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#?('=7*>!=('O7P&,mC!+F7!P?((7>&!$7G%87(*JG7!*%<,!*&!=(7,7>&%>-!*!&F'('?-F!=G*>!*>$!-?%$*>P7!M'(!
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*!9%$7!*?$%7>P7!'M!,&*@7F'G$7(,C!!

+F7!$'P?<7>&!9%GG!=(7,7>&!&F7!&''G,!*>$!PF*>>7G,!&F*&!F*87!*G(7*$K!J77>!?,7$!*>$!9%GG!J7!?,7$!
&'!P'<<?>%P*&7!&F7!=('O7P&V!%&!9%GG!%$7>&%MK!&F7!=('O7P&a,!&*(-7&!*?$%7>P7,!*>$!&F7!@7K!<7,,*-7,!
&F*&!,F'?G$!J7!?,7$!&'!7>-*-7!7*PF!*?$%7>P7V!&F7!$%,,7<%>*&%'>!=('P7,,!&'!J7!M'GG'97$!JK!&F7!
P'>,'(&%?<! =*(&>7(,! *>$! %&! 9%GG! ,7(87! *! -?%$7! M'(! *GG! &F7! $%,,7<%>*&%'>! *>$! P'<<?>%P*&%'>!
*P&%8%&%7,!=7(M'(<7$!9%&F%>!&F7!=('O7P&C!!!!

+F7!ZI++#6["B.A#!;%,,7<%>*&%'>!*>$!/'<<?>%P*&%'>!0&(*&7-K!%,!*!G%8%>-!$'P?<7>&!&F*&!9%GG!J7!
*$*=&7$!*PP'($%>-!&'!&F7!=('O7P&a,!=F*,7,!*>$!'?&P'<7,!*>$!9%GG!J7!?=$*&7$!*M&7(!&F7!M%(,&!F*GM!
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! *+,-./0!120+,34/01,2!

ZI++#6["B.A#! %,! *!=('O7P&V! M?>$7$!?>$7(! &F7!b'(%n'>!#?('=7! M(*<79'(@!=('-(*<<7! &F*&!9%GG!
M*P%G%&*&7! &F7!,<''&F! &(*>,%&%'>!'M!#Q!J*&&7(%7,! &'!"!"! G%M7!?,7!*>$!J'',&! &F7! %>>'8*&%'>!'M! &F7!
#?('=7*>!Z*&&7(K! .>$?,&(K!JK!=('8%$%>-!7>*JG7(,! &'! %<=G7<7>&!'=7>V!*$*=&*JG7!,<*(&!Z*&&7(K!
)*>*-7<7>&!0K,&7<,! RZ)0S!*>$! %<=('87$!,K,&7<!$7,%->,!&'9*($,!(7G%*JG7! (7P'>M%-?(*&%'>!'M!

?,7$!J*&&7(%7,C)!

+9'!$7<'>,&(*&%'>,!&F*&!(7=(7,7>&!&9'!=('<%,%>-!*>$!,?,&*%>*JG7!J?,%>7,,!P*,7,V!,7(8%>-!&F7!
&9'! <',&! P'<<'>! ,&*&%'>*(K! *==G%P*&%'>,! F*87! J77>! P*(7M?GGK! ,7G7P&7$h! +F7! $'<7,&%P! *>$!
%>$?,&(%*G!R-(%$^,P*G7S!,&'(*-7V!9%&F!(7,=7P&!&'!&F7%(!'=7(*&%'>*G!,=7P%M%P%&%7,!*>$!(7o?%(7<7>&,C!!

+F7!=('O7P&a,!$?(*&%'>!7c&7>$,!M('<!e*>?*(K!"1"5!&'!;7P7<J7(!"1"4C!

! !'.516.+785.!94+9,:.!

+F%,!$'P?<7>&!G*K,!&F7!M'?>$*&%'>!M'(!*!,?PP7,,M?G!$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!=G*>!*>$!
-%87,!*>!'?&G%>7!*>$!,&(*&7-K! &'!<77&! &F7!$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!'JO7P&%87,!'M! &F7!
=('O7P&C! .&! ,=7P%M%7,! &F7! &*(-7&! *?$%7>P7,V! F'9! &F',7! *?$%7>P7,! 9%GG! J7! (7*PF7$V! 9F%PF! @7K!
<7,,*-7,!9%GG!J7!?,7$!*>$!&F7!PF*>>7G,!*>$!<7*>,!&F*&!9%GG!J7!7<=G'K7$C!!

+F7! $7G%87(*JG7! UC:! ;%,,7<%>*&%'>! *>$! /'<<?>%P*&%'>! 0&(*&7-K! %,! *! G%8%>-! $'P?<7>&! &F*&! %,!
7c=7P&7$!&'!78'G87!'87(!&%<7!&F('?-F!&F7!=('O7P&a,!G%M7&%<7V!&*@%>-!%>&'!P'>,%$7(*&%'>!&F7!=('O7P&a,!
=('-(7,,V!&F7!P'>,'(&%?<a,!>77$,!*>$!&F7!M77$J*P@!-%87>!JK!&F7!&*(-7&!*?$%7>P7,V!&F('?-F!&F7!
<'>%&'(%>-!*>$!&F7!78*G?*&%'>!'M!&F7!*P&%8%&%7,C!+F7!'MM%P%*G!?=$*&7!9%GG!J7!=?JG%,F7$!%>!M('<!'M!
;UCW!%>!):X!*>$!&F7!M%>*G!87(,%'>!%>PG?$%>-!*GG!*P&%8%&%7,!*>$!(7='(&%>-!'>!&F7!$7M%>7$!DN.!&*(-7&,!
?>$7(!&F7!,?J,7o?7>&!TN:1!%>!M'(<!'M!;:1C:!%>!)W4C!!

A%>*GGKV!&F%,!$7G%87(*JG7!%,!J*,7$!'>!&F7!=(%>P%=G7,!'?&G%>7$!%>!&F7!b'(%n'>!#?('=7!-?%$*>P7!'>!F'9!
&'! P'<<?>%P*&7! *>! #g^M?>$7$! =('O7P&! =(7,7>&7$! '>! &F7! #/! 'MM%P%*G! 97J,%&7V! 7>&%&G7$!
l/'<<?>%P*&%>-!*J'?&!K'?(!#g^M?>$7$!=('O7P&m!p:qC!!!!

! ;33+.::12<!0=.!>;$$?%@AB"C?!3.:/+1901,2!,D!7/01,2!!

+F7! (7G*&%'>! 'M! &F%,! =(7,7>&! $'P?<7>&! 9%&F! &F7! ZI++#6["B.A#! i(*>&! I-(77<7>&! RiIS!
(7o?%(7<7>&,!%>!TNUV!%,!$7=%P&7$!%>!&F7!&*JG7!J7G'9h!

!

!
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9#+G!HIJ!;787G'=<7>&!'M!*!
M?GG!;%,,7<%>*&%'>!*>$!
/'<<?>%P*&%'>!NG*>!

9#+G!HIK!/G?,&7(%>-!9%&F!
#?('=7*>!=('O7P&,!

.HIJ!;%,,7<%>*&%'>!*>$!
/'<<?>%P*&%'>!0&(*&7-K!

+F%,!$7G%87(*JG7!%,!&F7!
'?&P'<7!'M!9#+G+!HIJ!#)1!HIK!
*>$!9%GG!=(7,7>&!&F7!=('O7P&a,!
$%,,7<%>*&%'>!*>$!
P'<<?>%P*&%'>!=G*>!M'(!&F7!
7MM7P&%87!=('<'&%'>!'M!&F7!
=('O7P&!*>$!&F7!7>-*-7<7>&!
'M!&F7!(7G*&7$!,&*@7F'G$7(,C!

! !"20.23.3!+.73.+:=19!

+F%,! $'P?<7>&! %,! *! =?JG%P! $7G%87(*JG7r! &F7(7M'(7V! &F7! %>&7>$7$! (7*$7(,F%=! P'<=(%,7,! &F7!
ZI++#6["B.A#!P'>,'(&%?<!=*(&>7(,V!&F7!#/!N('O7P&!fMM%P7(!*>$!&F7!-7>7(*G!=?JG%PC!.&!9%GG!J7!'M!F%-F!
%>&7(7,&! M'(! &F7! P'>,'(&%?<! =*(&>7(,! &'! ?,7! %&! *,! *! (7M7(7>P7! M'(! '(-*>%,%>-! &F7! =('O7P&k,!
$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!*P&%8%&%7,!*>$!M'(!*,,%,&%>-!%>!(*%,%>-!*9*(7>7,,!'M!&F7!=('O7P&C!

! !!E.F!/,2/.90:!3.D12101,2!!

;%,,7<%>*&%'>!*>$!/'<<?>%P*&%'>!*(7! &9'!@7K!7G7<7>&,!'M! *>!#g^M?>$7$!=('O7P&!9%&F!<*O'(!
P'>&(%J?&%'>!&'!&F7!=('O7P&a,!,?PP7,,C!+F7!&*JG7!J7G'9!=(7,7>&,!&F7%(!'JO7P&%87,V!,%<%G*(%&%7,!*>$!
$%MM7(7>P7,V!*PP'($%>-! &'! &F7!b'(%n'>!#?('=7!-?%$*>P7!'>!F'9!&'!P'<<?>%P*&7!*>!#g^M?>$7$!
=('O7P&! =(7,7>&7$! '>! &F7! #/! 'MM%P%*G! 97J,%&7V! 7>&%&G7$! l/'<<?>%P*&%>-! *J'?&! K'?(! #g^M?>$7$!
=('O7P&m!p:qC!!!!

! .*++%$*)#,*-)!! L-$$C)*3#,*-)!

ME#,! )*@7!@>'9G7$-7!*>$!(7,?G&,!=?JG%PGK!
*8*%G*JG7!M(77^'M^PF*(-7!

.>M'(<V!=('<'&7!*>$!
P'<<?>%P*&7!*P&%8%&%7,!*>$!
(7,?G&,!

N-O! N?JG%,F%>-!(7,?G&,!%>h!!

!! 0P%7>&%M%P!<*-*n%>7,!!
!! 0P%7>&%M%P!*>$3'(!&*(-7&7$!

P'>M7(7>P7,!!
!! ;*&*J*,7,!

!

!! b*8%>-!*!97GG^$7,%->7$!
,&(*&7-K!!

!! /'>87K%>-!PG7*(!<7,,*-7,!!
!! g,%>-!&F7!(%-F&!PF*>>7G,!

ME%)! !! I>K&%<7V!*,!,''>!*,!(7,?G&,!
J7P'<7!*8*%G*JG7!!

!! g=!&'!M'?(!K7*(,!*M&7(!&F7!
7>$!'M!&F7!=('O7P&!

!! A('<!&F7!,&*(&!?>&%G!&F7!
7>$!'M!&F7!*P&%'>!

MEP! !! )*c%<%,7!&F7!%<=*P&!'M!&F7!
*P&%'>!

!! IGG'9!'&F7(!(7,7*(PF7(,!&'!
-'!*!,&7=!M'(9*($!!!

!! #>-*-7!9%&F!,&*@7F'G$7(,!!
!! I&&(*P&!&F7!J7,&!7c=7(&,!!!
!! 6*%,7!*9*(7>7,,!'M!F'9!

=?JG%P!<'>7K!%,!,=7>&!!
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! !$=.!>;$$?%@AB"C?!799+,7/=!

+F7! ZI+#6["B.A#! ;%,,7<%>*&%'>! *>$! /'<<?>%P*&%'>! ,&(*&7-K! %,! %>,=%(7$! M('<! &F7! B*,,97GGa,!
<'$7G! 'M! P'<<?>%P*&%'>! p"qV! *>$! &F7! M%87! ,%<=G7! o?7,&%'>,h! lTF'mV! s0*K,! TF*&tsV! s.>! TF*&!
/F*>>7GtsV!s+'!TF'<tsV!*>$!sT%&F!TF*&!#MM7P&t!lC!+F7!M%-?(7!J7G'9!,F'9,!J(%7MGK!'?(!*==('*PF!
*>$!&F7!,&7=,!97!9%GG!M'GG'9C!

!

*,@925+DR+#=5+IP-751+.1123.6=+;.-5:+3/+7=5+(.--T5QQ+L3AA9/,6.7,3/+U3:5Q++

!

! !$=.!>;$$?%@AB"C?!31::.J12701,2!723!/,JJ421/701,2!<,75:!!

A('<! &F7! 87(K! J7-%>>%>-! 'M! &F7! =('O7P&V! &F7! ZI++#6["B.A#! P'>,'(&%?<! =*(&>7(,! F*87! J77>!
P'<<%&&7$!&'!$%MM7(7>&!P'<<?>%P*&%'>!*>$!$%,,7<%>*&%'>!*P&%8%&%7,!&*(-7&%>-!8*(%'?,!*?$%7>P7,!
&F('?-F!$%MM7(7>&!P'<<?>%P*&%'>!PF*>>7G,!*>$!&''G,! &'! (*%,7!*&&7>&%'>!*>$!*9*(7>7,,! M'(! &F7!
=('O7P&C!I,!<7>&%'>7$!*J'87V!&F7!M%(,&!,&7=!&'!*!,?PP7,,M?G!$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!=G*>!
%,!&F7!%$7>&%M%P*&%'>!'M!&F7!$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!-'*G,C!+F7,7!*(7!<7>&%'>7$!%>!&F7!
=('O7P&!iI!pWq!*>$!*(7!*G,'!,?<<*(%,7$!J7G'9h!

•! 6*%,7!=('O7P&!*9*(7>7,,!
•! #>-*-7!&F7!P'((7P&!&*(-7&!*?$%7>P7,!
•! /*((K!&F7!=('O7P&!(7,?G&,!&'!&F7!,'P%7&K!
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•! .>8'G87!*,!<*>K!,&*@7F'G$7(,!*,!=',,%JG7!&'!&F7!=('O7P&!*$8*>&*-7,!
•! B%*%,7!9%&F!'&F7(!#g^M?>$7$!=('O7P&,!*>$!=('<'&7!#?('=7*>!P'GG*J'(*&%'>!
•! ;%,,7<%>*&7!&F7!=('O7P&!,P%7>&%M%P!(7,?G&,!*>$!-7&!M77$J*P@!M('<!'&F7(!,P%7>&%,&,!*>$!

(7G78*>&!@7K!7c=7(&!P'<<?>%&%7,!

! !E.F!7431.2/.:!

+F7!,7P'>$!,&7=!&'!*!,?PP7,,M?G!,&(*&7-K!%,!&'!$7M%>7!&F7!@7K!&*(-7&!*?$%7>P7,V!?>$7(,&*>$!&F7%(!
?>%o?7!PF*(*P&7(%,&%P,!*>$!>77$,!*>$!&(K!&'!7>-*-7!&F7<!&'!&F7!-(7*&7,&!7c&7>&C!+F7!*?$%7>P7,!
ZI++#6["B.A#!=('O7P&!&*(-7&,!&'!(7*PFV!F*87!J77>!%$7>&%M%7$!M%(,&!%>!&F7!=('=',*G!*>$!G*&7(!%>!&F7!
iI!p5q!*>$!&F7K!*(7!*G,'!=(7,7>&7$!J7G'9h!

» ! 8#,,%'P! $#)C2#3,C'%'+! #)1! +CFFD*%'+! R#?('=7*>! #Q! J*&&7(K! M*P&'(%7,! ,?PF! *,!
0*<,?>-! 0;.! %>! b?>-*(KV! Bi! /F7<! %>! N'G*>$V! Y'(&F8'G&! #&&! %>! 097$7>V! /I+B! %>!
i7(<*>K!*>$!<'(7S!

» ! J!"!Q!=#$!D*2%!6#,,%'*%+!3C+,-$%'+!R#Q!<*>?M*P&?(7(,V!#00!P?,&'<7(,V!7&PS!
» ! R3*%),*2*3!Q!'%+%#'3E!3-$$C)*,P!R(7,7*(PF7(,!%>!,%<%G*(!M%7G$,S!
» ! 4C6D*3!6-1*%+!Q!F-D*3P!$#G%'+!R#/V!#?('=7*>!Z*&&7(K!IGG%*>P7V!7&PS!
» ! ;%D%7#),!:C'-F%#)!F'-S%3,+!#)1!*)*,*#,*7%+!R#g^M?>$7$!=('O7P&,!*>$!%>%&%*&%87,!,?PF!

*,!&F',7!=(7,7>&7$!%>!$7&*%G!%>!07P&%'>!WC]S!
» ! R,#)1#'1*+#,*-)! 3-$$C)*,P! R#0f,^#?('=7*>! 0&*>$*($%n*&%'>! f(-*>%,*&%'>,! u/#YV!

/#Y#B#/V!#+0.vV!'&F7(!,&*>$*($%n*&%'>!J'$%7,S!
» ! 0%1*#!R=(7,,V!>79,=*=7(,!\!<*-*n%>7,V!'>G%>7!<7$%*!,%&7,S!!
» ! A%)%'#D!FC6D*3!R#?('=7*>!P%&%n7>,S!!

! !),+.!J.::7<.:!

+F7!$7M%>%&%'>!'M!&F7!@7K!<7,,*-7,!&F*&!9%GG!&*(-7&!&F7!=('O7P&!,&*@7F'G$7(,V!%,!&F7!&F%($!,&7=!'>!
'?(!*==('*PFC!!

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

+F7!=?(=',7!'M!&F%,!=*(*-(*=F!%,!&'!-(*J!&F7!(7*$7(k,!*&&7>&%'>!*>$!-%87!*!PG7*(!'87(8%79!'M!&F7!
=('O7P&!787>!&'!>'>^&7PF>%P*G!*?$%7>P7,!"IGG!P'>,'(&%?<!=*(&>7(,!P*>!?,7!%&!%>!$%MM7(7>&!'PP*,%'>,!
R=(7,7>&*&%'>,V!,'P%*G!<7$%*V!97J,%&7!*>>'?>P7<7>&,V!<7$%*!*(&%PG7,SC!

! 234)%564'-*(%$'*5'440+'4***

8599:;<=>?@:!#*$+!,-! 2#3*D*,#,%! ,E%!+$--,E!,'#)+*,*-)!-2!6#,,%'*%+! ,-!=#$! D*2%!C+%!#)1!
6--+,! ,E%! *))-7#,*-)! -2! ,E%! :C'-F%#)! 8#,,%'P! ?)1C+,'P! 6P! F'-7*1*)(! %)#6D%'+! ,-!
*$FD%$%),!-F%)T!#1#F,#6D%!Q!+$#',!8#,,%'P!0#)#(%$%),!RP+,%$+!U80RV!#)1!*$F'-7%1!
+P+,%$!1%+*()+!,-O#'1+!'%D*#6D%!'%3-)2*(C'#,*-)!-2!C+%1!:D%3,'*3!/%E*3D%!U:/V!6#,,%'*%+I!



! "#$%&#'()$#!*+,!

:2!

!

#*PF!&*(-7&!-('?=!>77$,!&'!J7!*==('*PF7$!@77=%>-!%>!<%>$!&F*&!&F7K!<*K!F*87!*!$%MM7(7>&!8%79!
'>!&F7!=('O7P&!(7,?G&,C!+F?,V!97!F*87!&(%7$!&'!G%>@!P?,&'<%,7$!@7K!<7,,*-7,!&'!&F7!%$7>&%M%7$!&*(-7&!
*?$%7>P7,!,%>P7!&F7!87(K!J7-%>>%>-!'M!&F7!=('O7P&C!)',&!'M!&F7!&*(-7&!*?$%7>P7,!*>$!P'(7!<7,,*-7,!
F*87!J77>!$7M%>7$! %>! &F7!iI! p2qC!Z7G'9!K'?!P*>! M%>$!*! &*JG7!=(7,7>&%>-! &F7! G%>@!J7&977>! &F7!
*?$%7>P7,!R<7>&%'>7$!*G,'!%>!PF*=&7(!"CWS!*>$!&F7!=('O7P&!P'(7!<7,,*-7,h!

L-'%!$%++#(%! W%P!#C1*%)3%!

ZI++#6["B.A#!9%GG!=('8%$7!7>*JG7(,!M'(!&F7!P',&^
7MM%P%7>&! %>&7-(*&%'>! 'M! #Q! J*&&7(%7,! %>! "!"! G%M7!
*==G%P*&%'>,V! %>P(7*,%>-! &F7! -G'J*G!
P'<=7&%&%87>7,,! 'M! &F7! #?('=7*>! J*&&7(K!
%>$?,&(K!*>$!?>G'P@%>-!>79!J?,%>7,,!,&(7*<,C!!

Z*&&7(K!<*>?M*P&?(7,!*>$!,?==G%7(,!
!

ZI++#6["B.A#! 9%GG! 7>,?(7! *! ,*M7V! (7G%*JG7! *>$!
P',&^7MM%P%7>&!"!"!G%M7!M'(!?,7$!#Q!J*&&7(%7,C!!!

:#$!\!"!"!G%M7!J*&&7(%7,!P?,&'<7(,!
!

ZI++#6["B.A#! 9%GG! =('8%$7! 7>*JG7(,! *>$! 9%GG!
-7>7(*&7! @>'9G7$-7! *>$! '=7>! $*&*! M'(! <'(7!
*PP?(*&7! <'>%&'(%>-! *>$! P'>&('G! 'M! ?,7$!
J*&&7(%7,C!

0P%7>&%M%P!\!(7,7*(PF!P'<<?>%&K!
!

ZI++#6["B.A#! 9%GG! 7>*JG7! &F7! ,*M7! *>$! P',&^
7MM%P%7>&! %>&7-(*&%'>!'M!?,7$!#Q!J*&&7(%7,! %>!"!"!
G%M7!*==G%P*&%'>,V!(7$?P%>-!&F7%(!P*(J'>!M''&=(%>&!
*>$!J'',&%>-!&F7!#?('=7*>!J*&&7(K!7P',K,&7<C!

N?JG%P!J'$%7,!\!='G%PK!<*@7(,!
!

ZI++#6["B.A#! 7>*JG7(,! 9%GG! P'87(! P?((7>&! *>$!
M?&?(7! ,K,&7<,! *>$! &7PF>'G'-%7,! *>$! *(7!
%>&7('=7(*JG7! *<'>-! ,K,&7<,! *>$!
<*>?M*P&?(7(,C!

67G78*>&!#?('=7*>!=('O7P&,!*>$!%>%&%*&%87,!
!

ZI++#6["B.A#! 7>*JG7(,! *>$! $*&*! <'$7G,! 9%GG!
,?=='(&!%>&7('=7(*J%G%&K!'M!$%MM7(7>&!Z)0!*>$!Z0!
*>$!'=7>!*PP7,,!&'!J*&&7(K!$*&*!JK!&F%($!=*(&%7,V!
%>PG?$%>-!&F7!J*&&7(K!=*,,='(&!P'>P7=&C!

0&*>$*($%,*&%'>!P'<<?>%&K!
!

ZI++#6["B.A#! 'MM7(,! *! ,*M7V! (7G%*JG7! *>$! P',&^
7MM%P%7>&! "!"! G%M7! &'! #Q! J*&&7(%7,V! =('<'&%>-!
P%(P?G*(%&K!*>$!,?,&*%>*J%G%&KC!!

)7$%*!

ZI++#6["B.A#! =*87,! &F7! 9*K! M'(! ,*M7V! (7G%*JG7!
*>$! %>7c=7>,%87! "!"! G%M7! 'M! 7G7P&(%P! 87F%PG7,a!
J*&&7(%7,!M'(!*!-(77>!#?('=7*>!M?&?(7C!

i7>7(*G!=?JG%P!!

#.;Q5+'R+L325+A5--.@5-+./:+V5<+.9:,5/65-+

! +



! "#$%&#'()$#!*+,!

:4!

!

!!

7! '"HH?I"#;$"&#!;#'!)&II(#");$"&#!$&&BH!;#'!;)$"K"$"?H!

! >+723!13.2010F!

! 8%+%*

+F7!=('O7P&!G'-'!9*,!$7,%->7$!*>$!8'&7$!'>!JK!*GG!P'>,'(&%?<!=*(&>7(,!*&!&F7!87(K!J7-%>>%>-!'M!
&F7!=('O7P&C!+F7!8'&7!&''@!=G*P7!787>!J7M'(7!&F7!=('O7P&!D%P@!fMM!)77&%>-!RDf)SC!.//0!&(%7$!&'!
P(7*&7!*!,%<=G7!*>$!7>-*-%>-!G'-'!&F*&!9%GG!%<<7$%*&7GK!P'>87K!&F7!=('O7P&a,!8%,%'>!&'!787(K'>7C!
.>! &'&*GV! &F(77! $%MM7(7>&! $(*M&! 87(,%'>,! 97(7! =(7,7>&7$! &'! &F7! =*(&>7(,! *>$! &F7! P'>,'(&%?<!
=*(&>7(,!8'&7$!'>!'>7!'M!&F7!$7,%->,!8%*!<*O'(%&K!8'&%>-!%>!9F%PF!*GG!=*(&>7(,!P*,&!'>7!8'&7C!+F7!
G'-'! %,! &F7! &(*$7<*(@! 'M! &F7! =('O7P&! *>$! %,! ?,7$! '>! &F7! =('O7P&a,! 97J,%&7V! ,'P%*G! <7$%*! *>$!
&7<=G*&7,C!IPP'($%>-!&'!b'(%n'>!#?('=7!-?%$7G%>7,V!%&!*G,'!>77$,!&'!J7!%>PG?$7$!'>!*>K!=FK,%P*G!
$7<'>,&(*&'(! &F*&! &F7! =('O7P&! =('$?P7,V! %>! &F%,! P*,7! &F7! #>7(-K! 0&'(*-7! 0K,&7<,! R#00S!
<*>?M*P&?(7$!*>$!&7,&7$!$?(%>-!&F7!=('O7P&!*,!97GG!*,!*GG!J*&&7(K!=*P@,!&F*&!P'>,&%&?&7!&F7<C!

!

*,@925+'R+*,/.Q+Q3@3+

!



! "#$%&#'()$#!*+,!

:]!

!

!

!

!

!

!

! 8%+%*34'9*:%.)4*0.-*(%,%3$4*

.&!%,!%<='(&*>&!&'!@77=!*!P'>,%,&7>&!=('O7P&!%$7>&%&K!,'!&F*&!&F7!=('O7P&!-7&,!7*,%GK!(7P'->%,*JG7!&'!
&F7!=?JG%PC!+F7(7M'(7V!97!P(7*&7$!*!$7$%P*&7$!J(*>$!J''@!&F*&!%>PG?$7,!-?%$*>P7!M'(!&F7!G'-'!?,7V!
&F7!M'>&!&F*&!,F'?G$!J7!?,7$!%>!&F7!=('O7P&a,!&7<=G*&7,!*>$!'>!&F7!97J,%&7!*,!97GG!*,!&F7!=('O7P&!
P'G'?(,!9F%PF!(787*G!&F7!-(77>!*,=7P&!'M!&F7!=('O7P&C!!+F7!=('O7P&!J(*>$!J''@!%,!*8*%G*JG7!'>!&F7!
=('O7P&!97J,%&7!*>$!*G,'!%>!M?GG!%>!!""#$%&'%()*"+%,--.!'M!&F%,!$'P?<7>&C!!

! !$.J9570.:!

.//0!%,!&F7!;%,,7<%>*&%'>!*>$!/'<<?>%P*&%'>!<*>*-7(!'M!ZI++#6["B.A#!*>$!P(7*&7$!*!,7&!'M!)0!
'MM%P7!&7<=G*&7,!&F*&!P'<=(%,7!'M!*!$7G%87(*JG7!&7<=G*&7!%>!C$'Pc!M'(<*&V!*>!*-7>$*!&7<=G*&7!%>!
C$'Pc!M'(<*&V!*!<77&%>-!<%>?&7,!&7<=G*&7!%>!C$'Pc!M'(<*&!*>$!*!=(7,7>&*&%'>!&7<=G*&7!%>!C==&c!
M'(<*&!M'(!&F7!=*(&>7(!=(7,7>&*&%'>,C!+F7!&7<=G*&7,!*(7!*8*%G*JG7!'>!&F7!=('O7P&!(7=',%&'(K!*>$!
*G,'!P*>!J7!M'?>$!%>!M?GG!%>!!""#$%/'%0#123*4#5!'M!&F%,!$'P?<7>&C!!!!!

! !'1<1075!0,,5:!

! ;'<46)'*

+F7!ZI++#6["B.A#!97J,%&7!9*,!P(7*&7$!%>!)W!'M!&F7!=('O7P&!G%M7,=*>C!+F7!=('O7P&!97J,%&7!%,!&F7!
=%GG*(! 'M! &F7! =('O7P&! P'<<?>%P*&%'>! *>$! &F7! <*%>! PF*>>7G! 'M! P'<<?>%P*&%'>! 9%&F! *>K'>7!

*,@925+FR+#=5+7T3+Q3@3+W52-,3/-+7=.7+T525+/37+6=3-5/+

https://www.battery2life-project.eu/
https://www.battery2life-project.eu/


! "#$%&#'()$#!*+,!

:X!

!

%>&7(7,&7$!%>!&F7!=('O7P&C!+F7!$7,%->!%,!J*,7$!'>!&F7!=('O7P&!J(*>$!*>$!8%,?*G!%$7>&%&K!*>$!%,!J7%>-!
@7=&!*,!,%<=G7!*,!=',,%JG7C!!

!

*,@925+OR+X234567+T5;-,75+=3A5+1.@5+

! =%(60,*5'-60*

+F7!=('O7P&!,'P%*G!<7$%*!PF*>>7G,!9%GG!J7!?,7$!&'!P'<<?>%P*&7!&F7!=('O7P&!&'!*!9%$7(!*?$%7>P7!
JK!$%,,7<%>*&%>-!%&,!(7,?G&,V!>79,!*>$!F%-FG%-F&,!%>!*!P*&PFKV!K7&!%>M'(<*&%87!9*KC!+F7!=('O7P&!F*,!
J77>!*G(7*$K!(?>>%>-!*>!j!RM'(<7(GK!@>'9>!*,!&9%&&7(S!PF*>>7G!*>$!*!B%>@7$.>!*PP'?>&!,%>P7!&F7!
G*?>PF!'M!&F7!=('O7P&C!I!['?+?J7!PF*>>7G!9%GG!J7!*G,'!G*?>PF7$!&'!F',&!&F7!=('O7P&!8%$7',!*&!*!G*&7(!
,&*-7!*>$!'>P7!<'(7!&*>-%JG7!(7,?G&,!J7P'<7!*8*%G*JG7C!

0%1*#! 533-C),!

j!R+9%&&7(S! _J*&&7(K"G%M7`7?!

B%>@7$.>! ZI++#6["B.A#!N('O7P&!

!!+F7!P'>,'(&%?<!=*(&>7(,!F*87!*G(7*$K!(7P7%87$!-?%$7G%>7,!'>!F'9!&'!?,7!&F7,7!*PP'?>&,C!+F7K!
F*87!J77>!*,@7$!&'!&*-!&F7!'MM%P%*G!=('O7P&!*PP'?>&,!787(K!&%<7!&F7K!9*>&!&'!=',&!*J'?&!&F7%(!9'(@!
9%&F%>! &F7! =('O7P&V! &'! (7=',&! &F7! =('O7P&! PF*>>7Ga,! *>>'?>P7<7>&,V! &'! ?,7! &F7! *==('=(%*&7!
F*,F&*-R,SV! ,=(7*$! &F7! 9'($! *J'?&! &F7! =('O7P&! *PP'?>&,! &'! F7G=! &F7! =('O7P&! -(*J! &F7! =?JG%Pa,!
*&&7>&%'>!*>$!%>P(7*,7!&F7!>?<J7(!'M!7MM7P&%87!M'GG'97(,!*G,'!JK!&F7!M'GG'97(,!'M!&F7!P'>,'(&%?<!
=*(&>7(!*PP'?>&,C!

R-3*#D!$%1*#! 53,*-)+! N#+E,#(!

! A'GG'9!&F7!=('O7P&!*PP'?>&,C! •! wJ*&&7(K"G%M7=('O7P&!

https://twitter.com/battery2life_eu
https://www.linkedin.com/company/battery2life-project/?viewAsMember=true


! "#$%&#'()$#!*+,!

:U!

!

!

!

_J*&&7(K"G%M7`7?!

ZI++#6["B.A#!
N('O7P&!

!

IG9*K,! &*-! &F7! 'MM%P%*G!
*PP'?>&,V! 9F7>! <*@%>-! K'?(!
'9>!=',&,C!

•! w,7P'>$G%M7!
•! w#G7P&(%PQ7F%PG7,!
•! wJ*&&7(%7,!!
•! wF'(%n'>7?('=7!
•! wb'(%n'>#g!
•! w,?,&*%>*J%G%&K!
•! w(7?,7$J*&&7(%7,!
•! w,7P'>$G%M7*==,!
•! wPG7*>7>7(-K!
•! wJ*&&7(K,K,&7<,!

67=',&! &F7! =('O7P&! ,'P%*G!
<7$%*!*>>'?>P7<7>&,C!

0=(7*$! &F7! 9'($! &'! K'?(!
>7&9'(@! *>$! *,@! &F7<! &'!
M'GG'9!&F7!=('O7P&!*PP'?>&,C!

#.;Q5+FR+Y36,.Q+A5:,.+.67,3/-+./:+=.-=7.@-+

+F7! =('O7P&! F*,! *G(7*$K! P'<=G7&7$! *! ,'P%*G! <7$%*! P*<=*%->! $?(%>-! 9F%PF! 7*PF! 977@! &F7(7!
*>'&F7(! P'>,'(&%?<! =*(&>7(! 9*,! =(7,7>&7$V! ,'! &F*&! &F7! =('O7P&! P'?G$! J7-%>! &'! 7>-*-7! <'(7!
=7'=G7!M('<!&F7!P'>,'(&%?<!'(-*>%,*&%'>,C!!)'(7!P*<=*%->,!9%GG!M'GG'9!$7=7>$%>-!'>!&F7!=('O7P&!
=('-(7,,!*>$!*PF%787<7>&,C!!+F7!=('O7P&!,'P%*G!<7$%*!*PP'?>&,!*(7!87(K!*P&%87!*>$!9%GG!P'>&%>?7!
&'!%>M'(<!&F7%(!*?$%7>P7!*J'?&!&F7!=('O7P&!(7,?G&,C!A?(&F7(<'(7V!*>!%>87>&'(K!F*,!J77>!P(7*&7$V!
9F%PF!P'>&*%>,!*GG!P'>,'(&%?<!=*(&>7(,!,'P%*G!<7$%*!PF*>>7G,!9%&F!G%>@,!*>$!>?<J7(!'M!M'GG'97(,!
&'!-%87!.//0!&F7!M?GG!'87(8%79!'87(!*GG!*8*%G*JG7!,'P%*G!<7$%*!PF*>>7G,!*>$!=''G!&F7!*?$%7>P7,!'M!
*GG!=*(&>7(,!%>&'!*!='&7>&!=''G!'M!,'P%*G!<7$%*!*?$%7>P7!<7<J7(,!J'&F!>79!*>$!7,&*JG%,F7$C!.>!
&'&*GV! &F7!P'>,'(&%?<!%>PG?$%>-!*GG! ,'P%*G!<7$%*!PF*>>7G,!(7*PF7,!"11D!M'GG'97(,C!+F%,!9%GG!*G,'!
F7G=!&F7!=('O7P&!P'>,%$7(*JGK!&'!*<=G%MK!&F7!@7K!<7,,*-7,!&'!&F7!&*(-7&!*?$%7>P7,C!!

!

*,@925+IR+Z+B832A52Q<+7T,7752J+1234567+1238,Q5+

https://twitter.com/battery2life_eu
https://www.linkedin.com/company/battery2life-project/?viewAsMember=true
https://www.linkedin.com/company/battery2life-project/?viewAsMember=true


! "#$%&#'()$#!*+,!

"1!

!

!

*,@925+HR+(,/V5:)/+1234567+1238,Q5+

! >?@@ABC"8DEA*F'.%-%*(%553.6)G**

I!ZI++#6["B.A#!d7>'$'!/'<<?>%&K!F*,!J77>!P(7*&7$!*&!&F7!J7-%>>%>-!'M!&F7!=('O7P&!9%&F!&F7!
%>&7>&%'>! &'!=?JG%,F!F7(7!*GG!'M! &F7!=?JG%P!$7G%87(*JG7,!'>P7! &F7K!*(7!*PP7=&7$!JK! &F7!#/C!+F7!
P'<<?>%&K!9%GG!*G,'!P'>&*%>!*GG!'M!&F7!=('O7P&!=?JG%P*&%'>,!RJ'&F!M('<!P'>M7(7>P7,!*>$!,P%7>&%M%P!
=?JG%P*&%'>,S!*>$!%&,!=('<'&%'>*G!<*&7(%*G,!R7^>79,G7&&7(,V!J('PF?(7V!('GG!?=!J*>>7(S!@>'9>!&'!
&F7! =?JG%P! *>$! -*%>! 8%,%J%G%&KC! 0'! M*(V! %&! %>PG?$7,! &F7! =('O7P&! G'-'! *>$! J(*>$! J''@V! &F7! =('O7P&!
J('PF?(7!*>$!('GG^?=!J*>>7(!*>$!%&,!&9'!=?JG%,F7$!=(7,,!(7G7*,7,C!!

https://zenodo.org/communities/battery2life/records?q=&l=list&p=1&s=10&sort=newest


! "#$%&#'()$#!*+,!

":!

!

!

*,@925+GR+X234567+[5/3:3+63AA9/,7<+

! >,%+*

I,!,''>!*,!&F7(7!*(7!(7,?G&,!&'!J7!=(7,7>&7$V!P'>,'(&%?<!=*(&>7(,!9%GG!=('8%$7!*&!G7*,&!'>7!*(&%PG7!
=7(!=*(&>7(!M'(!&F7!=('O7P&!JG'-C!+F7!JG'-!*(&%PG7,!9%GG!J7!*8*%G*JG7!'>!&F7!$7$%P*&7$!,7P&%'>!&F*&!
F*,!*G(7*$K!J77>!P(7*&7$!'>!&F7!97J,%&7!*>$!'>!&F7!=('O7P&!d7>'$'!/'<<?>%&KC!

! #%-(04)4*

+F7!=('O7P&!9%GG!G*?>PF!*!='$P*,&!,7(%7,V!<*$7!?=!'M!*&!G7*,&!M'?(!R5S!='$P*,&,!7=%,'$7,!*J'?&!&F7!
=('O7P&! ,P'=7! *>$! '?&=?&,V! M'GG'9%>-! &F7! &(7>$! 'M! *?$%'^8%,?*G! P'>&7>&,! *>$! ='$P*,&,! *>$!
7>-*-%>-!<'(7!,&*@7F'G$7(,!*>$!(7G78*>&!*P&'(,!%>!&F%,!9*KC!.//0!9%GG!-?%$7!&F7!P'>,'(&%?<!%>&'!
<*@%>-!&F7!='$P*,&,!-%8%>-!?,7M?G!&%=,!'>!J'&F!&F7!P'>&7>&!*>$!&7PF>%P*G!*,=7P&,C!

! H6-'%*

I! -7>7(*G! =('O7P&! 8%$7'! &F*&! P'<<?>%P*&7,! &F7! =('O7P&! ,P'=7! *>$! %<=*P&! %>! *>! 7*,%GK!
?>$7(,&*>$*JG7!9*K!&'!&F7!-7>7(*G!=?JG%P!9%GG!J7!P(7*&7$!JK!&F7!7>$!'M!&F7!"!"!=('O7P&!K7*(C!+F7!
8%$7'! 9%GG! J7! P%(P?G*&7$! &F('?-F! &F7! ,'P%*G! <7$%*V! 9%GG! J7! F',&7$! '>! &F7! =('O7P&! 97J,%&7! *>$!
['?+?J7!PF*>>7G!*>$!9%GG!J7!?,7$!%>!(7G*&7$!787>&,C!!

! *+,J,01,275!J70.+175!

! >$%(13$'*0.-*$%,,I3/*<0..'$*

Z'&F!&F7!ZI++#6["B.A#!J('PF?(7!*>$!('GG^?=!J*>>7(!97(7!$7,%->7$!*&!*>!7*(GK!=('O7P&!,&*-7!&'!
,?=='(&!&F7!P'>,'(&%?<!$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!*P&%8%&%7,C!+F7!<*&7(%*G!9*,!P(7*&7$!
J*,7$! '>! &F7! =('O7P&! J(*>$! %$7>&%&K! *>$! %>PG?$7,! &F7! =('O7P&! 8%,%'>V! 'JO7P&%87,V! 7c=7P&7$!
J(7*@&F('?-F,V!&F7!P'>,'(&%?<!G'-',V!&F7!=('O7P&!,'P%*G!<7$%*!*>$!97J,%&7!*,!97GG!*,!&F7!=('O7P&!
M*P&,!R$?(*&%'>V!P*GG!%$7>&%M%7(V!J?,%>7,,!P*,7,SC!!IGG!&F7!P'>,'(&%?<!=*(&>7(,!-*87!%>=?&!&'!F*87!&F7!



! "#$%&#'()$#!*+,!

""!

!

87(K!J7,&!(7,?G&C!Z'&F!&F7!J('PF?(7!*>$!&F7!('GG^?=!J*>>7(!*(7!*8*%G*JG7!'>!&F7!=('O7P&a,!97J,%&7!
*>$!d7>'$'!/'<<?>%&KC!+F7K!*(7!*G,'!=(7,7>&7$!%>!M?GG!%>!!""#$%6'%()-789)#%*"+%:-33%92%(*""#)!
'M!&F%,!$'P?<7>&C!

! AI.'J4,'))'$4*

+F7!ZI++#6["B.A#!=('O7P&!9%GG!P%(P?G*&7!&9'!7^>79,G7&&7(!%,,?7,!=7(!K7*(!&'!%>M'(<!=7'=G7!'>!&F7!
=('O7P&!*PP'<=G%,F<7>&,!*>$!=('-(7,,C!+F7!=('O7P&!7^>79,G7&&7(!9%GG!J7!,7>&!&'!&F7!,?J,P(%J7(,!
*>$!&F7>!&F7K!9%GG!J7!P'<<?>%P*&7$!&F('?-F!&F7!=('O7P&!,'P%*G!<7$%*!*>$!9%GG!J7!<*$7!*8*%G*JG7!
'>!J'&F! &F7!97J,%&7!*>$! &F7!d7>'$'!P'<<?>%&K! &'! (7*PF!*,!<*>K!=7'=G7!*,!=',,%JG7C!+F7!7^
>79,G7&&7(!9%GG!J7!P(7*&7$!8%*!&F7!,7(8%P7!)*%GPF%<=!*>$!&F7!P'>,'(&%?<!9%GG!-?*(*>&77!&F7!i;N6!
P'<=G%*>P7!'M!,?J,P(%J7(,C!!!!!

! >?@@ABC"8DEA*+'.'$0,*/$'4'.)0)6%.*

I>!'87(8%79!'M!&F7!=('O7P&!F*,!J77>!P(7*&7$!&'!*,,%,&!&F7!P'>,'(&%?<!%>!&F7%(!$%,,7<%>*&%'>!*>$!
P'<<?>%P*&%'>!*P&%8%&%7,C!+F%,!=(7,7>&*&%'>!%>PG?$7,!&F7!<*%>!=('O7P&!%>M'(<*&%'>V!,?PF!*,!%&,!*%<V!
'JO7P&%87,V!7c=7P&7$!%<=*P&V!J?,%>7,,!P*,7,V!P'>,'(&%?<!%>M'(<*&%'>!%>!*!PG7*(!*>$!7>-*-%>-!9*K!
*>$! %&! P*>! J7! ?,7$! 9%&F! >'! =(%'(! *==('8*G! M('<! &F7! P'>,'(&%?<! %>! 8*(%'?,! 787>&,C! +F7!
ZI++#6["B.A#! i7>7(*G! N(7,7>&*&%'>! %,! *8*%G*JG7! '>! &F7! =('O7P&a,! (7=',%&'(KV! *>$! %&! %,! *G,'!
=(7,7>&7$!%>!!""#$%;'%<#"#)*3%=)#5#"4*4>-"C!

! !*+.::!7/016101.:!

! #$'44*$','04'49*5'-60*0$)6(,'49*6.)'$K6'J4**

+F7!ZI++#6["B.A#!P'>,'(&%?<!=*(&>7(,!9%GG!?,7!&F7%(!<7$%*!>7&9'(@!*>$!P'>&*P&,!&'!=?JG%P%,7!&F7!
=('O7P&!8%,%'>!*>$!%&,!*PF%787<7>&,!%>!*!G*&7(!,&*-7C!.//0!G7*$,!&F7!P'<<?>%P*&%'>!*P&%'>,!'M!&F7!
=('O7P&!*>$!F*,!P(7*&7$!*!=(7,,!(7G7*,7!O?,&!*M&7(!&F7!=('O7P&!'MM%P%*G!G*?>PF!*>$!P%(P?G*&7!%&!&'!&F7!
P'>,'(&%?<!=*(&>7(,!&'!P%(P?G*&7! %&! R%>!#>-G%,F!'(!&(*>,G*&7$! %>!>*&%'>*G! G*>-?*-7,S!*<'>-!&F7%(!
<7$%*!PF*>>7G,C!Z*,7$!'>!&F%,!=(7,,!(7G7*,7!&F7!i(77@!=*(&>7(,!'M!&F7!=('O7P&!R.//0V!NN/!*>$!0BiS!
(7G7*,7$!*!O'%>&!i(77@!=(7,,!(7G7*,7!9F%PF!(7,?G&7$!%>!,787>!R]S!=(7,,!PG%==%>-,!*>$!&9'!R"S!<7$%*!
*(&%PG7,!%>!(7>'9>!i(77@!'>G%>7!<7$%*!*>$!'>7!R:S!+Q!>79,!(7='(&C!I>'&F7(!P'>,'(&%?<!=*(&>7(V!
I.+!*G,'!(7G7*,7$!*!=(7,,!(7G7*,7!*J'?&!&F7!=('O7P&!G*?>PF!9F%PF!(7,?G&7$!%>!&9'!R"S!<7$%*!*(&%PG7,!
%>!='=?G*(!<7$%*!,%&7,C!IGG!&F7!<7$%*!*P&%'>,!*(7!*8*%G*JG7!'>!&F7!=('O7P&a,!97J,%&7h!N(7,,!(7G7*,7,!
*>$!<7$%*!*(&%PG7,3%>&7(8%79,!*>$!&F7K!*(7!,F'9>!%>!&F7!&*JG7!J7G'9h!!

53,*-)! >*)G! 4#',)%'!

N(7,,!67G7*,7! F&&=,h33J%&CGK3Wgf?$>F! IBB!

N(7,,!67G7*,7!! F&&=,h33J%&CGK3WD2bWJ#! .//0V!NN/V!0Bi!

N(7,,!
/G%==%>-,3(7=?JG%P*&%'>,!

•! %P&=G?,C-(!!
•! i7&7G7P&(%PC-(!!
•! 0&*(&?=C-(!!

.//0V!NN/V!0Bi!

https://www.battery2life-project.eu/promotional-material/
https://zenodo.org/communities/battery2life/records?q=&l=list&p=1&s=10&sort=newest
https://mailchimp.com/en/?currency=EUR
https://www.battery2life-project.eu/press-releases/
https://www.battery2life-project.eu/press-activities/
https://www.ictplus.gr/dinontas-mia-defteri-efkairia-stis-bataries-ton-ilektrikon-ochimaton/
https://www.startup.gr/epikairotita/episey-emp-dinontas-mia-deyteri-eykairia-stis-mpataries-ton-ilektrikon-ochimaton/


! "#$%&#'()$#!*+,!

"W!

!

•! )7&*M'(7,=(7,,C-(!
•! N'G%&%P*GJ*>@C-(!!
•! #>7(K<*-C-(!
•! #?('"$*KC-(!

N(7,,!I(&%PG7! Y*M&7<='(%@%C-(! NN/!

+Q!)7$%*!67='(&!! Y*M&7<='(%@%!/F*>>7G! NN/!

N(7,,!I(&%PG7! .>$?,&(K^>79,C-(! 0Bi!

N(7,,!67G7*,7! I%&C*PC*&! I.+!

N(7,,!I(&%PG7! Z*&&7(%7,>79,CP'<! I.+!

N(7,,!I(&%PG7! /%(P?G*%(7^%&C>G! I.+!

#.;Q5+OR+(,-7+38+125--+25Q5.-5-+./:+125--+.67,W,7,5-+

! ?6.20:!

! AL)'$.0,*'K'.)4*

+F7!=('O7P&a,!P'>,'(&%?<!=*(&>7(,!9%GG!=*(&%P%=*&7!%>!8*(%'?,!787>&,!,?PF!*,!(7>'9>!P'>M7(7>P7,!
*>$!='=?G*(!M*%(,!*>$!7c=',!&'!$%MM?,7!&F7!=('O7P&!,P'=7!*>$!7c=7P&7$!(7,?G&,!*>$!,F'9P*,7!&F7!
=('O7P&,!(7,?G&,C!I!P*G7>$*(!'M!,?PF!787>&,!F*,!J77>!P(7*&7$!JK!.//0!*>$!%,!*8*%G*JG7!'>!&F7!=('O7P&!
(7=',%&'(K!&'!7>P'?(*-7!=*(&>7(,!&'!'(-*>%,7!&F7%(!=*(&%P%=*&%'>,C!+F7!P*G7>$*(!'M!787>&,!%,!*!G%8%>-!
$'P?<7>&!&F*&!9%GG!J7!P'>,&*>&GK!?=$*&7$!9%&F!>79!787>&,!*>$!?,7M?G!%>M'(<*&%'>C!+F7!P*G7>$*(!
'M!787>&,!%,!*G,'!=(7,7>&7$!%>!!""#$%?'%@*3#"+*)%-A%BC#"45C!!

! #$%&'()*J'<6.0$4*

+F(77!RWS!97J%>*(,!9%GG!J7!'(-*>%,7$!JK!&F7!P'>,'(&%?<!=*(&>7(,C!+F7!M%(,&!97J%>*(!9%GG!%>&('$?P7!
&F7!=('O7P&!&'!&F7!=?JG%P!&'!*GG!&F7!%>&7(7,&7$!=*(&%7,!*>$!9%GG!J7!F7G$!$?(%>-!&F7!:#$!K7*(!'M!&F7!
=('O7P&C!+F7!,7P'>$!*>$!&F%($!9%GG!M'GG'9!%>!&F7!&F%($!=('O7P&!K7*(!*>$!9%GG!$7,P(%J7!&F7!&9'!=('O7P&!
J?,%>7,,! P*,7,! *>$! 9%GG! J7! ,?=='(&7$! <*%>GK! JK! &F7! =*(&>7(,! 9F'! *(7! (7,='>,%JG7! M'(! &F7!
$7<'>,&(*&%'>,C!!

M%6*)#'! 9-F*3!! 4#',)%'U+V! 4'-S%3,!0-),E!

w:! f87(8%79!'M!&F7!=('O7P&! IBB! ):^):"!

w"! g&%G%&K! ,P*G7! ,&'(*-7!
*==G%P*&%'>C!

.//0V!NN/V!0Bi!*>$!'&F7(,! )"2^)W4!

wW! ;'<7,&%P! ,&'(*-7!
$7<'>,&(*&%'>!

.//0V! A6fV! ).ZI! *>$!
'&F7(,!

)"2^)W4!

#.;Q5+IR+X234567+T5;,/.2-+

! #$%&'()*34'*(04'4**

https://www.youtube.com/watch?app=desktop&v=AGtS437RAc4
https://industry-news.gr/pos-i-sunlight-dinei-mia-deyteri-eykairia-se-mpataries-poy-vriskontai-sto-telos-tis-zois-toys/
https://www.ait.ac.at/en/news-events/single-view/detail/8239?cHash=6112c1ad7d693017346e0f12eb700887
https://batteriesnews.com/battery2life-a-second-life-for-electric-vehicle-batteries/
https://circulaire-it.nl/battery2life-recyclet-gebruikte-ev-batterijen-voor-stationair-gebruik/


! "#$%&#'()$#!*+,!

"5!

!

+F7(7! 9%GG! J7! &9'! $%MM7(7>&! ?,7! P*,7,! $?(%>-! &F7! =('O7P&! G%M7! ,=*>C! TF%G7! &F7! ?,7! P*,7,! *(7!
$787G'=7$!*>$!=%G'&7$!M'(!8*G%$*&%'>!=?(=',7,V!.//0!9%GG!=('8%$7!,?=='(&!%>!&7(<,!'M!$%,,7<%>*&%'>!
*>$!P'<<?>%P*&%'>C!!#c*<=G7,!'M!&F7!*P&%'>,!&F*&!9%GG!J7!%<=G7<7>&7$!*(7!=(7,7>&7$!J7G'9h!

LE#))%DX9--D! 53,*7*,P!

;%,,7<%>*&%'>!@%&! g&%G%,7!J(*>$7$!<*&7(%*G!*>$!?,*-7!*&!87>?7C!

)7$%*!=(7,7>P7!! N?JG%,F!*&!G7*,&!'>7!(7G*&7$!=(7,,!(7G7*,7C!

f(-*>%,*&%'>!'M!787>&,!! f(-*>%,*&%'>!'M!&9'!97J%>*(,!$7$%P*&7$!&'!&F7!&9'!?,7!P*,7,!C!

f>G%>7!=(7,7>P7!!! ;78'&7$!,'P%*G!<7$%*!P*<=*%->V!97J,%&7!*>>'?>P7<7>&,C!

Y7&9'(@%>-! .>8%&*&%'>,! &'! 7c&7(>*G! ,&*@7F'G$7(,! &'! *&&7>$! &F7! $7$%P*&7$!
97J%>*(,!*>$3'(!&F7!=%G'&!,%&7,C!

#.;Q5+HR+"67,W,7<+152+1,Q37+9-5+6.-5+

! E6.0,*'K'.)**

+F7!=('O7P&!M%>*G!787>&!9%GG!J7!F7G$!&'!$7<'>,&(*&7!&F7!=('O7P&!'?&P'<7,!&'!*!9%$7(!*?$%7>P7!*>$!
=(7=*(7!&F7!-('?>$!M'(!M?(&F7(!$787G'=<7>&,!*>$!7c=G'%&*&%'>!'M!%&,!(7,?G&,C!.&!%,!7c=7P&7$!&F*&!
<'(7! &F*>! :11! =7'=G7! 9%GG! *&&7>$! &F7! 787>&C! #c*<=G7,! 'M! &F7! *P&%'>,! &F*&! 9%GG! J7! F7G$! *(7!
=(7,7>&7$!J7G'9h!

LE#))%DX9--D! 53,*7*,P!

;%,,7<%>*&%'>!
@%&!

g&%G%,7!J(*>$7$!<*&7(%*G!*>$!?,*-7!*&!87>?7C!

)7$%*!
=(7,7>P7!!

N?JG%,F!*&!G7*,&!'>7!(7G*&7$!=(7,,!(7G7*,7C!

f>G%>7!
=(7,7>P7!!!

;78'&7$!,'P%*G!<7$%*!P*<=*%->V!97J,%&7!*>>'?>P7<7>&,C!

Y7&9'(@%>-! .>8%&*&%'>,!&'!7c&7(>*G!,&*@7F'G$7(,!*>$!'&F7(!#g^M?>$7$!=('O7P&,!&'!*&&7>$!
&F7!=('O7P&a,!M%>*G!787>&C!

#.;Q5+GR+"67,W,7,5-+832+7=5+8,/.Q+5W5/7+

! #.0L,+M12<!N!5171:,2!7/016101.:!!

+F7!=('O7P&!9%GG!%>%&%*&7!(7G*&%'>,!9%&F!'&F7(!,%<%G*(!#g^M?>$7$!=('O7P&,!*>$!(7G*&7$!'(-*>%,*&%'>,!
&'!7cPF*>-7!@>'9G7$-7!*>$!,F*(7!%>M'(<*&%'>V!=('<'&%>-!&F7!#?('=7*>!P'GG*J'(*&%'>!*>$!'=7>!
(7,7*(PF!=(%>P%=G7,C!+F7!<*%>!(7,?G&!'M!&F%,!*P&%8%&K!9%GG!J7!&F7!'(-*>%,*&%'>!'M!*&!G7*,&!&9'!R"S!O'%>&!
9'(@,F'=,!9%&F!&F7!#g^M?>$7$!=('O7P&,!*>$!*G,'!&F7!P(7*&%'>!'M!*!PG?,&7(!'M!=('O7P&,!9F%PF!9%GG!
<77&!*>$!P''=7(*&7!%>!*!(7-?G*(!J*,%,C!+F7!P'>,'(&%?<!F*,!*G(7*$K!%$7>&%M%7$!,787(*G!#?('=7*>!
*>$!>*&%'>*G!=('O7P&,!9F%PF!*(7!<7>&%'>7$!%>!&F7!iI!R4SC!I$$%>-!&'!&F*&!G%,&V!&F7!=('O7P&,!&F*&!*(7!
M?>$7$!?>$7(!&F7!,*<7!P*GG!*,!ZI++#6["B.A#!'(!9%&F!,%<%G*(!%>&7(7,&,V!<*@7,!%&!PG7*(!&F*&!&F7(7!
9%GG!J7!o?%&7!*!M79!'=='(&?>%&%7,!M'(!P'GG*J'(*&%'>C!



! "#$%&#'()$#!*+,!

"2!

!

4'-S%3,!! 4#',)%'U+V!*)!3-$$-)! .C'#,*-)! L--'1*)#,-'!

Y#)f! /0#)! 123"1"W!x!153"1"4! A(77! g>%87(,%&K! 'M! Z(?,,7G,!
RQgZS!

6#/.6/gBI+#! /0#)! 123"1"W!x!153"1"4! /7>&(%*!g>%87(,%&K!'M!I==G%7$!
0P%7>P7,!

Y#j+ZI+! /0#)V!0Bi! 143"1"W!x!::3"1"4! Q++! +7PF>%P*G! 67,7*(PF!
/7>&(7!'M!A%>G*>$!

Z.iB#IN!! ^! 1:3"1"5!x!143"1"]! Z(?,,7G,! 67,7*(PF! *>$!
.>>'8*&%'>!/7>&7(! M'(!i(77>!
+7PF>'G'-%7,!

ZI+)Ij! /0#)! 123"1"W!x!:13"1"4! Q++! +7PF>%P*G! 67,7*(PF!
/7>&(7!'M!A%>G*>$!

ZI++#6#Q#60#! ^! 123"1"W!x!:13"1"4! A(7>PF! IG&7(>*&%87! #>7(-%7,!
*>$! I&'<%P! #>7(-K!
/'<<%,,%'>!R/#IS!

6#Z#B.fY! ^! 143"1"W!x!::3"1"4! N'GK&7PF>%P! g>%87(,%&K! 'M!
Q*G7>P%*!RgNQS!

#.;Q5+\R+Y,A,Q.2+$0P89/:5:+1234567-+

Z7,%$7!&F7!#g^M?>$7$!=('O7P&,V!&F7(7!*(7!o?%&7!*!M79!(7G78*>&!*,,'P%*&%'>,!*>$!=*(&>7(,F%=,!&F*&!
9%GG!J7!*==('*PF7$!&F('?-F!&F7!=*(&>7(,!&F*&!*(7!(7G*&7$!&'!&F7<C!Z7G'9!K'?!P*>!,77!&F7!(7G*&7$!
#?('=7*>!*,,'P%*&%'>,3=*(&>7(,F%=,h!

4#',)%'+E*F+! .%+3'*F,*-)!! ;%D#,%1!4#',)%'+!

ZI++5#g! /'^=('-(*<<7$!N*(&>7(,F%=!7,&*JG%,F7$!?>$7(!
b'(%n'>!#?('=7!&F*&!*%<,!&'!*PF%787!*!
P'<=7&%&%87!\!,?,&*%>*JG7!#?('=7*>!%>$?,&(%*G!
8*G?7^PF*%>!M'(!7^<'J%G%&K!*>$!,&*&%'>*(K!
*==G%P*&%'>,C!

/.;V!/0#)V!0BiV!I.+!

"d#6f! +'9*($,!n7('!7<%,,%'>!('*$!&(*>,='(&!
R"d7('S!%,!*!P'^=('-(*<<7$!
N*(&>7(,F%=!M?>$7$!?>$7(!&F7!b'(%n'>!#?('=7!
*>$!*%<%>-!*&!*PP7G7(*&%>-!&F7!&(*>,%&%'>!
&'9*($,!n7('!&*%G=%=7!7<%,,%'>!('*$!<'J%G%&K!
*P(',,!#?('=7C!

/.;V!.//0V!I.+!

#I6NI! #?('=7*>!I?&'<'&%87!67,7*(PF!N*(&>7(,!
I,,'P%*&%'>!

/.;V!I.+!

#+.N!
Z*&&7(%7,!
#?('=7!

Z*&&7(%7,! #?('=7V! &F7! #?('=7*>! +7PF>'G'-K! \!
.>>'8*&%'>! NG*&M'(<! '>! J*&&7(%7,! =('8%$7,! &F7!
P'<<?>%&K!9%&F!*!M'(?<!&'!,=7*(F7*$!67,7*(PF!
*>$! .>>'8*&%'>! *P&%'>,! ,'! &'! *PP7G7(*&7! &F7!

/.;V!I.+!

https://nemoproject.eu/
https://recirculate.eu/
https://cordis.europa.eu/project/id/101103983
https://bigleapproject.eu/
https://batmaxproject.eu/project/
https://www.battereverse.eu/
https://rebelion-project.eu/about/
https://bepassociation.eu/
https://www.2zeroemission.eu/
https://www.earpa.eu/
https://batterieseurope.eu/
https://batterieseurope.eu/
https://batterieseurope.eu/


! "#$%&#'()$#!*+,!

"4!

!

7,&*JG%,F<7>&! 'M! *! -G'J*GGK! P'<=7&%&%87!
#?('=7*>!J*&&7(K!%>$?,&(K!!

#?('Z*&!! #g6fZI+! J(%>-,! &'-7&F7(! &F7!J*&&7(K! 8*G?7!
PF*%>! &'!1'*7%! *))-7#,*-)!*>$!
P'>&(%J?&7!,%3E)*3#D!%YF%',*+%!&'!&F7!#g!='G%PK^
<*@%>-!=('P7,,.!

0Bi!

#+.N!0Y#+! 0<*(&!>7&9'(@,!M'(!7>7(-K!&(*>,%&%'>!

!

/.;!

#?Z*&.>! +F7! .N/#.!'>!Z*&&7(%7,!*>$!&F7! .N/#.!#?('=7*>!
Z*&&7(K! .>>'8*&%'>! R#?Z*&.>SC!Z'&F! .N/#.,!F*87!
%>!P'<<'>!&F*&!&F7%(!=*(&%P%=*>&,!(7=(7,7>&!&F7!
P'<=G7&7! 8*G?7! PF*%>V! M('<! <*&7(%*G! &F('?-F!
&F7!P7GG,!&'!&F7!J*&&7(K!,K,&7<!*>$!&F7!M%>*G!,&7=!
'M! (7PKPG%>-C!I&! &F7! ,*<7! &%<7V! &F7(7! %,! *!F%-F!
$7-(77!'M!>7&9'(@%>-!J7&977>! &F7! P'<=*>%7,!
&F7<,7G87,!*>$!&F7!&9'!.N/#.,C!

).ZIV!0Bi!

#.;Q5+]R+%5Q.75:+.--36,.7,3/-+./:+1.27/52-=,1-+

! M%6.)*J%$N41%/4*

ZI++#6["B.A#! 9%GG! &(K! &'! 7,&*JG%,F! ,K>7(-%7,! 9%&F! &F7! #g^M?>$7$! =('O7P&,! *>$! %>%&%*&%87,!
<7>&%'>7$!%>!&F7!=(78%'?,!,7P&%'>!1!*>$!O'%>&GK!'(-*>%,7!*&!G7*,&!&9'!R"S!9'(@,F'=,V!=('<'&%>-!
&F7!#?('=7*>!P'GG*J'(*&%'>C!Z7,%$7!&F7!9'(@,F'=,V!ZI++#6["B.A#!9%GG! %>%&%*&7!&F7!P(7*&%'>!'M!*!
=('O7P&!PG?,&7(!&F*&!9%GG!F*87!<77&%>-,!*>$!M?(&F7(!P'GG*J'(*&%'>!%>!'&F7(!G787G,C!N',,%JG7!*P&%8%&%7,!
&F*&!P*>!J7!F7G$!9%&F!'&F7(!#g^M?>$7$!=('O7P&,!*(7!=(7,7>&7$!%>!&F7!&*JG7V!J7G'9h!

4-++*6D%!S-*),!#3,*7*,*%+!

/(7*&%'>!'M!*!PG?,&7(!RO'%>&!>*<7SC!

/(7*&%'>!'M!*!O'%>&!J(*>$!%$7>&%&K!RG'-'SC!

/(7*&%'>!'M!*!O'%>&!J('PF?(7C!

07&!?=!O'%>&!,'P%*G!<7$%*C!

/%(P?G*&%'>!'M!*!O'%>&!7^>79,G7&&7(C!

N?JG%P*&%'>!'M!O'%>&!=(7,,!(7G7*,7,V!9F%&7!=*=7(,C!

#.;Q5+DER+X3--,;Q5+/57T32V+.67,3/-+

! =)0N'1%,-'$4*+$%3/*

ZI++#6["B.A#!9%GG!7,&*JG%,F!*!0&*@7F'G$7(,!i('?=!&'!%>8'G87!*!9%$7(!J*,7!'M!$%MM7(7>&!*P&'(,!M('<!
&F7!&*(-7&!*?$%7>P7,V!<7>&%'>7$!%>!"CWV!%>!8*(%'?,!%<='(&*>&!=('O7P&!787>&,!9%&F!&F7!*%<!&'!-7&!
8*G?*JG7!M77$J*P@C!!!

https://www.eurobat.org/
https://smart-networks-energy-transition.ec.europa.eu/
https://www.ipcei-batteries.eu/


! "#$%&#'()$#!*+,!

"]!

!

! !*4851/701,2:!

+F7! ZI++#6["B.A#! =*(&>7(,! 9%GG! ,?J<%&! ,P%7>&%M%P! =*=7(,! %>! =77(^(78%797$! O'?(>*G,! *>$! F%-F!
%<=*P&!P'>M7(7>P7!=('P77$%>-,!*,!&F7,7!9'?G$!J7!'>7!'M!&F7!<*%>!'?&P'<7,!'M!&F7!=('O7P&C!+F%,!
*P&%'>!%,!<*%>GK!M'P?,7$!%>!&F7!*P*$7<%P!*>$!(7,7*(PF!=*(&>7(,V!J?&!%&!%,!7c=7P&7$!&F*&!*GG!=*(&>7(,!
9%GG!P'>&(%J?&7.  

! O/'.*4(6'.('*

+F7!=('O7P&!F*,!P'<<%&&7$!&'!'MM7(!'=7>!*PP7,,!&'!*GG!%&,!=?JG%P*&%'>,C!+F7!P'>,'(&%?<!9%GG!M'GG'9!
&F7! ,&7=,! M'(! '=7>! *PP7,,! %>! =?JG%P*&%'>,! *,! &F7,7! *(7! <7>&%'>7$! %>! &F7! I>>'&*&7$! i(*>&!
I-(77<7>&!RA?>$%>-!=('-(*<<7,!"1":^"1"]S!R]SC!!

+F7!J7>7M%P%*(%7,!<?,&!7>,?(7!'=7>!*PP7,,! &'!=77(^(78%797$!,P%7>&%M%P!=?JG%P*&%'>,! (7G*&%>-! &'!
&F7%(!(7,?G&,C!.>!=*(&%P?G*(V!&F7K!<?,&!7>,?(7!&F*&h!!

•! *&! &F7! G*&7,&! *&! &F7! &%<7! 'M! =?JG%P*&%'>V! *! <*PF%>7^(7*$*JG7! 7G7P&('>%P! P'=K! 'M! &F7!
=?JG%,F7$! 87(,%'>! '(! &F7! M%>*G! =77(^(78%797$! <*>?,P(%=&! *PP7=&7$! M'(! =?JG%P*&%'>V! %,!
$7=',%&7$!%>!*!&(?,&7$!(7=',%&'(K!M'(!,P%7>&%M%P!=?JG%P*&%'>,C!

•! %<<7$%*&7!'=7>!*PP7,,!%,!=('8%$7$!&'!&F7!$7=',%&7$!=?JG%P*&%'>!8%*!&F7!(7=',%&'(KV!?>$7(!
&F7! G*&7,&! *8*%G*JG7! 87(,%'>! 'M! &F7! /(7*&%87! /'<<'>,! I&&(%J?&%'>! .>&7(>*&%'>*G! N?JG%P!
B%P7>P7!R//!Z[S!'(!*!G%P7>P7!9%&F!7o?%8*G7>&!(%-F&,r!M'(!<'>'-(*=F,!*>$!'&F7(!G'>-^&7c&!
M'(<*&,V!&F7!G%P7>P7!<*K!7cPG?$7!P'<<7(P%*G!?,7,!*>$!$7(%8*&%87!9'(@,!R7C-C!//!Z[^Y/V!
//!Z[^Y;SC!

N-O!,-!F'-7*1%!-F%)!#33%++Z!

Z7>7M%P%*(%7,3*?&F'(,!<*K!=?JG%,F!%>!&F7!87>?7!'M!&F7%(!PF'%P7V!7%&F7(!%>!*!PG',7$!87>?7!R%C7C!*PP7,,!
&'!*GG! P'>&7>&! %,! (7,&(%P&7$SV! *>!'=7>!*PP7,,!=?JG%,F%>-! 87>?7!'(! %>! *!FKJ(%$!=?JG%,F%>-! 87>?7V!
=('8%$7$!&F*&!*GG! &F7%(!'=7>!*PP7,,^(7G*&7$!'JG%-*&%'>,!*,!$7&*%G7$! %>! &F%,!,7P&%'>!*(7!P'<=G%7$!
9%&FC!!

•! yf=7>!*PP7,,!=?JG%,F%>-!87>?7,a!*(7!=?JG%,F%>-!87>?7,!9F',7!7>&%(7!,PF'G*(GK!P'>&7>&!%,!
=?JG%,F7$! %>! '=7>! *PP7,,! R7C-C! '=7>! *PP7,,! O'?(>*G,V! J''@,V! =?JG%,F%>-! =G*&M'(<,V!
(7=',%&'(%7,!'(!=(7=(%>&!,7(87(,SC!!

•! ybKJ(%$!=?JG%,F%>-!87>?7,a!*(7!=?JG%,F%>-!87>?7,!9F%PF!=('8%$7!=*(&!'M! &F7%(! ,PF'G*(GK!
P'>&7>&!%>!'=7>!*PP7,,V!9F%G7!*>'&F7(!=*(&!%,!*PP7,,%JG7!&F('?-F!,?J,P(%=&%'>,3=*K<7>&,!
R7C-C! FKJ(%$! O'?(>*G,! *>$! J''@,SC! +F7,7! *(7! 'M&7>! O'?(>*G,3J''@,! J*,7$! '>!
,?J,P(%=&%'>3=?(PF*,7!9F%PF!=('8%$7!'=7>!*PP7,,!&'!=*(&!'M!&F7%(!P'>&7>&!9F7>!*>!'=7>!
*PP7,,! M77! %,! =*%$! JK! &F7%(! *?&F'(,3%>,&%&?&%'>,! R=*%$! *$! F'P! '(! '>! &F7! J*,%,! 'M! *>!
%>,&%&?&%'>*G!*-(77<7>&!9%&F!&F7!=?JG%,F7(,SC!!

•! y)%(('(!*>$!,%,&7(!O'?(>*G,a!R%C7C!<'(7!(7P7>&GK!7,&*JG%,F7$!'=7>!*PP7,,!87(,%'>,!'M!7c%,&%>-!
,?J,P(%=&%'>!O'?(>*G,V!9F%PF!<*K!,F*(7!&F7!,*<7!7$%&'(%*G!J'*($!*,!&F7!'(%-%>*G!O'?(>*G!



! "#$%&#'()$#!*+,!

"X!

!

*>$!?,?*GGK!F*87!R*&!G7*,&!%>%&%*GGKS!&F7!,*<7!'(!87(K!,%<%G*(!*%<,V!,P'=7!*>$!=77(!(78%79!
=('P7,,7,!*>$!='G%P%7,r!&F7,7!O'?(>*G,!'M&7>!F*87!*!>*<7!,%<%G*(!&'!&F7!,?J,P(%=&%'>!&%&G7!
J?&!*!$%MM7(7>&!.>&7(>*&%'>*G!0&*>$*($!07(%*G!Y?<J7(!R.00YS!*(7!P'>,%$7(7$!'=7>!*PP7,,!
=?JG%,F%>-!87>?7,!M'(!b'(%n'>!#?('=7!-(*>&,!R>'&!FKJ(%$!O'?(>*G,SC!

+'!F7G=!K'?!M%>$!=?JG%,F%>-!87>?7,!&F*&!P'<=GK!9%&F!b'(%n'>!#?('=7!'=7>!*PP7,,!(7o?%(7<7>&,V!
K'?!P*>!?,7h!

•! [-C')#D!LE%3G%'!9--D!z!P*>!F7G=!&'!$7&7(<%>7!9F7&F7(!*!,=7P%M%P!=?JG%,F%>-!87>?7!*GG'9,!
P'<=G%*>P7!9%&F!&F7!'=7>!*PP7,,!'JG%-*&%'>,!'M!b'(%n'>!#?('=7!!

•! .*'%3,-'P!-2!&F%)!533%++![-C')#D+!z!P*>!F7G=!&'!%$7>&%MK!M?GG!'=7>!*PP7,,!O'?(>*G,!&F*&!
*GG'9!'=7>!*PP7,,!=?JG%,F%>-!?>$7(!//!Z[!'(!*>!7o?%8*G7>&!G%P7>P7!!

•! &F%)!;%+%#'3E!:C'-F%!z!'=7>!*PP7,,!=?JG%,F%>-!=G*&M'(<!'M!&F7!#?('=7*>!/'<<%,,%'>V!
*GG'9,!*?&'<*&%P!P'<=G%*>P7!9%&F!&F7!b'(%n'>!#?('=7!(7o?%(7<7>&,C!

.//0!=(7=*(7$!*>$!P%(P?G*&7$! &F7!$7$%P*&7$!-?%$7G%>7,! &'! &F7!P'>,'(&%?<!*&! &F7! G*?>PF!'M! &F7!
=('O7P&C!+F7!-?%$7G%>7,!*(7!*8*%G*JG7!'>!&F7!=('O7P&a,!(7=',%&'(K!*>$!*G,'!%>!!""#$%D'%<9>+#3>"#5%
A-)%E2#"%!77#55%4-%F7>#"4>A>7%=9,3>7*4>-"5!'M!&F7!P?((7>&!$'P?<7>&C!

! !

https://journalcheckertool.org/
https://doaj.org/
https://open-research-europe.ec.europa.eu/


! "#$%&#'()$#!*+,!

"U!

!

P! *?%C&%I;#)?! &C! $G?! >;$$?%@AB"C?! '"HH?I"#;$"&#! ;#'!
)&II(#");$"&#!*B;#!

! !*7+02.+!/,20+18401,2:!

.//0! %,! &F7! ZI++#6["B.A#! $%,,7<%>*&%'>! *>$! P'<<?>%P*&%'>! <*>*-7(! *>$! 9%GG! J7! G7*$%>-V!
<'>%&'(%>-! *>$! 78*G?*&%>-! *GG! &F7! (7G78*>&! *P&%'>,! *>$! =('8%$7! -?%$*>P7! &'! &F7! P'>,'(&%?<!
=*(&>7(,!9F7>787(!%&!%,!>77$7$C!IGG!&F7!ZI++#6["B.A#!=*(&>7(,!9%GG!J7!P'>&(%J?&%>-!&'!&F7!=('O7P&!
$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!=G*>!J?&!&'!*!$%MM7(7>&!7c&7>&C!.//0!9%GG!%$7>&%MK!7*PF!=*(&>7(a,!
,&('>-!='%>&!*>$!7>P'?(*-7!&F7<!&'!78'G87!%&C!I,!*!M%(,&!,&7=V!&F7!P'>,'(&%?<!=*(&>7(,!F*87!J77>!
*,@7$! &'!'(-*>%n7! &F7%(!$%,,7<%>*&%'>!*>$! P'<<?>%P*&%'>!=G*>,! M'(! &F7! M%(,&! =('O7P&! K7*(! %>! *!
$'P?<7>&!&F*&!9%GG!J7!M%GG7$!%>!'>P7!*!K7*(C!.>!*!G*&7(!,&*-7!.//0!9%GG!=('P77$!*>$!$%,P?,,!9%&F!7*PF!
=*(&>7(!F'9!&F7K!P'?G$!P'>&(%J?&7!&'!&F7!=('O7P&!=('<'&%'>!*>$!(7$7M%>7!&F7%(!'(%-%>*G!=G*>,C!!

!

*,@925+\R+X.27/52-+,/:,W,:9.Q+:,--5A,/.7,3/+./:+63AA9/,6.7,3/+1Q./-+

!



! "#$%&#'()$#!*+,!

W1!

!

! '1::.J12701,2!723!/,JJ421/701,2!+,73J79!!

+F7! ZI++#6["B.A#! =('O7P&! $%,,7<%>*&%'>! *>$! P'<<?>%P*&%'>! =G*>! 9%GG! J7! $%8%$7$! %>&'! &F(77!
=('O7P&!,&*-7,C!;?(%>-!&F7!M%(,&!,&*-7!&F*&!,=*>,!M('<!&F7!G*?>PF!'M!&F7!=('O7P&!?>&%G!&F7!7>$!'M!&F7!
M%(,&!K7*(!97!9%GG!7,&*JG%,F!&F7!=('O7P&!J(*>$!>*<7!*>$!=('<'&7!&F7!=('O7P&!&'!&F7!=?JG%PC!.>!&F7!
,7P'>$!,&*-7V!97!9%GG!M'P?,!'>!&F7!$%,,7<%>*&%'>!'M!&F7!*8*%G*JG7!'?&=?&,!*>$!%>!&F7!&F%($!*>$!G*,&!
,&*-7!&F7!P'>,'(&%?<!=*(&>7(,!9%GG!$%,,7<%>*&7!&F7!<',&!<*&?(7!*>$!M%>*G!=('O7P&!(7,?G&,C!.>!+*JG7!
::V!&F7(7!%,!*!,F'(&!$7,P(%=&%'>!'M!F'9!&F7!$%,,7<%>*&%'>!*>$!&F7!P'<<?>%P*&%'>!*P&%8%&%7,!9%GG!J7!
%<=G7<7>&7$!%>!&F7!&F(77!=('O7P&!=F*,7,C!!!

.*++%$*)#,*-)! #)1!
L-$$C)*3#,*-)!53,*7*,*%+!

J!"!+,#(%! =#$!+,#(%!! K%$!+,#(%!!

N('O7P&!%$7>&%&K!

RG'-'V! J(*>$! %$7>&%&KV!
&7<=G*&7,S!

{! ! !

f>G%>7!=(7,7>P7!!

R97J,%&7V!,'P%*G!<7$%*S!

{! {! {!

/'<<?>%P*&%'>!@%&!

RJ('PF?(7V! ('GG^?=! J*>>7(V! 7^
>79,G7&&7(,S!

{! {! {!

)7$%*!=(7,7>P7!

R=(7,,! (7G7*,7,V! <7$%*!
*(&%PG7,3%>&7(8%79,S!

{! {! {!

N?JG%P*&%'>,!

RP'>M7(7>P7! =('P77$%>-,V!
O'?(>*G,S!

! {! {!

I?$%'^8%,?*G!<*&7(%*G!

R8%$7'V!='$P*,&,S!

{! {! {!

N*(&%P%=*&%'>!%>!787>&,!

RP'>M7(7>P7,V! 7c=',V! &(*$7!
M*%(,V!7&PS!

{! {! {!

f(-*>%,*&%'>!'M!=('O7P&!787>&,!

R97J%>*(,V!M%>*G!787>&S!

{! {! {!

Y7&9'(@%>-!\!G%*%,'>!*P&%8%&%7,!

R7,&*JG%,F! >7&9'(@,V! O'%>&!
9'(@,F'=,V!,&*@7F'G$7(,!G%,&S!

{! {! {!

#.;Q5+DDR+Y=327+:5-62,17,3/+38+7=5+:,--5A,/.7,3/+./:+63AA9/,6.7,3/+.67,W,7,5-+,A1Q5A5/7.7,3/++



! "#$%&#'()$#!*+,!

W:!

!

b'9787(V!%>!'($7(!&'!*PF%787!*>!7MM%P%7>&!$%,,7<%>*&%'>!*>$!P'<<?>%P*&%'>!'M!&F7!=('O7P&V!.//0!
F*,!P(7*&7$!*!&F'('?-F!=G*>!&F*&! %>PG?$7,!,=7P%M%P!=G*>>7$!*P&%8%&%7,!9F%PF!9%GG!F7G=!(7*PF!*>$!
<*KJ7! 7cP77$! &F7! $7M%>7$! @7K! =7(M'(<*>P7! %>$%P*&'(,V! 9F%PF! *(7! =(7,7>&7$! %>! 2C"! 'M! &F%,!
$'P?<7>&C!+F7! &*JG7!J7G'9!*>$!&F7! M%-?(7! %>!!""#$%G'%=)-H#74%:-*+1*2V!=(7,7>&! %>!$7&*%G! &F7!
*P&%'>,!'M!7*PF!=('O7P&!,&*-7h!

4'-S%3,!+,#(%!Q!
1%+3'*F,*-)!

53,*7*,*%+! 4D#))%1!#3,*-)+! N*(ED*(E,+!

:#$!,&*-7!R):^):"Sh!
#,&*JG%,F!&F7!=('O7P&!
%$7>&%&K!*>$!(*%,7!
*9*(7>7,,!

/(7*&%'>!'M!&F7!=('O7P&!
J(*>$!%$7>&%&K!R=('O7P&!
G'-'V!P'G'?(!=*G7&&7V!
J(*>$!J''@V!&7<=G*&7,S!

+F7!=('O7P&!J(*>$!
%$7>&%&K!R=('O7P&!
G'-'V!P'G'?(!=*G7&&7V!
J(*>$!J''@V!
&7<=G*&7,S!9*,!
(7*$K!J7M'(7!&F7!
Df)C!

;UC:! ;%,,7<%>*&%'>!
*>$! /'<<?>%P*&%'>!
0&(*&7-KC!

07&!?=!'M!,'P%*G!<7$%*!
PF*>>7G,!*>$!
P'>&%>?'?,!>7&9'(@%>-!

j!RM'(<7(GK!+9%&&7(S!
*>$!B%>@7$.>!
*PP'?>&,!G*?>PF7$!
J7M'(7!&F7!=('O7P&!
Df)C!

67*PF!"11!M'GG'97(,!
%>!&'&*GC!

N('O7P&!97J,%&7! N('O7P&!97J,%&7!
G*?>PF7$!%>!)WC!

/'<<?>%P*&%'>!@%&!
RJ('PF?(7V!('GG!?=!
J*>>7(V!7^>79,G7&&7(,S!

Z('PF?(7!*>$!('GG^?=!
J*>>7(!97(7!(7*$K!
JK!)WC!

N?JG%P*&%'>!'M!&9'!7^
>79,G7&&7(,!R)4V!
):"SC!

N?JG%P*&%'>!'M!<7$%*!
*(&%PG7,3%>&7(8%79,!\!
=(7,,!(7G7*,7,!

N?JG%,F!*!=(7,,!
(7G7*,7!*>$!&9'!
<7$%*!*(&%PG7,C!

N(7,7>&*&%'>,!%>!
P'>M7(7>P7,!*>$!'&F7(!
787>&,!

N(7,7>&!&F7!=('O7P&!
&'!*&!G7*,&!W!(7G*&7$!
787>&,C!

Y7&9'(@%>-!*P&%8%&%7,!
9%&F!'&F7(!#g!=('O7P&,!
\!'(-*>%,*&%'>,!

#,&*JG%,F!>7&9'(@%>-!
*P&%8%&%7,!9%&F!*&!
G7*,&!"!(7G*&7$!
=('O7P&,!*>$!
'(-*>%,*&%'>,C!



! "#$%&#'()$#!*+,!

W"!

!

f(-*>%,*&%'>!'M!
97J%>*(,!

f(-*>%,7!'>7!
97J%>*(!R%>&('$?P%>-!
&F7!=('O7P&SC!

I?$%'^8%,?*G!<*&7(%*G!
R8%$7'V!='$P*,&,S!

B*?>PF!&F7!=('O7P&!
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