
! !

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

1#$% *-44$*1(-)% -.% .(0$5--/% .-0% *--6()37% 8$,$'0*#% *--6()3%
'41$0)'1(9$,% 1#'1%5-+4/%0$/+*$% .(0$5--/%')/%*#'0*-'4%+,$%#',%
:$$)%+)/$01'6$)%:;%<=>,7%?)%1#(,%*-)1$@1A%,-+1#%2'/'3',*'0%
$@B$0($)*$,%&-0$%1#')%CDE%,+));%/';,%B$0%;$'0%')/%#',%*4-,$%1-%
(/$'4%*-)/(1(-),%.-0%1#$%+,$%-.%,-4'0%$)$03;7%F+00$)14;%'%9'0($1;%
-.% ,-4'0% *--6$0%&-/$4,% '0$% ,-4/% '1% '% ,+:,(/(G$/% B0(*$% .-0% 1#$%
B--0$,1% #-+,$#-4/7% "#$% B'B$0% $@B4'(),% '/9')1'3$,% ')/%
/(,'/9')1'3$,% -.% ,-4'0% *--6()3% ')/% 1#$% *#'44$)3$,% .'*$/% 1-%
*#')3$%10'/(1(-)'4%*--6()3%#':(1,A%()%-0/$0%1-%.(3#1%1#$%-)3-()3%
/$.-0$,1'1(-)A%B0$,$09$%1#$%$)9(0-)&$)1%')/%.(3#1%B-9$01;7%"-%
-B1(&(G$%1#$%,+**$,,%-.%1#(,%B0-H$*1A%1#$%+,$%-.%,-4'0%*--6$0%#',%
:$$)% *-&B'0$/% 1-% 15-% '41$0)'1(9$,% I% .(0$5--/% ')/% *#'0*-'4%
*--6()3%')/%-)%1#$%1-B(*,%-.%B0(&'0;%$)$03;%+1(4(G'1(-)%')/%F>D%
3',% $&(,,(-)7%"#$%5#-4$% 4(.$% *;*4$% ')'4;,(,% -.% 1#$% '41$0)'1(9$,%
')/% '**-&B');()3% /$9(*$,% #',% :$$)% $@'&()$/7% J,% 0$,+41,%
B'0':-4(*%,-4'0%*--6$0%(,%4$,,%+,':4$%()%*4-+/;%-0%0'();%5$'1#$07%%
J%0$/+*1(-)%-.% ':-+1%#'4.% 1#$% $)9(0-)&$)1'4% (&B'*1%#',%:$$)%
-:1'()$/%5(1#%1#(,% 1$*#)-4-3;7%K-&$%:'*6+B%#$'1%,-+0*$%&+,1%
,1(44% :$% '9'(4':4$% 1-% *--6% &$'4% '1% 1#$,$% 1(&$,7% K-4'0% *--6$0A%
*#'0*-'4%')/%.(0$5--/%*')%5-06%()%'%*-&B4$&$)1'0;%.',#(-)%1-%
&$$1% '% 9'0($1;% -.% *--6()3% )$$/,7% "#$% B'0':-4(*% ,-4'0% *--6$0%
KLMN% (,% '% 9$0;% #$4B.+4% (),10+&$)1% :+1% 4$,,% *-&B$1(1(9$%
*-&B'0$/%1-%1#$%10'/(1(-)'4%*--6()3%+,()3%5--/%$)$03;7%?1%*')%
0$B4'*$% .(0$5--/%')/%*#'0*-'4%*--6()3A%0$/+*$,%/$.-0$,1'1(-)A%
(&B0-9$,%#$'41#%*-)/(1(-),%')/%*0$'1$,%4-*'4%H-:%-BB-01+)(1($,7%
!
()*+,-.+%/#!O(.$%*;*4$%')'4;,(,A%,-4'0%*--6$0A%2'/'3',*'07%%

!

"#! "$%&'()*%"'$!
+,-,.,/0,12! 345! 6718-9/! :7;134<8,1.5/3! =/8,>-2! 8=5/! =>!

/7;34<65/3!">-=,>!'05,>#!"3!=/!/=3;,35-!?53655>!8,3=3;-5!@ABC!
,>-!87>.=3;-5!DEBF#!$,1176!07,/3,8!G8,=>2!4=.4!G8,35,;!,>-!
H7;>3,=>/! =>! 05>351! -5:=>5! =3/! 37G7.1,G4I#! "3/! 08=H,35! =/!
317G=0,8! ,87>.! 07,/3! H7-=:=5-! ?I! /7;345,/3! 31,-5! 6=>-/2!
/;?<35HG51,35! =>8,>-! ,>-! ,1=-! =>! /7;34#! +,-,.,/0,1! 6,/!
71=.=>,88I!07HG85358I!07J515-!?I!653!71!-1I!5J51.155>!:715/32!
/01;?2! ,>-! G,8H! /,J,>>,#! *7>051>=>.! 345! 5>J=17>H5>3,8!
0;115>3! =//;5/2! /7=8! 517/=7>! 15/;83/! :17H! -5:715/3,3=7>! ,>-!
7J51.1,K=>.#!

!"! #$%&'()*+,-,()(.,*
(5:715/3,3=7>!=/!07HH7>!=>!+,-,.,/0,1#!L,351/9!/;1:,05!

=/! 07>3,H=>,35-! ?I! 1,6! /56,.5! ,>-! 73451! 71.,>=0! 6,/35/#!

!
+,>;/01=G3!1505=J5-!MG1=8!ND2!@ANOP!15J=/5-!Q;8I!R2!@ANO#!
S#! M>-1=,>,=J7! =/! 6=34! 345! F0785! C;GT1=5;15! U78I3504>=V;5! WFCUMX2!

)>=J51/=3I! 7:! M>3,>,>,1=J72! M>3,>,>,1=J7! NAN2! +,-,.,/0,1! W5<H,=8Y!
,>-1=,>,=J7Z;>=J<,>3,>,>,1=J7#H.X#!
[#! Q#! &,H,/=,1=>717! =/! 6=34! 345! \,0;83I! 7:! C0=5>05/2! )>=J51/=3I! 7:!

M>3,>,>,1=J72! M>3,>,>,1=J7! NAN2! +,-,.,/0,1! W5<H,=8Y!
1,H,/=,1=>717ZI,477#:1X#!

C5J51,8! /G50=5/!7:! :,;>,!,>-! :871,!;>=V;5! 37! 345! =/8,>-! ,15!
5>-,>.515-#!],?=3,3!-5/31;03=7>!15/;835-!=>!345!15-;03=7>!7:!
>,3=J5! J5.53,3=7>! 07J51! 7>! 345! H,=>8,>-! W\=.#! NX#!
%1,-=3=7>,88I!:77-2!H,=>8I!1=052! =/!077^5-!7J51!7G5>!:=15! =>!
+,8,.,/I!J=88,.5/#!_;3!:=15677-!=/!.533=>.!4,1-51!,>-!4,1-51!
37!:=>-#!&5-;0=>.!345!>55-!:71!:=15677-!=/!?507H=>.!;1.5>3#!
)/=>.!/78,1!5>51.I!7:35>!/;..5/35-!/55H/!=-5,8!,>-!07;8-!

15-;05! ?I! `Aa! 345! :=15677-! ,>-! 04,107,8! >55-/! bNc<bOc#!
">317-;0=>.! ,! >56! 3504>787.I! /;04! ,/! /78,1! 077^=>.! =/! ,!
87>.<351H! /31,35.I! bDc2! b`c#! "3! =/! ,! 04,885>.5! ?50,;/5! =3!
15V;=15/! 0,15:;88I2! 0;83;1,88I! 3,=8715-! G8,>>=>.! 37! .53! 345!
07HH;>=3I!37!,005G32!,-7G3!,>-!;3=8=K5!/7H534=>.!8=^5!/78,1!
077^=>.!bdc#!
U15/51J=>.! 345! 5>J=17>H5>32! ,885J=,3=>.! G7J513I! ,>-!

=HG17J=>.!45,834!0,15!,15!345!H,=>!.7,8/!:71!,>I!+,8,.,/I!
0=3=K5>! ,>-! G,13=0;8,18I! :71! $e'/! /;04! ,/! f,4,>,2! M(FC!
WM//70=,3=7>! G7;1! 85! (TJ587GG5H5>3! -5! 8gF>51.=5! C78,=15!
C;=//5<+,-,.,/0,1X2!e%f2! 530#2!647!-50=-5-! 37! =HG85H5>3!
345!;/5!7:!/78,1!077^=>.!=>!345!G17J=>05!7:!%78=,1,!=>!/7;34!
+,-,.,/0,1!W\=.#!NX!64=04!5hG51=5>05/!H715!34,>!O@A!/;>>I!
-,I/!G51!I5,1!,>-!4,/!087/5!37!=-5,8!07>-=3=7>/!:71!345!;/5!7:!
/78,1!5>51.I#!
!

!
\=.#!N#!C,3588=35!=H,.51I!7:!+,-,.,/0,1!/476=>.!345!/3;-I!,15,!,>-!345!H,=>!

:715/3!W=>!-,1^!.155>X!

S=:5!*I085!M//5//H5>3!,>-!F>J=17>H5>3,8!"HG,03!
FJ,8;,3=7>!7:!345!U,1,?78=0!C78,1!*77^51!CiND!=>!

+,-,.,/0,1!

S,8,!M>-1=,>,=J7!,>-![7,4,>.=>=1=>,!Q#!&,H,/=,1=>717!

Journal of Clean Energy Technologies, Vol. 2, No. 2, April 2014

191DOI: 10.7763/JOCET.2014.V2.121



! !

/"! !0)1*-.2*3&4(5,06(1**
%45! ,=H! 7:! 34=/! /3;-I! =/! 37! 04,1,0351=K5! 345! 15/7;105/!

07>/;HG3=7>! ,>-! 345! H5,>=>.:;8! 5>J=17>H5>3,8! ,/G503/!
?7;>-!37!345!G17-;03=7>!7:!G,1,?78=0!/78,1!077^51!CiND#!
%45! .7,8! 7:! 345! /;1J5I! -508=>5/! =3/58:! 37! 345! :78876=>.!
7?j503=J5/Y!
NX! 37!07HG=85!,>!=>J5>371I!7:!345!5>J=17>H5>3,8!8=:5!0I085!

=HG,03!,//5//H5>3!,//70=,35-!37!345!G17-;03=7>2!345!!;/5!
,>-! 345! /533=>.! =>! -=/04,1.5! 7:! 345! G,1,?78=0! /78,12! 345!
:=15677-!,>-!04,107,8!077^=>.P!!

@X! 37! ;/5! 345! -,3,! 7:! 345! 8=:5! 0I085! =>J5>371I! ,>,8I/=/! 37!
07HG,15! 345! G735>3=,8! =HG,03/! 7>! 345! 5>J=17>H5>3!
07H=>.!:17H!34=/!/78,1!077^51!,>-!345!73451!:,/4=7>/!7:!
,?7J5!/3,35-!077^=>.#!

7"! 8(,9%2%'%:;*!<<$%-59*=%$*>6-'?-,0%.*
S=:5!0I085!M>,8I/=/!71!S=:5!0I085!,//5//H5>3! WS*MX! =/!,!

H5347-787.I! :71! ,//5//=>.! 345! 5>J=17>H5>3,8! ,/G503/!
,//70=,35-! 6=34! ,! G17-;03! 7J51! =3/! 8=:5! 0I085<:17H! 1,6!
H,351=,8! ,0V;=/=3=7>! 3417;.4! G17-;03=7>2! ;/52! ,>-! -=/G7/,8!
bEc#!!
U51:71H=>.! ,>! S*M! =/! 7>5! 7:! 345! G7//=?85! H5347-/! 7:!

-=/31=?;3=>.!71!,//5//=>.!345!,/G503/!7:!345!5>J=17>H5>3!:71!,!
G17-;03!,>-!345!G735>3=,8!=HG,03/!7>!345!>,3;1,8!5>J=17>H5>3#!
%45!">351>,3=7>,8!'1.,>=K,3=7>!:71!C3,>-,1-=K,3=7>!W"C'X!

4,/! -5J587G5-! =>351>,3=7>,8! /3,>-,1-/! 34,3! -5/01=?5! 476! 37!
07>-;03!,>!S*MY!!
NX! %45!:=1/3!G4,/5!=/!,!8=:5!0I085!=>J5>371I!,>,8I/=/2!64=04!

07>/=/3/! 7:! ,! 07HG=8,3=7>! 7:! 345! 5>51.I! ,>-! H,351=,8!
=>G;3/! ,>-! 345! 5H=//=7>/! 37! ,=12! 8,>-2! ,>-! 6,351!
,//70=,35-!6=34!345!H,>;:,03;15!7:!,!G17-;032!!

@X! %45!/507>-!G4,/5!=/!,>!,//5//H5>3!7:!345!G735>3=,8!/70=,82!
507>7H=0! ,>-! 5>J=17>H5>3,8! =HG,03/! ,//70=,35-! 6=34!
347/5!=>G;3/!,>-!5H=//=7>/#!!

OX! %45!34=1-!G4,/5!=/!345!=>351G153,3=7>!7:!345!15/;83/!7:!345!
=>J5>371I! ,>,8I/=/! ,>-! =HG,03! ,//5//H5>3! G4,/5/! =>!
158,3=7>!37!345!7?j503=J5/!7:!345!/3;-I#!!
%45!15/;83/!7:!,>!S*M!0,>!?5!;/5-!37!458G!37!0477/5!,H7>.!

345! ,8351>,3=J5/! =>! 07HG53=3=7>! 345! 7>5! 34,3! 4,/! 345! H7/3!
:,J71,?85! ,331=?;35/#! %4155! ,8351>,3=J5/! W:=15677-2! 04,107,8!
,>-! G,1,?78=0! /78,1! 077^51X! <! 4,J5! ?55>! 047/5>! :71! 34=/!
/;1J5I#!
!

""#! S"\F!*k*SF!M$MSkC"C!'\!%]F!%]&FF!*''i"$e!
MS%F&$M%"[FC!

!"! #-$-&%'05*+%'-$*7%%@($*+ABC*D(59.05-'*E(-,?$(1**
C'S%F*!*7HG,>I!=/!345!G=7>551!07>051>=>.!/78,1!077^51!

=>!+,-,.,/0,1!,>-!H,>,.5!,!/47G!7:!G17:5//=7>,8!:71H,3=7>!
/=>05!H715! 34,>! N`! I5,1/#! %45! CiND! =/! G17?,?8I! 345!H7/3!
^>76>!G,1,?78=0!/78,1!077^51!=>!+,-,.,/0,1#!
%45! ,J51,.5!G7651! =/! ,?7;3! dAA!6,33/! -5G5>-=>.!7:! 345!

15:850371/!,>-!/^I#!_I!,!.77-!/;>/4=>52!34155!8=351/!7:!6,351!
?7=8!=>!OA!H=>;35/#!%45!G73!7:!N@!8=351/!:71!64=04!=/!07>05=J5-!
345!CiND!G51H=3/!37!077^!:71!@A!G51/7>/#!%45!/78,1!077^51!
7G51,35/!7>5!47;1!,:351!345!/;>1=/5!;>3=8!7>5!47;1!?5:715!345!
/;>/53#!L=34! =3/!4=.4!G51:71H,>052! =3! =/! 5J5>!5::=0=5>3!?I!,!
158,3=J58I!/4713!G51=7-=0!/;>/4=>5#!
%45!H=1171<47H5!-=/3,>05!W15:850371X!7:!345!Ci!ND!=/!7>8I!

7:!@l!05>3=H5351/!W\=.#!@X#!"3!=/!34515:715!>505//,1I!37!15,-j;/3!
345!H=1171!,88!N`! 37!@`!H=>;35/!645>!7>5!6,>3/! 37! 15,04!,!
07>/3,>3! H,h=H,8! G51:71H,>05#! %4=/! 077^51! 15,045/!
35HG51,3;15/!7:!;G!37!N`AB*#!

!
\=.#!@#!*77^=>.!6=34!345!G,1,?78=0!/78,1!077^51!CiND!

!
%45! G17-;03=7>! 7:! /78,1! 077^51! /I/35H/! 15V;=15/!

15,/7>,?85!V;,>3=3=5/!7:!H,351=,8/2!=>/=.>=:=0,>3!,H7;>3/!,15!
,8/7!07>/;H5-!-;1=>.! 345=1!7G51,3=7>P!,3! 34,3! 3=H5! 345!7>8I!
G735>3=,8! 5>J=17>H5>3,8! G788;3,>3! ,1=/5/! :17H! 345! 0778,>3!
04,>.52! 64=04! 0,>! ?5! 5,/=8I! 07>317885-! ?I! .77-! 671^=>.!
G1,03=05#!!
*;115>38I2! ,! J,1=53I! 7:! /78,1! 077^51! H7-58/! ,15! /78-! =>!

+,-,.,/0,1#!]765J512! 345=1!G1=05/!H,^5! 345H!=>,005//=?85!
:71!H7/3!J=88,.5/#!">!:,032!G51!0,G=3,!=>07H5!=>!+,-,.,/0,1!=/!
7>8I!,?7;3!mDAA!G51!I5,12!H,^=>.!=3!-=::=0;83!:71!:,H=8=5/!37!
,::71-! /78,1! 077^51! ,>-! /G5>-! 345=1! H5,.51! =>07H5! 7>! ,!
3504>787.I!345I!,15!>73!:,H=8=,1!6=34#!%7!458G!37!/78J5!34,3!
G17?85H2! +,-,.,/0,1! .7J51>H5>3! 4,/! G17J=-5-! /7H5!
,--=3=7>,8! /;GG7132! G,13>51=>.! 6=34! M(FC! 37! G17H735!
15>56,?85!5>51.I!=>!345!/7;34!7:!345!=/8,>-#!+53,8!G,1,?78=0!
/78,1! 077^51/! ,15! ,//5H?85-! 870,88I! :71! ,?7;3! mNdA! 5,042!
:17H! ,8;H=>;H! ,>-! /3558! G,13/! H,-5! ?I! ,>73451! 870,8!
71.,>=K,3=7>! ,3! ,>! ,815,-I! /;?/=-=K5-! G1=05#! %45! G,1,?78=0!
077^51!=/!345>!/78-!,3!,!/;?/=-=K5-!G1=05!7:!,?7;3!m`A#!_734!
077^51/!07H5!6=34!E<I5,1!6,11,>3=5/!blc2!bRc#!

/"! 7-'5?'-,0%.*%=*F)<-5,1*
"3!=/!^>76>!34,3!,!+,8,.,/I!:,H=8I!>55-/!@#@`!^.!7:!677-!

:71! 077^=>.! ,! H5,8! W^.! n! NAO! .1,H/X2! 34=/! 4,/! ,! 0,871=:=0!
G7651! >73! H715! 34,>! Nd#l!+Qo^.! b@c#! %4=/! 5>51.I! .1=-! =/!
5V;=J,85>3! 37! ,>! 5>51.I! 07>/;H5-! 7:! OE#lO! +Q! G51! H5,8!
W+QnNAd!j7;85/X#!
%45! 07>/;HG3=7>! 7:! 34=/! 5>51.I! 1585,/5/! =>37! 345!

,3H7/G4515!,!0513,=>!,H7;>3!7:!*'@#!%4=/!0,>!?5!5/3=H,35-!
6=34!345!:78876=>.!-,3,#!L=34!,>!5H=//=7>!:,0371I!7:!,?7;3!lO!
^.oeQ!WeQ!n!NAR!j7;85/X2!65!7?3,=>!O#ND!^.!7:!*'@!5H=335-!
G51!:77-!6=34!:=15677-!W\=.#!OX#!!

!
\=.#!O#!%4155</37>5!7G5>!:=15/!
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! !

':!345!/,H5!6,I2!65!0,>!5/3=H,35!345!:78876=>.!:=.;15/Y!=>!
345!4IG7345/=/!64515!,!J,8;5!7:!@#`N!^.!7:!04,107,8!W\=.#!DX!
:71! 077^=>.! ,! H5,8! =/! 3,^5>2! =3! =HG8=5/! 34,3! 345! 5>51.I!
07>/;H5-!37!5,04!H5,8!=/!67134!O@#`!+QP!345!31,>/G713,3=7>!
7:! 04,107,8! >55-/! A#O`!+Q! G51! H5,8! ,>-! 345! H,>;:,03;15!
>55-/!A2AN`!+Q!G51!H5,8#!L=34!,>!5H=//=7>!:,0371I!7:!,?7;3!
NAA!^.oeQ2!65!7?3,=>!l#Nd!^.!7:!*'@!5H=335-!G51!H5,8!6=34!
04,107,8! 077^=>.! W%,?85! "X#! U1705-;15/! :71! 0,80;8,3=>.! 345!
5>51.I! 07>/;H5-! ?I! 04,107,8! 077^=>.! =>! H715! -53,=8! ,15!
-5/01=?5-!?I!/7H5!,;3471/2!,>-!0,>!?5!,8/7!/55>!7>!*5>351!
:71! ">-5G5>-5>3! &5/5,104! ,>-! F>51.I! :71! C;/3,=>,?85!
(5J587GH5>3!M:1=0,!&5G713!7:!@AAO#!
!

!
\=.#!D#!*4,107,8!077^=>.!

!
%M_SF!"Y!F$F&ek!*'$C)+F(!M$(!*'@!F+"CC"'$C!'\!\"&FL''(!M$(!

*]M&*'MS%
i=3045>! ,>-! 5>51.I!
15/7;105/!
W,8351>,3=J5/X!

F>51.I!
W+QoH5,8X!

*'@!FH=//=7>!
W^.oH5,8X!

*7,/3!
WM1=,1IX!

\=15677-! OE#lO! O#ND! @!dOA!

*4,107,8!077^=>.! lN#RE! l#Nd! `@R!

!
\71!,!:,H=8I!7:!d!G51/7>2!345!,>>;,8!?=88!:71!:=15677-!,>-!

04,107,8!077^=>.!=/!?53655>!)Cm!@lR#d@l!,>-!)Cm!NDOR#R@`!
=>08;-=>.! [M%! ?;3! 5h08;-=>.! /;?/01=G3=7>/! W)Cmn@AAA!
M1=,1IX#!
*,80;8,3=7>!7:!5>51.I!07>/;H5-!?I!CiND! =/!H,-5!;/=>.!

345! :78876=>.! ,//;HG3=7>/#! %45! 5>51.=K=>.! >55-! 7:! 345!
15:850371!=/!67134!dAR#O!+Q!G51!/78,1!077^51#!\71!,!15:850371!
6=34! ,! 8=:5! /G,>! 7:! 35>! I5,1/2! 345! ?;1>51! 07>31=?;35/! 37! ,!
077^=>.!7:!H715!34,>!NA!×!Od`#@`!×!@!H5,8/!G51!-,I2!64=04!=/!
345!5V;=J,85>3!7:!NDdNA!H5,8/!-;1=>.!=3/!8=:5!/G,>#!%4515:7152!
645>!345!>55-!=>!5>51.I!7:!345!15:850371!-=/45/!=/!5hG15//5-!
G51!H5,82! 7>5! 7>8I! .53/! ,! J,8;5! 7:! A#AD!+Q!G51!H5,8#!%45!
G17-;03=7>! 7:! 345! G=505/! 7:! =17>! ,>-! ,8;H=>;H! :71! 345!
H,>;:,03;15!7:!345!077^51!5hG8,=>/!345!J,8;5!7:!A#AO!+Q!G51!
H5,82!64515,/!345!07>31=?;3=7>!7:!345!G,=>3=>.!G17-;03=7>!=/!
5J5>!/H,8851#!%45!/;H!7:! 345/5!367!J,8;5/!.=J5/!A#AE@!+Q!
G51!H5,8#!
\71!345!31,>/G7132!37!7?3,=>!345!5>51.I!/G5>3!=>!+Q!G51!37>2!

=3!=/!>505//,1I!37!H;83=G8I!345!?176/5-!-=/3,>052!?I!345!J,8;5!
7:!345!:15=.43!7:!,!07>/3=3;5>3!7:!345!077^512!,0071-=>.!37!345!
:,/4=7>! 7:! 31,>/G713,3=7>! ;/5-2! 345>! ?I! 345! 65=.43! 7:! 34=/!

H,351=,8#!
\=>,88I2!37!7?3,=>!,>!5>51.=K=>.!J,8;5!5hG15//5-!=>!+Q!G51!

H5,82! =3! =/! >505//,1I! 37! -=J=-5! 345! J,8;5! .7335>! ?I! NDdNA#!
L4=85!/;GG7/=>.!34,3!345!CiND!0,>!077^!``a!7:! 345!H5,82!
64=04!=HG8=5/!,!?,0^<;G!71!,!15G8,05H5>3!1,35!7:!D`a!W34,3!
6,>3/!37!/,I!64=85!15:511=>.!37!345!158,3=J5!-,3,!37!345!07,8!7:!
677-XP! 7>5! 7?3,=>! O@#`! +QoH5,8! ×! A#D`2! 64=04! =/! 345!
5V;=J,85>3!7:!Od#ll!+Q!G51!H5,8#!%45!15H,=>=>.!5>51.I!;/5!=/!
,8870,35-!37!345!15G,=1!,>-!G,13=0;8,18I!345!G,=>3=>.#!
_50,;/5!7:! 345!?=.!;>0513,=>3=5/! 07>051>=>.! 345! /3,.5!7:!

/533=>.!=>!-=/04,1.52!>7!J,8;5!7:!5>51.I!4,/!?55>!=>08;-5-!=>!
34=/!/3,.5#!
\71!345!/3,.5!7:!;/52!345!07>/=-515-!5H=//=7>/!07H5!:17H!

345!;/5!7:!04,107,8!3,^=>.!=>37!,007;>3!345!/;?/3=3;3=7>!1,35!
,>-!345!7>5!G17J7^5-!?I!345!G,=>3=>.#!%4=/!0,80;8,3=7>!H,^5/!
=3/58:! =>! 345! /,H5! 6,I! ,/! G15J=7;/8I#! %45! H,j71=3I! 7:! 345!
5H=//=7>!7:!*'@!=/!,::5035-!37!34=/!/3,.5!7:!;/52!,>-!34515:715!
37!345!15G8,05H5>3!1,35#!%45!:=>,8!5H=//=7>!=/!7:!O#ER!^.!G51!
H5,8!7>05!345!G17-;03=7>!,>-!345!31,>/G713,3=7>!7:!345!077^51!
,15!3,^5>!=>!,007;>3#!
F/3=H,35-! J,8;5/! :71! 345! 5>51.I! 07>/;H5-! ,>-! 345! *'@!

5H=//=7>!?I!345!G,1,?78=0!/78,1!077^51!CiND!,15!/;HH,1=K5-!
=>!%,?85!""#!
!

%M_SF!""Y!F$F&ek!*'$C)+F(!M$(!*'@!F+"CC"'$!'\!UM&M_'S"*!C'SM&!
*''iF&!CiND!

C3,.5!7:!345!8=:5!0I085!
F>51.I!07>/;H5-!
W+QoH5,8X!

*'@!5H=//=7>!
W^.oH5,8X!

+,>;:,03;15! A#AE! A#AA`!

U17-;03=7>! A#AO! A#AAD!

%1,>/G713! A#AD! A#AA@!

)3=8=K,3=7>!W;/,.5X! Od#R@! O#El!

%73,8! OE#Ad! O#ER!

!

7"! >1,0)-,0%.*%=*73G*>)0110%.1*&;*3.(*8-'-:-1;*E-)0';*
#($*H(-$*0.*+%?,9*8-2-:-15-$*
i>76=>.! 345! *'@! 5H=335-! G51! H5,82! =3! =/! G7//=?85! 37!

5/3=H,35!345!*'@!5H=335-!G51!I5,1!:71!,!+,8,.,/I!47;/5478-#!
*,80;8,3=7>/!,15!5/3=H,35-!,/!:78876Y!
!
M8351>,3=J5!NY!\=15677-!077^=>.!
!O#ND!^.!7:!*'@!5H=335-!G51!:77-!!×!O!H5,8/!G51!-,I!n!

R#DN!^.!7:!*'@!5H=335-!G51!-,I!G51!47;/5478-!
!R#DN!^.!!×!Od`!-,I/!n!ODO`#A@!^.!7:!*'@!5H=335-!G51!

I5,1!,>-!G51!+,8,.,/I!:,H=8I!077^=>.!6=34!:=15677-#!
!
M8351>,3=J5!@Y!*4,107,8!077^=>.!
!l#Nd!̂ .!*'@!5H=335-!G51!H5,8!!×!O!:77-/!G51!-,I!n!@D#DR!

^.!7:!*'@!5H=335-!G51!-,I!G51!47;/5478-!
!@D#DR!^.!!×!Od`!-,I/!n!lRDA#NO%^.!7:!*'@!5H=335-!G51!

I5,1!G51!+,8,.,/I!:,H=8I!077^=>.!6=34!04,107,8#!
!
M8351>,3=J5!OY!U,1,?78=0!/78,1!077^51!CiND!
%45!-=/,-J,>3,.5!7:! 345!/78,1!077^51! =/! 34,3! =3!0,>>73!?5!

;/5-!37!077^!?15,^:,/3!,>-!H5,8/!=>!345!5J5>=>.!645>!34515!=/!
>7!/;>#!\71!345!0,80;8,3=7>2!7>5!0,>!7>8I!077^!367!H5,8/!G51!
-,I/!,>-!345!5/3=H,3=7>!7:!345!/;>>I!-,I/!G51!I5,1!=/!,?7;3!
OOA!-,I/#!

!O#ER!^.!7:!*'@!5H=335-!G51!H5,8!!×!@!:77-/!G51!-,I!n!
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! !

E#`l!^.!7:!*'@!5H=335-!G51!-,I!G51!47;/5478-!
!E#l!̂ .!×!OOA!-,I/!n!@`AA#ED%^.!7:!*'@!5H=335-!G51!I5,1!

,>-!G51!+,8,.,/I!:,H=8I!077^=>.!6=34!CiND#!
!

"""#! &FC)S%C!!
%45! 07HG,1,3=J5! /3;-I! ?53655>! 345! 34155! 077^=>.!

,8351>,3=J5/! /476/! 34,3! ,! 15-;03=7>! 7:! ,?7;3! `Aa! 7:! 345!
5>J=17>H5>3,8!=HG,03!4,/!?55>!7?3,=>5-!3417;.4!345!;/5!7:!
34=/!/78,1!077^51#!

!"! >.60$%.)(.,-'*F)<-5,1*
C78,1!5>51.I!3504>787.=5/!/;04!,/!CiND!G17J=-5!7?J=7;/!

5>J=17>H5>3,8!,-J,>3,.5/!=>!07HG,1=/7>!37!345!07>J5>3=7>,8!
5>51.I! /7;105/2! 34;/! 07>31=?;3=>.! 37! 345! /;/3,=>,?85!
-5J587GH5>3! 7:! 4;H,>! ,03=J=3=5/#! %45=1!H,=>! ,-J,>3,.5! =/!
158,35-!37!345!15-;05-!*'@!5H=//=7>/!,>-2!>71H,88I2!,?/5>05!
7:!,>I!,=1!5H=//=7>/!71!6,/35!G17-;03/!-;1=>.!345=1!7G51,3=7>#!
%45! ;/5! 7:! /78,1! 077^51! 4,/! ,--=3=7>,8! G7/=3=J5!

=HG8=0,3=7>/!/;04!,/Y!
p!&5-;03=7>!7:!345!.155>47;/5!.,/5/!5H=//=7>/!WH,=>8I!*'@X!
,>-!G15J5>3=7>!7:!37h=0!.,/!5H=//=7>/!WC'@2!G,13=0;8,35/XP!
p!"HG17J5H5>3!7:!345!V;,8=3I!7:!6,351!15/7;105/P!
p!&5-;03=7>!7:! =>-771! ,=1! G788;3=7>! 07H=>.! :17H!/H7^5!7:!
31,-=3=7>,8!:=15G8,05/P!
p!U173503=7>!7:!/7=8!:513=8=3I2!?=7-=J51/=3I!,>-!07,/3,8!,15,/P!
p!&508,H,3=7>!7:!-5.1,-5-!8,>-P!
p!U15J5>3=7>!7:!-5/513=:=0,3=7>P!
p!&5-;0=>.!1=/^/!7:!:=15/!0,;/5-!?I!7G5>!:=15G8,05/#!

/"! +%50%I>5%.%)05*F)<-5,1*
C70=7<507>7H=0,88I!345!?5>5:=3/!7:!345!;/5!7:!/78,1!077^51!

=>!+,-,.,/0,1!07>/=/3!7:Y!
p!">015,/5!7:!345!15.=7>,8o>,3=7>,8!5>51.I!=>-5G5>-5>0IP!
p!+,^=>.!345!07;>31I!=>-5G5>-5>3!:17H!5>51.I!=HG713/P!
p!(=J51/=:=0,3=7>!,>-!/50;1=3I!7:!5>51.I!/;GG8IP!
p!C;GG713!7:!345!-515.;8,3=7>!7:!5>51.I!H,1^53/P!!
p!M005851,3=7>!7:!345!1;1,8!585031=:=0,3=7>P!
p! U7651:;8! =>/31;H5>3! =>! 345! :=.43! ,.,=>/3! G7J513I2! ?I!

,885J=,3=>.! 345! ?;1-5>! =>! G17J=-=>.! :;58! 07/3/! 34,3! =>015,/5!
07>3=>;7;/8IP!
p!U17J=/=7>!7:!/=.>=:=0,>3!671^!7GG713;>=3=5/P!
p!U17J=-=>.!5HG87IH5>3P!
p!C;GG713=>.!-7H5/3=0!507>7H=5/P!
p! ">/31;03=J5! =>/31;H5>3! :71! 5>J=17>H5>3,8! 5-;0,3=7>!

3417;.4!/58:!85,1>=>.!,>-!5hG51=5>05#!
'>5!7:!345!H,=>!G7/=3=J5!=HG,03/!7:!345!G17j503!6=88!?5!345!

85J51,.5! 7:! G;?8=0! ,6,15>5//! 7:! 5>J=17>H5>3,8! 04,885>.5/!
34,3! 0,>! ?5! =HG85H5>35-! 3417;.4! 5-;0,3=7>,8! G17.1,H! ,>-!
345!31,>/:5115-!/;/3,=>,?85!3504>787.I#!

7"! #-$-&%'05*+%'-$*7%%@($*+ABCJ*!26-.,-:(1*-.2*
K01-26-.,-:(1*
M! G,1,?78=0! 07>05>31,371! /78,1! 077^51! 4,/! ,! 0788503712!

64=04! 07>/=/3/! 7:! 5=3451! ,! 15:8503=>.! 71! 31,>/H=33=>.!
07>05>31,371!07>05>31,3=>.!345!/78,1!=11,-=,3=7>!7>37!,!:70,8!
G7=>3!W\=.#!@X#!%45!077^=>.!G73!=/!G8,05-!,3!345!:70,8!G7=>3#!
%45!,-J,>3,.5!7:!34=/!3IG5!7:!07>05>31,371!/I/35H!=/!34,3!345I!
0,>! 15,04!4=.4!;/5:;8! 35HG51,3;15/#!'>! 345!73451!4,>-2! 345!
>55-! :71! :15V;5>3! 31,0^=>.! :7105/! 345! ;/51! 37! 671^! =>! 345!
/;>/4=>5!;>-51!G,13=0;8,18I!/315>;7;/!07>-=3=7>/!7:!45,3!,>-!

.8,15#!
U,1,?78=0! 07>05>31,371! 4,/! .77-! 3451H,8! 5::=0=5>0I! ,>-!

15,04!4=.4! 35HG51,3;15/2! ?;3! 15V;=15/! :15V;5>3! q31,0^=>.q! <!
34,3!=/2!04,>.=>.!345!G7/=3=7>!7:!345!-5J=05!,0071-=>.!37!345!
/;>g/!G7/=3=7>#!">!:=58-!/3;-=5/2!345!07>05>31,3=>.!077^51!=/!>73!
.5>51,88I! 047/5>! -;5! 37! =3/! >55-! 37! 087/58I! :78876! 345! /;>!
W04,1,0351=K5-!?I!,!876!,005G3,>05!,>.85X2!,>-!/,:53I!=//;5/!
,/! :70;/5-! /;>8=.43! 0,>! 0,;/5! ?;1>/! 71! 5I5! -,H,.5#!
$5J5134585//2! =>! /7H5!,GG8=0,3=7>/2! /78,1! 07>05>31,371/! 0,>!
H,^5! =-5,8! 077^51/#! C7! 87>.! ,/! -=1503! =>/78,3=7>! =/! 15,-=8I!
,J,=8,?85! ,>-! 345! ;/51! =/! 5hG51=5>05-! ,>-! 0,15:;82! 345!
07>05>31,371!15G15/5>3/!,!4=.48I!;/5:;8!,>-!G7651:;8!077^=>.!
3778#!
C=H=8,1!37!345!G,>58!077^512!345!07>05>31,371!/;::51/!:17H!,!

/317>.!158=,>05!7>!-=1503!?5,H!=>/78,3=7>#!*87;-I!07>-=3=7>/!
,>-! 6=>-! 07H?=>5! 37! H,^5! 07>05>31,3=>.! 077^51/! 4=.48I!
-=::=0;83! 37! ;/5#! ">! :,032! 34=/! 077^51! 4,/! ,! 35>-5>0I! 37! .53!
^>70^5-!7J51!?I!,!/317>.!6=>-!,>-!/;::51!:17H!-=13!-5G7/=3/!
7>!345!15:8503=J5!H,351=,8#!
%4515!,15!,8/7!73451!-=/,-J,>3,.5/!7:!345!/78,1!5>51.I#!"3!=/!

7>8I!,J,=8,?85!-;1=>.!8=H=35-!3=H5/!,>-!=3!0,>>73!?5!;/5-!37!
077^!?15,^:,/3!,>-!H5,8/!=>!345!5J5>=>.!645>!34515!=/!>7!/;>#!
%4515:715!=3!15V;=15/!5>51.I!/371,.5!/I/35H/#!FJ5>=>.!H5,8/!
07;8-!?5!077^5-!=>!345!,:351>77>!?I!,!/78,1!/37J5!,>-!^5G3!
6,1H!=>!345!/78,1!7J5>#!
">!345!1,=>I!/5,/7>!/78,1!077^=>.!=/!>73!,!J=,?85!7G3=7>!,>-!

345! /78,1! 077^512! =>! 3,>-5H!6=34! 15:715/3,3=7>! 5::713/2! =/! ,!
G1,03=0,8!=HH5-=,35!/78;3=7>#!
!

"[#! *'$*S)("$e!&F+M&iC!!
+7/3! 7:! 345! 5>51.I! ;/5-! ?I! 345! G,1,?78=0! /78,1! 077^51!

CiND! 07;8-! ?5! ,331=?;35-! 37! 345! ?,0^<;G! >55-Y! 345! ;/5! 7:!
:=15677-!71!04,107,8!645>!34=/!/78,1!077^51!=/!;>;/,?85!-;5!
37!?,-!65,3451!07>-=3=7>/#!%45!/3;-I!/476/!34,3!,!15-;03=7>!
,?7;3! 4,8:! 7:! 345! 5>J=17>H5>3,8! =HG,03! 07;8-! ?5! 7?3,=>5-!
3417;.4! 345! ;/5! 7:! 34=/! /78,1! 077^51#! ">! ,--=3=7>2! 345!
5>J=17>H5>3,8! =HG,03! ,>,8I/=/! 4,/! /476>! 34,3! 345!CiND! =/!
/70=,88I! ,005G3,?852! ?;3! 85//! 07HG53=3=J5! 07HG,15-! 37! 345!
31,-=3=7>,8!077^=>.!;/=>.!:=15677-#!
%45! ;/5! 7:! /78,1! 5>51.I! 37! 077^!H5,8! G15/5>3/! ,! J=,?85!

,8351>,3=J5! 37! 345!;/5!7:! :=15677-2!04,107,8!,>-!73451! :;58/!
31,-=3=7>,88I!;/5-!=>!+,-,.,/0,1!:71!345!G;1G7/5!7:!G15G,1=>.!
H5,8#!L4=85!0513,=>8I2!/78,1!077^51/!0,>>73!5>3=158I!4,83!345!
;/5!7:!:=15677-!,>-!04,107,8!:71!H5,8!G15G,1,3=7>2!=3!0,>!?5!
/476>!34,3!G17G518I!,GG8=5-2!/78,1!077^=>.!0,>!?5!;/5-!,/!,>!
5::503=J5! H=3=.,3=7>! 3778! 6=34! 15.,1-/! 37! .87?,8! 08=H,35!
04,>.52! -5:715/3,3=7>2! ,>-! 507>7H=0! -5?,/5H5>3! 7:! 345!
+,8,.,/I!G57G85#!
"3! =/!6588!^>76>! 34,3! 345!;/5!7:! /78,1!077^51! =/!.7=>.! 37!

=>015,/5!=>!345!07H=>.!I5,1/#!%4515!,15!367!15,/7>/!:71!34=/!
315>-#! \=1/38I2! /;/3,=>,?85! -5J587GH5>32!64=04! =/! ,! .7,8! 7:!
+,8,.,/I! .7J51>H5>3! ,>-! =>-;/31=5/! :71! 345! >5,1! :;3;152!
=HG8=5/!,!04,>.5! =>! 345!7G51,3=7>!,>-!1;>>=>.!7:! =>-;/31=,8!
G1705//5/2!:71!,!/=.>=:=0,>3!15-;03=7>!=>!345=1!5>J=17>H5>3,8!
=HG,03#!">!,--=3=7>2!/78,1!077^51!=/!,>!=>5hG5>/=J52!085,>!,>-!
=>5h4,;/3=?85!15/7;105#!
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! !

&F\F&F$*FC!
bNc! e#!+=04,582!L(M*#$%1<(5,1*0.*+%'-$*7%%@0.:2!e%f2!eM%F2!e51H,>I2!

NRRN#!
b@c! e#!&#! U7^4,158! ,>-!&#!+;>,^,H=2! r&5>56,?85! 5>51.I! 3504>787.=5/!

,>-!,J7=-,>05!07/3!7:!*'@! =>!$5G,82s!N($)-.;*-.2* FO8I#$%:$-)2!
*5>315!:71!&;1,8!3504>787.I2!)>=J51/=3I!7:!\85>/?;1.2!$5G,82!@AAO#!

bOc! S#!M>-1=,>,=J72!rC78,1!077^51!;/5!=>!C7;34!+,-,.,/0,1Y!*7HG,1,3=J5!
/3;-I!6=34!:=15677-!,>-!04,107,8!077^=>.2s!\=>,8!&5G7132!+**!U17j5032!
M>3,>,>,1=J72!@AAE#!

bDc! *5>351! :71! ">-5G5>-5>3! &5/5,104! ,>-! F>51.I! :71! C;/3,=>,?85!
(5J587GH5>3!M:1=0,2! rFJ,8;,3=7>! 7:! /78,1! 077^=3! G17j503! =>!i,^;H,!
15:;.55! 0,HG2s! U17j503! 7:! /78,1! 077^51/! =>351>,3=7>,82! \=>,8! &5G7132!
Q515H=,4!'6=3=!F-=3=7>2!(505H?51!@AAO!

b`c! +#!M?;<i4,-512!+#!M?;!]=8,82!C#!M?-,88,42!,>-!'#!_,-1,>#!W\5?1;,1I!
@ANNX#* FJ,8;,3=>.! 3451H,8! G51:71H,>05! 7:! /78,1! 077^51/! ;>-51!
Q71-,>=,>! 08=H,35#! P%$2-.* P%?$.-'* %=* 8(59-.05-'* -.2* F.2?1,$0-'*
>.:0.(($0.:#* b'>8=>5c#! MJ,=8,?85Y!
433GYoo666#jjH=5#4;#5-;#j7o:=85/oJ`>NoQQ+"F<Nd#G-:!

bdc! C#! &#! (5/,=! ,>-! [#! U,885-#! WQ;8I! @AN@X#! U51:71H,>05! 5J,8;,3=7>! 7:!
=HG17J5-!/78,1!077^51/"*A-$.-,-@-*P"*!:$05"*+50#!b'>8=>5c#!MJ,=8,?85Y!
433GYoo666#=>:8=?>53#,0#=>o7j/o=>-5h#G4GoiQMCo,13=085oJ=56\=85oNOdNo
N@O@!!

bEc! +#!e75-^77G2!M#!(5!C041IJ512!+#!'5852!C#!(;1^/K2!,>-!(#!-5!&75/3#!
W$7J5H?51! @ANAX#! C=H,U17! EY! ">317-;03=7>! 37! S*M#! b'>8=>5c#!
MJ,=8,?85Y!
433GYoo666#G15#>8o-76>87,-oH,>;,8/oC=H,U17E">317-;03=7>%7S*M#G
-:!

blc! ]#![53351#!W\5?1;,1I!@ANNX#!C78,1!077^51!G17j503!7:!M(FC2!H,-,.,/0,1#!
7%.1($6-,0%.* Q* K(6('%<)(.,#! b'>8=>5c#! MJ,=8,?85Y!
433GYoo666#,-5/78,=15#71.!!

bRc! L=^=,#!W\5?1;,1I!@ANNX#!%45!]=/371I!7:!C78,1!*77^=>.!=>!+,-,.,/0,1#!
b'>8=>5c#!MJ,=8,?85Y!433GYoo/78,1077^=>.#6=^=,#07Ho6=^=o+,-,.,/0,1!

!

O'4'% J)/0(')'(9-! 6,/! ?71>! =>!
M>3,>,>,1=J7<+,-,.,/0,1#! %4=/! /0=5>3=/3! 7?3,=>5-! 4=/!
r],?=8=3,3=7>s! =>! e573451H,8! F>51.I! :17H! 345! F0785!
C;GT1=5;15!U78I3504>=V;52!)>=J51/=3I!7:!M>3,>,>,1=J7#!
]5!=/!0;115>38I!U17:5//71!,3!345!/,H5!)>=J51/=3I#!]=/!=/!
345! ]5,-! 7:! e573504>787.I! S,?71,371I#! ]5! =/! 345!
H,>,.=>.! -=150371! 7:! 345! F>.=>551=>.! (5/=.>!
(5G,13H5>3!+,/7,>-17!CM&S#!]5!671^5-!,/!45,-!7:!

%504>787.I!%5,H!6=34! CF"+!CM&S! :71! D! I5,1/#!]5! 4,/! G;?8=/45-!H,>I!
3504>=0,8! G,G51/! 7>! .573451H,8! 5>51.I2! .573504>=0,8! 5>.=>551=>.2!
.57451=3,.5!,>-!507>7H=0!.5787.I#!]5!=/!,!e573451H,8!F>51.I!">/=-51#!
U17:#! M>-1=,>,=J7! =/! ,! eCM:! ,>-! "FFF!H5H?51! ,>-! =/! 345! -=150371! 7:!

U;?8=0,3=7>!7:!+,-,<],1I#!
!

P-'#')3()(0()'% Q7! 8'&',('0()-0-% 6,/! ?71>! =>!
M>3,>,>,1=J7! <!+,-,.,/0,1#! ! %4=/! ,;3471! 7?3,=>5-!
4=/!r],?=8=3,3=7>s!=>!e573504>=0,8!F>.=>551=>.!:17H!
345! F0785! C;GT1=5;15! U78I3504>=V;52! )>=J51/=3I! 7:!
M>3,>,>,1=J7#!!!
C45!=/!0;115>38I!G17:5//71!,3!/,H5!)>=J51/=3I#!C45!

=/! 0;115>38I! 345! 45,-! 7:! e573504>=0,8! F>.=>551=>.!
S,?71,371I! ,>-! 345! G1=>0=G,8! =>J5/3=.,371! 7:! /7=8!
H504,>=0!15/5,104#!C45!4,/!G;?8=/45-!/7H5!3504>=0,8!

G,G51/! 7>! .573504>=0,8! 5>.=>551=>.2! .573451H,8! 5>51.I2! .5707>/51J,3=7>2!
507>7H=0!.5787.I!,>-!/31;03;1,8!.5787.I#!C45!=/! 345!G1=>0=G,8! =>J5/3=.,371!
07>051>=>.!345!07,/38=>5!15/5,104!,>-!07<,;3471!7:!,!/0=5>3=:=0!?77^!158,35-!37!
345!07,/3,8!-5J587GH5>3#!
U17:#! &,H,/=,1=>717! =/! 0;115>38I! 345! 5-=371<=><04=5:! 7:! 345! G51=7-=0,8!

+,-,<],1I#!

!
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