'(!1*+$#9#+'!+2!2%;-!/&9!"<?!.+!9&.#924!.6-!-'.#*-!&%/&-!(-,&'(RJ!!

F#.6!.6+9-!&99;,1.#+'9>!&'(!#2!.6-!*-9#(;&%!=#+,&99!#9!$&%;-(!-O;&%%4!@#.6!9+4!,-&%!QfSHH\,.R>!

"&9-!U!@+;%(!1*+(;5-!&%/&-!+#%!@#.6!&!5+9.!+2!&=+;.!f!UH\==%J!!G'!.6-!%+'/".-*,!@#.6!&!(+;=%#'/!

#'!&%/&-!1*+(;5.#$#.4>!.6-!2--(!&'(!2;-%!95-'&*#+!@+;%(!%-&(!.+!&!5+9.!+2!&=+;.!fDH\==%J!!<2!

5+;*9->!.6-9-!-9.#,&.-9!&*-!&11*+K#,&.->!=;.!.6-4!#%%;9.*&.-!.6-!1+.-'.#&%!+2!%+'/".-*,!*-9-&*56!

.+!#,1*+$-!.6-!1*+91-5.9!2+*!,#5*+&%/&-!=#+2;-%!1*+(;5.#+'J!!

G'!5+'5%;9#+'>!-$-'!@#.6!+'%4!&'!^]!5&1#.&%!56&*/-!&9!&11%#-(!6-*->!.6#9!&'&%49#9!(+-9!'+.!

1*+N-5.!&!2&$+*&=%-!+;.5+,-!2+*!'-&*".-*,>!%&*/-"95&%-!&%/&-!=#+2;-%9!1*+(;5.#+'!@#.6+;.!

@&9.-@&.-*!.*-&.,-'.!&9!.6-!1*#,&*4!/+&%J!!Z+*!%&*/-*!949.-,9>!%+'/-*".-*,!LM0!.+!#,1*+$-!

1*+(;5.#$#.4>!5;%.#$&.#+'>!&'(!=#+,&99!1*+5-99#'/!5+;%(!*-(;5-!.6-!5+9.9!+2!,#5*+&%/&-!=#+2;-%9!

.+!5+,1-.#.#$-!%-$-%9!@#.6!5+"1*+(;5.!*-$-';-J!!L-9-&*56!&($&'5-9!5+;%(!&%9+!-K1&'(!.6-!

*-9+;*5-!1+.-'.#&%!+2!.6#9!.-56'+%+/4>!&'(!2;.;*-!&'&%49#9!+2!.6-9-!%+'/-*".-*,!+1.#+'9!#9!

*-O;#*-(J!

@-,)%6'&-,'!

I6-!*-9;%.9!+2!.6-!1*-9-'.!9.;(4>!=&9-(!+'!&!(-.&#%-(!!"!#$%$!&'&%49#9>!1*+N-5.!6#/6!5+9.9!2+*!

,#5*+&%/&-!=#+2;-%9!1*+(;5-(!=4!2&5#%#.#-9!(-9#/'-(!1*#,&*#%4!2+*!=#+2;-%9!1*+(;5.#+'J!!)$-'!@#.6!



! K##

%+@!5&1#.&%!56&*/-9>!#.!#9!'+.!1+99#=%-!.+!1*+(;5-!,#5*+&%/&-!=#+2;-%9!5+9."5+,1-.#.#$-%4!@#.6!

2+99#%!2;-%9>!+*!-$-'!@#.6!+.6-*!=#+2;-%9>!@#.6+;.!,&N+*!&($&'5-9!#'!.-56'+%+/4J!!!

3*#+*!9.;(#-9!Q-J/J>!A-'-,&''!&'(!<9@&%(>!!``_c!A-'-,&''!-.!&%J>!!`^?c!&'(!F-#99,&'!&'(!

g+-=-%>!!`^aR!&%9+!5+'5%;(-(!.6&.!&%/&-!1*+(;5.#+'!;9#'/!.6-!=-9.!&$&#%&=%-!9.*&#'9!&'(!

5;%.#$&.#+'!,-.6+(9!Q?H!/\,?
"(!&'';&%!1*+(;5.#$#.4!&.!?U]!+#%!5+'.-'.R!@+;%(!'+.!=-!

-5+'+,#5&%%4!2-&9#=%-!2+*!=#+2;-%9J!!A-'-,&''!&'(!<9@&%(!Q!``_R!=&9-(!.6-#*!&'&%49#9!+'!.6*--"

.#,-9!.6#9!+#%!+;.1;.!QDH!/\,?
"(>!UH]!+#%RJ!!I6-#*!641+.6-.#5&%!1*+5-99!;9-(!&!%+@"5+9.!=;.!&9!4-.!

;'1*+$-'!,-.6+(!+2!+#%!-K.*&5.#+'!Q5-%%!=*-&B&/-!@#.6!+#%!-,;%9#2#5&.#+'!&'(!5-'.*#2;/&.#+'R!&'(!
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5+'.*+%!.6-!&%/&-!1*+5-99!#'!9#,#%&*!2&96#+'!.+!.6-!&5.#$&.-(!9%;(/-!1*+5-99J!!E!2-@!9;56!1+'(9!

6&$-!=--'!=;#%.>!,+9.%4!#'!"&%#2+*'#&>!=;.!&*-!'+.!@#(-%4!;9-(!(;-!.+!.6-!1*+=%-,!+2!9-1&*&.#'/!

.6-!&%/&-!2*+,!.6-!-22%;-'.9J!!E%.6+;/6!9-..%#'/!+2!,#5*+&%/&-!2*+,!1#%+."95&%-!6#/6!*&.-!

@&9.-@&.-*!.*-&.,-'.!949.-,9!@&9!#'$-9.#/&.-(!9+,-!.#,-!&/+!QA-'-,&''!-.!&%J>!!`^HR>!.6#9!

1*+5-99!*-,&#'9!.+!=-!(-,+'9.*&.-(!&.!95&%-!Q9--!=-%+@RJ!I6-!5;**-'.!2+5;9!+'!/%+=&%!@&*,#'/>!

-'-*/4!9-5;*#.4!&'(!=#+2;-%9!1*+(;5.#+'!6&$-!&/&#'!=*+;/6.!.6-!1*+=%-,!+2!%+@"5+9.!&%/&-!

6&*$-9.#'/!.+!.6-!2+*-2*+'.>!&'(!-'5+;*&/-(!2;*.6-*!*-9-&*56!#'!.6#9!2#-%(J!!!

E'+.6-*!,&N+*!(-$-%+1,-'.!6&9!=--'!.6-!56&'/-!#'!-,16&9#9!#'!@&9.-@&.-*!.*-&.,-'.!

.-56'+%+/4!2*+,!9#,1%4!+K#(#P#'/!.6-!+*/&'#5!,&..-*!#'!.6-!@&9.-!Q#J-J>!*-,+$#'/!.6-!=#+%+/#5&%!

+K4/-'!(-,&'(>!A<0R!.+!*-,+$#'/!';.*#-'.9>!91-5#2#5&%%4!C!&'(!3>!@6#56!&*-!.6-!*++.!5&;9-9!+2!

-;.*+16#5&.#+'!+2!#'%&'(!@&.-*@&49!&'(!5+&9.&%!(-&(!P+'-9J!!I6-!'--(!2+*!';.*#-'.!*-,+$&%!

/*-&.%4!#,1*+$-9!.6-!1*+91-5.9!2+*!;9#'/!1+'(9!#'!@&9.-@&.-*!.*-&.,-'.>!&9!,#5*+&%/&-!&*-!

1&*.#5;%&*%4!-22#5#-'.!#'!5&1.;*#'/!&'(!*-,+$#'/!9;56!';.*#-'.9>!!9+,-.6#'/!.6&.!5+'$-'.#+'&%!

.*-&.,-'.!1*+5-99-9!Q9;56!&9!$&*#&'.9!+2!.6-!&5.#$&.-(!9%;(/-!1*+5-99R!5&'!(+!&.!+'%4!*-%&.#$-%4!

6#/6!5+9.J!!I6-!1*+91-5.!+2!&%/&-!';.*#-'.!*-,+$&%!6&9!*-$#$-(!#'.-*-9.!#'!.6#9!2#-%(>!@#.6!*-5-'.!

*-9-&*56!(-,+'9.*&.#'/!.6&.!,#5*+&%/&-!5&'!*-,+$-!=+.6!C!&'(!3!2*+,!@&9.-@&.-*9!+$-*!&!

%&*/-!*&'/-!#'!*&.#+9!&'(!5+'5-'.*&.#+'9>!=4!9;11%-,-'.#'/!.6-!5;%.;*-9!@#.6!"<?!Q:;'(O;#9.!-.!

&%J>!?HH`RJ!!I6#9!1*+5-99!/*-&.%4!#'5*-&9-9!.6-!&,+;'.!+2!&%/&-!=#+,&99!1*+(;5-(!&'(!1*+$#(-9!

&'!+11+*.;'#.4!2+*!5+,=#'#'/!&%/&-!=#+,&99!1*+(;5.#+'!#'!@&9.-@&.-*!.*-&.,-'.!@#.6!&%/&-!

=#+2;-%9!1*+(;5.#+'J!

I6-!-5+'+,#5!=-'-2#.9!*-9;%.#'/!2*+,!,;'#5#1&%!@&9.-@&.-*!.*-&.,-'.>!,&B-!.6#9!.6-!,+9.!

5+9."-22-5.#$-!9.*&.-/4!.+!2&9.".*&5B!(-$-%+1,-'.!+2!1*&5.#5&%!&%/&-!=#+2;-%9!1*+(;5.#+'!1*+5-99>!
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@&9.-@&.-*!.*-&.,-'.!1*+5-99!@#.6!5+"1*+(;5.#+'!+2!&'!&%/&-!=#+2;-%!&'(!Q=R!&!,#5*+&%/&-!

=#+2;-%9!1*+(;5.#+'!1*+5-99!#'!@6#56!,;'#5#1&%!@&9.-@&.-*!#9!;9-(!.+!9;11%4!@&.-*!&'(!

';.*#-'.9!.+!.6-!1*+5-99>!@#.6!@&9.-@&.-*!.*-&.,-'.!=-#'/!#'5#(-'.&%!.6-!1*+5-99J!!b;'#5#1&%!

@&9.-@&.-*!6&9!9-$-*&%!,&N+*!&($&'.&/-9!&9!&!*-9+;*5-!#'!.6-!1*+(;5.#+'!+2!&%/&-!=#+2;-%9W!!!!

Q!R G.!#9!1*+(;5-(!#'!9;=9.&'.#&%!O;&'.#.#-9!Q[!HH!/&%%+'9\1-*9+'"(R!&'(!#9!5+%%-5.-(!&.!&!

9#'/%-!%+5&.#+'J!!

Q?R G.!5+'.&#'9!9;22#5#-'.!C!Q[DH!o!SH!,/\:R>!&'(!!3!Q[U!o!!H!,/\:R!!&'(!+.6-*!-99-'.#&%!

,#5*+';.*#-'.9!.+!1*+(;5-!%&*/-!&,+;'.9!+2!&%/&-!=#+,&99J!!

QDR G.!5+'.&#'9!9;=9.&'.#&%!&,+;'.9!+2!.6-!"!'--(-(!2+*!&%/&-!/*+@.6J!!!

QSR I6-!&%/&-!5&'!*-,+$-!-99-'.#&%%4!&%%!.6-!';.*#-'.9!1*-9-'.!#'!.6-!@&9.-@&.-*>!&56#-$#'/!

&!6#/6!(-/*--!+2!.*-&.,-'.J!!

QUR I6-*-!#9!&!,+'-.&*4!*-.;*'!.+!.6-!1*+5-99!+2!.*-&.#'/!9-@&/->!@6#56!5+;%(!=-!9-$-*&%"

2+%(!/*-&.-*!.6&'!.6-!$&%;-!+2!.6-!2;-%9!(-*#$-(!2*+,!.6-!=#+,&99J!!

Q_R I6-!/*--'6+;9-!/&9!&=&.-,-'.!=-'-2#.9!&*-!9-$-*&%"2+%(!.6+9-!+2!=#+2;-%9!&%+'->!(;-!.+!

*-(;5.#+'!#'!.6-!;9-!+2!-'-*/4!5+,1&*-(!.+!5+'$-'.#+'&%!.*-&.,-'.!1*+5-99-9J!!!

QaR E%/&-!1+'(9!&*-!&%*-&(4!@#(-%4!;9-(!#'!,;'#5#1&%!@&9.-@&.-*!.*-&.,-'.>!-$-'!#2!,+9.!

949.-,9!&*-!9,&%%J!!e+@-$-*>!&!2-@!%&*/-!949.-,9!(+!+1-*&.->!&'(!&%/&-!1+'(!

.-56'+%+/4!#9!2&,#%#&*!.+!.6-!@&9.-@&.-*!.*-&.,-'.!#'(;9.*4J!

I6-!&%/&-!@&9.-@&.-*!.*-&.,-'.!.-56'+%+/4!1*-9-'.-(!#'!.6#9!*-1+*.!#9!&!1*+5-99!.6&.!*-,+$-9!
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5*-(#.9>!;9#'/!,;'#5#1&%!@&9.-@&.-*9>!&2.-*!2&5.+*#'/!#'!%&'(!&$&#%&=#%#.4>!5%#,&.-!&'(!+.6-*!

%#,#.&.#+'9J!!e+@-$-*>!9;56!949.-,9!&%9+!(-*#$-!&((#.#+'&%!=-'-2#.9>!9;56!&9!#'(#*-5.!/*--'6+;9-!

/&9!&=&.-,-'.!Q5+,1&*-(!.+!.6-!6#/6!-'-*/4!;9-!+2!5+'$-'.#+'&%!.*-&.,-'.!.-56'+%+/#-9R!&'(!

+.6-*!-'$#*+',-'.&%!9-*$#5-9J!!!

F6-*-!.6-!+=N-5.#$-!#9!1*#,&*#%4!&%/&-!=#+2;-%9!1*+(;5.#+'>!@#.6!,;'#5#1&%!@&9.-@&.-*9!

1*+$#(#'/!,&B-";1!';.*#-'.9!&'(!@&.-*>!=#+2;-%!1*+(;5.#+'!=-'-2#.9!2*+,!&!*-(;5-(!'--(!2+*!

.6-9-!*-9+;*5-9>!@6#%-!&%9+!(-*#$#'/!&!,+(-9.!#'5+,-!2*+,!.6-!@&9.-@&.-*!.*-&.,-'.!2;'5.#+'J!!!
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I6-!,&N+*!1*+=%-,!@#.6!&%/&-!=#+2;-%9>!&2.-*!(-,+'9.*&.#'/!.6&.!.6-!5;%.#$&.#+'!1*+5-99!5&'!=-!

9.&=%-!&'(!1*+(;5.#$->!#9!.6-!5+9.!+2!1*+(;5.#+'W!!#.!@#%%!=-!(#22#5;%.!.+!2+*!&%/&-!=#+2;-%!.+!

5+,1-.-!2&$+*&=%4!@#.6!2+99#%!2;-%9!;'(-*!5;**-'.!,&*B-.!5+'(#.#+'9!2+*!.6-!2+*-9--&=%-!2;.;*-J!!

I6#9!-5+'+,#5!1*+=%-,!6&9!%-(!.+!,&'4!1*+1+9&%9!2+*!.-56'+%+/#-9!.+!5+"1*+(;5-!6#/6-*!$&%;-!

5+"1*+(;5.9!+*!&'#,&%!2--(9!&%+'/!@#.6!=#+2;-%9>!&9!=*#-2%4!,-'.#+'-(!#'!.6-!#'.*+(;5.#+'J!!I6-!
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?HH!.+'9!+2!&9.&K&'.6#'!2+*!&O;&5;%.;*-!2--(9!Q@-%%!+$-*!6&%2!.6-!1*-9-'.!,&*B-.>!5;**-'.%4!

9;11%#-(!,&#'%4!2*+,!94'.6-.#5!9+;*5-9R>!5+;%(!=-!-K.*&5.-(!2*+,!1-*6&19!!H>HHH!.+'9!+2!&%/&-!

=#+,&99>!@#.6!.6-!*-9#(;-!.6-'!;9-(!2+*!=#+2;-%9>!&99;,#'/!.6&.!.6-!*-9#(;-!6&9!9;22#5#-'.!+#%!.+!

,&B-!.6&.!@+*.6@6#%-J!!e+@-$-*>!,+*-!1%&;9#=%-!.6&'!-K.*&5.#+'!+2!1#/,-'.9>!@+;%(!=-!;9-!+2!

.6-!-'.#*-!=#+,&99!&9!2--(J!!E%9+>!!H>HHH!.+'9!+2!=#+,&99!#9!#'9#/'#2#5&'.!#'!.-*,9!+2!'&.#+'&%!

=#+2;-%9!1*+/*&,9J!!7#,#%&*!-K&,1%-9!@+;%(!=-!1*+(;5.#+'!+2!+.6-*!6#/6-*!$&%;-!&'#,&%!2--(!5+"
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*-1%&5-,-'.!@#.6!,&*#'-!,#5*+&%/&-J!!Z+*!.6-!%&..-*!5&9->!.6-!#'.-*-9.!#9!#'!=+.6!.6-!1*+.-#'!

5+'.-'.!&'(!+,-/&"D!2&..4!&5#(9>!'-#.6-*!+2!@6#56!#9!9;#.&=%-!2+*!=#+2;-%9!&'(!,+*-!$&%;&=%-!&9!

&'#,&%!2--(J!G'(--(>!&9!@#.6!+.6-*!5*+19>!,#5*+&%/&-!&*-!,+*-!$&%;&=%-!&9!&'#,&%!2--(9!.6&'!&9!

2;-%9J!!!

I6-!&'&%+/4!5&'!=-!,&(-!@#.6!5+*'!2;-%!-.6&'+%!1*+(;5.#+'>!@6-*-!.6-!2-*,-'.&.#+'!*-9#(;-9!

&*-!(*#-(!&'(!9+%(!&9!&'#,&%!2--(!Q.6-!(#9.#%%-*9!(*#-(!/*&#'9>!00g>!+*!00g7!#2!.6-!9+%;=%-9!&*-!

#'5%;(-(RJ!!e+@-$-*>!.6-!$&%;-!+2!.6#9!5+"1*+(;5.!#9!%+@!Q.41#5&%%4!'+.!,;56!&=+$-!f!HH\,.R>!

.6-!5+9.!&'(!-'-*/4!*-O;#*-(!2+*!(*4#'/!&*-!6#/6>!&'(!2-@!&%.-*'&.#$-9!-K#9.!.+!(#91+9-!+2!.6#9!

*-9#(;-J!!G'!.6-!5&9-!+2!,#5*+&%/&->!.6-!5+"1*+(;5.!&$&#%&=%-!&2.-*!+#%!-K.*&5.#+'!5+;%(!=-!9+%(!2+*!

&!6#/6-*!1*#5-J!!e+@-$-*>!.6-!&%.-*'&.#$-!+2!;9#'/!.6#9!=#+,&99!*-9#(;&%!&9!&!9;=9.*&.-!2+*!

&'&-*+=#5!(#/-9.#+'!#9!%#B-%4!.+!=-!9#,#%&*%4!&..*&5.#$->!-91-5#&%%4!#2!.6-!(#/-9.-*!-22%;-'.!';.*#-'.9!

&'(!5&*=+'!&*-!*-545%-(!.+!.6-!/*+@.6!1+'(9J!!G'!.6#9!5&9->!#.!5&'!=-!&99;,-(!.6&.!.6-!*-9#(;-!#9!

_H]!+2!.6-!=#+,&99>!@#.6!&!?H!bj\B/!-'-*/4!5+'.-'.J!!e&%2!+2!.6#9!-'-*/4!5+;%(!=-!*-5+$-*-(!&9!

,-.6&'-J!!F#.6!&!,-.6&'-!-%-5.*#5#.4!/-'-*&.#+'!-O;#$&%-'.!+2!!H>HHH!Bj\BF6!&'(!&!$&%;-!+2!

fHJ!\BF6>!-'+;/6!1+@-*!5+;%(!=-!/-'-*&.-(!.+!1*+$#(-!&'!#'5+,-!+2!f!HH\.+'!+2!*-9#(;->!+*!

&=+;.!.6-!1*#5-!+2!00gJ!I6-!';.*#-'.9!#'!.6-!*-9#(;-!Q!H]!CR>!&.!fUHH\,.!C>!#9!-O;#$&%-'.!.+!

&'+.6-*!fUH\,.!+2!*-9#(;-J!!I6#9!*-545%#'/!&%9+!&$+#(9!.6-!(*4#'/!5+9.!+2!.6-!00g>!&!,&N+*!5+9.!

#'!-.6&'+%!1*+(;5.#+'J!!I6;9>!&'&-*+=#5!(#/-9.#+'!&'(!1+@-*!/-'-*&.#+'!5+;%(!=-!+2!%+@-*!+*!

-O;#$&%-'.!5+9.!5+,1&*-(!.+!.6-!5+9.!+2!(*4#'/!&'(!.6-!*-$-';-!/-'-*&.-(!2*+,!.6-!2--(!5+"

1*+(;5.J!!!

G'!.6-!5&9-!+2!,#5*+&%/&->!.6-!5+"1*+(;5.!&$&#%&=%-!&2.-*!+#%!-K.*&5.#+'!,#/6.!=-!9+%(!2+*!&!6#/6-*!

1*#5-!.6&'!00gJ!!E%/&-!=#+,&99!#9!+2.-'!5%&#,-(!.+!6&$-!&!6#/6-*!$&%;-!&9!&'#,&%!2--(!.6&'!
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9+4=-&'9J!!e+@-$-*>!.6-!&55-1.&=#%#.4>!(#/-9.#=#%#.4>!&'(!';.*#.#$-!$&%;-!+2!&%/&-!=#+,&99!@+;%(!

'--(!.+!=-!-$&%;&.-(!2+*!-&56!5&9-J!!I6-!&%/&-!91-5#-9>!2--(!&11%#5&.#+'>!&'(!.6-!5+9.!+2!(*4#'/!

'--(!.+!=-!#'5%;(-(!#'!&'4!&99-99,-'.!+2!.6-!-5+'+,#5!1+.-'.#&%!+2!9;56!&'!&11*+&56J!!G'!=*#-2>!

5+9.!-22-5.#$-!1*+(;5.#+'!+2!=+.6!2;-%!&'(!2--(!;9#'/!.6-!9&,-!=#+,&99!*-,&#'9!.+!=-!

(-,+'9.*&.-(J!!!
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b#5*+&%/&-!&*-!,#5*+95+1#5!1%&'.9>!/-'-*&%%4!.++!9,&%%!.+!=-!9--'!@#.6!.6-!'&B-(!-4->!@6#56!

.41#5&%%4!/*+@!#'!1+'(9>!%&B-9>!+5-&'9>!&'(!@6-*-$-*!,+#9.;*-!#9!&$&#%&=%->!-$-'!#2!+'%4!

#'.-*,#..-'.%4!QZ#/;*-!!J!RJ!!I6-4!5&'!=-!2+;'(!2*--"2%+&.#'/!#'!@&.-*!+*!&..&56-(!.+!,+9.!

9;*2&5-9>!9;56!&9!*+5B9J!!b#5*+&%/&-!&*-!2+;'(!2*+,!.6-!5+%(-9.!.+!.6-!6+..-9.!5%#,&.-9>!/*+@#'/!

+'!9'+@!&'(!#'!(-9-*.!*+5B9>!9+,-!94,=#+.#5&%%4!@#.6!6+9.!1%&'.9!+*!&'#,&%9>!+.6-*9!'+!%+'/-*!

&=%-!.+!16+.+94'.6-9#P->!#'!9+,-!5&9-9!=-5+,#'/!1&*&9#.-9!+*!-$-'!#'2-5.#+;9!Q-J/J!.6-!,&%&*#&!

1&*&9#.-rRJ!!I6#9!*-1+*.!5+'9#(-*9!+'%4!,#5*+&%/&-!/*+@#'/!9;91-'(-(!#'!&!@&.-*!-'$#*+',-'.>!

'+.!&..&56-(!91-5#-9J!!<$-*!.-'9!+2!.6+;9&'(9!+2!,#5*+&%/&-!91-5#-9!6&$-!=--'!(-95*#=-(>!

=-%+'/#'/!.+!';,-*+;9!2&,#%#-9>!5%&99-9>!+*(-*9>!&'(!/-'-*&J!!b#5*+&%/&-!91-5#-9!1*+=&=%4!

+;.';,=-*!6#/6-*!1%&'.!91-5#-9J!!I6-!/*--'!&%/&->!(#&.+,9>!&'(!54&'+=&5.-*#&!&*-!.6-!,+9.!

#,1+*.&'.!#'!.6-!1*-9-'.!5+'.-K.J!!g*--'!&%/&-!&'(!(#&.+,9!&*-!=+.6!-;B&*4+.-9!Q#J-J>!@#.6!&!

.*;-!';5%-;9R>!&'(!.6-!54&'+=&5.-*#&!&*-!1*+B&*4+.-9J!!b&'4!,+*-!,#5*+&%/&-!&*-!1*+=&=%4!'+.!

4-.!(-95*#=-(!+*!*-5+/'#P-(!&9!#'(-1-'(-'.!91-5#-9>!&'(!-$-'!@#.6#'!&!9#'/%-!91-5#-9>!.6-*-!#9!

-'+*,+;9!9.*&#'!(#$-*9#.4!#'!/*+@.6!*-91+'9-9!.+!-'$#*+',-'.&%!5+'(#.#+'9!9;56!&9!%#/6.!

#'.-'9#.4>!.-,1-*&.;*-!&'(!';.*#-'.9J!!!

!E'!-K.-'9#$-!95#-'.#2#5!%#.-*&.;*-!-K#9.9!2+*!,#5*+&%/&-!Q&%9+!5&%%-(!164.+1%&'B.+'c!.6-#*!9.;(4!#9!

X1645+%+/4YR>!(;-!.+!.6-#*!#,1+*.&'.!*+%-9!#'!'&.;*&%!&'(!6;,&'"#,1&5.-(!-5+949.-,9J!!

b#5*+&%/&-!&55+;'.!2+*!&=+;.!6&%2!.6-!.+.&%!/%+=&%!1*#,&*4!1*+(;5.#+'!Q,+9.%4!#'!+5-&'9R>!&'(!
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9,&%%!&'.-''&!9#P-!5;%.;*-9J!

=8E8Z!*Y1X"1*?@!:!!C`!7"!@*?@!: !:?J?*I!XM!!:_!1!5?XJ!II!7"X`G@*?H?*K!!
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.6-+*-.#5&%!=#+,&99!4#-%(!#9!&=+;.!?`H!,.\6&"4*!Q&=+;.!^H!/\,?
"(&4!&$-*&/-!&'';&%RJ!!E.!SH]!+#%!
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Q?H>_HH!:\6&"4*R>!+*!&9!=#+,&99>!!D!/\,?
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&%/&-!(+!'+.!1*+(;5-!+#%!#'!5+1#+;9!O;&'.#.#-9>!&'(!@6-'!.6-4!(+>!#.!#9!/-'-*&%%4!+'%4!;'(-*!

(;*-99!Q#J-J>!';.*#-'.!%#,#.&.#+'R!&'(!&.!%+@!*&.-9J!!I6-!1*+5-99!+2!(+,-9.#5&.#'/!&%/&-!#9!N;9.!
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+2!&%/&-!=#+2;-%9!@&9!1-*2+*,-(!@#.6!-,16&9#9!+'!94'-*/#-9!@#.6!,;'#5#1&%!@&9.-@&.-*!

.*-&.,-'.!Qe&*,-%-'!&'(!<+'BJ!?HH_RJ!!e+@-$-*>!&9!5+,,-*5#&%!#'.-*-9.!#'!&%/&-!=#+2;-%9!

#'5*-&9-(>!5+'5-*'9!&=+;.!9&2-/;&*(#'/!#'.-%%-5.;&%!1*+1-*.4!=-5&,-!&'!#,1-(#,-'.!.+!.6#9!

5++1-*&.#$-!-22+*.>!&'(!.6-!C-.@+*B!9;91-'(-(!&5.#$#.#-9!=4!?HH^J!

<$-*!.6-!1&9.!2#$-!4-&*9!.6-*-!6&9!=--'!&!*-9;*/-'5-!+2!#'.-*-9.!#'!,#5*+&%/&-!=#+2;-%!

1*+(;5.#+'>!#'!1&*.#5;%&*!&%/&-!+#%!1*+(;5.#+'J!!b;56!+2!.6#9!*-9;*/-'5-!@&9!(;->!,+9.!

#,1+*.&'.%4>!.+!.6-!#'5*-&9#'/%4!(-91-*&.-!9-&*56!2+*!&'!#'-K1-'9#$->!9-5;*-!&'(!1%-'.#2;%!

*-1%&5-,-'.!2+*!+#%>!&9!+#%!1*#5-9!5%#,=-(!.+!+$-*!f!HH\=&**-%>!&'(!=4!2-&*9!+2!/%+=&%!@&*,#'/!

&'(!.6-!'--(!.+!5+'.*+%!"<?!-,#99#+'9J!!3;=%#5!*-%&.#+'9!2-&.9!.6&.!#'5%;(-(!&#*%#'-9!2%4#'/!@#.6!

&%/&-!2;-%9!Q"+'.#'-'.&%!(#(!&!.-9.!2%#/6.!#'!j&';&*4>!?HH`R!&'(!-K1-*#,-'.&%!5&*9!2;-%-(!@#.6!

&%/&-!+#%!6&$-!5+'.*#=;.-(!.+!.6-!#'.-*-9.!&'(!641-*=+%-!#'!.6#9!2#-%(J!!E''+;'5-,-'.9!+2!%&*/-!

5+*1+*&.-!#'$-9.,-'.9!#'!&%/&-!=#+2;-%!.-56'+%+/#-9>!2*+,!.-'9!+2!,#%%#+'9!QA3>!76-%%>!)'#R!.+!

6;'(*-(9!+2!,#%%#+'9!Q)KK+'b+=#%R>!6&$-!&((-(!.+!.6-!2-*$+*!&'(!&..*&5.-(!&((-(!,-(#&!

5+$-*&/-J!!I@+!87!.*&(-!+*/&'#P&.#+'9!Q.6-!EA<>!E%/&%!A#+,&99!<*/&'#P&.#+'>!&'(!.6-!CEE>!

C&.#+'&%!E%/&-!E99+5#&.#+'R!&'(!&'!);*+1-&'!+'-!Q)EAE>!);*+1-&'!E%/&-!A#+,&99!E99+5#&.#+'R!

&*-!&5.#$-!#'!.6-!2#-%(J!!I6-4!&'(!,&'4!+.6-*!+*/&'#P&.#+'9!6+%(!5+'2-*-'5-9!9;56!.6&.>!#'!*-5-'.!

4-&*9>!#.!9--,9!.6-*-!#9!6&*(%4!&!@--B!@#.6+;.!&'!&%/&-!9;,,#.!+*!5+'2-*-'5-!.&B#'/!1%&5-!

9+,-1%&5-!#'!.6-!@+*%(J!!



! D!

I6-!0-1&*.,-'.!+2!)'-*/4!6&9!&%9+!*-"-'.-*-(!.6-!2#-%(!+2!&%/&-!=#+.-56'+%+/4!#'!.6-!1&9.!.@+!

4-&*9!@#.6!0<)!))L)!Q<22#5-!+2!)'-*/4!)22#5#-'54!&'(!L-'-@&=%-!)'-*/4R!*-5-'.%4!#99;#'/!&!

XI-56'+%+/4!L+&(,&1Y!&'(!2;'(#'/!.@+!1#%+.!1*+N-5.9!&'(!+'-!(-,+'9.*&.#+'!1*+N-5.!@#.6!

f!HH!,#%%#+'!#'!/*&'.9!Q1%;9!&'+.6-*!fUH!,#%%#+'!1%;9!#'!%+&'!/;&*&'.--9!2*+,!.6-!870E!/#$-'!.+!

.6-!(-,+'9.*&.#+'!1*+N-5.RJ!!)&*%#-*!.6#9!4-&*>!.6-!0<)!2;'(-(!&!fSS!,#%%#+'!.6*--"4-&*!1*+/*&,!

=4!&![?H!,-,=-*!5+'9+*.#;,!Q.6-!C&.#+'&%!E%%#&'5-!2+*!E($&'5-(!A#+2;-%9!&'(!A#+1*+(;5.9>!

CEEAARJ!!7,&%%-*>!5+'9+*.#&>!-'-*/4!5-'.-*9>!&'(!+.6-*!#'#.#&.#$-9!=4!$&*#+;9!+22#5-9!+2!0<)!

Q9;56!&9!&!faH!,#%%#+'!#'$-9.,-'.!#'!&!1*+N-5.!#'!E*#P+'&!=4!C)I:"0<)R!6&$-!&((-(!.+!.6#9!

*-5-'.!2;'(#'/!91;*.J!I6-!0-1&*.,-'.!+2!0-2-'9->!0EL3E>!2;'(-(!.@+!&%/&-!1*+N-5.9!Q[faH!

,#%%#+'R!.+!(-$-%+1!.-56'+%+/4!5&1&=%-!+2!1*+(;5#'/!&%/&-!+#%!2+*!%-99!.6&'!fD\/&%%+'!=4!?H!?J!!

I6-!870E!6&9!1*+$#(-(!&!fUH!,#%%#+'!%+&'!/;&*&'.--!.+!+'-!1*+N-5.J!!<$-*&%%!.6-!87!Z-(-*&%!

g+$-*',-'.!#9!+'!.*&5B!.+!#'$-9.#'/!+$-*!6&%2!&!=#%%#+'!(+%%&*9!#'.+!.6#9!2#-%(>!&'(!.+.&%!2;'(#'/!#'!

.6-!87!&'(!&=*+&(!@#%%!%#B-%4!-K5--(!f?!=#%%#+'J!!E'4!%&5B!+2!1*+/*-99!@#%%!'+.!=-!(;-!.+!%&5B!+2!

2;'(#'/J!!!

8'2+*.;'&.-%4>!,;56!+2!.6-!5;**-'.!#'.-*-9.!#'!&%/&-!+#%!1*+(;5.#+'!#9!=&9-(!+'!&!%&5B!+2!

;'(-*9.&'(#'/!+2!.6-!95#-'5-!;'(-*1#''#'/!.6#9!.-56'+%+/4>!&'(!+'!&!,#9*-&(#'/>!+*!%&5B!+2!

*-&(#'/>!+2!.6-!1*#+*!.-56'#5&%!*-1+*.9J!!Z+*!+'-!-K&,1%-!+'%4>!&%.6+;/6!9+,-!&%/&-!9.*&#'9!5&'!

&55;,;%&.-!%&*/-!&,+;'.9!+2!+#%!&9!.*#/%45-*#(-9!;'(-*!5-*.&#'!5+'(#.#+'9>!;1!.+!&'(!-$-'!

-K5--(#'/!UH]!+2!.6-#*!(*4!@-#/6.>!.6-4!(+!9+!+'%4!&.!%+@!*&.-9!&'(!1*+(;5.#$#.4J!!I6#9!@+;%(!

'+.!&%%+@!1*&5.#5&%!&11%#5&.#+'9>!-$-'!&99;,#'/!.6&.!#.!@-*-!1+99#=%-!.+!/*+@!9;56!&%/&-!+'!%&*/-!

95&%-9!&.!%+@!5+9.9J!!I6;9>!(-$-%+1,-'.!+2!.6#9!.-56'+%+/4!#9!'+.!%#B-%4!.+!=-!&!91*#'.!.+!.6-!2#'#96!

%#'->!=;.>!*&.6-*>!&!%+'/!&'(!(#22#5;%.!,&*56>!@#.6!6#/6!*#9B9!&'(!;'5-*.&#'!+;.5+,-9J!!!!!!

E8=8!@G:*?H!*?XC!IKI*1JI!!!

E8=8<!X71C!7XC`I!h!`1I?_C !!C`!X71"!*?XCI!:?J?*!*?XCI!!

<1-'!1+'(9!2+*!&%/&-!1*+(;5.#+'!&*-!*-%&.#$-%4!Q5+,1&*-(!.+!3AL9R!9#,1%-!#'!5+'9.*;5.#+'!&'(!

+1-*&.#+'J!!E9!&%*-&(4!(#95;99-(>!.6-4!2&%%!#'.+!.6*--!5+'2#/;*&.#+'!5&.-/+*#-9W!!;',#K-(>!

5#*5;%&*>!&'(!*&5-@&4J!!8',#K-(!1+'(9!&*-!'+.!5+'.*+%%&=%->!5&''+.!=-!9;11%#-(!@#.6!"<?!

-22#5#-'.%4>!&'(!&*-!+2!%+@!1*+(;5.#$#.4J!!Qe+@-$-*>!'+'-!+2!.6-9-!5+'9.*&#'.9!6&$-!(-.*&5.-(!

2*+,!.6-!9;55-99!+2!.6-!=-.&"5&*+.-'-!1%&'.9!#'!E;9.*&%#&!QZ#/;*-!?JDR>!+*!9#,#%&*!1+'(9!#'!

b-K#5+!2+*!71#*;%#'&!1*+(;5.#+'>!@6-*-!%&'(!&$&#%&=#%#.4!,&(-!1*+(;5.#$#.4!'+.!&!,&N+*!#99;-JR!!

"#*5;%&*!1+'(9!QZ#/;*-!?J`R>!.6-!2#*9.!(-9#/'!;9-(!#'!5+,,-*5#&%!&%/&-!1*+(;5.#+'>!(+!'+.!95&%-!

&=+$-![!>HHH!,?>!&9!.6-!5-'.-*!1#$+.!,#K-*!=-5+,-9!;'@#-%(4!&.!.6#9!9#P-J!!I6-!,-56&'#5&%%4"

,#K-(!96&%%+@!*&5-@&4!1+'(!(-9#/'!QX6#/6!*&.-!1+'(Y!+*!eL3R!@&9!2#*9.!#'.*+(;5-(!=4!<9@&%(!

&'(!5+%%-&/;-9!&.!.6-!8"!A-*B-%-4!7&'#.&*4!)'/#'--*#'/!L-9-&*56!:&=+*&.+*4!Q7)L:R!#'!.6-!-&*%4!

!`UH9!2+*!,;'#5#1&%!@&9.-@&.-*!.*-&.,-'.J!!I6-9-!1+'(9!&*-!.41#5&%%4!&=+;.!DH!.+!UH!5,!(--1!



! D?

Q$9J!!!,-.-*!+*!,+*-!2+*!+K#(&.#+'!1+'(9R>!&'(!@-*-!#'#.#&%%4!,#K-(!@#.6!5-'.*#2;/&%!9;,1!

1;,19J!!I6-!2#*9.!eL3!949.-,!@&9!#'9.&%%-(!#'!.6-!"#.4!+2!"+'5+*(>!"&%#2J!#'!.6-!%&.-!!`UH9J!!E!

9#'/%-!6&%2"&5*-!eL3!@&9!5+'9.*;5.-(!&.!7)L:!#'!.6-!!`_H9!&'(!@&9!;9-(!.+!1*+(;5-!&%/&-!.6&.!

@-*-!6&*$-9.-(!@#.6!&!5-'.*#2;/-J!!!

E9!&%*-&(4!,-'.#+'-(>!1&((%-!@6--%!,#K#'/!2+*!eL39!@&9!#'.*+(;5-(!#'!g-*,&'4!(;*#'/!.6-!

!`_H9!@#.6!9,&%%!*&5-@&4!1+'(9!&'(!;9-(!#'!.6-!,#("!`aH9!&.!.6-!7)L:!eL3!1+'(!QZ#/;*-!DJ?R!

.+!.-9.!X=#+2%+55;%&.#+'Y!6&*$-9.#'/!Q7-5.#+'!DJ!J!JR!&.!.6-!1#%+.!95&%-!QA-'-,&''!-.!&%J>!!`^HRJ!!

7#'5-!.6&.!.#,->!.6#9!=&9#5!(-9#/'!6&9!=--'!&(+1.-(!=4!&%,+9.!&%%!5+,,-*5#&%!&%/&-!1*+(;5-*9>!

&9!@-%%!&9!&.!9-$-*&%!9,&%%!@&9.-@&.-*!.*-&.,-'.!1%&'.9J!!L-5-'.%4>!-K1-*#,-'.&%!eL39!6&$-!

=--'!;9-(!.+!(-,+'9.*&.-!=#+2%+55;%&.#+'!6&*$-9.#'/!.-56'+%+/4!#'!5+,=#'&.#+'!@#.6!';.*#-'.!

*-,+$&%!&'(!=#+2;-%9!1*+(;5.#+'!&.!"&%#2+*'#&!3+%4.-56'#5!7.&.-!8'#$-*9#.4!#'!7&'!:;#9!<=#91+!

QF+-*.P!-.!&%J>!?HH`RJ!!!

0-9#/'!1&*&,-.-*9!6&$-!=--'!(-$-%+1-(!+$-*!.6-!1&9.!(-5&(-9!.6&.!1-*.&#'!.+!eL39!2+*!;9-!#'!

%&*/-"95&%-!&%/&-!=#+2;-%!1*+(;5.#+'J!!I+!&11*+&56!,&K#,&%!-5+'+,#-9!+2!95&%->!#'(#$#(;&%!

/*+@.6!1+'(9!96+;%(!=-!&=+;.!S!6-5.&*-9!#'!&*-&J!!";**-'.%4!.6-!%&*/-9.!B'+@'!1+'(9!+2!!J?U!6&!

&*-!N;9.!9.&*.#'/!+1-*&.#+'9!2+*!=#+2;-%9!1*+(;5.#+'!#'!C-@!p-&%&'(!QZ#/;*-!DJURJ!!3+'(9!96+;%(!!

!

!

M&.62#!E8UN!!@+2&'()+62)+!C#P!l#$%$,0>!Y&.+!"$(#!7-,0'!O@2$..'!$,0!7$2i>!=\\dR8!

OC-(#N!M-62!<8=U"+$!L-,0'!P#2#!Q6&%(!(-!L2-06)#!$%.$#!Q&-3$''!4-2!)-,V#2'&-,!-4!Q&-46#%'8R!

!



! DD

=-!=-.@--'!?U!5,!&'(!DU!5,!#'!(-1.6!o!%+@-*!(-1.6!*-9;%.9!#'!%&*/-!.-,1-*&.;*-!$&*#&.#+'9>!

64(*&;%#5!,#K#'/!1*+=%-,9!&'(>!1-*6&19!,+9.!5*#.#5&%>!#'!.++!6#/6!&!*&.-!+2!+;."/&99#'/!+2!"<?J!!

<1.#,&%!1+'(!,#K#'/!6&9!=--'!96+@'!.+!=-!=-.@--'!?H!&'(!DH!5,\9-5+'(!+2!56&''-%!$-%+5#.4J!!

e#/6-*!*&.-9!+2!,#K#'/!5+'9;,-!.++!,;56!-'-*/4!&'(!95+;*!;'%#'-(!1+'(9c!%+@-*!$-%+5#.#-9!

*-9;%.!#'!&%/&-!9-..%#'/!&'(!@+;%(!*-O;#*-!.++!,&'4!5&*=+'&.#+'!9.&.#+'9J!!"<?!#9!9;11%#-(!2*+,!

1;*-!"<?!+*!2%;-!/&9J!!I6-!/&9!#9!91&*/-(!Q=;==%-(R!#'.+!&!9;,1!@#.6!&!5+;'.-*"5;**-'.!@&.-*!

2%+@J!!E!1e!5+'.*+%%-*!B--19!.6-!1e!&'(!"<?!%-$-%!@#.6#'!&'!+1.#,&%!*&'/-J!!0#%;.#+'!*&.-!Q*&.-!+2!

#'2%;-'.!&((#.#+'!&'(!=#+,&99!*-,+$&%R!96+;%(!=-!=-.@--'!?H]!&'(!UH]!+2!.6-!.+.&%!*&5-@&4!

$+%;,-!1-*!(&4!QA-'-,&''!-.!&%J>!!`^?&c!F-#99,&'!-.!&%J>!!`^^RJ!!I6#9!=&9#5!6#/6!*&.-!1+'(!

(-9#/'!#9!;9-(!#'!.6-!1*-9-'.!*-1+*.!Q"6&1.-*!URJ!!!

E8=8=8!@:XI1`!7YX*X5?X"1!@*X"I!O75"R!!

36+.+=#+*-&5.+*9!@-*-!&%*-&(4!(#9,#99-(!#'!1*-$#+;9!(#95;99#+'!&9!;'9;#.&=%-!2+*!&%/&-!=#+2;-%!

1*+(;5.#+'>!+*!-$-'!2+*!1*+(;5.#+'!+2!6#/6-*!$&%;-!1*+(;5.9>!+'!-5+'+,#5!/*+;'(9J!!e+@-$-*>!

,&'4!5+,1&'#-9>!&5&(-,#59!&'(!+.6-*!*-9-&*56-*9!#'!&%/&-!=#+2;-%9!LM0!5+'.#';-!.+!1*+,+.-!

5%+9-(!16+.+=#+*-&5.+*9!&9!&!$#&=%-!+1.#+'!2+*!&%/&-!=#+2;-%!1*+(;5.#+'J!)$-'!.6-!87!

0-1&*.,-'.!+2!)'-*/4!6&9!B-1.!&'!+1-'!,#'(!@#.6!*-91-5.!.+!;9-!+2!3AL9!2+*!=#+2;-%9!

1*+(;5.#+'!#'!#.9!*-5-'.%4!*-%-&9-(!L+&(,&1!L-1+*.!Q87!0<)!CL):>!?H!HRJ!!I6;9>!1*-9-'.&.#+'!

+2!2;*.6-*!#99;-9!#9!&11*+1*#&.-J!!!

3AL9!5&'!#'(--(!=-!,+*-!1*+(;5.#$->!&'(!.6;9!*-O;#*-!%-99!%&'(>!.6&'!+1-'!1+'(!949.-,9>!=;.!

+'%4!#2!.6-!&,=#-'.!.-,1-*&.;*-!#9!=-%+@!+1.#,&%!&'(\+*!#2!.6-!*-&5.+*9!&*-!+*#-'.-(!$-*.#5&%%4>!

5*-&.#'/!9+,-!9;'%#/6.!(#%;.#+'J!!e+@-$-*!&'4!1*+(;5.#$#.4!#'5*-&9-!2*+,!&!$-*.#5&%!+*#-'.&.#+'!

#9!,+(-9.>!'+.!+$-*!UH]J!!e+@-$-*>!&9!&%*-&(4!,-'.#+'-(!&=+$-!Q7-5.#+'!?J?JDR!=;.!@+*.6@6#%-!

*-1-&.#'/>!.+!&56#-$-!.6#9!#'5*-&9-!#'!1*+(;5.#$#.4!.6-!3AL!&*-&!@#%%!'--(!.+!=-!&.!%-&9.!.*#1%-(>!

5+,1&*-(!.+!&!6+*#P+'.&%!Q2%&.R!949.-,J!!V-*.#5&%!+*#-'.&.#+'!*-(;5-9!.6-!1*+(;5.#$#.4!1-*!;'#.!

&*-&!+2!3AL!=4!6&%2J!!Z+*!6+*#P+'.&%!3AL9>!.6-*-!#9!'+!(#22-*-'5-!#'!1*+(;5.#$#.4!$-*9;9!+1-'!

1+'(9!Q3-(*+'#!-.!&%J>!?HHSR>!&9!%+'/!&9!.-,1-*&.;*-!@&9!'+.!&!%#,#.&.#+'J!!G'!=*#-2>!&'4!

1*+(;5.#$#.4!=-'-2#.9!+2!3AL9!&*-!,#'+*c!5%&#,9!+2!,&'4"2+%(!6#/6-*!1*+(;5.#$#.#-9>!5+,1&*-(!.+!

+1-'!1+'(9>!&*-!;'9;11+*.-(J!!!

<'->!+2.-'!9.&.-(!&($&'.&/-!+2!3AL9!#9!.6-#*!,;56!%+@-*!@&.-*!;9->!5+,1&*-(!.+!+1-'!1+'(9!

/#$-'!.6-!2&5.!.6&.!.6-!949.-,!#9!@6+%%4!5+'.&#'-(!&'(!.6-*-!&*-!'+!(#*-5.!-$&1+*&.#+'!%+99-9J!

e+@-$-*>!3AL9!@#%%!*-.&#'!,+*-!6-&.!.6&'!+1-'!949.-,9>!&'(!.6-!+'%4!5+9."-22-5.#$-!,-&'9!+2!

5++%#'/!.6-!&%/&-!5;%.;*-!#'!.6-9-!949.-,9!#9!.6*+;/6!-$&1+*&.#$-!5++%#'/!@#.6!@&.-*!91*&49>!

@6#56!@+;%(!*-9;%.!#'!@&.-*!5+'9;,1.#+'!/*-&.-*!.6&'!+1-'!1+'(9!(;*#'/!1-&B!9;,,-*!

,+'.69J!!G2!5++%#'/!#9!.6*+;/6!#,,-*9#+'!#'!1++%9!Q#J-J>!(--1-*!1+'(9R!+2!@&.-*>!.6-'!

-$&1+*&.#$-!%+99-9!&*-!9+,-@6&.!%+@-*!Q(;-!.+!.6-!6#/6-*!6-&.!5&1&5#.4!+2!(--1-*!1++%9R!=;.!



! DS

'+.!,;56!(#22-*-'.!2*+,!+1-'!1+'(9J!!E'+.6-*!+1.#+'!#9!.+!/*+@!.6-*,+16#%#5!&%/&-!#'!3AL9>!&9!

2#*9.!9;//-9.-(!#'!A;*%-@!Q!`UDRJ!!e+@-$-*>!-$-'!2+*!9;56!9.*&#'9!9+,-!5++%#'/!,&4!=-!*-O;#*-(J!!

b+*-!1*+=%-,&.#5>!6+@-$-*>!#9!.6&.!.-,1-*&.;*-9!5+;%(!=-!.++!%+@!2+*!.6-*,+16#%#5!9.*&#'9!2+*!

,;56!+2!.6-!(&4!Q&'(!'#/6.R>!@6#56!@+;%(!#,1&#*!1*+(;5.#$#.4J!!I6-*,+16#%#5!&%/&-!6&$-!'+.!4-.!

=--'!1*+$-'!#'!,&99!5;%.#$&.#+'c!.6+;/6!.6-4!(-9-*$-!2;*.6-*!*-9-&*56!Q-J/J!F-#99,&'!-.!&%J>!

!``^RJ!!!

Z#'&%%4>!5%+9-(!3AL9!&*-!.6+;/6.!.+!;9-!"<?!,;56!,+*-!-22#5#-'.%4!.6&'!+1-'!1+'(9>!/#$-'!.6&.!

"<?!5&''+.!-95&1-!.+!.6-!&.,+916-*-!2*+,!3AL9!=;.!(+-9!-95&1-!2*+,!+1-'!1+'(9J!e+@-$-*>!

F-#99,&'!-.!&%J!Q!`^^>!!``HR!96+@-(!.6&.!+;./&99#'/!2*+,!+1-'!1+'(9!5&'!=-!,#'#,#P-(>!@6#%-!

2+*!3AL9!.6-!,&N+*!#99;-!=-5+,-9!<?!,&'&/-,-'.J!!L-,+$&%!+2!<?!*-O;#*-9!%&*/-!(-/&99#'/!

9.&.#+'9>!&!,&N+*!5+9.!2&5.+*!&'(!(-9#/'!%#,#.&.#+'!QF-#99,&'!-.!&%J>!!`^^RJ!!G'!.6-!2#'&%!&'&%49#9>!

#.!#9!.6-!5+9.!+2!1*+(;5.#+'!.6&.!#9!5*#.#5&%>!&'(!.6-*-!#9!'+!=&9#9!+'!@6#56!.+!5+'9#(-*!5%+9-(!

949.-,9!2+*!=#+2;-%9!1*+(;5.#+'J!!<2!5+;*9->!3AL9!@#%%!=-!;9-2;%!2+*!.6-!1*+(;5.#+'!+2!.6-!#'#.#&%!

9.&/-9!+2!.6-!#'+5;%;,>!=;.!.6&.!#9!&!9,&%%!1&*.!+2!.6-!+$-*&%%!&%/&-!1*+(;5.#+'!1*+5-99J!!!



! DU

!

@Y!7*1"!ZN!"1IXG"@1I!!C`!"1_G:!*?XCI!

Z8<!"1IXG"@1I!@XC*"!?C*I!!C`!X77X"*GC?*?1I!!

I6-!5+,,-*5#&%#P&.#+'!+2!&%/&-!=#+2;-%!1*+(;5.#+'!@#%%!=-!5+'9.*&#'-(!=4!.6-!-5+'+,#5!&'(!

.-56'#5&%!56&%%-'/-9>!&((*-99-(!#'!(-.&#%!#'!.6-!'-K.!9-5.#+'>!&9!@-%%!&9!2+;*!,&#'!*-9+;*5-!

5+'9.*&#'.9W!5%#,&.->!@&.-*>!%&'(!&'(!"<?>!@6#56!@#%%!$&*4!@#(-%4!=-.@--'!/-+/*&16#5!*-/#+'9!

&'(!2+*!91-5#2#5!%+5&.#+'9J!!E99;,#'/>!.6&.!&!9&.#92&5.+*4>!5+9."-22-5.#$->!.-56'+%+/4!2+*!&%/&-!

=#+2;-%9!#9!(-$-%+1-(>!.6-!,&N+*!#99;-!@#%%!.6-'!=-!.6-!&5.;&%!*-9+;*5-!1+.-'.#&%!+2!9;56!&!

.-56'+%+/4J!!)&*%#-*!@+*B!6&9!-K&,#'-(!.6-!,&N+*!2&5.+*9!.6&.!#'2%;-'5-!9#.#'/!(-5#9#+'9!2+*!

#'%&'(!+1-'!1+'(9!#'!.6-!5+'.-*,#'+;9!8'#.-(!7.&.-9!QV#/+'>!-.!&%J>!!`^?R!&'(!#'#.#&%!9.;(#-9!+'!

.6-!1+.-'.#&%!*-9+;*5-9!2+*!&%/&-!1*+(;5.#+'!#'!.6-!87!7+;.6@-9.!6&9!=--'!5&**#-(!+;.!Qb&K@-%%!

-.!&%J>!!`^URJ!!e+@-$-*>!,;56!,+*-!(-.&#%-(!&99-99,-'.9!&*-!'--(-(!.+!-$&%;&.-!.6-!1+.-'.#&%!

*-9+;*5-!=&9-!&'(!5+'9.*&#'.9!+2!&%/&-!=#+2;-%9J!!E%9+>!.6-!1+.-'.#&%!-'$#*+',-'.&%!#,1&5.9!&'(!

9;9.&#'&=#%#.4>!#'!1&*.#5;%&*!.6-!'-.!-'-*/4!&'&%49#9!&'(!/*--'6+;9-!/&9!=&%&'5-9!+2!&%/&-!

=#+2;-%9>!-J/J!.6-!%#2-!545%-!&'&%49#9>!,;9.!=-!5+'9#(-*-(!#'!9+,-!(-.&#%J!!!

I6-!/-'-*&%!956-,&.#5!2+*!&%/&-!=#+,&99!1*+(;5.#+'!2+*!=#+2;-%9!&'(!5+"1*+(;5.9!#9!96+@'!9#'!

Z#/;*-!SJ!J!Qe&*,-%-'!&'(!<+'B>!?HH_RJ!!3-*6&19!.6-!,+9.!#,1+*.&'.!*-O;#*-,-'.!#9!/++(!

5%#,&.->!.6&.!#9!&!5+,=#'&.#+'!+2!#'9+%&.#+'!Q#'!1&*.#5;%&*!9;'96#'-!6+;*9R!&'(!.-,1-*&.;*-!

*-/#,-9!Q(#-%!&'(!9-&9+'&%!$&*#&.#+'9R>!&9!,+.!#,1+*.&'.!2&5.+*9!Q6;,#(#.4!\*&#'2&%%!,;9.!&%9+!=-!

5+'9#(-*-(R!.6&.!*-9;%.9!#'>!#2!'+.!,&K#,&%>!&.!%-&9.!&55-1.&=%-!1*+(;5.#$#.#-9!+$-*!&!%+'/!

/*+@#'/!9-&9+'!Q-J/J>!5%+9-!.+!DHH!(&49!1-*!4-&*RJ!!I6-!*-91+'9-!+2!,#5*+&%/&-!1*+(;5.#$#.4!.+!

1+'(!.-,1-*&.;*-!#9!;'5-*.&#'>!&'(!1*-9-'.9!&!,&N+*!%#,#.&.#+'!#'!&'4!*-9+;*5-!&'&%49#9J!!

N, P, H2O      raceway pond

flue gas 

or pure CO2

reclaimed H2O

Harvesting, 

processingalgal 

biomass

Biofuels 

(+biogas)

fertilisers,

animal feeds

biopolymers etc.

paddlewheel

solar 

radiation

N, P, H2O      raceway pond

flue gas 

or pure CO2

reclaimed H2O

Harvesting, 

processingalgal 

biomass

Biofuels 

(+biogas)

fertilisers,

animal feeds

biopolymers etc.

paddlewheel

solar 

radiation

!

M&.62#!Z8<8!I)+#3$(&)!-4!$,!$%.$#!Q&-46#%!L2-06)(&-,!L2-)#''!OY$23#%#,!$,0!X-,i>!=\\]R8!

I6#9!9-5.#+'!5+'9#(-*9!*-9+;*5-!5+'9.*&#'.9!&'(!+11+*.;'#.#-9!&.!.6*--!95&%-9!+2!&'&%49#9!o!Q&R!

/%+=&%c!Q=R!1-*.&#'#'/!.+!.6-!5+'.#'-'.&%!87c!&'(!Q5R!91-5#2#5&%%4!.6-!7.&.-!+2!"&%#2+*'#&J!!!



! D_

!

Z8=!@:?J!*1!

Z8=8<8!*1J71"!*G"1!!C`!IX:!"!?""!`?!*?XC!!

7+%&*!*&(#&'5-!&'(!.-,1-*&.;*-!(-.-*,#'-!.6-!%-'/.6!+2!.6-!/*+@#'/!+2!.6-!9-&9+'!&'(!&%9+!

(#*-5.%4!&22-5.!&%/&-!1*+(;5.#$#.4J!!E%.6+;/6!&%/&-!9;*$#$-!+$-*!&!@#(-!*&'/-!+2!.-,1-*&.;*-9>!

-&56!9.*&#'!6&9!&!1&*.#5;%&*!.-,1-*&.;*-!*&'/-!2+*!,&K#,;,!1*+(;5.#$#.4J!!e+@-$-*>!.6-!*&'/-!

+2!.-,1-*&.;*-9!&.!@6#56!,&K#,;,!1*+(;5.#$#.4!5&'!=-!&56#-$-(!2+*!&%/&-!9.*&#'9!91-5#2#5&%%4!

9-%-5.-(!2+*!&!/#$-'!.-,1-*&.;*-!*-/#,-!#9!&.!1*-9-'.!;'5-*.&#'J!!E,=#-'.!.-,1-*&.;*-9!

&$-*&/#'/!=-%+@!!U°">!,;56!+2!.6-!&*-&!@#.6#'!.6-!=%;-!*-5.&'/%-!,&1!+$-*%&4!96+@'!#'!Z#/;*-!

SJ?>!@-*-!&99;,-(!#'!.6-!e&*,-%-'!&'(!<+'B!Q?HH_R!9.;(4!.+!=-!;'2&$+*&=%-!2+*!&56#-$#'/!6#/6!

1*+(;5.#$#.4J!!I6-9-!5%#,&.#5!P+'-9!&*-!,+9.%4!%+5&.-(!=-.@--'!Daq!'+*.6!&'(!9+;.6!%&.#.;(-!

&'(!#'5%;(-!,&'4!+2!.6-!(-$-%+1#'/!5+;'.*#-9!#'!5-'.*&%!E2*#5&>!.6-!E,-*#5&9!&'(!9+;.6!E9#&J!!!

!

M&.62#!Z8=N!*#3L#2$(62#!B-,#'!L2-g#)(#0!(-!Q#!'6&($Q%#!4-2!$%.$#!Q&-46#%!4##0'(-)i!L2-06)(&-,!

)-22#'L-,0&,.!(-!$,!$,,6$%!$V#2$.#!(#3L#2$(62#'!-4!$Q-V#!<U°@!OY$23#%#,!$,0!X-,i>!=\\]R8!

!

b;56!+2!.6-!9+;.6-*'!87!#9!96+@'!.+!6&$-!,-&'!.-,1-*&.;*-9!9;#.&=%-!2+*!&%/&-!=#+,&99!

1*+(;5.#+'>!@#.6!&*-&9!+2!/*-&.-9.!1+.-'.#&%!.6-!"-'.*&%!V&%%-4!+2!"&%#2+*'#&>!Z%+*#(&!&'(!

9+;.6-*'!I-K&9J!!e+@-$-*>!9-&9+'&%!,#'#,;,!(&#%4!.-,1-*&.;*-9!QZ#/;*-!SJDR!&*-!&!5+'5-*'!2+*!

.6-!(-9-*.!7+;.6@-9.>!=-5&;9-!%+@!'#/6.!.#,-!.-,1-*&.;*-9!*-9;%.!#'!%+@!1+'(!.-,1-*&.;*-9!

2+*!,;56!+2!.6-!(&4>!&9!#.!.&B-9!9-$-*&%!6+;*9!2+*!1+'(!.-,1-*&.;*-9!.+!*#9-!.+!&,=#-'.!%-$-%9J!!

e#/6!.-,1-*&.;*-!#9!&%9+!&!5+'5-*'!#'!9+,-!&*-&9>!#'!1&*.#5;%&*!@6-*-!6#/6!6;,#(#.4!%#,#.9!

-$&1+*&.#$-!5++%#'/!&'(!*-9;%.9!#'!1+'(!.-,1-*&.;*-9!&11*+&56#'/>!+*!-$-'!-K5--(#'/!SH°"J!!!



! Da

!

M&.62#!Z8EN!I#$'-,$%!3&,&363!(#3L#2$(62#'!4-2!$%.$#!Q&-3$''!L2-06)(&-,!P&(+&,!(+#!GI!

O7$(#>!I$,0&$!C$(&-,$%!:$Q-2$(-2/>!=\\cR8!

E9!9.&.-(!&=+$->!.6-*-!#9!&.!1*-9-'.!9#/'#2#5&'.!;'5-*.&#'.4!@6-.6-*!&%/&-!9.*&#'9!5&'!=-!

(-$-%+1!.6&.!@#%%!-K6#=#.!6#/6!1*+(;5.#$#.#-9!&.!.6-!(#-%!.-,1-*&.;*-!*&'/-9!.6&.!@+;%(!=-!

-K1-*#-'5-(!#'!+;.(++*!&%/&-!1*+(;5.#+'!1+'(9>!@6-*-!.6-*-!#9!-#.6-*!&!%+@!+*!6#/6!

.-,1-*&.;*-!*-/#,-J!!<'-!*-&9+'!2+*!.6#9!;'5-*.&#'.4!#9!.6&.!.6-*-!6&9!=--'!*-%&.#$-%4!%#..%-!

-22+*.!.+!95*--'!&'(!9-%-5.!2+*!9.*&#'9!-K6#=#.#'/!6#/6!1*+(;5.#$#.4!&.!%+@-*!.-,1-*&.;*-9>!&!.+1#5!

.6&.!*-O;#*-9!5+'9#(-*&=%-!,+*-!*-9-&*56J!!

G'!.6-!5&9-!+2!9+%&*!*&(#&.#+'!QZ#/;*-!SJSR>!.6-!*-%&.#+'96#1!=-.@--'!#'9+%&.#+'!&'(!1*+(;5.#$#.4!

#9!%-99!;'5-*.&#'J!!E9!5&'!=-!'+.-(>!.6-!&*-&9!@#.6!6#/6-9.!&$-*&/-!&'';&%!9+%&*!#'9+%&.#+'!&%9+!

5+**-91+'(!.+!.6+9-!@#.6!6#/6-9.!.-,1-*&.;*-9>!&%.6+;/6!.6-!5+**-%&.#+'!#9!'+.!&!9.*+'/!+'-J!!

Z+*!-K&,1%->!.6-!6#/6-9.!&$-*&/-!.-,1-*&.;*-!P+'-9>!-J/J!9+;.6@-9.!I-K&9!&'(!9+;.6-*'!

Z%+*#(&>!&*-!'+.!.6-!+'-9!@#.6!.6-!6#/6-9.!#'9+%&.#+'>!#'!1&*.!(;-!.+!.6-!6#/6!(-/*--!+2!5%+;(!

5+$-*!#'!.6-9-!6;,#(!&*-&9J!!E!=-..-*!5+**-%&.#+'!@#.6!1*+(;5.#$#.4!5+;%(!=-!.+.&%!';,=-*!+2!

6+;*9!+2!9;'96#'-!*&.6-*!.6&'!.+.&%!9+%&*!#'9+%&.#+'>!&9!2;%%!9;'%#/6.!#9!'+.!;9-(!&9!-22#5#-'.%4!&9!



! D^

@-&B-*!9;'%#/6.!Q.6-!w%#/6.!9&.;*&.#+'!-22-5.iRJ!!e+@-$-*>!.6-!,&N+*!+=N-5.#$-!+2!&%/&-!=#+,&99!

1*+(;5.#+'!#9!.+!&56#-$-!6#/6!9+%&*!5+'$-*9#+'!-22#5#-'5#-9>!@6#56!@+;%(!=-!&56#-$&=%-!+'%4!=4!

+$-*5+,#'/!.6-!%#/6.!9&.;*&.#+'!-22-5.>!&!%+'/".-*,!LM0!/+&%!Q9--!2;*.6-*!'-K.!56&1.-*RJ!!G'!&'4!

-$-'.>!&9!2+*!.-,1-*&.;*->!.6-!87!6&9!&,1%-!&*-&9!+2!9;22#5#-'.!9;'%#/6.!.+!'+.!=-!&!,&N+*!

*-9.*#5.#+'!+'!.6-!1+.-'.#&%!+2!&%/&-!=#+2;-%!1*+(;5.#+'J!!!

!

M&.62#!Z8ZN!!,,6$%!$V#2$.#!+-2&B-,($%!'-%$2!2$0&$(&-,!4-2!(+#!)-,(&,#,($%!GI!O7$(#>!I$,0&$!

C$(&-,$%!:$Q-2$(-2/>!=\\cR8!

!

Z8=8=8!1H!7X"!*?XC!!

I6-!-$&1+*&.#+'!2*+,!+;.(++*!&%/&-!1+'(9!#9!&!2;'5.#+'!+2>!,&#'%4>!&#*!.-,1-*&.;*->!@#'(!&'(!

*-%&.#$-!6;,#(#.4J!!)$&1+*&.#+'!2*+,!*-9-*$+#*9!5&'!=-!-9.#,&.-(!2*+,!9.&'(&*(!-$&1+*&.#+'!

QX3&'!EYR!(&.&!&2.-*!&11%4#'/!5+**-5.#+'!2&5.+*9!Q-J/J!2+*!6;,#(#.4>!@#'(!91--(>!-.5JRJ!!e+@-$-*>!

&%/&-!1+'(9!&*-!'+.!*-9-*$+#*9>!=-#'/!,;56!96&%%+@-*!&'(!,-56&'#5&%%4!,#K-(>!&'(!.6;9!&*-!

-K1-5.-(!.+!6&$-!6#/6-*!-$&1+*&.#+'!*&.-9J!!I6-!,&K#,;,!-$&1+*&.#+'!*&.-!#'!.6-!87!#9!

.41#5&%%4!2+;'(!#'!k;,&>!E*#P+'&!o!@#.6!&'';&%!%+99-9!+2!;1!.+!!?!2.!Q[DJ_!,R!*-5+*(-(>!.6+;/6!



! D`

,+*-!.41#5&%%4!'-.!&'';&%!-$&1+*&.#+'!*&.-9!&*-!_!.+!^!2--.!Q[!J^!o!?JS!,R!#'!,+9.!+2!.6-!&*-&9!

5+'9#(-*-(!9;#.&=%-!2+*!&%/&-!=#+2;-%!1*+(;5.#+'J!!!

)$&1+*&.#+'!*&.-9!&22-5.!.6-!X=%+@"(+@'Y!*&.#+!QA0LR>!(-2#'-(!&9!.6-!$+%;,-!+2!@&.-*!

(#956&*/-(!(#$#(-(!=4!.6-!$+%;,-!+2!@&.-*!9;11%#-(!.+!.6-!1+'(>!@6#56!#9!9-.!.+!-'9;*-!.6&.!

@&.-*!9&%#'#.4!(+-9!'+.!*-&56!&!1+#'.!&=+$-!+1.#,&%!2+*!&%/&-!1*+(;5.#$#.4J!E!%+@!A0L!+2!HJ!!

*-9;%.9!#'!1+'(!Q&'(!-22%;-'.R!9&%#'#.4!.+!=-!.-'!.#,-9!Q!>HHH]R!6#/6-*!.6&.!+2!.6-!#'2%;-'.!@&.-*>!

@6#%-!&!6#/6!A0L!+2!HJ`>!@+;%(!1*+(;5-!&!1+'(!&'(!-22%;-'.!9&%#'#.4!+'%4!!H]!6#/6-*!.6&'!.6-!

5+'5-'.*&.#+'!.+!.6-!#'2%;-'.!@&.-*J!!E9!.6-!9&%.!5+'.-'.!+2!.6-!#'2%;-'.!@&.-*!#9!/-'-*&%%4!&!

/#$-'>!&%/&-!9.*&#'9!.6&.!-K6#=#.!6#/6!1*+(;5.#$#.4!&.!&!9&%#'#.4!*-9;%.#'/!#'!&!%+@!A0L!@+;%(!=-!

(-9#*&=%-J!!)'$#*+',-'.&%!*-/;%&.#+'!2+*!9&%#'#.4>!+.6-*!9&%.9!&'(!.*&5-!-%-,-'.9!,&4!&22-5.!.6-!

+1-*&.#+'9!+2!2;.;*-!5+,,-*5#&%!2&5#%#.#-9!Q9--!7-5.#+'!SJURJ!!Z#/;*-!SJU!1*+$#(-9!&'!-$&1+*&.#+'!

(&.&9-.!=&9-(!+'!&'';&%#P-(!1&'!-$&1+*&.#+'!&$-*&/-9>!#'.-*1+%&.-(!2*+,!$&*#+;9!@-&.6-*!

9.&.#+'9!#'!.6-!87!2+*!.6-!1-*#+(!!`U_"!`aHJ!!Z#/;*-!SJU!96+@9!&!9#,#%&*!91&.#&%!1&..-*'!&9!,-&'!

&'';&%!9+%&*!#**&(#&'5-!&'(!.-,1-*&.;*-!@#.6!.6-!6#/6-9.!$&%;-9!*-5+*(-(!2+*!9+;.6"-&9.-*'!

"&%#2+*'#&>!9+;.6-*'!E*#P+'&>!9+;.6-*'!C-@!b-K#5+!&'(!,;56!+2!@-9.-*'!I-K&9J!

!

M&.62#!Z8UN!!,,6$%!$V#2$.#!L$,!#V$L-2$(&-,!2$(#'!4-2!(+#!GI!O7$(#>!I$,0&$!C$(&-,$%!

:$Q-2$(-2/>!=\\cR8!



! SH

Z8=8E8!A!*1"!!C`!CG*"?1C*!"1IXG"@1I!!

E!*-%#&=%->!&,1%-!&'(!%+@"5+9.!@&.-*!9;11%4!#9!&!5*#.#5&%!2+*!&%/&-!=#+2;-%!1*+(;5.#+'J!!E!@&.-*!

9;11%4!#9!'-5-99&*4!.+!,&B-!;1!2+*!@&.-*!%+9.!.6*+;/6!-$&1+*&.#+'!&'(!=%+@!(+@'J!!<'-!+2!.6-!

#,1+*.&'.!2&5.+*9!.6&.!9-.!&%/&-!=#+,&99!1*+(;5.#+'!.-56'+%+/4!&1&*.!2*+,!.-56'+%+/#-9!*-%#&'.!

+'!.-**-9.*#&%!5*+1!1*+(;5.#+'!#9!.6-!&=#%#.4!+2!&%/&-!.+!;.#%#P-!@&.-*!+2!1++*!O;&%#.4>!;'9;#.&=%-!

2+*!5*+1!1*+(;5.#+'>!@6#56!/-'-*&%%4!,-&'9!=*&5B#96!&'(!6#/6-*!9&%#'#.4!#'%&'(!@&.-*9!&'(!

+5-&'!9-&@&.-*J!!Z+*!#'%&'(!%+5&.#+'9>!.+!=-!9;9.&#'&=%-!.6-!@&.-*!9;11%4!2+*!&%/&-!=#+2;-%!

1*+(;5.#+'!@+;%(!(-1-'(!+'!&'';&%!*-56&*/-!.+!9;*2&5-!&'(!/*+;'(@&.-*9J!!E*-&9!@#.6!

&=;'(&'.!1*-5#1#.&.#+'!9;56!&9!.6-!9+;.6"-&9.!+2!.6-!5+'.#'-'.&%!87>!&*-!'+.!5+'9.*&#'-(!=4!

@&.-*!&$&#%&=#%#.4J!e+@-$-*!#'!.6-9-!&*-&9!+$-*5&9.!5+'(#.#+'9!5&'!*-(;5-!.6-!&$&#%&=#%#.4!+2!

9;'%#/6.!.+!9;9.&#'!+1.#,&%!16+.+94'.6-.#5!/*+@.6!&'(!6#/6!6;,#(#.4!5&'!*-(;5-!-$&1+*&.#$-!

5++%#'/!+2!.6-!1+'(9>!.6;9!1+.-'.#&%%4!*&#9#'/!.-,1-*&.;*-9!&=+$-!.6+9-!.+%-*&.-(!=4!.6-!&%/&-!

9.*&#'9!-,1%+4-(J!!G'!.6-!&*#(!9+;.6"@-9.-*'!87!5+,1-.#.#+'!2+*!2*-96!@&.-*!*-9+;*5-9!#9!&5;.->!

&'(!.6-!5+9.!+2!@&.-*!/-'-*&%%4!.++!6#/6!2+*!;9-!2+*!=#+2;-%!1*+(;5.#+'>!-$-'!#2!.6-*-!@&9!'+!

1+%#.#5&%!#99;-!*-/&*(#'/!.6-!5+,1-.#.#+'!+2!2;-%!&'(!2++(!Q&5.;&%%4!5+,,+(#.4!2--(9RJ!!!

I6-!-5+'+,#59!+2!/*+;'(@&.-*!9;11%4!&9!&!9+;*5-!+2!@&.-*!2+*!&%/&-!=#+2;-%!2&5#%#.#-9!(-1-'(9!

+'!.6-!(-1.6!+2!1;,1&/->!64(*+/-+%+/#5&%!5+'(#.#+'9!9;56!&9!@-%%!9;9.&#'&=%-!4#-%(!&'(!%-$-%!+2!

*-/#+'&%!-K1%+#.&.#+'!+2!.6-!*-9+;*5-J!!I6-!E73!QEO;&.#5!71-5#-9!3*+/*&,R!@&9!-99-'.#&%%4!=&9-(!

+'!.6-!'+.#+'!+2!;9#'/!2+99#%!=*&5B#96!/*+;'(@&.-*!9+;*5-9>!&99;,-(!.+!=-!1*-9-'.!#'!-'+*,+;9!

O;&'.#.#-9!#'!.6-!87!7+;.6@-9.J!!I6#9!&99;,1.#+'!'--(9!.+!=-!$&%#(&.-(!=-2+*-!9;56!@&.-*!

*-9+;*5-9!&*-!&/&#'!5+'9#(-*-(!&9!&!,&N+*!@&.-*!*-9+;*5-!2+*!&%/&-!5;%.#$&.#+'!#'!.6-9-!*-/#+'9J!!

E%9+>!9;56!=*&5B#96!/*+;'(@&.-*!*-9+;*5-9!@+;%(!=-!5+'9#(-*-(!X,#'#'/Y!+2!'+'"*-'-@&=%-!

@&.-*!*-9+;*5-9>!&'(!.6;9!@+;%(!'+.!=->!=4!(-2#'#.#+'>!X9;9.&#'&=%->Y!&!,&N+*!5+'9#(-*&.#+'J!!!

G'!,&'4!9.&.-9>!9;56!&9!"&%#2+*'#&>!/*+;'(@&.-*!*-9+;*5-9!&*-!'+.!&(N;(#5&.-(!o!@6#56!5&'!%-&(!

.+!+$-*"-K1%+#.&.#+'!+2!.6-!*-9+;*5-J!G2!/*+;'(@&.-*!&O;#2-*!*-9+;*5-9!&*-!;.#%#P-(!&9!&!,-&'9!+2!

1*+$#(#'/!@&.-*!9;11%4!.+!&'!&%/&-!=#+,&99!2&5#%#.4!o!.6-!%+'/".-*,!9;9.&#'&=#%#.4!+2!.6-!

*-9+;*5-!'--(9!.+!=-!5+'9#(-*-(J!!I6-!,&1!#'!Z#/;*-!SJ_!96+@9!.6-!2*-96@&.-*!&O;#2-*9!=-#'/!

,#'-(!=4!-K5-99#$-!/*+;'(@&.-*!@#.6(*&@&%!&9!@-%%!&9!.6-!&*-&9!.6&.!&*-!=-#'/!&22-5.-(!=4!9&%.!

#'.*;9#+'J!!G'!,&'4!+2!.6-9-!&O;#2-*9!.6&.!-K1-*#-'5-!#'&(-O;&.-!*-56&*/->!1++*-*!O;&%#.4!@&.-*!

-$-'.;&%%4!(#91%&5-9!.6-!@&.-*!@#.6(*&@'!2*+,!.6-!&O;#2-*J!!G'!&*-&9!.6&.!&*-!=+.6!9.*-99-(!&'(!

&22-5.-(!=4!1++*!/*+;'(@&.-*!O;&%#.4!o!%&'(!9;=9#(-'5-!,&4!*-9;%.!#2!@&.-*!%-$-%9!&*-!*-(;5-(!

=-%+@!6#9.+*#5!%+@!-%-$&.#+'9J!!b+9.!%&'(!9;=9#(-'5-!+55;*9!@#.6#'!.6-!2#'-!5%&4!&O;#.&*(9!+2!

/*+;'(@&.-*!=&9#'9!&'(!#9!&!*-9;%.!+2!*-(;5-(!1+*-!@&.-*!1*-99;*-!o!@6-*-=4!.6-!5+,1*-99#+'!

%+&(#'/!+2!.6-!+$-*=;*(-'!-K5--(9!.6-!5+,1*-99#$-!9.*-'/.6!+2!.6-!&O;#2-*!=-(!,&.-*#&%9J!I6-!

5+9.!+2!%&'(!9;=9#(-'5-!5&'!=-!1*+6#=#.#$-!#'!&*-&9!.6&.!*-%4!+'!9;*2&5-!(-%#$-*4!+2!@&.-*!9;11%4J!

G'%&'(!=*&5B#96!@&.-*!*-9+;*5-9!2+*!.6-!5+'.#'-'.&%!87!&*-!96+@'!#'!Z#/;*-!SJaJ!!!



! S!

!

M&.62#!Z8]N!*+#!)622#,(!'($(#!-4!.2-6,0P$(#2!$;6&4#2'!P&(+&,!(+#!)-,(&,#,($%!GI!'+-P&,.!

$2#$'!-4!$)6(#!'(2#''!OP+#2#!P&(+02$P$%!#W)##0'!2#)+$2.#R>!$2#$'!&3L$)(#0!Q/!.2-6,0P$(#2!

L63L&,.!$,0!$2#$'!$44#)(#0!Q/!'$%&,&(/!&,(26'&-,!O7$(#>!=\\cR8!

!

!

M&.62#!Z8bN!I$%&,#!$;6&4#2'!&,!(+#!)-,(&,#,($%!GI8!!52-P,!'+$0&,.!2#4#2'!(-!(+#!0#L(+!-4!(+#!

$;6&4#28!A&(+!$LL2-L2&$(#!(2#$(3#,(>!&,%$,0!Q2$)i&'+!P$(#2!2#'-62)#'!)-6%0!Q#!$,!&3L-2($,(!

'-62)#!-4!P$(#2!4-2!$%.$#!Q&-46#%!L2-06)(&-,!O7$(#>!I$,0&$!C$(&-,$%!:$Q-2$(-2/>!=\\c!h!0$($!

0#2&V#0!42-3!M#(+>!<d]UR8!



! S?

A*&5B#96!@&.-*!5+;%(!=-!&'!#,1+*.&'.!9+;*5-!+2!@&.-*!2+*!&%/&-!=#+2;-%!1*+(;5.#+'>!&%.6+;/6!#.!

,&4!*-O;#*-!1*-".*-&.,-'.!#2!.6-!56-,#5&%!5+'9.#.;-'.9!+2!.6-!@&.-*!#'6#=#.!&%/&-!/*+@.6J!

A*&5B#96!@&.-*!*-9+;*5-9!&*-!'+.!.41#5&%%4!#'!6#/6!(-,&'(!2+*!&/*#5;%.;*&%!;9-9J!!e+@-$-*>!#'!

9+,-!&*-&9!.6-9-!9&%#'-!&O;#2-*9!,&4!;'(-*%#-!=-..-*!O;&%#.4!@&.-*!*-9+;*5-9>!@6-*-!#'5*-&9-(!

@#.6(*&@&%!+2!.6-!;'(-*%4#'/!@&.-*!,#/6.!-K&5-*=&.-!&'!-K#9.#'/!+$-*"&%%+5&.#+'!1*+=%-,>!9;56!

&9!.6-!9.&.-9!96&*#'/!.6-!</&%%&!EO;#2-*J!!!

E!';,=-*!+2!@&.-*!*-9+;*5-9!@+;%(!'+.!#,1&5.!+'!2*-96!@&.-*!*-9+;*5-9J!!b;'#5#1&%>!#'(;9.*#&%!

&'(!&/*#5;%.;*&%!@&9.-@&.-*9>!&/*#5;%.;*&%!(*&#'&/-!&'(!=*&5B#96!&'(!9-&@&.-*!*-9+;*5-9!5&'!&%%!

5&'!=-!5+'9#(-*-(!#'!(-$-%+1#'/!%+@!5+9.!&%/&-!1*+(;5.#+'!949.-,9!@6-*-!@&.-*!95&*5#.4!#9!&'!

#99;-J!!Z+*!-K&,1%->!9&%#'-!X1*+(;5-(Y!@&.-*!2*+,!+#%>!'&.;*&%!/&9!+*!5+&%"=-(!,-.6&'-!@-%%9!

&*-!1+99#=%-!@&.-*!*-9+;*5-9!2+*!&%/&-!=#+2;-%!1*+(;5.#+'!o!.6-!9&%#'#.4!+2!.6-9-!/*+;'(@&.-*!

9;11%#-9!#9!.41#5&%%4!.++!6#/6!2+*!;9-!#'!&/*#5;%.;*-J!!E'+.6-*!1+99#=#%#.4!#9!#9!5+"%+5&.#+'!+2!&%/&-!

1*+(;5.#+'!2&5#%#.#-9!@#.6!(--1!@-%%!#'N-5.#+'!9#.-9!2+*!5&*=+'!9-O;-9.*&.#+'>!@6#56!5+;%(!

1*+$#(-!&%/&-!@#.6!&!9;9.&#'&=%-!9+;*5-!+2!9&%#'-!@&.-*!.6&.!@+;%(!=-!(#91%&5-(!.+!.6-!9;*2&5-!

=4!.6-!%#O;-2#-(!#'N-5.-(!5&*=+'J!!0--1!@-%%!#'N-5.#+'!+2!5&*=+'!5&'!+'%4!+55;*!#'!&O;#2-*9!

5+'.&#'#'/!&!,#'#,;,!+2!!H>HHH!11,!9&%#'#.4!o!/*+;'(@&.-*!.6&.!5+;%(!-&9#%4!9;9.&#'!,&'4!

=+.6!2*-96!&'(!9&%.!@&.-*!91-5#-9!+2!&%/&-J!!E!,&1!+2!1*+(;5-(!@&.-*!*-9+;*5-9!#9!96+@'!#'!

Z#/;*-!SJ^!o!.6-!,&1!(#95*#,#'&.-9!=-.@--'!+#%!&'(!/&9!2#-%(9J!!I6-!1*-1+'(-*&'5-!+2!.6-9-!

1*+(;5-(!@&.-*!2#-%(9!&*-!#'!I-K&9!&'(!.6-!%+@-*!,#("@-9.!@#.6!&!9,&%%-*!&*-&!#'!.6-!

7&5*&,-'.+!&'(!9+;.6-*'!7&'!j+&O;#'!V&%%-49J!

!

M&.62#!Z8cN!J$L!-4!L2-06)#0!P$(#2!2#'-62)#'!42-3!#,#2./!3&,#2$%!#W(2$)(&-,!h!O.2##,!h!-&%T!
2#0!h!.$'T!/#%%-P!h!3&W#0R!O7$(#>!I$,0&$!C$(&-,$%!:$Q-2$(-2/>!=\\cR8!



! SD

G'!9+,-!5#*5;,9.&'5-9>!&%/&-!=#+,&99!1*+(;5.#+'!5&'!/-'-*&.-!#'5+,-!2*+,!.6-!.*-&.,-'.!+2!

@&9.-@&.-*9>!#'!1&*.#5;%&*!,;'#5#1&%!@&9.-@&.-*9>!&9!(#95;99-(!#'!.6-!2+%%+@#'/!56&1.-*9>!&'(!

#'(--(!#9!.6-!=&9#9!+2!.6#9!*-1+*.J!!I&K!5*-(#.9!&'(!-'-*/4!*-=&.-9!5&'!&%9+!6-%1!#,1*+$-!.6-!

=+..+,!%#'-J!!<'!.6-!(+@'9#(->!(#956&*/-9!2*+,!&%/&-!1*+(;5.#+'!2&5#%#.#-9!;9#'/!@&9.-@&.-*9!

@#%%!=-!5%+9-%4!*-/;%&.-(!&'(!.6#9!@#%%!#'5*-&9-!5&1#.&%>!+1-*&.#+'&%!&'(!,&#'.-'&'5-!5+9.9J!!G'!

.6-!5&9-!+2!9-&@&.-*!;.#%#P&.#+'!#'!5+&9.&%!&*-&9>!.6-!=%+@"(+@'!*&.#+!@+;%(!=-!*&.6-*!6#/6W!!

9&%#'#.#-9!#'!.6-!1+'(9!96+;%(!=-!'+.!,;56!6#/6-*!.6&'![UH!]!&=+$-!9-&@&.-*!%-$-%9>!*-O;#*#'/!&!

5+'9#(-*&=%-!(#956&*/-!=&5B!#'.+!.6-!+5-&'J!!E%.6+;/6!'+.!&!9#/'#2#5&'.!-'$#*+',-'.&%!#99;->!

9;56!(#956&*/-9!,&4!9.#%%!=-!%#,#.-(!=4!*-/;%&.#+'9!-9.&=%#96-(!2+*!+.6-*!5+'9;,1.#$-!#'(;9.*#-9J!!

E'!+1-'!1+'(>!@#.6!&'!-$&1+*&.#+'!*&.-!+2!!!5,\(>!@+;%(!;9-!!!,#%%#+'!%#.-*9!@&.-*\6&"(>!1%;9!

.6-!=%+@"(+@'!*-O;#*-,-'.9J!!Z+*!2*-96@&.-*!#'1;.9>!.6-!.+.&%!5+'9;,1.#+'!@+;%(!=-!+'%4!!H]!

6#/6-*>!@6#%-!2+*!9-&@&.-*!949.-,9>!.+.&%!@&.-*!;9-!@+;%(!=-!.@+!+*!.6*--!.#,-9!6#/6-*J!!!

I&=%-!SJ!!1*+$#(-9!.41#5&%!$&%;-9!2+*!.6-!@&.-*>!"<?!&'(!';.*#-'.!9;11%4!#'1;.9!.+!&'!&%/&-!

=#+,&99!1*+(;5.#+'!2&5#%#.4!=&9-(!+'!&'!&99;,-(!&%/&-!=#+,&99!5+,1+9#.#+'!2+*!">!C!&'(!3>!&9!

@-%%!&9!1*+(;5.#$#.#-9>!2+*!'-&*".-*,!&'(!%+'/".-*,!1*+N-5.-(!&%/&-!1*+(;5.#+'!1*+5-99-9J!!

*$Q%#!Z8<N!*/L&)$%!2#'-62)#!,##0'!4-2!$!(/L&)$%!-6(0--2!$%.$#!Q&-3$''!L2-06)(&-,!4$)&%&(/8!

Parameter in dry ash–free biomass Remarks/reference

>*2.*!-<),.//!?),%)/<'<)3 16!@6AB!CD!1@5AB!ED!.3:!A=F!@!

5="B!G!

>*2.&!C!.3:!E!?)3'&3'!:&%&3:<32!)3!)<*!

?)3'&3'D!G!?)3'&3'!)3!/+%%*H=!

I.'&(D!J./'&J.'&(!+'<*<K.'<)3L!

(&?*.<,&:!J.'&(!%():+?'<)3
"=6!,

F
!J./'&J.'&(!%&(!M2!)0!.*2.*!

-<),.//!4:(H9

.//+,<32!1A!2!,
@F
!ED!'H%<?.*!<3!,+3<?<%.*!

J./'&J.'&(!4C;.%'&(!19=!

"=A!M2!CN"!%&(!M2!

A=O!M2!CN"!,
F!
J./'&J.'&(

>*2.*!-<),.//!%():+?'<P<'H 6A@5AA!Q2!;.
@5
!H
@5
!.33+.*!

%():+?'<P<'HD!"A!R!1AB!)<*!?)3'&3'!!

C+((&3'*H!.?;<&P.-*&!')!0+'+(&!%()S&?'&:!

%():+?'<P<'<&/!4T&3&,.33!.3:!N/J.*:D!

577UD!/&&!C;.%'&(!19!

"1A!M2!CV1L,'!)0!.*2.&!(&/<:+&/!

0(),!.3.&()-<?!:<2&/'<)3!4UUA!,
F!

-<)2./9

.//+,<32!OAB!:<//<,<*.'<)3!)0!)(2.3<?!

,.'&(<.*!<3!.3.&()-<?!:<2&/'&(

5A!M2!G!.3:!5AA!M2!E!%&(!')3!)0!

.*2.&!(&/<:+&!0(),!.3.&()-<?!

:<2&/'&(!(&/<:+&

)-'.<3&:!./!.!/)*+'<)3!(&?H?*&:!-.?M!')!';&!

2()J';!%)3:/

CN"!,<'<2.'<)3!+%)3!+'<*<K.'<)3 5=F6!M2!CN"!%&(!M2!.*2.&!-<),.//!

%()?&//&:!<3!.3.&()-<?!:<2&/'<)3!

W3?*+:&/!F=6!M2!)0!CN"L!M2!)0!E!(&?H?*&:!<3!

';&!.*2.*!-<),.//!4/&&!T&3&,.33D!"AAF9=

7AB!)P&(.**!CN"!+'<*<K.'<)3!4+%'.M&!<3!

.*2.*!-<),.//L0&:!')!';&!/H/'&,9!

X3&(2H!Y!%():+?'/

CN"!+'<*<K.'<)3

!

!!



! SS

Z+*!-K&,1%->!2+*!&'!&$-*&/-!.+.&%!'#.*+/-'!5+'5-'.*&.#+'!+2!SH!/\,D
!#'!@&9.-@&.-*!&'(!U!.+!

!H]!C!5+'.-'.!#'!.6-!&%/&-!=#+,&99!Q&96"2*--!(*4!@-#/6.>!(-1-'(#'/!+'!%#1#(!5+'.-'.R>!!J?U!.+!

?JU!,D
!+2!@&9.-@&.-*!@+;%(!=-!*-O;#*-(!1-*!B/!+2!&%/&-!=#+,&99!1*+(;5-(J!!G.!96+;%(!=-!'+.-(!

.6&.!.6-9-!&*-!/-'-*&%!$&%;-9>!#'!1&*.#5;%&*!3!5-%%!%-$-%9!5&'!=-!$-*4!2%-K#=%->!*&'/#'/!2*+,!HJD!.+!

!J?]!@#.6+;.!56&'/-9!#'!1*+(;5.#$#.4>!(-1-'(#'/!+'!.6-!1*+5-99!+=N-5.#$-!Q-J/J>!.+!*-,+$-!3!+*!

;9-!3!-22#5#-'.%4RJ!!<'-!+2!.6-!#,1+*.&'.!5+'5%;9#+'9!+2!9;56!&'&%49#9!#9!.6&.!2+*!1*+(;5.#+'!

1*+5-99-9!'+.!=&9-(!+'!';.*#-'.!*-5+$-*4!2*+,!@&9.-@&.-*9!(;*#'/!&!.*-&.,-'.!1*+5-99>!&%/&-!

=#+2;-%9!1*+(;5.#+'!5&''+.!&22+*(!.+!@&9.-!9;56!';.*#-'.9!#'!&!X+'5-".6*+;/6Y!1*+5-99J!!

C;.*#-'.9!,;9.!=-!-#.6-*!*-545%-(>!.+!1*+(;5-!,+*-!&%/&-!=#+,&99>!&'!-22#5#-'54!+2!s`H]!5&'!=-!

&99;,-(>!+*!;9-(!#'!.6-!5+"1*+(;5.#+'!+2!&'#,&%!2--(9J!!F#.6!9;56!1*+$#9#+'9>!5+9.!+*!9;11%4!+2!

&/*#5;%.;*&%!2-*.#%#P-*9!@+;%(!'+.!=-!&!%#,#.#'/!2&5.+*!#'!&%/&-!=#+2;-%9!1*+(;5.#+'J!!

Z8=8Z8!:!C`!"1IXG"@1I!

:&'(!*-O;#*-,-'.9!&*-!.6;9!2+*!%&*/-!.*&5.9!+2!'-&*%4!2%&.!%&'(>!@#.6!5%&4!+*!9#,#%&*!%+@!

1-*,-&=#%#.4!9+#%9J!!I6-!2++.1*#'.!+2!&%/&-!1*+(;5.#+'!2&5#%#.#-9!@+;%(!.41#5&%%4!=-!9-$-*&%!

6;'(*-(!6-5.&*-9!Q-K5-1.!2+*!@&9.-@&.-*!.*-&.,-'.!2&5#%#.#-9>!@6#56!5+;%(!=-!9#/'#2#5&'.%4!

9,&%%-*>!9--!"6&1.-*!URJ!!"&'(#(&.-!9#.-9!96+;%(!=-!%-$-%!+*!'-&*%4!%-$-%!9#'5-!.-**&5#'/!@+;%(!

*-O;#*-!9#/'#2#5&'.!-K1-'(#.;*-!2+*!-&*.6!,+$#'/!.+!5+'9.*;5.!.6-!1+'(9J!!E!%&*/-!9%+1-!@+;%(!

&%9+!*-O;#*-!&((#.#+'&%!1;,1#'/!5+9.9!2+*!@&.-*!9;11%4!&'(!*-545%#'/J!!7+#%!56&*&5.-*#9.#59!&*-!

&%9+!#,1+*.&'.>!@#.6!9&'(4!9+#%>!*-9;%.#'/!#'!6#/6!1-*5+%&.#+'!*&.-9>!=-#'/!;'9;#.&=%-J!!3+'(9!@#%%!

.-'(!.+!=-!9-%2"9-&%#'/>!&'(!9&'(4!9+#%9!5+;%(!=-!9-&%-(!@#.6!&!.6#'!5%&4!%#'-*>!&.!&((#.#+'&%!5+9.9J!!!

:&'(!5+9.9!&*-!&!2;*.6-*!#99;-J!!e+@-$-*>!#'!%#/6.!+2!.6-!6#/6!5&1#.&%!5+9.9!+2!9;56!949.-,9>!%&'(!

5+9.9!+2!-$-'!f!H>HHH\6&!QfS>HHH\&5*-R!@+;%(!'+.!,&B-!&!%&*/-!Q-J/J!t!H]R!(#22-*-'5-!#'!5&1#.&%!
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CATEGORY

CO2 EMISSIONS 

Million Metric Ton/Year

Number 

of 

Sources

Ag Processing 6.3 140

Cement Plants 86.3 112

Electricity Generation 2,702.5 3,002

Ethanol Plants 41.3 163

Fertilizer 7.0 13

Industrial 141.9 665

Other 3.6 53

Petroleum and Natural Gas 

Processing 90.2 475

Refineries/Chemical 196.9 173

Total 3,276.1 4,796
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)((4>!?HHDRJ!!I6-!,&#'!(-9#/'!5*#.-*#&!2+*!&!5%&*#2#-*!#9!.6-!*-.-'.#+'!.#,-!@6#56!#9!;9;&%%4!

=-.@--'!!JU!o!?JU!6*9!&'(!.6-!+$-*2%+@!*&.-!@6#56!*&'/-9!2*+,!DH!o!UH!,D\,?
$(!Qb-.5&%2!&'(!

)((4>!?HHDRJ!!89#'/!SH!,D\,?
$(!&'(!&!(-1.6!+2!SJD!,!*-9;%.9!#'!*-&9+'&=%-!*-.-'.#+'!.#,-9J!!

F#.6!&!@&9.-@&.-*!2%+@!+2!_?!b:0>!&!.+.&%!+2!U>!`H!,D
!+2!5%&*#2#-*9>!@#.6!&!9;*2&5-!+2!!>U_H!,?>!

&*-!'--(-(J!!I6-!(-9#/'!9-%-5.#+'!@&9!.+!6&$-!.@+!+1-*&.#'/!5%&*#2#-*9!#'!9-*#-9!@#.6!+'-!=&5B!

;1>!2+*!&!.+.&%!$+%;,-!a>^_H!,DJ!!I6-!5%&*#2#-*9!&*-!=-%+@!/*+;'(!@#.6!%#'-(!9#(-9!&'(!&!5+'5*-.-!

2%++*!@#.6!&!5+'.#';+;9!95*&1-!&'(!5+%%-5.#+'!949.-,J!!Z+*!.6-!5&9-9!@#.6!1*#,&*4!.*-&.,-'.>!

&=+;.!!__!,D\(!+2!9%;(/-!9+%#(9!&*-!5+%%-5.-(!Q_]!$+%&.#%-!9+%#(9!5+'5-'.*&.#+'RJ!!I6-9-!9+%#(9!

&*-!9-'.!.+!&'!&'&-*+=#5!(#/-9.-*!2+*!.*-&.,-'.J!!I6-!-'-*/4!#'1;.9!#'5%;(-!.6-!64(*&;%#5!,+.+*!

2+*!.6-!9+%#(9!95*&1-*!&'(!9;,1!1;,19!.+!.*&'92-*!.6-!9+%#(9!.+!.6-!&'&-*+=#5!(#/-9.-*J!!!

UJ_J!J?!eGge!LEI)!3<C0!EC0!FE7I)FEI)L!IL)EIb)CI!

E2.-*!.6-!@&9.-@&.-*!1&99-9!.6*+;/6!.6-!1*#,&*4!5%&*#2#-*!#.!#9!.6-'!9-'.!.+!.6-!eL39J!!E'!

&$-*&/-!64(*&;%#5!*-.-'.#+'!.#,-!+2!S!(&49!&$-*&/->!*&'/#'/!2*+,!D!(&49!9;,,-*!.+!U!(&49!

@#'.-*>!@&9!&%*-&(4!&99;,-(!#'!.6-!&=+$-J!!<K4/-'!.+!9&.#924!=#+56-,#5&%!+K4/-'!(-,&'(!

QA<0R!#9!+=.&#'-(!=4!.6*--!,&#'!,-56&'#9,9W!!16+.+94'.6-9#9>!+K4/-'!#'!.6-!=#+/&9!.;*=#'-!

-K6&;9.!@6#56!#9!(#22;9-(!#'.+!.6-!1+'(9>!&'(!+K4/-'!(#22;9-(!2*+,!.6-!&.,+916-*-J!!I6-!A<0!

*-,+$&%!*&.-!#9!=&9-(!+'!.6-!*-O;#*-,-'.!+2!!J!!/*&,9!<?!1-*!/*&,!+2!A<0U!*-,+$-(!Q<9@&%(!

-.!&%>!!`UDR!&'(!.6&.!!JUU!/!<?!&*-!1*+(;5-(!1-*!/*&,!+2!&%/&-!=#+,&99J!!I6;9>!+'-!/*&,!+2!

&%/&-!1*+(;5.#+'!@+;%(!*-,+$-!!JS!/!+2!A<0UJ!!E!_?"b:0!1*#,&*4!-22%;-'.!@#.6!!?H!,/\:!A<0U!

@#%%!5+'.&#'!a>S^H!B/!+2!A<0U>!*-O;#*#'/!&%,+9.!U>DSH!B/!+2!&%/&-!1*+(;5.#+'J!!E.!.6-!6#/6-9.!

1*+(;5.#$#.4!+2!D^!/\,?
"(&4>!.6#9!@+;%(!*-O;#*-!&'!&*-&!+2!N;9.!;'(-*!!DJU!6-5.&*-9J!!F#.6!&'!

#'(#$#(;&%!1+'(!&*-&!-O;&%!.+!S!6&!&'(!&!1+'(!$+%;,-!+2!!?>HHH!,D
!2+*!.6-!96+*.-9.!9;,,-*!

*-.-'.#+'!.#,->!+2!.6*--!(&49!@+;%(!*-O;#*-!&!.+.&%!+2!!S!1+'(9!.+!6&'(%-!.6-!2%+@!+2!_?!b:0>!+*!

&!.+.&%!&*-&!+2!_H!6&!Q&%%!2#/;*-9!&*-!*+;'(-(!6-*-RJ!!!

E%.-*'&.#$-%4>!&!!HH"6&!2&5#%#.4!@+;%(!'--(!.+!1*+(;5-!+'%4!UJ!!/!&%/&-\,?
"(&4>!.+!*-,+$-!&%%!

.6-!A<0UJ!!I6#9!#9!'-&*!.6-!1*+(;5.#$#.4!&99;,-(!2+*!.6-!.@+!5+%(-9.!,+'.69!+2!.6-!4-&*>!&'(!#2!



! ^S

&%%+@&'5-!#9!,&(-!2+*!&((#.#+'&%!<?!(#22;9#+'!Q+2!&.!%-&9.!!!o!?!/\,
?
"(&4R>!.6#9!95&%-!+2!2&5#%#.4!

@+;%(!=-!&=%-!.+!.*-&.!.6-!A<0U!4-&*"*+;'(J!E%9+>!#'!@#'.-*>!.6-!64(*&;%#5!*-.-'.#+'!.#,-9!

@+;%(!=-!%+'/-*>!&.!U!(&49>!&'(!*-O;#*-!!HH!6&!2+*!.6-!_?!b:0!+2!@&9.-@&.-*!.+!=-!.*-&.-(J!!

I6;9>!2+*!.6-!1*-9-'.!(-9#/'>!&!_?"b:0!9-@&/-!2%+@!2+*!.6-!!HH"6&!2&5#%#.4!#9!91-5#2#-(!2+*!.6-!

.*-&.,-'."-,16&9#9!5&9-9!Q"&9-9!!!&'(!?RJ!!Z+*!.6-!=#+2;-%"-,16&9#9!5&9-9>!.6-!2%+@!@+;%(!=-!

,;56!%+@-*>!(-1-'(#'/!+'!.6-!1*+5-99!+=N-5.#$-9>!9;56!&9!&!6#/6!*-,+$&%!+2!';.*#-'.9>!+*!

9#,1%4!;9#'/!.6-!@&9.-@&.-*!&9!.6-!,&B-";1!@&.-*!&'(!';.*#-'.!9+;*5->!&9!(#95;99-(!%&.-*J!!!!!

G'!9;,,-*!@6-'!.6-!64(*&;%#5!*-.-'.#+'!.#,-!#9!D!(&49>!*-9;%.#'/!#'!&!!HD!b:0!6&*$-9.!2%+@>!&!

.+.&%!+2!S!!b:0!1-*!(&4!QSH]!+2!.6-!!HD!b:0!1+'(!-22%;-'.R!@+;%(!'--(!.+!=-!*-545%-(!.+!.6-!

/*+@.6!1+'(9J!!G'!91*#'/!&'(!2&%%!@#.6!&!S"(&4!*-.-'.#+'!.#,->!.6-!*-545%-!2%+@!(-5*-&9-9!.+!?!!

b:0!+2!1+'(!-22%;-'.!*-545%-J!!G'!@#'.-*>!.6-*-!#9!'+!*-545%-J!!I6#9!#'.-*'&%!*-545%-!(+-9!'+.!

&22-5.!.6-!-22%;-'.!2%+@!2*+,!.6-!.*-&.,-'.!2&5#%#.4J!!!

I+!5&%5;%&.-!'#.*+/-'!;1.&B-!#'!.6-!eL39>!.6-!&,+;'.!+2!'#.*+/-'!%#B-%4!.+!=-!$+%&.#%#P-(!,;9.!

&%9+!=-!5+'9#(-*-(>!@6#56!(-1-'(9!+'!.6-!1e!+2!.6-!,-(#;,>!.6-!+;./&99#'/!5+-22#5#-'.>!.6-!

&,,+'#&!%-$-%9>!&'(!+.6-*!2&5.+*9J!!Z+*!-K&,1%->!.6-!@&9.-@&.-*!@+;%(!=-!2-(!&.!+*!96+*.%4!

&2.-*!.6-!5&*=+'&.#+'!9.&.#+'9>!@6-*-!.6-!1e!@+;%(!*-(;5-!&'4!$+%&.#%#P&.#+'J!A4!.6-!.#,-!.6-!

&%/&-!6&$-!;9-(!.6-!"<?!&'(!*&#9-(!.6-!1e>!.6-!&,,+'#&!@+;%(!6&$-!&%*-&(4!=--'!5+'9;,-(!

=4!.6-!&%/&-J!!F-!&99;,-!6-*-!.6&.!.6-*-!#9!&!%+99!+2!U]!+2!.6-!.+.&%!'#.*+/-'!&((-(!.+!.6-!

1+'(9>!=+.6!(;-!.+!+;./&99#'/!&'(!2&5.+*9!9;56!&9!5+'9;,1.#+'!=4!=&5.-*#&!*-,+$-(!(;*#'/!

6&*$-9.#'/>!*-2*&5.+*4!'#.*+/-'>!-.5J!!I6#9!%+99!&11%#-9!.+!=+.6!.6-!@&9.-@&.-*!'#.*+/-'!&'(!.6&.!

*-545%-(!=&5B!2*+,!.6-!(#/-9.-*9J!!I6-*-2+*->!&!5+'5-'.*&.#+'!+2!DD!,/!C\:!#9!&$&#%&=%->!@6#56!#9!

-'+;/6!2+*!1-&B!1*+(;5.#+'!#'!9;,,-*!,+'.69J!!

I6-!&%/&-!=#+,&99!#9!&99;,-(!.+!5+'.&#'!U]!'#.*+/-'!Q&99;,#'/!.6&.!.6-!&%/&-!&*-!/*+@'!2+*!

6#/6!%#1#(9RJ!!I6;9>!2+*!&!_?!b:0!#'2%+@>!.6#9!@+;%(!1*+(;5-!&!,&K#,;,!+2!D^>HHH!B/\(&4!+2!

&%/&-!=#+,&99>!@6#56!#9!5+,1&*&=%-!.+!.6-!,&K#,;,!&%/&-!=#+,&99!+;.1;.!2+*!&!!HH"6&!2&5#%#.4!

=&9-(!+'!,&K#,;,!9;,,-*!.#,-!1*+(;5.#$#.4!+2!D^!/\,?
"(&4!+*!D`>HHH!B/\!HH!6&"(&4J!!I6;9!

.6-!1+'(!2&5#%#.4>!&.!,&K#,;,!9;,,-*!.#,-!1*+(;5.#$#.4!@+;%(!*-,+$-!`U]!+2!.6-!'#.*+/-'!

#'2%;-'.J!!e+@-$-*>!.6#9!(+-9!'+.!#'5%;(-!.6-!6&*$-9.#'/!-22#5#-'5#-9!&'(!(#/-9.-*!*-545%#'/!

9.*-&,9!.6&.!&*-!5+'9#(-*-(!6-*-!#'!.6#9!,+(-%>!@6#56!*-(;5-9!.6-!,&K#,;,!9;,,-*.#,-!C!

*-,+$&%!*&.-!.+!_U]J!!<'!&'!&'';&%!&$-*&/->!2+*!??!/\,?
"(&4>!.6-!*-,+$&%!*&.-!@+;%(!=-!5%+9-*!

.+!SS]>!&%.6+;/6!#.!,&4!=-!1+99#=%-!.+!#'5*-&9-!=+.6!.6-!'#.*+/-'!%+99-9!&'(!.6-!'#.*+/-'!

5+'.-'.!+2!.6-!&%/&-!(;*#'/!.6-!*-9.!+2!.6-!4-&*!Q#'!1&*.#5;%&*!2+*!.6-!5&9-!@6-*-!&!6#/6!+#%!

5+'.-'.!#9!'+.!*-O;#*-(RJ!!8'(-*!.6-9-!5+'(#.#+'9>!.6-!.+.&%!&'';&%!C!*-,+$&%!,#/6.!#'5*-&9-!.+!

aU!o!^H]J!!7.#%%>!.+!=-'-2#.!2*+,!';.*#-'.!*-,+$&%!5*-(#.9>!9;56!&!2&5#%#.4!@+;%(!*-O;#*-!&'!&'';&%!

+*!9-&9+'&%!(#956&*/-!9.&'(&*(>!*&.6-*!.6&'!&!,+'.6%4!+'-J!!I6#9!.41-!+2!(#956&*/-!1-*,#..#'/!



! ^U

9--,9!O;#.-!2-&9#=%-!#'!,&'4!%+5&.#+'9>!@6-*-!9;,,-*!'#.*+/-'!(#956&*/-9!&*-!&!/*-&.-*!

5+'5-*'!.6&'!@#'.-*!(#956&*/-9J!

I+!1*+$#(-!"<?!.+!.6-!1+'(9>!.@+!9;,19!@#.6!&!(-1.6!+2!!!,!&*-!%+5&.-(!.*&'9-5.#'/!.6-!1+'(J!!

G'!.6-!=+..+,!+2!.6-!9;,19>!5-*&,#5!+*!,-,=*&'-!91&*/-*9!1*+$#(-!2#'-!=;==%-9!2+*!-22#5#-'.!

.*&'92-*J!!

I+!6&'(%-!5+'.#';+;9!(#9.*#=;.#+'!+2!@&.-*!2%+@!#'.+!.6-!1+'(9!@&.-*!#9!1;,1-(!2*+,!.6-!

1*#,&*4!5%&*#2#-*9!#'.+!.6-!eL39>!&'(!.6-!2%+@!+;.!+2!.6-!1+'(9!#9!=4!/*&$#.4J!!I6-!1+'(9!&*-!.+!

=-!/*&(-(!.+!&%%!6&$-!-O;&%!2%++*!-%-$&.#+'9>!&'(!.6-*-2+*-!.6-!.+.&%!$-*.#5&%!(*+1!*-O;#*-(!2+*!

.6-!-22%;-'.!+2!.6-!1+'(9!.+!(*&#'!=4!/*&$#.4!#9!!JU!,>!@6#56!#9!'+.!&!9#/'#2#5&'.!#99;-!#'!.6-!

+$-*&%%!(-9#/'J!!I6-!1;,1!9#P#'/!*-O;#*-,-'.!2+*!@&.-*!.*&'92-*!2*+,!.6-!1*#,&*4!5%&*#2#-*!@&9!

5&%5;%&.-(!.+!=-!U`!BF!@#.6!&!1;,1!-22#5#-'54!+2!^^]!&'(!&!,+.+*!-22#5#-'54!+2!^D]J!

UJ_J!JD!FEI)L!bEl)83!EC0!FE7I)FEI)L!"eELE"I)LG7IG"7!

I6-!#'2%;-'.!#'.+!.6-!eL39!2+%%+@#'/!1*#,&*4!.*-&.,-'.!#'5%;(-9!5+'5-'.*&.#+'9!+2!DU!,/\:!

'#.*+/-'!&'(!!?H!,/\:!A<0U!@#.6!&!1e!+2!^JU!QI&=%-!UJSRJ!!I6-!*-,+$&%!-22#5#-'5#-9!2+*!.6-!

1*#,&*4!.*-&.,-'.!*-1+*.-(!#'!I&=%-!UJS!&*-!.41#5&%!$&%;-9!.6&.!&*-!.&B-'!2*+,!B'+@'!

@&9.-@&.-*!.*-&.,-'.!+1-*&.#+'9J!!I6-!*-,+$&%!-22#5#-'5#-9!2+*!.6-!eL3!@-*-!5&%5;%&.-(!=&9-(!

+'!.6-!&%/&-!=#+,&99!1*+(;5.#$#.4!&'(!B'+@'!+K4/-'!1*+(;5.#+'!*&.-9J!!I6-*-2+*->!@#.6!&'!

&$-*&/-!A<0!%+&(!.+!+'-!1+'(!+2!!?>UHH!B/\(!&'(!&'!&$-*&/-!(&#%4!=#+,&99!1*+(;5.#+'!+2!

^>??H!B/\("1+'(>!.6-!&%/&-!1*+(;5-9!@-%%!+$-*!!HH]!+2!.6-!*-O;#*-(!<?!2+*!+K#(&.#+'J!!

*$Q%#!U8ZN!A$'(#P$(#2!)+$2$)(#2&'(&)'!$,0!2#3-V$%!#44&)&#,)&#'!!

?,4%6#,( 144%6#,(

O3.[:R O3.[:R

72&3$2/!(2#$(3#,(

I+.&%!C#.*+/-' DU H] DU

A<0U ?HH SH] !?H

1e ^JU

Y&.+!"$(#!7-,0'

I+.&%!C#.*+/-' DU D] DS

A<0U
E

!?H ^^] !S

1e ^JU

A$'(#P$(#2!)+$2$)(#2&'(&)'

m!2#3-V$%

!

EJ!!!HH]!A<0U!*-,+$&%!2+*!^!,+'.69!1-*!4-&*J!!

!



! ^_

UJ_J!JS!"<?!0G7ILGA8IG<C!

I+!=&%&'5-!.6-!&%/&-!/*+@.6!+'!C!@#.6!.6-!"!&$&#%&=%-!#'!.6-!1*#,&*4!-22%;-'.!2-(!.+!.6-!1+'(9>!

&((#.#+'&%!"<?!,;9.!=-!9;11%#-(J!!"&*=+'!#9!9;11%#-(!.6*+;/6!A<0U!#'!.6-!1*#,&*4!.*-&.-(!

@&9.-@&.-*J!!)$-'!@#.6!9+,-!&((#.#+'&%!#'+*/&'#5!5&*=+'!&$&#%&=%-!#'!.6-!@&9.-@&.-*>!=-.@--'!

^H!.+!^U]!+2!.6-!5&*=+'!*-O;#*-(!2+*!&%/&-!/*+@.6!#'!1-&B!9;,,-*!&'(!@-%%!+$-*!6&%2!+'!

&$-*&/-!+$-*!.6-!4-&*!@#%%!6&$-!.+!=-!9;11%#-(!&9!"<?!.6+;/6!.6-!9;,19J!!I6-!9+;*5-!+2!.6#9!"<?!

#9!.6;9!&!,&N+*!#99;-J!!G.!5&'!5+,-!2*+,!.@+!9+;*5-9W!!.6-!*-545%-!+2!2%;-!/&9!2*+,!.6-!=#+/&9!

/-'-*&.-(!2*+,!=+.6!.6-!&%/&-!=#+,&99!&'(!1*#,&*4!9%;(/-!+*!&'!-K+/-'+;9!9+;*5-J!!I6-!2%;-!

/&9!*-O;#*-,-'.9!.+!,&#'.&#'!,&K#,;,!&%/&-!1*+(;5.#$#.4!2+*!"&9-!!!&*-!(-95*#=-(!=-%+@J!

E!,&K#,;,!2%;-!/&9!*-O;#*-,-'.!2+*!&'!#'(#$#(;&%!1+'(>!5&%5;%&.-(!1*-$#+;9%4>!#9!?S!,D\6*"

1+'(!.+!,&#'.&#'!1-&B!6+;*%4!=#+,&99!1*+(;5.#$#.4>!&=9-'.!&'4!@&9.-@&.-*!5&*=+'J!!I6-!&'';&%!

&$-*&/-!2%;-!/&9!*-O;#*-,-'.>!6+@-$-*>!#9!%+@-*!&.!!DJa!,D\,#'"1+'(!Q(;*#'/!(&4.#,-RJ!!I6#9!#9!

&99;,#'/!&'!;1.&B-!-22#5#-'54!+2!+'%4!aU]!&'(!&!"<?!5+'5-'.*&.#+'!+2!!?JU]!Q=4!$+%JRJ!F#.6!

(#9.*#=;.#+'!.+!&!.+.&%!+2!?U!1+'(9>!.6-!=%+@-*!,;9.!=-!(-9#/'-(!.+!6&'(%-!&!,&K#,;,!+2!_!!!

,D\,#'!&'(!+$-*5+,-!&'4!6-&(!%+99J!!!

Z*#5.#+'!%+99!#'!.6-!1#1-9!@&9!2+;'(!;9#'/!.6-!e&&%&'(!-O;&.#+'>!@#.6!.+.&%!6-&(!%+99!2+;'(!

;9#'/!.6-!0&*54"F-#9=&56!-O;&.#+'J!!I6-!/&9!#9!(#9.*#=;.-(!#'.+!.6-!1+'(!=4!5-*&,#5!(#95!

91&*/-*9>!@6#56!6&$-!&!6-&(!%+99!+2!!!19#!&5*+99!.6-!,-,=*&'-J!!I6-!(-1.6!+2!.6-!91&*/-*9!#9!!!

,!#'!&!5+'5*-.-!9;,1>!@6#56!#9!-O;#$&%-'.!.+!&=+;.!HJ!!&.,!Q!JS!19#>!&99;,#'/!'+!/&9!$+#(!

$+%;,-RJ!!I6-!1#1#'/!949.-,!*-O;#*-9!1#1-!(#&,-.-*9!;1!.+!`H!5,!2+*!2%;-!/&9!.+!*-(;5-!.+.&%!

6-&(!%+99J!I6-!.+.&%!6-&(!%+99!2+*!.6-!949.-,!#9!!?JU!19#J!!I6-!&99;,-(!2%;-!/&9!.-,1-*&.;*-!#9!

SDq"J!!I6-!,&K#,;,!1+@-*!*-O;#*-(!.+!(-%#$-*!.6-!*-O;#*-(!2%;-!/&9!&'(!+$-*5+,-!.6-!6-&(!

%+99!@&9!5&%5;%&.-(!;9#'/!.6-!-O;&.#+'!+2!1+@-*!*-O;#*-,-'.!2+*!&(#&=&.#5!5+,1*-99#+'!&'(!#9!

DS?!BF!+*!SU`!61!2+*!.6-!!HH!6&!2&5#%#.4J!!A&9-(!+'!!H!6*9\(&4!+2!91&*/#'/>!.6-!&$-*&/-!-'-*/4!

*-O;#*-(!2+*!.6-!"<?!(#9.*#=;.#+'!#9!2+;'(!.+!=-!!>`!H!BF6\(>!+*!%-99!.6&'!!!BF\6&J!E'';&%!

&$-*&/-!1+@-*!*-O;#*-,-'.9!&*-!-$-'!%+@-*J!!!

UJ_J!JU!3LGbELk!0Gg)7IG<C!!

I6-!9+%#(9!5+%%-5.-(!#'!.6-!1*#,&*4!5%&*#2#-*9!&*-!&'&-*+=#5&%%4!(#/-9.-(>!&9!5+,,+'%4!1*&5.#5-(!

#'!5+'$-'.#+'&%!@&9.-@&.-*!.*-&.,-'.!2&5#%#.#-9J!!I6-!9+%#(9!5+'5-'.*&.#+'!2*+,!1*#,&*4!
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,.\6&"4*!Q?H!/\,?
"(&4R>!.6-!+#%!1*+(;5.#+'!@+;%(!=-!?H>?HH!:\6&"4*!Q?>!U`!/&%%+'9\&5*-"4*!+*!

!?>aHH!=&**-%9\4*R!2+*!"&9-!!!QI&=%-!UJ_RJ!!G'!&((#.#+'>!.6-!/*+99!-'-*/4!.6&.!#9!&$&#%&=%-!2*+,!

&'&-*+=#5!(#/-9.#+'!2+*!"&9-!!!#9!``>aHH!K!!HD!bj\4*!=-2+*-!#'5%;(#'/!-'/#'-!-22#5#-'54>!,&B#'/!

.6-!.+.&%!/*+99!-'-*/4!1*+(;5.#+'!!aD>HHH!K!!HD!bj\4*!Q?D>DHH!bj\,.!+*!a>_!H!bj\b:R!QI&=%-!

UJ_RJ!!"&9-!?!6&9!&!,;56!%+@-*!/*+99!-'-*/4!1*+(;5.#+'!+2!!!a>HHH!K!!HD!bj\4*!Q!U>aHH!bj\,.!



! `a

+*!U>!SH!bj\!b:R!QI&=%-!UJ_RJ!!I6#9!(#22-*-'5-!#9!5&;9-(!=4!.6-!6#/6-*!*-5+$-*4!+2!+#%!-'-*/4!

5+,1&*-(!.+!=#+/&9J!!I&=%-!UJ_!96+@!/*+99!+;.1;.9>!.6-!-'-*/4!*-O;#*-(!2+*!.6-#*!1*+(;5.#+'!

9.#%%!'--(9!.+!=-!&((*-99-(J!!E'!&((#.#+'&%!5&;9-!+2!,+*-!-'-*/4!=-#'/!-K.*&5.-(!#'!.6-!+#%"

1*+(;5#'/!5&9-9!.6&'!.6-!=#+/&9!5&9-9!#9!.6-!6#/6-*!-'-*/4!5+'.-'.!+2!%#1#("*#56!&%/&-!9.*&#'9!

$-*9;9!5+,,+'!9.*&#'9J!!

*$Q%#!U8]N!!_2-''!#,#2./!L2-06)(&-,!4-2!@$'#'!<!$,0!=8!

<#% !?>aHH ==%\4* aD>SHH `>^aH D>?DH

A#+/&9 ?>U_H>HHH ,
D
!"eS\4* ``>aHH !D>SHH S>D^H

I63 <bE>\\\ =E>E\\ b>]<\

= ??>aSH a>SSH A#+/&9 D>HHH>HHH ,
D
!"eS\4* <<b>\\\ <U>b\\ U><Z\

J9[J:!AA!

&,4%6#,(

< ??>aSH

5&-46#%!

*/L#
72-06)(!D6$,(&(&#' <\

E
!J9[/2

J9[3(!

$%.$#

Y$2V#'(#0!

5&-3$''!

O3([/2R

a>SSH

@$'#
?,4%6#,(!

OJ:[/2R

!

C+.-W!I6-!=#+/&9!-'-*/4!&=+$-!#'5%;(-9!.6&.!2*+,!(#/-9.#+'!+2!=+.6!1*#,&*4!9%;(/-!&'(!&%/&-!=#+,&99>!

=;.!.6-!bj\,.!*-2-*9!.+!.6-!(*4!,&99!+2!&%/&-!6&*$-9.-(J!!I6-!6#/6!6-&.#'/!$&%;-9!QeeVR!+2!D`JU!bj\B/!

2+*!;'*-2#'-(!+#%!&'(!D`!bj\,D
!"eS!&*-!;9-(J!!A&**-%9!Q==%R!&*-!S?!87!/&%%+'9!+*!!U`!:J!

!

I6-!&%/&-!=#+,&99!6&*$-9.-(!2+*!"&9-!!>!@6#56!$&*#-9!2*+,!S!o!DS!,.\(!&'(!#9!9.+*-(!+'9#.-!#'!

9#%+9>!#9!9-'.!#'!&!9.-&(4!2%+@!+2!?H!,.\(!.+!&!5-'.*&%#P-(!+#%!-K.*&5.#+'!2&5#%#.4>!&%+'/!@#.6!.6-!

=#+,&99!1*+(;5-(!&.!2+;*!+.6-*!2&5#%#.#-9!+2!-O;&%!9#P->!&9!(-95*#=-(!&=+$-J!!I6-!!HH!,.\(!+#%!

-K.*&5.#+'!2&5#%#.4!#9!.6-'!5&1&=%-!+2!1*+(;5#'/!!aS!==%\(!+2!&%/&-!+#%!QZ#/;*-!UJ!`RJ!!I6-!91-'.!

&%/&-!=#+,&99!#9!.6-'!9-'.!=&5B!.+!.6-!&%/&-!2&5#%#.4!@6-*-!#.!#9!9.+*-(!#'!9#%+9!&'(!2-(!=&5B!.+!

.6-!1+'(9!&55+*(#'/!.+!5&*=+'!(-,&'(J!!"&9-9!!!&%9+!6&9!-K5-99!-%-5.*#5&%!-'-*/4!1*+(;5-(!

+'9#.-!2*+,!=#+/&9!1*+(;5.#+'!!+2!D!.+!?!!bF6\(!.+.&%#'/!S>a^H>HHH!BF6\4*!QZ#/;*-!UJ!`RJ!!!

"&9-9!?!1*+(;5-9!=-.@--'!D!&'(!?^!bF6\(!.+!.+.&%!+2!_>DHH>HHH!BF6\4*!2*+,!=#+/&9!

1*+(;5.#+'!QZ#/;*-!UJ?HRJ!!A+.6!5&9-9!1*+(;5-!.*-&.-(!@&9.-@&.-*!&56#-$#'/!.+.&%!'#.*+/-'!

*-,+$&%!*&.-9!&9!6#/6!&9!_U]!(;*#'/!9;,,-*!&'(!&'!&'';&%!&$-*&/-!+2!SS]J!!G/'+*#'/!

&.,+916-*#5!*-"&-*&.#+'!#'!@#'.-*>!5+,1%-.-!A<0U!*-,+$&%!#9!&56#-$-(!2+*!^!,+'.69!+2!.6-!

4-&*>!&'(!&'!&'';&%!&$-*&/-!+2!^^]!#9!&56#-$-(!QI&=%-!UJSRJ!!

!



! `^

5&-3$''N

1V$L-2$(&-,!^!:-''#'N cZ!3([0!42-3!Z

E " << J:` <\\"+$!M$)&%&(#'

AA!?,4%6#,(N !%.$#N !%.$#N

]= J:` Z " EZ 3([0 =\ 3([0

IL#,(!!%.$#N IL#,(!!%.$#N

E " =U 3([0 <U 3([0

1%#)(2&)&(/N 144%6#,(N X&%N

E " =< JA+[0 U\ " Ud J:` <bZ QQ%[0

Algae Facility 

100-ha Ponds

Silos 

1,700 m
3

Extraction 

105 mt/d

!

M&.62#!U8<dN!!I&3L%&4&#0!3$''!Q$%$,)#!4-2!@$'#!<!OA$'(#P$(#2!(2#$(3#,("#3L+$'&'!q!-&%R>!

'+-P&,.!'#$'-,$%!V$2&$(&-,'!$,0!46#%!$,0!#%#)(2&)&(/!L2-06)(&-,8!!

C+.-W!I6#9!2#/;*-!(+-9!'+.!96+@!.6-!&((#.#+'&%!'&.;*&%!/&9!.6&.!#9!#,1+*.-(!&'(!5+,=;9.-(!+'"9#.-!

Q=-.@--'!HJ?!o!!J?!bFR!.+!,&B-!;1!2+*!5&*=+'!(-,&'(J!

!



! ``

1V$L-2$(&-,!^!:-''#'N

E " << J:`

AA!?,4%6#,(N

]= J:`

1%#)(2&)&(/N 144%6#,(N

E " =c JA+[0 U< " ]\ J:`

Algae Facility 

100-ha Ponds

!

M&.62#!U8=\N!!I&3L%&4&#0!3$''!Q$%$,)#!4-2!@$'#!=!OA$'(#P$(#2!(2#$(3#,("#3L+$'&'!q!Q&-.$'R>!

'+-P&,.!'#$'-,$%!$,0!#%#)(2&)&(/!L2-06)(&-,8!

C+.-W!I6#9!2#/;*-!(+-9!'+.!96+@!.6-!&((#.#+'&%!'&.;*&%!/&9!.6&.!#9!#,1+*.-(!&'(!5+,=;9.-(!+'"9#.-!

Q=-.@--'!!JH!o?JD!bFR!.+!,&B-!;1!2+*!5&*=+'!(-,&'(J!

!

U8b!@XI*!1I*?J!*?C_!J1*YX`!

I6-!,&N+*#.4!+2!.6-!5+9.!&'&%49-9!@-*-!=&9-(!+'!;'#.!5+'9.*;5.#+'!5+9.9!2*+,!.6-!L7!b-&'9!

"+9.F+*B9~!9+2.@&*-!Q?HH`!-(#.#+'>!3&%,!71*#'/9!%+5&.#+'!#'(-KRDJ!!"+9.9!2+*!91-5#&%#P-(!;'#.!

1*+5-99-9!@-*-!-9.#,&.-(!;9#'/!5+'9.*;5.#+'!5+9.!#'2+*,&.#+'!2*+,!9-$-*&%!,&N+*!

-'$#*+',-'.&%!-'/#'--*#'/!5+'9;%.#'/!2#*,9!&'(!;.#%#.#-9>!@6+!6&(!1&*.#5#1&.-(!#'!*-5-'.!%&*/-"

95&%-!@&9.-@&.-*!-'/#'--*#'/!1*+N-5.9!#'!9+;.6-*'!"&%#2+*'#&J!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!

F!Z+*!.6-!1;*1+9-9!+2!&(N;9.#'/!.6-!5+9.9!-9.#,&.-(!6-*-#'!.+!(#22-*-'.!%+5&.#+'9!+*!&2.-*!2;*.6-*!5+'9.*;5.#+'!

#'2%&.#+'>!.6-!)'/#'--*#'/!C-@9!L-5+*(!"+'9.*;5.#+'!"+9.!G'(-K!=&9#9!2+*!.6#9!9.;(4!#9!`a``!Q?HH`!:+9!E'/-%-9\7&'!

0#-/+!&*-&RJ!!!



! !HH

UJaJ! !E""8LE"k !<Z !Ie) !)7IGbEI)!

I6-!%-$-%!+2!&55;*&54!+2!-'/#'--*#'/!5+9.!-9.#,&.-9!(-1-'(9!+'!.6-!-22+*.!1;.!2+*.6!&'(!.6-!

B'+@%-(/-!+2!.6-!&5.;&%!1*+N-5.!5+'(#.#+'9!&'(!(-.&#%9J!!I6-!E99+5#&.#+'!2+*!E($&'5-,-'.!+2!

"+9.!)'/#'--*#'/!QEE")R!1*+$#(-9!&!/;#(-%#'-!.+!.6-!%-$-%!+2!(-.&#%!#'!&!5+9.!-9.#,&.-J!!EE")!

(-2#'-9!2#$-!-9.#,&.-!5%&99-9W!!

! "%&99!!!#9!.6-!Z;%%"0-.&#%!)9.#,&.->!@6#56!#9!=&9-(!+'!(-.&#%-(!;'#.!5+9.!&'(!O;&'.#.4!.&B-"

+22!-9.#,&.-9!2*+,!2#'&%!1%&'9J!!I6-9-!-9.#,&.-9!&*-!/-'-*&%%4!&55;*&.-!.+!@#.6#'!"!H]!.+!

h!U]!+2!&5.;&%!5+'9.*;5.#+'!5+9.J!

! "%&99!?!#9!.6-!A#(!)9.#,&.-!2+*!@6#56!-'/#'--*#'/!#9!DH]!.+!aH]!5+,1%-.-!&'(!&55;*&54!#9!

"!U]!.+!h?H]J!!I6-!-'/#'--*#'/!#9!5+,1%-.-(!.6*+;/6!1*-1&*&.#+'!+2!(#&/*&,9!96+@#'/!

1*+5-99!2%+@>!;.#%#.4!2%+@>!1#1#'/>!&'(!#'9.*;,-'.&.#+'c!6-&.!&'(!,&99!=&%&'5-9c!2#'&%!

%&4+;.!(*&@#'/9c!5+,1%-.-!-O;#1,-'.!%#9.9c!$-'(+*!O;+.-9>!-.5J!

! "%&99!D!#9!.6-!A;(/-.#'/!+*!E;.6+*#P&.#+'!)9.#,&.->!@6#56!#'5%;(-9!1*+5-99!&'(!

5+'5-1.;&%!;.#%#.4!(#&/*&,9>!9#.-!%&4+;.!(*&@#'/9>!&'(!&!'-&*%4!5+,1%-.-!%#9.#'/!+2!,&N+*!

-O;#1,-'.!&'(!&99-,=%#-9J!!"+9.!&55;*&54!*&'/-9!2*+,!"?H]!.+!hDH]J!

! "%&99!S!#9!.6-!Z-&9#=#%#.4!+*!3*-"0-9#/'!)9.#,&.->!@6#56!#9!1*-1&*-(!;9#'/!5+9.!5;*$-9!&'(!

95&%#'/!2&5.+*9!2+*!,&N+*!1*+5-99-9J!!"+9.!&55;*&54!*&'/-9!2*+,!"DH]!.+!hUH]J!

! "%&99!U!#9!.6-!"+'5-1.;&%!)9.#,&.->!@#.6!&'!&55;*&54!+2!"?H]!.+!h!HH]!+2!&5.;&%!5+9.J!

I6-!5;**-'.!9.;(4!5&'!=-!5+'9#(-*-(!"%&99!D>!@#.6!9+,-!"%&99!?!&91-5.9>!9;56!&9!,&99!&'(!6-&.!

=&%&'5-9>!@6#%-!+.6-*!&91-5.9!&*-!&.!"%&99!S>!-J/J!+#%!-K.*&5.#+'J!!Z;%%!"%&99!?!-9.#,&.-9!@#%%!

*-O;#*-!(-5#9#+'9!+'!.6-!2#'&%!9;#.-!+2!1*+5-99-9!&'(!.-56'+%+/#-9!.+!=-!;9-(!&'(!#'2+*,&.#+'!

+'!%#B-%4!2&5#%#.4!9#.-9J!!G'!5+'.*&9.!.+!.6-!5+'9.*;5.#+'!5+9.9>!.6-!5+9.!1-*!;'#.!+2!2;-%!1*+(;5-(!

@#%%!=-!,+9.!9-'9#.#$-!.+!&%/&-!=#+,&99!O;&%#.4!Q-J/J>!%#1#(!5+'.-'.R!&'(!5%#,&.->!'+.!1*+5-99!

5+,1+'-'.9J!

UJaJ? !"<b3ELG7<C !<Z !b8CG"G3E:!EC0 !EgLG"8:I8LE: !ZE"G:GIk !"<7I7!

I6-!-'/#'--*#'/!(-9#/'!&'(!5+'9.*;5.#+'!5+9.!-9.#,&.#'/!+2!&%/&-!=#+2;-%!1*+(;5.#+'!2&5#%#.#-9!

9.*&((%-!.6-!,&N+*!(#$#(-!=-.@--'!9.&'(&*(9!&'(!1*&5.#5-9!+2!&/*#5;%.;*&%!-'/#'--*#'/!&'(!

.6+9-!+2!.6-!56-,#5&%!&'(!5#$#%!-'/#'--*#'/J!!E%/&-!=#+2;-%!1*+(;5.#+'>!;9#'/!6;'(*-(9!+2!1+'(9!
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@+;%(!;9-!.6-!9&,-!%+@"5+9.!&11*+&56-9!&'(!1*&5.#5-9!;9-(!#'!&/*#5;%.;*&%!&'(!&O;&5;%.;*&%!

-'/#'--*#'/>!*&.6-*!.6&'!56-,#5&%!+*!5#$#%!-'/#'--*#'/!1*&5.#5-9J!!<2!5+;*9->!@6-*-!,;'#5#1&%!

@&9.-@&.-*9!&*-!;9-(!2+*!&%/&-!/*+@.6>!+*!@6-'!9+%$-'.9!&*-!*-O;#*-(!2+*!&%/&-!+#%!-K.*&5.#+'>!

&91-5.9!+2!5#$#%!&'(!56-,#5&%!-'/#'--*#'/!1*&5.#5-9!&'(!5+9.9!@#%%!'--(!.+!=-!&11%#-(J!!Z+*!

-K&,1%->!2+*!(+,-9.#5!@&9.-@&.-*!.*-&.,-'.!2&5#%#.#-9>!%-/&%!,&'(&.-9!5+;%(!*-O;#*-!=#((#'/!
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-'/#'--*#'/!5+,1+'-'.9!&'(!5+9.9!&*-!;9-(!2+*!.6-!&%/&-!1*+(;5.#+'!2&5#%#.#-9!Q.6-!1+'(9>!

@&.-*!&'(!';.*#-'.!9;11%#-9>!6&*$-9.#'/>!&'(!&%/&-!=#+,&99!6&'(%#'/!2&5#%#.#-9R>!@#.6!56-,#5&%!
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-K.*&5.#+'R!2&5#%#.#-9J!!3*-$&#%#'/!@&/-9!@-*-!&99;,-(!2+*!&%%!5+'9.*;5.#+'!%&=+*!-K5-1.!%&'(!
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I&=%-!UJa!#%%;9.*&.-9!.6-!(#22-*-'5-9!#'!.6-!;'#.!5+9.9!+2!&%/&-!1*+(;5.#+'!949.-,9!(-9#/'-(!@#.6!

.41#5&%!,;'#5#1&%!@&9.-@&.-*!.*-&.,-'.!2&5#%#.4!-O;#1,-'.!&'(!-'/#'--*#'/!(-9#/'9!&'(!

949.-,9!(-9#/'-(!2+*!&/*#5;%.;*&%!9.&'(&*(9J!!I6-!#.-,9!@#.6!.6-!/*-&.-9.!(#22-*-'5-9!&*-!.&'B"

=&9-(!.-56'+%+/#-9!9;56!&9!&'&-*+=#5!(#/-9.-*9!&'(!5%&*#2#-*9J!!G'!.6-!,;'#5#1&%!*-&%,>!.6-9-!

@+;%(!=-!5+'9.*;5.-(!+2!9.--%"*-#'2+*5-(!5+'5*-.-!@#.6!9+,-@6&.!#'.*#5&.-!#'%-.>!+;.%-.>!&'(!

9%;(/-!6&'(%#'/!5+,1+'-'.9J!!I6-!5+9.9!+2!9;56!(-9#/'9!&*-!-K5-99#$-!2+*!&!=#+2;-%9!&11%#5&.#+'>!

&'(!#'9.-&(!-&*.6@+*B!9.*;5.;*-9>!9;56!&9!5+$-*-(!%&/++'!(#/-9.-*9!&'(!9-..%#'/!=&9#'9!

5+,,+'%4!;9-(!#'!&/*#5;%.;*->!@-*-!.&B-'!&9!.6-!=&9#9!2+*!(-9#/'!+2!5%&*#2#-*9>!.6#5B-'-*9>!&'(!

(#/-9.-*9!&.!.6-!&%/&-!=#+2;-%!2&5#%#.#-9J!!

!!!
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! !H?

*$Q%#!U8bN!@-3L$2&'-,!-4!6,&(!)$L&($%!)-'('!4-2!36,&)&L$%!$,0!$.2&)6%(62$%!#,.&,##2&,.!0#'&.,!

'($,0$20'!4-2!)-3L-,#,('!,##0#0!&,!$,!$%.$#!Q&-46#%!L%$,(8!

:&'(!Qf\6&R fDH>HHH f!U>HHH

3*#,&*4!"%&*#2#-*!Qf\!HHH!,
D
R f?>^UH>HHH fU`>UHH

e#/6!L&.-!3+'(!Qf\6&R f_`>?HH fDS>!HH

"<?!0-%#$-*4!749.-,!Qf\6&R fU>`SH fU>`SH

F&.-*!I*&'92-*!749.-,!Qf\6&R f!H>?HH f!H>?HH

E%/&-!7-..%#'/!8'#.9!Qf\!HHH!,
D
R f?>^UH>HHH fD_>aHH

E%/&-!g*&$#.4!I6#5B-'-*9!Qf\!HHH!,
D
R f?>^UH>HHH f_S^>HHH

E'&-*+=#5!0#/-9.-*9!Qf\!HHH!,
D
R f!>SHH>HHH fU_>_HH

E%/&-!0*4#'/!A-(9!Qf\6&R f!`a>HHH f!`a>HHH

g&9!I;*=#'-!Qf\BFR f!>SaH f!>SaH

V-6#5%-9!Qf\!HH6&R f!HH>HHH f!HH>HHH

)%-5.*#5&%!Qf\!HH6&R f!>`HH>HHH f!>`HH>HHH

A;#%(#'/9!Qf\!HH6&R f!?H>HHH f!?H>HHH

*2$0&(&-,$%!36,&)&L$%!

P$'(#P$(#2!(2#$(3#,(!

(#)+,-%-./

M$23"Q$'#0!

P$'(#P$(#2!

(#)+,-%-./

!
!

UJaJD !"<C7IL8"IG<C!"<7I !b8:IG3:G)L7!

Z+%%+@#'/!'+*,&%!5+9.!-9.#,&.#'/!1*+5-(;*-9>!=&9-!-O;#1,-'.!5+9.9!@-*-!,;%.#1%#-(!=4!2&5.+*9!
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%&4+;.!2+*!.6-!!HH"6&!2&5#%#.4!@&9!&99;,-(!.+!=-!-K1&'(-(!#'.+!2+;*!,+(;%-9!+2!!HH!6&!-&56J!!

E%%!+1-*&.#'/!1&*&,-.-*9!@-*-!B-1.!.6-!9&,-!&9!"&9-!DJ!!I6-!';,=-*!+2!+1-*&.+*9!@&9!

O;&(*;1%-(J!!e+@-$-*>!.6-!9.&22#'/!*-O;#*-,-'.!2+*!.6-!&(,#'#9.*&.#+'!@&9!B-1.!.6-!9&,-J!!I6-!

&(,#'#9.*&.#$-!@+*B!%+&(!#9!&99;,-(!.+!=-!'-&*%4!.6-!9&,-!&9!2+*!.6-!!HH"6&!2&5#%#.#-9J!!I6-!+'%4!

+.6-*!(#22-*-'5-!5+,1&*-(!.+!"&9-!D!#9!.6&.!.6-!5-'.*&%#P-(!+#%!-K.*&5.#+'!2&5#%#.4!5&1&5#.4!@&9!

#'5*-&9-(!.+!6&'(%-!S>HHH!,.\(>!@6#56!&*-!96&*-(!=-.@--'!S`!+.6-*!SHH"6&!&%/&-!2&5#%#.#-9J!!I6-!

96&*-(!-'-*/4!(-,&'(!&'(!9.&22#'/!*-O;#*-,-'.9!+2!.6#9!%&*/-*!9+%$-'.!2&5#%#.4!&*-!%+@-*!.6&'!

"&9-!D>!(#95;99-(!1*-$#+;9%4!#'!7-5.#+'!UJaJSJ!!I6-9-!&*-!.6-!+'%4!9&$#'/9!&..*#=;.-(!.+!.6-!%&*/-*!

SHH"6&!2&5#%#.4!+$-*!.6-!9,&%%-*!"&9-!DJ!!F#.6!&!.+.&%!#'2%;-'.!+2!!D>_HH!D>_HH!b:\4*!&'(!&!

6&*$-9.-(!=#+,&99!+2!?^>`HH?^>`HH!,.\4*>!.6-!/*+99!-'-*/4!1*+(;5-(!2+*!"&9-!U!#9!UU_>HHH!K!

!HD!bj\4*!@6-'!5+'9#(-*#'/!=+.6!+#%!&'(!=#+/&9!QI&=%-!UJ?SRJ!!I6#9!#9!.6-!9&,-!4#-%(!+2!-'-*/4!+2!

!`>DHH!bj\,.!Q+*!SH>^HH!bj\b:R!&9!"&9-!D!QI&=%-!UJ?S!$9J!I&=%-!UJ!`RJ!!!



! !?D

*$Q%#!U8=ZN!!_2-''!#,#2./!L2-06)(&-,!4-2!@$'#!U!OQ&-46#%"#3L+$'&'!q!-&%>!Z\\!+$R!

<#% S`>DHH ==%\4* ?^U>HHH `>^aH ?H>`HH

A#+/&9 _>`UH>HHH ,
D
!"eS\4* ?a!>HHH `>D`H !`>`HH

I63 UU]>\\\ <d>E\\ Z\>c\\

!D>_HH

@$'#
?,4%6#,(!

OJ:[/2R
5&-46#% 72-06)(!D6$,(&(&#' <\

E
!J9[/2

U

J9[3( J9[J:

Y$2V#'(#0!

5&-3$''!

O3([/2R

?^>`HH

!

I6-!*-O;#*-(!@&9.-@&.-*!#'2%;-'.!.+!,&B-!;1!2+*!-$&1+*&.#+'!&'(!%+99-9!*&'/-9!=4!9-&9+'!2*+,!

?D!.+!U`!b:0!QZ#/;*-!UJ?^RJ!!I6-!&%/&-!=#+,&99!1*+(;5-(!2*+,!.6-!2&5#%#.4!*&'/-9!2*+,!?^!.+!

!DU!,.\(>!@6#56!#9!.6-'!9.+*-(!#'!9#%+!9.+*&/-!.+!5*-&.-!&!9.-&(4!9.*-&,!+2!a`!,.\(!+2!=#+,&99J!!

I6#9!=#+,&99!#9!5+,=#'-(!@#.6!.6&.!2*+,!S`!+.6-*!&%/&-!2&5#%#.#-9!.+!5*-&.-!&!.+.&%!2%+@!+2!S>HHH!

,.\(>!@6#56!#9!.6-'!1*+5-99-(!2+*!+#%!-K.*&5.#+'!QZ#/;*-!UJ?^RJ!!I6-!+#%!-K.*&5.#+'!2&5#%#.4!

1*+(;5-9!_>aUD!==%\(>!&'(!&!91-'.!=#+,&99!2%+@!+2!U`!,.\(!#9!9-'.!=&5B!.+!-&56!#'(#$#(;&%!&%/&-!

2&5#%#.4!2+*!9.+*&/-!@6-*-!#.!5&'!=-!(#/-9.-(>!@#.6!.6-!5&*=+'!*-.;*'-(!.+!.6-!&%/&-!1+'(9!&.!&!

*&.-!(-1-'(#'/!+'!.6-!5&*=+'!(-,&'(!QZ#/;*-!UJ?^RJ!

Biomass:

3,900 mt/d from 49

400-ha Facilites

Evaporation & Losses:

23 - 59 MLD

WW Influent: Algae: Algae:

23 - 59 MLD 28 - 135 mt/d 79 mt/d

Spent Algae: Spent Algae:

21 - 101 mt/d 59 mt/d

Electricity: Effluent: Oil:

-9 - 42 MWh/d 7 - 11 MLD 6,753 bbl/d

Algae Facility 

400-ha Ponds

Extraction 

4,000 mt/d

Silos 

6,700 m
3

!

M&.62#!U8=cN!!I&3L%&4&#0!3$''!Q$%$,)#!4-2!@$'#!U!OQ&-46#%"#3L+$'&'!q!-&%>!Z\\!+$R>!'+-P&,.!

'#$'-,$%!V$2&$(&-,'8!
C+.-W!I6#9!2#/;*-!(+-9!'+.!96+@!.6-!&((#.#+'&%!2%;-!/&9!2*+,!&!'&.;*&%!/&9!=;*'-*!+*!/-'-*&.+*!.6&.!#9!

#,1+*.-(!Q-J/J>!2*+,!&!?JH!o!!^!bF!/-'-*&.+*R!.+!9&.#924!&%/&-!5&*=+'!(-,&'(J!



! !?S

I+!#%%;9.*&.-!.6-!-'$#9#+'-(!1*+5-99!#'!,+*-!(-.&#%!&'(!&99#9.!#'!#.9!-$&%;&.#+'>!&!(-.&#%-(!,&99!

=&%&'5-!2+*!"&9-!U!#9!96+@'!#'!Z#/;*-!UJ?`J!!I6-!,&99!=&%&'5-!#'5%;(-9!@&.-*>!=#+,&99>!'#.*+/-'!

&'(!5&*=+'J!!0-.&#%9!9;56!&9!.6-!%+99!+2!@&.-*!&'(!&,,+'#&!'#.*+/-'!2*+,!.6-!1+'(9!&'(!(*4#'/!

=-(9!5&'!=-!9--'J!!b#'+*!,&99-9!9;56!&9!9+%$-'.!%+99!&*-!'+.!96+@'J!

Z+*!"&9-!U>!.6-!.+.&%!5&1#.&%!5+9.!*-O;#*-(!#9!f!H!J_!,#%%#+'!QI&=%-!UJ?URJ!!E9!(-95*#=-(!&=+$->!

,+9.!+2!.6-!5+9.9!@-*-!.&B-'!2*+,!"&9-!D!&'(!,;%.#1%#-(!=4!2+;*!.+!*-2%-5.!.6-!#'5*-&9-!#'!1+'(!

&*-&J!!<'-!+2!.6-!5+9.!9&$#'/9!2*+,!"&9-!D!#9!.6-!*-(;5-(!96&*-!+2!.6-!9+%$-'.!-K.*&5.#+'!2&5#%#.4!

5&1#.&%J!!G'!"&9-!U>!.6-!%&*/-*!-K.*&5.#+'!2&5#%#.4!#9!96&*-(!@#.6!S`!+.6-*!SHH"6&!&%/&-!2&5#%#.#-9>!

(-5*-&9#'/!.6-!5+9.!1-*!&%/&-!2&5#%#.4!2*+,!f?>SDH>HHH!.+!f__U>HHH!J



! !?U

!

!

(Ave) (Max) (Ave) (Max) (Ave) (Max) (Ave) (Max)

Q (m3/d) "7UDAAA F17DAAA Q (m3/d) F"D1AA 11D"AA Q (m3/d) FA6DAAA FUADAAA Q (m3/d) 7D56A 5AD[AA

Biomass (kg/d) 6DA[A OD"6A CO2 (kg/d) FUDAAA 65DO6A Biomass (kg/d) 6D"1A OD1OA Biomass (kg/d) 56O ""1 (Ave) (Max)

C (kg/d) "D1"A FD11A CO2-C (kg/d) 7DO"A 5FD7OF C (kg/d) "D17A FD66A C (kg/d) O6 5AU Q (m3/d) FDA1A 1DFFA

N (kg/d) "DU6A 1D57A N (kg/d) 1AU 6AO N (kg/d) "DOFA 1DF"A N (kg/d) [" 5FA N (kg/d) 5D5[A 5DU7A

(Ave) (Max) (Ave) (Max) (Ave) (Max) (Ave) (Max)

Q (m3/d) 11DOAA 67DFAA Q (m3/d) F5"DAAA FU[DAAA Q (m3/d) UDU1A 7D1OA Q (m3/d) FD5UA 1D6AA

C (kg/d) 5DO1A "DF5A Biomass (kg/d) 5A6DAAA 517DAAA Biomass (kg/d) 77DUAA 51"DAAA Biomass (kg/d) 71DOAA 5F6DAAA

N (kg/d) 5D6UA "DA[A C (kg/d) 17D[AA O5DAAA C (kg/d) 1ODFAA UOD1AA C (kg/d) 16DAAA U1D5AA

N (kg/d) ODO5A 7DU1A N (kg/d) 1D7[A OD5AA N (kg/d) 1DOFA UDO1A

(Ave) (Max) (Ave) (Max) (Ave) (Max) (Ave) (Max) (10 mo. avg.) (Max)

Q (m3/d) FD6UA 6DAOA CO2 (kg/d) 511DAAA "AODAAA Q (m3/d) FD17A 1D7OA Q (m3/d) 55[ 5U7

Biomass (kg/d) F[D7AA 66D1AA CO2-C (kg/d) F[D[[A 66D[7A Biomass (kg/d) 1D7[A OD5AA Biomass (kg/d) 71DOAA 5F6DAAA

C (kg/d) 5UDUAA "FDOAA C (kg/d) "DFOA FDFOA C (kg/d) 16DAAA U1D5AA

N (kg/d) FD[AA 6D15A N (kg/d) "17 F66 N (kg/d) FD66A 6DAUA

(Ave) (Max) (Ave) (Max)

CO2 (kg/d) O7DFAA 556DAAA Q (m3/d) F6D5AA 6ADAAA

C (kg/d) "5D1AA F5D5AA CO2 (kg/d) ""D1AA F"DAAA (10 mo. avg.) (Max)

CH4 (kg/d) 56D1AA "5D7AA Q (m3/d) "" F5

CTotal (kg/d) 5ODUAA "6D5AA

(10 mo. avg.) (Max) Q (m3/d) Q (m3/d)

Q (m3/d) O" 5AF Biomass (kg/d) Biomass (kg/d)

Biomass (kg/d) O5DAAA 5A5DAAA C (kg/d) C (kg/d)

C (kg/d) FFDOAA 1[D5AA N (kg/d) N (kg/d)

N (kg/d) FD66A 6DAUA

Q (m3/d)

Oil (kg/d)

Oil (bbl/d)

C (kg/d)

Spent Algae (12 mo. avg.)

Evaporation/ Volatilization

Total Flue Gas

Make-Up Wastewater

Algae Settling Supernatant

Digester Effluent

BlowdownSupernatant of Algae Settling

Total Effluent

External Flue Gas

O"

67D"AA

"[D5AA

"D7UA

"U

57DOAA

5U"

7DFOA

Spent Algae

Electricity From 

Biogas (MWh/d)
O5 5A5

Dried Algae (12 mo. avg.)

Unrefined Oil from 1 400-ha Site

"D7UA

FOD6AA

O[D7AA

7O

Evaporation/ Volatilization

Supernatant of Gravity Thickener

Subnatant of Gravity Thickener

Evaporation

Subnatant of Algae Settling

Electricity

Biogas 

Dried Algae Flakes

Algae High Rate Ponds

Generator

2° Clarifiers
Algae Gravity 

Thickeners

Anaerobic Digesters

Flash Dryer & Silos at 

Pond Site

Centralized Solvent 

Extraction Facility

Drying Beds

Silos at Pond Site 

Mass Balance of Carbon, 

Nitrogen, and Water for Case 5. 

(400 ha algae facility)

!

!

M&.62#!U8=dN!!A$(#2>!Q&-3$''>!$,0!,6(2&#,(!3$''!Q$%$,)#!4-2!@$'#!U8!!!,,6$%!$V#2$.#!$,0!3$W&363!4%-P'!$2#!'+-P,8!!

C+.-W!Z#/;*-!#9!2+*,&..-(!2+*!!!Y!K!!aY!1&/-!9#P-J!!I6-!&%/&-!2&5#%#.4!+1-*&.-9!!H!,+'.69!1-*!4-&*>!=;.!.6-!-K.*&5.#+'!2&5#%#.4!

+1-*&.-9!!?!,+'.69!1-*!4-&*J!!I6-*-2+*->!&$-*&/-!2%+@9!/+#'/!#'.+!&'(!+;.!+2!9.+*&/-!9#%+9!&*-!+'!&!!?!+*!!H!,+'.6!&$-*&/-!=&9#9J!

C&.;*&%!/&9!#'1;.9!2+*!2%&96!(*4-*!&'(!9+%$-'.9!2+*!5-'.*&%#P-(!9+%$-'.!-K.*&5.#+'!2&5#%#.4!&*-!'+.!96+@'J



!

!

*$Q%#!U8=UN!!I633$2/!-4!)$L&($%!)-'('!4-2!@$'#!U!OQ&-46#%"#3L+$'&'!q!-&%>!Z\\!+$R!

e#/6!*&.-!1+'(9 !D>_HH>HHH

0*4#'/!=-(9 `>_`H>HHH

:&'( `>S!H>HHH

0#/-9.-*9 ^>_?H>HHH

)%-5.*#5&% a>_HH>HHH

A#+/&9!.;*=#'- _>S^H>HHH

F&.-*!1#1#'/ _>DaH>HHH

?q!"%&*#2#-*9 D>aUH>HHH

"<?!(-%#$-*4 ?>D^H>HHH

Z%&96!(*4-*! ?>HaH>HHH

L+&(9!h!Z-'5#'/ !>DUH>HHH

I6#5B-*'-*9 !>H?H>HHH

)K.*&5.#+'!1%&'.!96&*- __U>HHH

A;#%(#'/9 S^H>HHH

7#%+!9.+*&/- SaH>HHH

V-6#5%-9 SHH>HHH

I+.&% aS>DUU>HHH

3-*,#..#'/ !HH>HHH

b+=#%#P&.#+'\(-,+=#%#P&.#+' DJU] ?>_HH>HHH

"+'9.*;5.#+'!G'9;*&'5- S] ?>`aH>HHH

)'/#'--*#'/>!:-/&%>!M!E(,#'#9.*&.#+' a] U>?HH>HHH

"+'9.*;5.#+'!b&'&/-,-'. !?] ^>`?H>HHH

"+'.#'/-'54 !H] a>SSH>HHH

*-($%!@$L&($%!@-'( a<\<>UcU>\\\

@$L&($%!@-'(

!

!

F#.6!&!.+.&%!*-$-';-!1-*!4-&*!+2!f?>??H>HHH!\4*!2*+,!+'9#.-!-%-5.*#5&%!/-'-*&.#+'>!&'!+1-*&.#'/!

-K1-'9-!+2!Qf^>H`H>HHHR\4*>!&'(!&!5&1#.&%!56&*/-!+2!Qf`>H?H>HHHR\4*>!.6-!.+.&%!5+9.!+2!1*+(;5.#+'!

#9!Qf!S>^`H>HHHR\4*!QI&=%-!UJ?_RJ!!F#.6!.6-!S`>DHH!==%\4*!1*+(;5-(>!&!.+.&%!5+9.!+2!1*+(;5.#+'!+2!

QfDH?R\==%!#9!5&%5;%&.-(!QI&=%-!UJ?_RJ!!I6#9!5+9.!#9!%-99!.6&'!=+.6!"&9-9!!!&'(!D!(;-!,&#'%4!.+!.6-!

%+@-*!&(,#'#9.*&.#$-!9.&22!&'(!+#%!-K.*&5.#+'!5+9.9J!



!?a!

!

*$Q%#!U8=]N!!I633$2/!-4!4&,$,)&$%!3-0#%!4-2!@$'#!U!OQ&-46#%"#3L+$'&'!q!-&%>!Z\\!+$R!

I+.&%!*-$-';-!Qf\4*R f?>??H>HHH

I+.&%!+1-*&.#'/!-K1-'9-9!Qf\4*R Qf^>H`H>HHHR

"&1#.&%!56&*/-!Qf\4*R Qf`>H?H>HHHR

*-($%!)-'(!-4!L2-06)(&-,!Oa[/2R Oa<Z>cd\>\\\R

I+.&%!+#%!1*+(;5-(!Q==%\4*R S`>DHH

*-($%!)-'(!-4!L2-06)(&-,!L#2!Q$22#%!Oa[QQ%R OaE\=R

M&,$,)&$%!'633$2/

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!?^!

!

U8<<!@XI*!@XJ7!"?IXC!!C`!!C!:KI?I!I1CI?*?H?*?1I!

E!9;,,&*4!+2!&%%!.6-!5&9-9!#9!1*-9-'.-(!#'!I&=%-!UJ?aJ!!I6-!@&9.-@&.-*!5&9-9!6&$-!9%#/6.%4!

6#/6-*!5&1#.&%!5+9.9!(;-!.+!.6-!+'9#.-!1*#,&*4!.*-&.,-'.!.6&.!#9!+,#..-(!2*+,!.6-!=#+2;-%9!5&9-9J!!

e+@-$-*>!6&$#'/!1*#,&*4!.*-&.,-'.!&%%+@9!1*#,&*4!9%;(/-!.+!=-!(#/-9.-(>!#'5*-&9#'/!-%-5.*#5#.4!

1*+(;5.#+'J!!<#%!1*+(;5.#+'!=4!.6-!=#+2;-%"-,16&9#9!"&9-!D!#9!9%#/6.%4!%-99!.6&'!.6-!@&9.-@&.-*"

-,16&9#9!"&9-!!!=-5&;9-!.6-!"&9-!D!1%&'.!@+;%(!'+.!=-!+1-*&.-(!(;*#'/!@#'.-*J!!I6-!

@&9.-@&.-*!.*-&.,-'.!5&9-9!@#%%!6&$-!&!6#/6-*!5*-(#.!2+*!@&9.-@&.-*!.*-&.,-'.!Q9--!=-%+@R>!

@6#56!-K1%&#'9!.6-!%+@-*!5+9.!1-*!BF6!2+*!"&9-!?!5+,1&*-(!.+!"&9-!SJ!!I6-!%+@-*!+1-*&.#'/!

-K1-'9-9!&'(!5&1#.&%!5+9.9!%-&(!.+!.6-!%+@-*!5+9.!1-*!=&**-%!@6-'!5+,1&*#'/!"&9-9!!!.+!DJ!!"&9-!

U!&.!SHH!6&!6&9!.6-!/*-&.-9.!1+.-'.#&%!2+*!.6-!&,+;'.!+2!+#%!.6&.!5&'!=-!1*+(;5-(!&'(!5&'!&%9+!

&56#-$-!.6-!%+@-9.!5+9.!1-*!=&**-%!&.!QfDH?R\==%J!!!

!

*$Q%#!U8=bN!!M&,$,)&$%!'633$2/!4-2!&,0&V&06$%!)$'#!'(60&#'8!!C-!)2#0&(!4-2!P$'(#P$(#2!

(2#$(3#,(!&'!)-,'&0#2#0!&,!(+&'!($Q%#8!!!

@$L&($%!)-'( XL#2$(&-,$%!)-'(

Oa!3&%%&-,R Oa!3&%%&-,[/2R

< !HH!6&
F&9.-@&.-*!

I*-&.,-'.
<#% !?>aHH ==%\4* fD_! fDJH! QfS!aR \==%

= !HH!6&
F&9.-@&.-*!

I*-&.,-'.
A#+/&9 _>DHH bF6\4* f?_! f!J_! QfHJ_?R \BF6

E !HH!6&
A#+2;-%!

3*+(;5.#+'
<#% !?>DHH ==%\4* fD!! f?J^! QfSHUR \==%

Z !HH!6&
A#+2;-%!

3*+(;5.#+'
A#+/&9 D>aaH bF6\4* f?!! f!JU! QfHJ^`R \BF6

U SHH!6&
A#+2;-%!

3*+(;5.#+'
<#% S`>DHH ==%\4* f!H?! f^J!! QfDH?R \==%

!2#$@$'#
@-'(!-4!

L2-06)(&-,
72-06)(!;6$,(&(/5&-46#%13L+$'&'

!

I+!&'&%4P-!.6-!*-$-';-!.6&.!5+;%(!=-!/-'-*&.-(!2+*!@&9.-@&.-*!.*-&.,-'.!2+*!.6-!#'(#$#(;&%!

5&9-9>!=#+56-,#5&%!+K4/-'!(-,&'(!QA<0R!*-,+$&%!@&9!5&%5;%&.-(J!!Z--9!2+*!@&9.-@&.-*!

.*-&.,-'.!$&*4!@#(-%4>!=;.!&99;,#'/!&!.41#5&%!,;'#5#1&%!*-$-';-!+2!f!J?D\B/!A<0!*-,+$-(!

QEb7E>!?HH?R>!.6-!*&'/-!+2!*-$-';-9!.6&.!5&'!=-!/-'-*&.-(!#9!f_?a>HHH!2+*!"&9-!S>!@6#56!

*-5-#$-9!.6-!%+@-9.!#'2%;-'.!2%+@>!.+!fS>`UH>HHH!2+*!"&9-9!!!&'(!?>!@6#56!*-5-#$-!.6-!6#/6-9.!



!?`!

!

#'2%;-'.!2%+@9!QI&=%-!UJ?^RJ!!G'5%;(#'/!.6#9!*-$-';->!.6-!2#'&%!5+9.!+2!1*+(;5.#+'!2+*!"&9-!!!

(-5*-&9-9!.+!Qf?^R\==%!2*+,!QfS!aR\==%!QI&=%-!UJ?^RJ!!I6-!"&9-!?!5+9.!+2!1*+(;5.#+'!=-5+,-9!

1+9#.#$-!&.!fHJ!a!\BF6>!@#.6!/*-&.-*!*-$-';-!.6&'!5+9.9J!!I6-!=#+2;-%"-,16&9#9!"&9-9!D!.6*+;/6!

U!9.#%%!6&$-!'-/&.#$-!5+9.9!+2!1*+(;5.#+'>!=;.!.6-4!#,1*+$-!.+!QfDD?R\==%!2+*!"&9-!D>!

QfHJa?R\BF6!2+*!"&9-!S>!&'(!Qf?SHR\==%!2+*!"&9-!U!QI&=%-!UJ?^RJ!

!

*$Q%#!U8=cN!!*-($%!)-'(!-4!L2-06)(&-,!P+#,!&,)%60&,.!P$'(#P$(#2!(2#$(3#,(!2#V#,6#!42-3!

5X`!2#3-V$%8!

< !HH!6&
F&9.-@&.-*!

I*-&.,-'.
<#% QfS!aR \==% fS>`UH>HHH Qf?^R \==%

= !HH!6&
F&9.-@&.-*!

I*-&.,-'.
A#+/&9 QfHJ_?R \BF6 fS>`UH>HHH fHJ!a!\BF6

E !HH!6&
A#+2;-%!

3*+(;5.#+'
<#% QfSHUR \==% faUS>HHH QfDD?R \==%

Z !HH!6&
A#+2;-%!

3*+(;5.#+'
A#+/&9 QfHJ^`R \BF6 f_?a>HHH QfHJa?R \BF6

U SHH!6&
A#+2;-%!

3*+(;5.#+'
<#% QfDH?R \==% fD>HDH>HHH Qf?SHR \==%

XV#2$%!)-'(!-4!

L2-06)(&-,!P[!

(2#$(3#,(!2#V#,6#

13L+$'&' 5&-46#%

@-'(!-4!

L2-06)(&-,!P[-!

P$'(#P$(#2!

(2#$(3#,(!)2#0&(

A$'(#P$(#2!

(2#$(3#,(!

2#V#,6#!Oa[/2R

@$'# !2#$

!

!

E,+'/!.6-!!HH"6&!2&5#%#.#-9>!1*+(;5.#+'!+2!+#%!Q"&9-9!!!&'(!DR!&((-(!5+'9#(-*&=%-!-K1-'9-!

5+,1&*-(!.+!1*+(;5.#+'!+2!=#+/&9!+'%4!Q"&9-9!?!&'(!SRJ!!"&1#.&%!5+9.9!&*-!DH"SH]!6#/6-*!&'(!

+1-*&.#'/!5+9.9!&11*+&56!!HH]!6#/6-*!(;-!.+!.6-!&((#.#+'&%!2&5#%#.#-9!'--(-(!2+*!.6-!+#%!

1*+(;5#'/!5&9-9J!!I6-!SHH"6&!"&9-!U!6&9!+'%4!&!DJD"2+%(!6#/6-*!5&1#.&%!5+9.!.6&'!.6-!&'&%+/+;9!

!HH"6&!"&9-!D>!#'(#5&.#'/!.6-!-5+'+,4!+2!95&%-J!!7#,#%&*%4>!.6-!"&9-!U!+1-*&.#'/!5+9.9!&*-!+'%4!

?J`".#,-9!/*-&.-*!.6&'!.6+9-!+2!"&9-!DJ!

"&9-9!!!&'(!?>!@#.6!=#+2;-%9!1*+(;5.#+'!&9!&!=41*+(;5.!+2!@&9.-@&.-*!.*-&.,-'.>!&*-!6#/6%4!

2&$+*&=%-!-5+'+,#5&%%4!#'!.6#9!&'&%49#9J!!"&9-!!!*-9;%.9!#'!&!5+9.!+2!1*+(;5.#+'!.6&.!#9!&=+;.!&!

.6#*(!+2!5;**-'.!1-.*+%-;,!+#%!1*#5-9J!!"&9-!?!Q=#+/&9!+'%4R!&56#-$-9!1+9#.#$-!'-.!*-$-';-!

@#.6+;.!&'4!#'5+,-!2*+,!.6-!9&%-!+2!=#+/&9"(-*#$-(!-%-5.*#5#.4>!,-&'#'/!.6&.!.6-!@&9.-@&.-*!

.*-&.,-'.!*-$-';-9!,+*-!.6&'!5+$-*!.6-!5&1#.&%!&'(!+1-*&.#'/!5+9.9!+2!.6-!2&5#%#.4J!!e+@-$-*>!
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.6-9-!*-9;%.9!&*-!6#/6%4!9-'9#.#$-!.+!&'4!56&'/-9!#'!5+9.9!+*!*-$-';-9>!=-5&;9-!.+.&%!5+9.9!'-&*%4!

-O;&%!.+.&%!*-$-';-!2+*!"&9-9!!!&'(!?J!!

I6-!-5+'+,#59!&*-!'+.!2&$+*&=%-!2+*!"&9-9!D!&'(!S>!@6-*-!@&9.-@&.-*9!&*-!+'%4!9;11%-,-'.&*4!

.+!=#+2;-%!1*+(;5.#+'!&'(>!.6;9>!@&9.-@&.-*!.*-&.,-'.!5*-(#.9!&*-!,;56!9,&%%-*!Q%-99!.6&'!!U]!

+2!"&9-9!!!&'(!?RJ!!e+@-$-*>!-$-'!.6#9!9,&%%!&,+;'.!+2!5*-(#.!*-(;5-9!+#%!+*!-%-5.*#5#.4!5+9.9!=4!

&=+;.!?H]J!!!

I+!&56#-$-!=*-&B"-$-'!2+*!"&9-9!D!&'(!S>!+#%!@+;%(!'--(!.+!=-!9+%(!2+*!fDD?\=&**-%!&'(!

-%-5.*#5#.4!2+*!fHJa?\BF6>!=+.6!2&*!6#/6-*!.6&'!5;**-'.!1*#5-9J!!E%.6+;/6!*-'-@&=%-!-'-*/4!&'(!

/*--'6+;9-!/&9!&=&.-,-'.!5*-(#.9!,&4!=-!&$&#%&=%-!2+*!9;56!&!1*+5-99>!.6-9-!&*-!91-5;%&.#$-!&.!

.6#9!.#,-!&'(>!#'!&'4!-$-'.>!@+;%(!'+.!=-!9;22#5#-'.!&.!5;**-'.!%-$-%9!.+!,&B-!9;56!&!1*+5-99!

-5+'+,#5J!!Z+*!"&9-!U>!@6#56!#9!9#,#%&*!.+!"&9-!D!=;.!2+;*".#,-9!%&*/-*!QSHH!6&R>!-5+'+,#-9!+2!

95&%-!*-(;5-!.6-!5+9.!+2!1*+(;5.#+'!=4!&!O;&*.-*>!.+!f?SH\=&**-%>!9.#%%!,;56!.++!6#/6!2+*!5;**-'.!

+*!2+*-9--&=%-!-5+'+,#59!+2!*-'-@&=%-!=#+2;-%9>!-$-'!#'5%;(#'/!/*--'6+;9-!/&9!5*-(#.9J!!!

E((#.#+'&%!.&=%-9!/#$#'/!9#(-"=4"9#(-!5+,1&*#9+'9!+2!&%%!.6-!5&9-9!&*-!1*+$#(-(!#'!.6-!)K-5;.#$-!

7;,,&*4J
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!

!@Y!7*1"!]8!@XC@:GI?XCI!!C`!"^`!"1@XJJ1C`!*?XCI!

!

]8<8!5?XMG1:I!!C`!@X"7"X`G@*I!!
!

I6-!,&#'!5+'5%;9#+'!2*+,!.6#9!*-1+*.!#9!.6&.!+#%!1*+(;5.#+'!@#.6!,#5*+&%/&-!@#%%!=-!-K1-'9#$->!

-$-'!@#.6!*-%&.#$-%4!2&$+*&=%-!1*+5-99!&99;,1.#+'9!Q-J/J!%+@!5+9.!949.-,!(-9#/'9>!6#/6!

1*+(;5.#$#.4!&%/&-!5;%.#$&.#+'>!6#/6!+#%!5+'.-'.>!%+@!5+9.!6&*$-9.#'/!&'(!1*+5-99#'/RJ!!

!

E%.6+;/6!+'%4!@&9.-@&.-*!.*-&.,-'.!@&9!5+'9#(-*-(!-K.-'9#$-%4!&9!&!1+.-'.#&%!5+"1*+(;5.>!

+.6-*!+11+*.;'#.#-9!5&'!=-!5+'9#(-*-(>!9;56!&9!&'#,&%!2--(!5+"1*+(;5.#+'!&%+'/!@#.6!.6-!&%/&-!

+#%J!!G'(--(>!,+9.!5;**-'.!1*+N-5.9!#'!&%/&-!=#+2;-%9!;9-!&'#,&%!2--(9!5+"1*+(;5.#+'!.+!#,1*+$-!

.6-#*!1*+N-5.-(!=+..+,!%#'-9J!!e+@-$-*>!;9#'/!.6-!=#+,&99!*-9#(;-!*-,&#'#'/!&2.-*!+#%!-K.*&5.#+'!

2+*!&'#,&%!2--(9!@+;%(!'+.!&((!/*-&.%4!.+!.6-!=+..+,!%#'-!@6-*-!(*4#'/!@&9!'+.!&%*-&(4!=-#'/!

(+'-!.+!&%%+@!2+*!9+%$-'.!-K.*&5.#+'J!!)K.-'9#$-!&'&%49#9!+2!&'#,&%!2--(!1*+(;5.#+'!#9!=-4+'(!.6-!

95+1-!+2!.6#9!9.;(4J!!!

!

E'+.6-*!1+1;%&*!+1.#+'!#9!.+!5+,=#'-!&%/&-!=#+2;-%!1*+(;5.#+'!@#.6!6#/6-*!$&%;-!5+"1*+(;5.9>!

&%9+!&($+5&.-(!=4!,&'4!1*+,+.-*9!#'!.6#9!2#-%(J!!Z+*!-K&,1%->!,("-(.$/$//'+!0)'%*()*+!#9!/*+@'!

2+*!.6-!1*+(;5.#+'!+2!&9.&K&'.6#'>!&!6#/6!$&%;-!Q[f?>HHH\B/R!*-(!5+%+*&'.!;9-(!#'!%&*/-!&,+;'.9!

Q&=+;.!?HH!.+'9R!.+!5+%+*!9&%,+'!#'!.6-!&O;&5;%.;*-!#'(;9.*4J!!F#.6!&!5+'.-'.!+2!?]!&9.&K&'.6#'!

#'!.6-!,9!0)'%*()*+!=#+,&99!&'(!1+99#=%4!&!?H]!+#%!5+'.-'.>!;1!.+!!H>HHH!.+'9!+2!=#+,&99!&'(!

?>HHH!.+'9!Q+*!,+*-R!+2!+#%!5+;%(!=-!1*+(;5-(!2+*!.6#9!,&*B-.J!!F#.6!.6-!,9!0)'%*()*+!=#+,&99!

6&$#'/!&!$&%;-!+2!fSH>HHH!1-*!.+'>!#.!96+;%(!'+.!=-!&!,&N+*!56&%%-'/-!.+!1*+(;5->!-K.*&5.!.6-!

5+%+*!&'(!9-%%!.6-!*-9#(;&%!+#%!2+*!=#+2;-%J!!G'(--(>!%&9.!4-&*!*-9#(;&%!+#%!2*+,!,9!0)'%*()*+!@&9!

;9-(!2+*!1*+(;5.#+'!+2!N-.!2;-%!#'!&!"+'.#'-'.&%!2%#/6.!.-9.J!!e+@-$-*>!#.!,&4!=-!'+.-(!.6&.!

5;**-'.%4!.6-!+'%4!,&*B-.!2+*!&9.&K&'.6#'!2*+,!,9!0)'%*()*+!#9!#'!';.*&5-;.#5&%9>!@6-*-!#.!6&9!&'!

-$-'!6#/6-*!$&%;-!Q[f?H>HHH\B/R>!.6+;/6!,;56!9,&%%-*!,&*B-.!Q[?!.+'9RJ!!b+*-!#,1+*.&'.%4>!#2!

1*+(;5.#+'!5+9.9!@-*-!*-(;5-(!.+!5+,1-.-!#'!.6-!9&%,+'!5+%+*&'.!,&*B-.!Q'+@!(+,#'&.-(!=4!

.6-!,;56!56-&1-*!94'.6-.#5!&9.&K&'.6#'R>!.6-*-!@+;%(!=-!'+!*-&9+'!'+.!.+!;9-!.6-!-'.#*-!

=#+,&99>!*&.6-*!.6&'!N;9.!.6-!-K.*&5.-(!1#/,-'.>!&9!2--(J!!G'!&'4!-$-'.>!.6-!,&*B-.!@+;%(!=-!

%#,#.-(!.+!+'-!+*!.@+!=#+2;-%9!1*+(;5.#+'!1%&'.9!+2!,#'#,;,!95&%-J!!G'!5+'5%;9#+'>!91-5#&%.4!

&'#,&%!2--(9!(+!'+.!1*+$#(-!&!*-&%#9.#5!5+"1*+(;5.!+1.#+'!.+!&%/&-!=#+2;-%!1*+(;5.#+'J!!!

!

_J?J!Ie)!"8LL)CI!7IEI)!<Z!Ie)!E:gE)!AG<Z8):7!GC087ILk!!

!

I6-!&%/&-!=#+2;-%9!#'(;9.*4!#9!9.#%%!#'!#.9!-&*%4!/-9.&.#+'J!!E9!*-$#-@-(!-&*%#-*>!5;**-'.!5+,,-*5#&%!

&%/&-!=#+,&99!1*+(;5.#+'!#9!*-9.*#5.-(!.+!6#/6!$&%;-!';.*#.#+'&%!1*+(;5.9>!@6#56!#'!.6-!87!#9!

*-1*-9-'.-(!,&#'%4!=4!.@+!5+,1&'#-9>!)&*.6*#9-!C;.*#.#+'&%9!>::"!#'!"&%#2+*'#&!&'(!"4&'+.-56!

"+*1J!#'!e&@&##J!!I+/-.6-*!.6-4!+1-*&.-!&=+;.!SH!6&!+2!&%/&-!1+'(9>!=+.6!;9#'/!.6-!9.&'(&*(!

1&((%-!@6--%!,#K-(!*&5-@&4!(-9#/'9!/-'-*&%%4!'+@!;9-(!2+*!&%/&-!,&99!5;%.#$&.#+'J!!G'!e&@&##>!
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Z;N#!"6-,#5&%9!&%9+!+1-*&.-9!&!(+,-".41-!16+.+=#+*-&5.+*!1%&'.!QZ#/;*-!?J^R>!@6#56!1*+(;5-9!

1-*6&19!+'-!+*!.@+!.+'9!+2!&%/&-!=#+,&99!Q,("-(.$/$//'+!0)'%*()*+!2+*!&9.&K&'.6#'R!1-*!4-&*>!

=;.!.6#9!#9!'+.!+2!2;*.6-*!#'.-*-9.!#'!.6#9!(#95;99#+'J!!E!';,=-*!+2!@&9.-@&.-*!.*-&.,-'.!1%&'.9!

;9-!&%/&-!1+'(9!&'(!6&*$-9.!&%/&-!2*+,!.6-9-!@#.6!56-,#5&%!2%+55;%&'.9>!#'!"&%#2+*'#&!1-*6&19!

2+*!&!.+.&%!+2!5%+9-!.+!!>HHH!6-5.&*-9J!!e+@-$-*>!.6-!&%/&-!=#+,&99"2%+55;%&'.!,#K.;*-!1*+(;5-(!

#9!'+.!;9-(!=-'-2#5#&%%4>!(;-!.+!(#22#5;%.#-9!+2!6&'(%#'/!9;56!&!@&9.-!Q9--!7-5.#+'!?RJ!

!

0-91#.-!.6-!95+*-9>!#2!'+.!+$-*!&!6;'(*-(>!5+,1&'#-9!#'!.6-!87>!&'(!,+*-!&=*+&(>!'+@!#'!.6#9!

2#-%(>!.6-*-!&*-!&9!4-.!Q,#("?H!HR!'+!1#%+.!1%&'.9!Qs!HH!,.!&%/&-!=#+,&99\4*R!2+*!&;.+.*+16#5!

&%/&-!=#+2;-%9!1*+(;5.#+'!+1-*&.#'/!#'!.6-!87!+*!-%9-@6-*-J!!)$-'!.6-!2-@!1*-"1#%+."95&%-!Q-J/J!

s!H!,.R!1%&'.9!6&$-!+1-*&.-(!2+*!%-99!.6&'!&!4-&*>!@#.6!+'%4!*&.6-*!9,&%%-*!+1-*&.#+'9!+2!&!2-@!

6;'(*-(!9O;&*-!,-.-*9!+1-*&.#'/!2+*!.@+!+*!,+*-!4-&*9!Q-J/J>!7-&,=#+.#59!#'!G9*&-%!&'(!E;*+*&!

A#+2;-%9!#'!Z%+*#(&RJ!!I6-!.+.&%!+;.1;.!2*+,!&%%!-K1-*#,-'.&%!2&5#%#.#-9!+$-*!.6-!1&9.!4-&*!@&9!+'%4!

&!2-@!.+'9!+2!=#+,&99!&'(!%-99!.6&'!&!6;'(*-(!/&%%+'9!+2!&5.;&%!&%/&-!+#%>!#2!.6&.!,;56J!!

E%.6+;/6!&!';,=-*!+2!5+,1&'#-9!6&$-!&''+;'5-(!1*+N-5.9!+2!$&*#+;9!95&%-9!.+!=-!#'#.#&.-(!+$-*!

.6-!'-K.!4-&*>!#.!#9!1*-,&.;*-!.+!&'.#5#1&.-!&'4!&5.;&%!*-9;%.9>!#'!-#.6-*!1*+(;5.#+'>!#'2+*,&.#+'>!

+*!*-9;%.9>!2*+,!9;56!&5.#$#.#-9J!!e+@-$-*>!.6*--!2&#*%4!&($&'5-(!87!1*+N-5.9!2+*!&%/&-!+#%!

1*+(;5.#+'!5&'!=-!,-'.#+'-(W!!"-%%&'&!"+J!+2!e&@&##>!7&116#*-!)'-*/4!+2!7&'!0#-/+>!&'(!

g-'-*&%!E.+,#59>!&%9+!+2!7&'!0#-/+J!!G.!#9!#'9.*;5.#$-!.+!=*#-2%4!(#95;99!.6-!5;**-'.!9.&.;9!+2!-&56!
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!
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/\,?
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,#5*+&%/&-!+#%!1*+(;5.#+'!#'!&!.@+"16&9->!D_",+'.6!LM0!-22+*.J!!36&9-!!>!!'+@!5+,1%-.-(>!@&9!

2+*!!^!,+'.69!&'(!#9!'+@!.+!=-!2+%%+@-(!=4!&!2;*.6-*!!^!,+'.69!Q*-1+*.-(%4!#'!e&@&##>!.6#9!#9!

N;9.!9.&*.#'/RJ!!G.!#9!'+.!5%-&*!@6&.!95&%-!+2!1+'(9!g-'-*&%!E.+,#59!6&9!+1-*&.-(>!+'!.6-#*!+@'!+*!

@#.6!$&*#+;9!1&*.'-*9!#'!.6-!87!+*!-%9-@6-*->!=;.!.6-4!*-1+*.-(%4!1*+(;5-(!,;56!+2!.6-!&%/&-!

=#+,&99!*-O;#*-(!;'(-*!.6-#*!0EL3E!5+'.*&5.!&.!.6-!"&*=+'!"&1.;*-!"+*1J!2&5#%#.4!'-&*!.6-!

7&%.+'!7-&!Q(#95;99-(!#'!7-5.#+'!?RJ!!G.!#9!B'+@'!.6&.!.6-!1*+N-5.!*-O;#*-9!9#/'#2#5&'.!&'#,&%!2--(!

5+"1*+(;5.!5*-(#.9!.+!&11*+&56!.6-!fD\/&%%+'!*-O;#*-,-'.J!!!

E%%!.6*--!5+,1&'#-9!&*-!5+,1*-99#'/!.6-!LM0!16&9-!+2!.6-#*!1*+N-5.9!&'(!&*-!&%*-&(4!1;96#'/!

.+@&*(9!&!(-,+'9.*&.#+'!16&9-J!!G.!,#/6.!=-!&*/;-(!.6&.!.6-!B-4!-,1%+4--9!6&$-!9;22#5#-'.!

-K1-*#-'5-!2*+,!1*#+*!1*+N-5.9!.+!&%%+@!2+*!9;56!&!2&9.!.*&5B!.+!95&%-";1J!!e+@-$-*>!&9!N;9.!

1+#'.-(!+;.>!.6-!+'%4!-K1-*#-'5-!#'!.6#9!2#-%(!*-%&.-9!.+!%&=+*&.+*4!&'(!1*-"1#%+.!95&%-!1*+N-5.9!

2+*!=#+2;-%9!1*+(;5.#+'J!!I6-!5+,,-*5#&%!1*+(;5.#+'!-K1-*#-'5-!*-%&.-9!.+!6#/6"$&%;-!1*+(;5.9>!

@6#56!&*-!6;'(*-(9!.+!.6+;9&'(9!+2!.#,-9!,+*-!$&%;&=%-!.6&'!=#+2;-%9J!!I6-!9.&.-"+2".6-"&*.!#'!

.6#9!2#-%(!#9!@&'.#'/!#'!&%,+9.!&%%!*-91-5.9>!2*+,!.6-!&=#%#.4!.+!&56#-$-!%+'/".-*,!5;%.;*-!9.&=#%#.4!

Q-J/J>!&$+#(#'/!&%/&-!@--(9!2*+,!.&B#'/!+$-*>!/*&P-*9!2*+,!(-5#,&.#'/!.6-!5;%.;*-9R>!.+!6#/6!

1*+(;5.#$#.#-9!Q-$-'!UH!,.\6&"4*!@#.6!&!?U]!+#%!5+'.-'.!#9!&!2+*@&*(!%++B#'/!1*+N-5.#+'R>!.+!%+@"

5+9.!6&*$-9.#'/!Q*-,&#'9!.+!=-!(-$-%+1-(R>!.+!-K.*&5.#+'!&'(!1*+5-99#'/!+2!.6-!+#%J!!"-*.&#'%4>!#.!

#9!1+99#=%-!.+!=;#%(!%&*/-!1+'(9!&'(!/*+@!&%/&->!=;.!#.!*-,&#'9!.+!=-!(-,+'9.*&.-(!.6&.!#.!#9!

1+99#=%-!.+!,&99!5;%.;*-!&%/&-!@#.6#'!.6-!.-56'#5&%!&'(!-5+'+,#5!5+'9.*&#'.9!*-O;#*-(!2+*!

=#+2;-%9!1*+(;5.#+'>!+*!-$-'!&'#,&%!2--(9J!!I6;9>!&'4!*;96!.+!-$-'!1#%+.!1*+N-5.9>!%-.!&%+'-!

(-,+'9.*&.#+'!1%&'.9>!,&4!@-%%!=-!1*-,&.;*-!&'(!@#%%!6&$-!&'!#'6-*-'.%4!6#/6!*#9B!+2!2&#%;*-J!!!

<2!5+;*9->!9+,-!@#%%!&*/;-!.6&.!.6#9!#9!.++!1-99#,#9.#5!&!5+'5%;9#+'J!!3-*6&19!.6-!$&*#+;9!/*+;19!

6&$-!9;22#5#-'.!;'(#95%+9-(!#'2+*,&.#+'!.+!@&**&'.!&($&'5#'/!*&1#(%4!.+!.6-!/+&%!+2!&%/&-!+#%!

1*+(;5.#+'!&.!&55-1.&=%-!5+9.9J!!Z;*.6-*>!.6-!&*/;,-'.!5&'!=-!,&(-!.6&.!.6-!-'+*,+;9!&,+;'.!

+2!*-9-&*56!'+@!=-#'/!2;'(-(>!=+.6!#'!.6-!87!&'(!&*+;'(!.6-!@+*%(>!#'!&%%!&91-5.9!+2!&%/&-!

=#+2;-%9!1*+(;5.#+'!@#%%!9++'!9+%$-!,+9.!+2!.6-!+;.9.&'(#'/!#99;-9J!!I6#9!&55-%-*&.#+'!@#%%!96+*.%4!

.*&'9%&.-!#'.+!5+,,-*5#&%>!+*!&.!%-&9.!1#%+."!&'(!(-,+'9.*&.#+'"95&%->!9;55-99-9J!!Z+*!+'-!

-K&,1%-!+'%4>!.6-!87!/+$-*',-'.!*-5-'.%4!&@&*(-(!&!fSS!,#%%#+'!5+'.*&5.!.+!&!5+'9+*.#;,!+2!

+*/&'#P&.#+'9!QC&.#+'&%!E%%#&'5-!2+*!E($&'5-(!A#+2;-%9!&'(!A#+1*+(;5.9>!CEEAAR!@6#56!&#,9!#'!

.6*--!4-&*9!.+!&($&'5-!&%/&-!+#%!1*+(;5.#+'!.-56'+%+/4!.+!&!5+,,-*5#&%!*-&%#.4J!!I6;9>!.6-!

&*/;,-'.!,#/6.!=-!.6&.!-$-'!.6-!&=+$-!,-'.#+'-(!5+,1&'#-9>!&'(!,&'4!+.6-*9!'+.!(#95;99-(>!

@#%%!=-!@-%%!1+9#.#+'-(!.+!O;#5B%4!-K1%+#.!9;56!LM0!&($&'5-9>!9++'!.+!=-!,&(-!=4!.6-9-!&'(!

,&'4!+.6-*!*-9-&*56-*9J!!<2!5+;*9->!.6#9!&99;,-9!.6&.!LM0!@#%%!=-!=-!O;#5B>!9+,-.6#'/!.6&.!

1*#+*!-K1-*#-'5-!(+-9!'+.!9;//-9.J!!

_JDJ!LM0!C))07!EC0!IGb)!ZLEb)!!!

I+!5+;'.-*=&%&'5-!.6#9!1-*91-5.#$->!#.!5&'!=-!'+.-(!.6&.!9+,-!+*/&'#P&.#+'9!.&B-!&!%+'/-*!*&'/-!

$#-@!+2!.6#9!.-56'+%+/4W!!76-%%!<#%!&'(!)KK+'"b+=#%!*-5-'.%4!,-'.#+'-(!.6&.!!H!4-&*9!@+;%(!=-!

*-O;#*-(!.+!(-$-%+1!.6#9!.-56'+%+/4J!!QG.!,&4!=-!1&*-'.6-.#5&%%4!'+.-(>!6+@-$-*>!.6&.!76-%%!6&(!

&!2&9.-*!.*&5B!#'!,#'(!@6-'!#.!#'#.#&.-(!.6-!"-%%&'&!N+#'.!$-'.;*-JR!!I6-!"&*=+'!I*;9.!#'!.6-!8l>!



!DS!

!

@6#56!#'#.#&.-(!&![fDH!,#%%#+'!1*+/*&,>!#9!&%9+!1*+N-5.#'/!&!.-'"4-&*!-22+*.J!!<.6-*9!Q-J/J>!

*-9-&*56-*9!&.!CL):R!6&$-!9;//-9.-(!9#,#%&*!.#,-%#'-9J!I-'!4-&*9!#9!&!96+*.!.#,-!2+*!

(-$-%+1,-'.!+2!&'4!'+$-%!.-56'+%+/4>!=;.!&!$-*4!%+'/".-*,!2+*!&!$-'.;*-!5&1#.&%!2;'(>!@6#56!

.41#5&%%4!*-O;#*-9!&!6#/6!*-.;*'!+'!#'$-9.,-'.!@#.6#'!.6*--!.+!2#$-!4-&*9J!!I6#9!1-*6&19!-K1%&#'9!

.6-!(#22-*-'5-9!=-.@--'!.6-!$-'.;*-"=&5B-(!2#*,9!&'(!1*+N-5.9!2;'(-(!=4!%&*/-*!5+,1&'#-9!

&'(!/+$-*',-'.&%!+*/&'#P&.#+'9>!@6#56!,&4!=-!&=%-!.+!.&B-!&!9+,-@6&.!%+'/-*!$#-@J!!

Z*+,!.6-!1*-9-'.!*-1+*.>!#.!#9!5%-&*!.6&.!&%/&-!=#+2;-%9!.-56'+%+/4!9.#%%!*-O;#*-9!5+'9#(-*&=%-!

LM0>!@#.6!.6-!-K5-1.#+'!+2!'#56-!&11%#5&.#+'9>!9;56!&9!#'!@&9.-@&.-*!.*-&.,-'.>!@6#56!96+;%(!

*-O;#*-!%-99!*-9-&*56J!!I6;9>!.6-!=;#%(#'/!+2!!HH"6-5.&*-!(-,+'9.*&.#+'!1%&'.9>!@#.6!

#'$-9.,-'.9!+2!.-'9!.+!6;'(*-(9!+2!,#%%#+'9!+2!(+%%&*9>!&*-!1*-,&.;*-J!!I6#9!(+-9!'+.!,-&'!.6&.!

1*+N-5.9!2+5;9-(!+'!.6-!+1-*&.#+'!+2!+1-'!1+'(9!96+;%(!'+.!=-!5+'9#(-*-(W!#'(--(!&%/&-!,&99!

5;%.#$&.#+'!&'(!6&*$-9.#'/!.-56'+%+/#-9!5&''+.!=-!(-$-%+1-(!#'!.6-!%&=+*&.+*4J!!<'%4!.6*+;/6!

#'.-'9#$->!5+'.#';+;9>!-$-'.;&%%4!%&*/-"95&%-!*-9-&*56!@#.6!+;.(++*!1+'(9!5&'!@-!6+1-!.+!

&56#-$-!1*+/*-99!#'!&'4!*-&9+'&=%-!.#,-!2*&,-W!!G'.-'9#$-!#'!.-*,9!+2!(&.&!5+%%-5.#+'>!#'5%;(#'/!

=+.6!=#+.#5!&'(!-'$#*+',-'.&%!1&*&,-.-*9J!!"+'.#';+;9!,-&'9!-$-*4!(&4>!-$-*4!,+'.6>!

,;%.#1%-!4-&*9>!&'(!,;%.#1%-!%+5&.#+'9c!&'(!%&*/-"95&%-!#'!.-*,9!+2!.6-!';,=-*9!+2!1+'(9!&'(!

.6-#*!9#P-9J!!Z+*!*-9-&*56>!#.!#9!=-..-*!.+!+1-*&.-!,&'4!9,&%%-*!1+'(9!.6&'!&!2-@!%&*/-!+'-9J!!<2!

5+;*9->!1+'(9!96+;%(!=-!+2!9;22#5#-'.!9#P-!.+!1*+$#(-!*+=;9.!(&.&>!,#'#,#P&.#+'!+2!-(/-!-22-5.9>!

&'(!&%%+@!2+*!-K.*&1+%&.#+'!.+!%&*/-*!95&%-9J!!E'(!9+,-!+1-*&.#+'&%!&91-5.9>!9;56!&9!64(*&;%#59!

Q-J/J>!(#91-*9#+'!&'(!/&9!.*&'92-*!5+-22#5#-'.9>!@#'(!2-.56>!9#%.!9;91-'9#+'R>!5&''+.!=-!*-&(#%4!

-K.*&1+%&.-(!2*+,!9,&%%-*"95&%-!949.-,9!&'(!@#%%!*-O;#*-!%&*/-!1+'(9>!-$-'!#2!'+.!2;%%!9#P-!Q-J/J>!

S!6-5.&*-9RJ!!I6-!5%+9-9.!9+!2&*!&*-!.6-!2+;*!!J?U"6&!1+'(9!#'!C-@!p-&%&'(>!=4!CGFEJ!!7.#%%>!,;56!

+2!.6-!*-9-&*56!5&'!=-!5&**#-(!+;.!@#.6!1+'(9!+2!*-%&.#$-%4!9,&%%!95&%->!#'!.6-!+*(-*!+2!-$-'!!HH!

,?
!#'!,+9.!5&9-9>!@#.6!$-*#2#5&.#+'!&.!%&*/-*!95&%->!&=+;.!!>HHH!.+!!H>HHH!,?J!!G2!%+'/".-*,>!6#/6!

1*+(;5.#$#.4!Q=#+,&99!&'(!+#%R>!9.&=%-!5;%.;*-9!@#.6!%+@"5+9.!6&*$-9.#'/!5&'!=-!&56#-$-(!@#.6!

!HH",?
!1+'(9!&'(!5+'2#*,-(!@#.6!!>HHH",?

!1+'(9>!.6-'!&!5&9-!2+*!,+$#'/!.+!&!2;%%"95&%-!1#%+.!

1%&'.!5&'!=-!,&(-J!!G'!.6-!,-&'.#,->!9+,-!@+*B!+'!%&*/-*!1+'(9!5&'!=-!#'#.#&.-(!.+!&((*-99!

64(*&;%#5!&'(!,&99!.*&'92-*!#99;-9J!!I6-!,#'#,;,!1-*#+(!.6&.!9;56!&!*-9-&*56!1*+/*&,!96+;%(!

=-!1%&''-(!2+*!#9!2#$-!4-&*9>!+'-!4-&*!.+!/-.!9.&*.-(>!.6*--!4-&*9!2+*!-K1-*#,-'.&%!+1-*&.#+'9>!

&'(!&'!&((#.#+'&%!4-&*!2+*!&'4!(-%&49>!2+%%+@";19!&'(!1%&''#'/!2+*!.6-!'-K.!9.&/-J!!<2!5+;*9-!

.6&.!1*-"9;11+9-9!.6&.!+.6-*!&91-5.9!+2!9;56!*-9-&*56!5&'!=-!5&**#-(!+;.!#'!1&*&%%-%>!&9!'+.-(!

'-K.J!!!

I6-!&=+$-!5&%%!2+*!1+'(!*-9-&*56!(+-9!'+.!&((*-99!-#.6-*!.6-!2*+'."!+*!=&5B"-'(!+2!.6-!1*+5-99W!

.6-!&%/&-!9.*&#'9!.6&.!@+;%(!=-!,&99!5;%.;*-(!&'(!.6-!1*+5-99#'/>!#'5%;(#'/!+#%!-K.*&5.#+'!&'(!

5+'$-*9#+'!+2!.6-!6&*$-9.-(!=#+,&99>!&9!@-%%!&9!6&'(%#'/!+2!&'4!*-9#(;-9J!!E%/&-!=#+,&99!

1*+(;5.#+'!#9!&/*#5;%.;*->!+*!&O;&5;%.;*->!&'(!&9!9;56!.6-!5-'.*&%!#99;-!#9!.6-!+*/&'#9,!=-#'/!

5;%.#$&.-(J!!I6#9!%&5B!+2!9;#.&=%-!+*/&'#9,9!#9!1-*6&19!.6-!/*-&.-9.!1*+=%-,!#'!.6#9!2#-%(!&.!

1*-9-'.W!!#.!#9!'+.!5%-&*!6+@!9;1-*#+*!9.*&#'9!+2!&%/&-!&*-!.+!=-!(-$-%+1-(>!9.&*.#'/!@#.6!

5+%%-5.#+'!2*+,!'&.;*&%!6&=#.&.9>!#9+%&.#+'>!9-%-5.#+'>!,&#'.-'&'5->!&'(!/-'-.#5!#,1*+$-,-'.>!

+*!-$-'!@6&.!(-9#*&=%-!&..*#=;.-9!.6-4!96+;%(!6&$-J!!I6-!1*-9-'.!&'&%49#9>!@6#56!2+5;9-9!+'!+#%!

1*+(;5.#+'>!9;//-9.9!.6&.!6#/6!1*+(;5.#$#.4>!6#/6!+#%!5+'.-'.!&%/&-!96+;%(!9-%-5.-(J!!A;.>!#.!5+;%(!

=-!&*/;-(>!.6&.!#.!@+;%(!=-!=-..-*!.+!2#*9.!9-%-5.!2+*!&%/&-!9.*&#'9!.6&.!5&'!=-!,&99!5;%.;*-(!o!

9.*&#'9!.6&.!&*-!*-9#9.&'.!.+!#'$&9#+'9!=4!@--(!&%/&-!+*!=4!/*&P-*9>!&'(!&*-!-&9#%4!6&*$-9.-(!o!



!DU!

!

&'(!.6-'!.+!#,1*+$-!+'!.6-9-!.+!#'5*-&9-!.6-#*!1*+(;5.#$#.4!&'(!+#%!5+'.-'.J!!7.#%%>!#.!#9!;'5%-&*!&.!

1*-9-'.!@6&.!56&*&5.-*#9.#59!9;#.&=%-!&%/&-!@+;%(!'--(!2+*!9.&=%-!5;%.#$&.#+'!&'(!-&94!

6&*$-9.#'/>!+*!6+@!.+!9-%-5.!2+*!.6-9-!56&*&5.-*#9.#59J!!<*>!&%.-*'&.#$-%4>!6+@!.+!/-'-.#5&%%4!

-'/#'--*!.6-9-!&..*#=;.-9!#'.+!&%/&-!9.*&#'9�!!I6-9-!O;-9.#+'9!&'(!,&'4!+.6-*9!,;9.!=-!.6-!

2+5;9!+2!2;.;*-!*-9-&*56>!@#.6!,&'4!(#22-*-'.!&11*+&56-9!=+.6!1+99#=%-!&'(!'-5-99&*4J!!

e+@-$-*>!#'!&'4!-$-'.>!.6-!9-%-5.#+'!&'(!#,1*+$-,-'.!+2!&%/&-!9.*&#'9!,;9.!=-!/;#(-(!=4!

*-9;%.9!2+*!.6-!+;.(++*!5;%.#$&.#+'!949.-,9>!*&.6-*!.6&'!1*+5--(#'/!+'%4!2*+,!%&=+*&.+*4!

(-$-%+1,-'.J!!!

G99;-9!+2!%-99!1*#+*#.4!*-%&.-!.+!.6-!1*+5-99#'/!+2!.6-!=#+,&99W!!6&*$-9.#'/>!5-%%!=*-&B&/-!#2!

'--(-(>!+#%!9-1&*&.#+'>!&'(!2&.-!+2!.6-!*-9#(;&%!=#+,&99!Q-J/J>!(#/-9.#+'!&'(!*-545%#'/!+*!(*4#'/!

2+*!&'#,&%!2--(9RJ!!I6-9-!.+1#59!&*-!9-5+'(&*4!=-5&;9-!.6-4!,&4!(-1-'(!+'!=+.6!.6-!&%/&-!

9.*&#'!=-#'/!5;%.#$&.-(!&'(!5;%.#$&.#+'!.-56'+%+/#-9J!!G'!&((#.#+'>!2+*!*-&9+'&=%-!95&%-";1!+2!

1*+5-99-9>!%&*/-!&,+;'.9!+2!=#+,&99!&*-!%#B-%4!.+!=-!*-O;#*-(!.6&.!@+;%(!'+.!=-!1*+(;5-(!#'!

.6-!2#*9.!2-@!4-&*9!+2!9;56!&'!LM0!-22+*.J!!E%9+>!#.!5&'!=-!&'.#5#1&.-(!.6&.!#2!%+@"5+9.!&%/&-!

=#+,&99!5&'!#'(--(!=-!1*+(;5-(>!.6-!.-56'+%+/#-9!2+*!5+'$-*.#'/!.6-!=#+,&99!.+!=#+2;-%9!

@+;%(!=-5+,-!&$&#%&=%-J!!<2!5+;*9->!9;56!*-9-&*56>!&.!%-&9.!2+*!.6-!#'#.#&%!9.&/-9>!96+;%(!&%9+!=-!

#'.-/*&.-(!#'.+!&'4!1+'("=&9-(!LM0!1%&'J!!!!!

A+.6!.6-!.#,-!.+!&55+,1%#96!.6-9-!.&9B9!&'(!.6-!95&%-!.6&.!&%/&-!=#+2;-%!1*+(;5.#+'!5+;%(!

&56#-$->!&*-!.6-!,&#'!O;-9.#+'!&9B-(!=4!2;'(-*9!+2!9;56!*-9-&*56J!!A+.6!&*-!;'B'+@'>!&'(!

.6-*-!#9!'+.!,;56!1+#'.!#'!91-5;%&.#'/!;'(;%4J!!G.!#9!5%-&*!2*+,!.6#9!*-1+*.!.6&.!&%/&-!+#%!

1*+(;5.#+'!@#%%!=-!'-#.6-*!O;#5B!'+*!1%-'.#2;%!o!.-'!4-&*9!#9!&!*-&9+'&=%-!1*+N-5.#+'!2+*!.6-!LM0!

.+!&%%+@!&!5+'5%;9#+'!&=+;.!.6-!&=#%#.4!.+!&56#-$-!*-%&.#$-%4!%+@"5+9.!&%/&-!=#+,&99!&'(!+#%!

1*+(;5.#+'>!&.!%-&9.!2+*!91-5#2#5!%+5&.#+'9J!!G'(--(>!.6#9!#9!&!96+*.!.#,-!2*&,->!+'%4!1+99#=%-!

=-5&;9-!+2!.6-!2&9.!/*+@.6!*&.-9!+2!&%/&-J!!L&1#(!/*+@.6!#9!+'-!+2!.6-!2-@!2;'(&,-'.&%!

&($&'.&/-9!+2!,#5*+&%/&-!5+,1&*-(!.+!+.6-*!9+;*5-9!+2!=#+2;-%9>!&9!#.!9;//-9.!.6-!&=#%#.4!.+!

*&1#(%4!1*+/*-99!#'!.6-!5;%.#$&.#+'!*-9-&*56!Q&!@--B!+2!&%/&-!5;%.#$&.#+'!#9!-O;#$&%-'.!.+!+$-*!&!
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