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

!"#$%&$%&'()*+#,-$%$#%&$%+"./#/"00$1$0#%2%&'($13)$%4567

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

"#$%&'(')*'++$&,') - .*& -/. - 01%* - .) - 01%* - *'%2.)&- 034*.)&4. -('++.- %). -*'1%&,') -0'%3- 1.
/42.1'00.+.)& - 5%&%3 - /.* - 4).36,.*- 3.)'%2.1$71.* - 41.(&3,8%.* - 9-/. - 03':,+,&4-; -.) - 64)43$1 - .& - /%
0<'&'2'1&$=8%.-.)-0$3&,(%1,.3>-?.*-03'+'&.%3*-+.&&.)&-.)-$2$)&-1.-5$,&-8%#.11.-0.3+.&&3$,&-/.-*'%1$6.3-1$
@?AB -$(8%,&&4. -0$3 - 1.*- (')*'++$&.%3* -.& -/. - 1,+,&.3 - 1#,+0$(& -/. - 1$ -03'/%(&,') -*%3 - 1. - 34*.$% -/.
/,*&3,7%&,')C-)'&$++.)&-.)-&.3+.*-/.-7.*',)-/.-3.)5'3(.+.)&>-

D'%&.5',*C-%).-1.(&%3.-$&&.)&,2.-/.*-)'+73.%*.*-/4(1$3$&,')*-.&-034*.)&$&,')*-*%3-1.-*%E.&-+')&3.-8%.
1$-/4F),&,')-/.-(.&&.-)'&,')-)#.*&-0$*-<'+'6G).-.&-8%.-1$-('+034<.)*,')-/.-&'%&.*-1.*-,+01,($&,')*
/#%)-*H*&G+.-8%,-1$-5$2'3,*.3$,&-.*&-1',)-/#I&3.-0$3&$64.-0$3-&'%*-1.*-,)&.31'(%&.%3*>

"$-034*.)&.-)'&.-$-0'%3-'7E.(&,5-/#4(1$,3.3-1.-/47$&-$F)-/#'3,.)&.3-1.*-42.)&%.11.*-+.*%3.*-,)(,&$&,2.*
/$)*-%).-/,3.(&,')-8%,-).-*',&-0$*-(')&3.J03'/%(&,2.-0'%3-1.*-/,5543.)&*-$(&.%3*-/.-1$-F1,G3.-K-1#,)/%*&3,.C
1.*-,)*&$11$&.%3*-.&-$%&3.*-03'5.**,')).1*C-1.*-03'/%(&.%3*C-+$,*-*%3&'%&-1.*-(')*'++$&.%3*-8%,-$%3')&
L -.)-$**%+.3-1.-('M&- F)$)(,.3 -8/,- 1$-@?AB -.&- 1.*-6.*&,'))$,3.*-/.*- 34*.$%:-8%,-$%3')&-L- 643.3 -1.*
(')*48%.)(.*-(')(3G&.*-/.-*')-42.)&%.1-/42.1'00.+.)&>-

".*-34N.:,')*-034*.)&4.*-,(,-*#,)*(3,2.)&-/$)*-1.-(')&.:&.-$(&%.1C-+$,*-.11.*-0'%33$,.)&-I&3.-+'/,F4.*
0$3-/.*-42'1%&,')*-L-2.),3-('++.-%).-$((4143$&,')-/.-1$-04)4&3$&,')-/%-0<'&'2'1&$=8%.-*%3-1.-34*.$%C
%).-$%6+.)&$&,')-*.)*,71.-/.*-03,:-/.-2.)&.C-346%14*-'%-)')C-/.-1#41.(&3,(,&4C- 1.-/42.1'00.+.)&-/.
)'%2.$%:-%*$6.*-('++.-1.*-24<,(%1.*-41.(&3,8%.*-'%-.)('3.-1#4+.36.)(.-/.-)'%2.11.*-&.(<)'1'6,.*
/.-*&'(O$6.-P<H/3'6G).C-+4&<$)$&,')Q>

45+ 6$&'*7/.)#*$&'+-./)8)981'

:)--18'+71+;"18;"1'+-.*&%*-1'+-<='*;"1'

R%-0',)&-/.-2%.-/.-1$-0<H*,8%.C-1S41.(&3,(,&4-*%,&-&'%E'%3*-1.-(<.+,)-1.-01%*-('%3&-/.-+',)/3.-34*,*&$)(.
0'%3-$11.3-/%-0',)&-'T-.11.-.*&-03'/%,&.-2.3*-1. -0',)&-/.-(')*'++$&,')-1.-01%*-03'(<.>-

"'3*8%#%)- *H*&G+. - 0<'&'2'1&$=8%. - 03'/%,&- /. - 1#41.(&3,(,&4C -(. - *')& - &'%E'%3* - 1.* - $00$3.,1* - .)
5')(&,')).+.)& - $% - +I+. - +'+.)& - L - 03':,+,&4 - ,++4/,$&. - 8%, - *.3')& - $1,+.)&4* - .) - 03,'3,&4C
,)/40.)/$++.)&-/%-&H0.-/.-3$(('3/.+.)&-.&-/.-1#.:,*&.)(.-'%-)')-/#%)-(')&3$&-/#$(<$&>--

R$)*-1.-($*-/#%)-*H*&G+.-,)*&$114-*%3-%)-7U&,+.)&-48%,04-/#%)-('+0&.%3-41.(&3,8%.-/.-(')*'++$&,')C
&3',*-*,&%$&,')*-0.%2.)&-*.-034*.)&.3-K

! 1. -03'/%(&.%3-74)4F(,.-/#%)-(')&3$& -/#$(<$&-.) -9-2.)&.-/.- 1$- &'&$1,&4-;-K -1.-*H*&G+.-.*&
3$(('3/4-/,3.(&.+.)&-$%-34*.$%-0%71,(-/.-/,*&3,7%&,')-8/,-%)-('+0&.%3-/.-03'/%(&,')-0'*4
0$3-1.-6.*&,'))$,3.-/.-34*.$%-PBVRW-'%-B"RQ-.)-0$3$11G1.-/%-('+0&.%3-/.-(')*'++$&,')
P%)-)'%2.$%-3$(('3/.+.)&-.*&-(344QC-&'%&.-1$-03'/%(&,')-.*&-+.*%34.-X

! 1. -03'/%(&.%3 -74)4F(,. -/#%) - (')&3$& -/#$(<$& - .) - 9-2.)&. -/. - *%301%*-;-K -1. -*H*&G+. -.*&
3$(('3/4-$%-&$71.$%-/%-(,3(%,&-41.(&3,8%.-,)&43,.%3-.&-%)-('+0&.%3-/.-03'/%(&,')-.*&-0'*4

JYJ

!"#$%&'('")"*+,"#'*")-%."&/0&"#'"1'"22,3/3,1"'")"*+"1,4%"

4>?+-8)%1+@"81'+A1..=+B+ACDEFFD+GHIJ+K+L18+,+MNN+OFP>+NQ+>Q+RF+EF+K+SSS5<1'-"85$.T



.) - *43,. -*%3 - 1. - 3$(('3/.+.)& - .:,*&$)&C -&I&.J7I(<. -0$3 - 3$00'3& -$% -('+0&.%3 - /.
(')*'++$&,')-X-*.%1.- 1$-0$3&,.-/.-1$-03'/%(&,')-8%,-)#.*&-0$*-/,3.(&.+.)&-(')*'++4.-L
1#,)&43,.%3-/%-7U&,+.)&-.*&-+.*%34.-X

! 1. - 03'/%(&.%3 - ). - 74)4F(,. - /#$%(%) - (')&3$& - /#$(<$& - .& -*. - &3'%2. - .) - *,&%$&,')
/#9-$%&'(')*'++$&,')-&'&$1.-;K--&'%&-.)-3.*&$)&-*'%+,*-0'%3-/.*-3$,*')*-/.-*4(%3,&4-L-%).
'71,6$&,')-/.-/4(1$3$&,')-.&-L-%).-(')2.)&,')-/#.:01',&$&,')-$2.(-1.-6.*&,'))$,3.-/.-34*.$%C
1. -*H*&G+. -0.%&-I&3.- 3$(('3/4-.)-%)-0',)& -8%.1(')8%.-/%-(,3(%,& - ,)&43,.%3C - 1.*- 53$,*-/.
3$(('3/.+.)& -*')& -)%1*C - 1$ -03'/%(&,') -)#.*& -0$*-+.*%34. -0$3- 1. -ZVR -.& - 1.*-42.)&%.1*
.:(4/.)&*-*')&-.)-/4F),&,2.-/'))4*-63$&%,&.+.)&-$%-34*.$%>-

R$)*-1.-03.+,.3-($*C-1#41.(&3,(,&4-8%,-.*&-,)E.(&4.-/$)*-1.-34*.$%-0%71,( -0.%&-3.2.),3 -,)*&$)&$)4+.)&
/$)*-1.-(,3(%,&- ,)&43,.%3-0'%3-I&3.-(')*'++4.-,++4/,$&.+.)& -*,-%)- $00$3.,1 -.*& -.)-5')(&,')).+.)&
/$)*-1.-7U&,+.)&-K-/#%)-0',)&-/.-2%.-0<H*,8%.C-,1-)#H-$-/')(-$%(%).-/,5543.)(.-$2.(-1.*-/.%:-$%&3.*
($*C - *.%1 - 1. -+'/. -/.- 2$1'3,*$&,') - 4(')'+,8%. - 2$3,.> -@.1$ -0.3+.& -)'&$++.)& -$% -03'/%(&.%3 -/.
74)4F(,.3-/.-1#'71,6$&,')-/#$(<$&-.&-/.*-&$3,5*-$**'(,4*-/')&-,1-5$%&-3$00.1.3-8%#,1*-')&-4&4-+,*-.)-01$(.
0'%3-'553,3-$%:-03'/%(&.%3*-/#41.(&3,(,&4-3.)'%2.1$71.-%).-2,*,7,1,&4-.&-%).-*&$7,1,&4-*%5F*$)&.-0'%3-1.%3
0.3+.&&3.-/#,)2.*&,3-*$)*-3,*8%.-/$)*-%).-F1,G3.-/')&-1.-/42.1'00.+.)&-$-4&4-E%64-/#,)&43I&-64)43$1>-

U"V1'#C%1+;"1+8V)"#$%$&'$(()#*$&+3

"#$%&'(')*'++$&,') -0.%&-*.-/4F),3-.)-03.+,G3.-$003'(<.-('++.-1$-0$3&-/.-1$-03'/%(&,')-8%,-.*&
(')*'++4.-/$)*-1.-7U&,+.)&-'T-.11.-.*&-03'/%,&.>-

[)-0.%&-(')*,/43.3-8%#,1-.:,*&. -&'%E'%3*-%).-0$3&-/#$%&'(')*'++$&,')- 9-*0')&$)4.-;-('33.*0')/$)&
$% - 5')(&,')).+.)& - )$&%3.1 -P*$)* - ,)&.32.)&,') - 0$3&,(%1,G3.Q- /.* - $00$3.,1* - /%3$)& - 1.* - 043,'/.* - /.
03'/%(&,')C-8%,-/40.)/-/.*-48%,0.+.)&*-.&-/.*-$(&,2,&4*-/.*-'((%0$)&*>

A'%3-%).-03'/%(&,')-/'))4.C-(.&&.-0$3&-*.3$-/#$%&$)&-01%*-41.24.-8%#%)-01%*-63$)/-)'+73.-/#$00$3.,1*
*.3$-.)-5')(&,')).+.)&-/$)*-1.-7U&,+.)&-$%-+'+.)&-'T-1$-03'/%(&,')-.*&-1$-01%*-,+0'3&$)&.C-(#.*&JLJ
/,3.-.)-E'%3)4.-.&-01%&\&-.)-4&4>-

],)*,C -0'%3-/.*-*H*&G+.*-/,+.)*,'))4*-0'%3-03'/%,3.-1#48%,2$1.)&-/.-1$-(')*'++$&,')-$))%.11.-/%
7U&,+.)&C -1. - &$%: -+'H.) -$))%.1 -/#$%&'(')*'++$&,')- *0')&$)4.- .*& -/. - 1#'3/3. -/. -^_` -/$)* -%)
1'6.+.)& -.)- 1#$7*.)(.-/.- 0,1'&$6.Y-C -+$,* -(.-0'%3(.)&$6.-0.%& -I&3.-01%*-7$*C -/.- 1#'3/3.-/. -Y_-L
Ya-`-/$)*-1.-($*C-('%3$)&-.)-W3$)(.C-/.-+$,*')*-,)/,2,/%.11.*-$2.(-(<$%55$6.-.&-B@?-41.(&3,8%.*>-b
(.&-46$3/C-1$-W,6%3.-Y-(,J/.**'%*--+')&3.-(1$,3.+.)&-8%.-1.-0,1'&$6.-/.*-7$11')*-/#B@?-&.1-8%#.55.(&%4
$(&%.11.+.)& - .) - 9-<.%3.* - 01.,).*c<.%3.* - (3.%*.*-;- .*& - .) - (')&3$/,(&,') - $2.( - 1$ - 1'6,8%.
/#$%&'(')*'++$&,')>-

".-&$%:-+'H.)-/#$%&'(')*'++$&,')-*0')&$)4.-0.%&-$11.3-E%*8%#L-d_-`-*,-%).-6.*&,')-,)&.11,6.)&.-.*&
+,*. - .) - 01$(. -8/,- %). -9-7': -4).36,.-; -$**'(,4. - L - /.* -$(&,')).%3* - .& - 03'63$++$&.%3* -0'%3 - 1.*
/,5543.)&*-$00$3.,1*^-X-/$)*-1.-*.(&.%3-&.3&,$,3.C-(.&&.-0$3&-0.%&-*S41.2.3-L-e_-`-2',3.-Y__-`-/%-5$,&-/.-1$
+.,11.%3.-*H)(<3'),*$&,')-/.-1$-(')*'++$&,')-.&-/.-1$-03'/%(&,')f>-R$)*-1.-($*-034*.)&4-.)-W,6%3.-^C
1. - &$%: - /#$%&'(')*'++$&,') -*0')&$)4.- *%3 -1#$))4. -('+01G&. -.*& - /. - Y__-`- 1'3*8%. - 1. - 0'&.)&,.1
0<'&'2'1&$=8%.-/.-1$-&',&%3.-.*&-+$:,+,*4>-

Y @.*-(<,553.*-*')&-,**%*-/.-1#4&%/.-$11.+$)/.-/.-1Sg)*&,&%&-/.-3.(<.3(<.-.)-4(')'+,.-4('1'6,8%.-/.-h.31,)-Pg[i-^_YYC
B55.(&*-'5-*.15J(')*%+0&,')-$)/-63,/-0$3,&H-'5-0<'&'2'1&$,(-*H*&.+*-8%,-$-42$1%4-1S$%&'(')*'++$&,')-/.*-+4)$6.*-
/.-^-L-d-0.3*')).*C-$2.(-/.*-,)*&$11$&,')*-Aj-/.-f-L-a-Oi(-Pk__-L-Y___-Oi<cOi(-$))%.1*QC-*$)*-*&'(O$6.>-@.*-
(<,553.*-*')&-/')(-L-%&,1,*.3-$2- -.(-034($%&,')-.)-W3$)(.- ->--

^ g/.+>
f g/.+>

J^J

!"#$%&'('")"*+,"#'*")-%."&/0&"#'"1'"22,3/3,1"'")"*+"1,4%"

4>?+-8)%1+@"81'+A1..=+B+ACDEFFD+GHIJ+K+L18+,+MNN+OFP>+NQ+>Q+RF+EF+K+SSS5<1'-"85$.T

http://www.ioew.de/en/publication-single/Effects_of_self_consumption_and_grid_parity_of_photovoltaic_systems/?tx_t3ukioew_pi1%5Bpointer%5D=3&cHash=0993f2a124eb1ebb10f10bdb189dc348


g1-.*&-0'**,71.-/#$%6+.)&.3-1.-&$%:-/#$%&'(')*'++$&,')-/.-&3',*-5$l')*-/,5543.)&.*-K-

" 1,+,&.3 - 1$ - 0%,**$)(. - /% - *H*&G+. - 0<'&'2'1&$=8%. - 0'%3 - 8%#%). - 0$3& - 01%* - ,+0'3&$)&. - /. - 1$
03'/%(&,')-*',&-(')*'++4.-/$)*-1.-7U&,+.)&-K-')-2$-/$)*-(.-($*-/'%71.+.)&-L-1#.)(')&3.-/%
7%& -3.(<.3(<4-/.-/42.1'00.+.)&-/.*-4).36,.*-3.)'%2.1$71.*-L-+',)/3.-('M&C -0%,*8%.-/.*
*H*&G+.*-01%*-0.&,&*-03'/%,*.)&-+',)*-.&-('M&.)&-01%*-(<.3-X

" $%6+.)&.3- 1. -)'+73. -.&c'% - 1$ -0%,**$)(. -/.* -$00$3.,1* - .) - 5')(&,')).+.)& -.) -043,'/. -/.
03'/%(&,') -0'%3-5$2'3,*.3-1#,9#"("0."11,#/"0%/0.#,0#,0'$-K -')-0.%&-/$)*-(.-($*-*#,)&.33'6.3
*%3-1#%&,1,&4-/.-(.&&.-(')*'++$&,')-*%0014+.)&$,3.C-$,)*,-8%.-*%3-*')-('M&--X

" *&'(O.3-%).-0$3&,.-/.-1$-03'/%(&,')-/$)*-1.-7U&,+.)& -0'%3-1$-(')*'++.3-01%*-&$3/ -/$)*-%).
1'6,8%.-/#,9#"("0."11,#/"0% &/::')'$ %K- *. -0'*. -$1'3* - 1$ -8%.*&,') -/. - 1#.5F($(,&4 - &.(<),8%.C
4(')'+,8%.-.&-4('1'6,8%.-/.*-*'1%&,')*-/,*0'),71.*-L-1#4(<.11.-(')*,/434.C-8%,-.*&-1',)-/#I&3.
$2434.-/$)*-1#4&$&-$(&%.1-/.*-(<'*.*>--

A%,*8%#$%(%).-/.-(.*-*'1%&,')*-)#$00'3&.-/.-340')*.-*$&,*5$,*$)&.C-')-.*&-.)-/3',&-/.-*.-/.+$)/.3-*,
(.-)#.*&-0$3(.-8%.-1$-8%.*&,')-.*&-+$1-0'*4.C-L-&'%&-1.-+',)*-8%.-1.*-'7E.(&,5*-/#%).-*&3$&46,.-2,*$)&-L
5$2'3,*.3-1#$%&'(')*'++$&,')-)#')&-0$*-4&4-(1$,3.+.)&-/4F),*>--

JfJ

!"#$%&'('")"*+,"#'*")-%."&/0&"#'"1'"22,3/3,1"'")"*+"1,4%"

4>?+-8)%1+@"81'+A1..=+B+ACDEFFD+GHIJ+K+L18+,+MNN+OFP>+NQ+>Q+RF+EF+K+SSS5<1'-"85$.T

W,6%3.-YK-A3'F1-<.7/'+$/$,3.-/.-(')*'++$&,')-/#41.(&3,(,&4-.&-03'/%(&,')-0<'&'2'1&$=8%.-0'%3-%).-+$,*')-,)/,2,/%.11.
&H0.-$2.(-(<$%55$6.-.&-B@?-41.(&3,8%.*-P*%,2$)&-%)-*,6)$1-<.%3.*-01.,).*c<.%3.*-(3.%*.*Q-$%-+',*-/.-+$3*-1'3*8%.

(')*'++$&,')-.&-03'/%(&,')-0<'&'2'1&$=8%.-*')&-5'3&.*>-;"9)($%<%=$.+9>?

W,6%3.-^K-A3'F1-<.7/'+$/$,3.-/.-(')*'++$&,')-/#41.(&3,(,&4-.&-03'/%(&,')-0<'&'2'1&$=8%.-0'%3-%)-*,&.-('++.3(,$1-$2.(
*&'(O$6.-/.-53',/-$%-+',*-/.-+$3*-1'3*8%.-(')*'++$&,')-.&-03'/%(&,')-0<'&'2'1&$=8%.-*')&-5'3&.*>-;"9)($%<%=$.+9>?



!"#$%$&'$(()#*$&+$"+)"#$-.$7"%#*$&+3

".*-/.%:-)'&,')*-*.+71.)&-L-03.+,G3.-2%.-&3G*-03'(<.*C-+$,*-,1-.*&-,+0'3&$)&-/.-7,.)-('+03.)/3.-1.*
,+01,($&,')* - 3.*0.(&,2.* -/#%). -/4+$3(<. -2,*$)& -L - 5$2'3,*.3 - 1#%). -01%&\& -8%.- 1#$%&3.C -8%, - *')& - &3G*
/,5543.)&.*>-

@'++. - ') - 1#$ - 2% - 034(4/.++.)&C - (<.3(<.3 - L - $%6+.)&.3 - 1. - &$%: - /#$%&'(')*'++$&,')- (')/%,&
64)43$1.+.)& -L - %). - /4*'0&,+,*$&,') - /% - ('%01. - 03'/%(&,')J(')*'++$&,')C - *',& - .) - 1,+,&$)& - %).
03'/%(&,')-8%,-$%&3.+.)&-2,.)/3$,&-*.-*%7*&,&%.3-L-%).-4).36,.-)')J3.)'%2.1$71.C-*',&-.)-$%6+.)&$)&
,)%&,1.+.)&-%).-(')*'++$&,')-/')&-')-*$,&-8%#.11.-/',&-$%-(')&3$,3.-I&3.-34/%,&.C-*',&-.) - ,)(,&$)&-L
*#48%,0.3-/.-+'H.)*-/.-*&'(O$6.-$%:-0.35'3+$)(.*-+4/,'(3.*>-

b - 1#,)2.3*.C - (<.3(<.3 - L - $%6+.)&.3 - 1. - &$%: -/#$%&'03'/%(&,')C - 8%, - *. -/4F),& - ('++. -1$ -0$3& - /. - 1$
(')*'++$&,') -8%, - .*& - 03'/%,&. - *%3 - 01$(. -.& - )') - ,+0'3&4. - /% - 34*.$% - 0%71,(C- (')/%,& - L - /.*
('+0'3&.+.)&*-2.3&%.%:C-.)-,)(,&$)&-L-1$-5',*-L-34/%,3.-1$-(')*'++$&,')-/#4).36,.-.&-L-$%6+.)&.3-1$
03'/%(&,')-/#4).36,.-3.)'%2.1$71.>-

A3.)')*-%)-.:.+01.-(')(3.&-.&-34.1C-(.1%,-/#%).-+$,*')-48%,04.-/#%)-&',&-0<'&'2'1&$=8%.-/.-d-Oi(C
$2.( - %).- (')*'++$&,') -E'%3)$1,G3.C- %) - E'%3 -/. - 03,)&.+0*C- /. - Y^ - Oi<- P%*$6.*- *04(,F8%.*- /.
1#41.(&3,(,&4-%),8%.+.)&Q-.&-/#%).-03'/%(&,')-/.-Yk-Oi<-/')&-dCf-Oi<-*')&-(')*'++4*-*%3-01$(.-K-1.
&$%: -/#$%&'(')*'++$&,')- *.3$ -/. -^d-`- &$)/,* -8%.- 1. - &$%: -/#$%&'03'/%(&,')- *.3$ -/. -fe-`- P2',3
&$71.$%-(,J/.**'%*Q> -R$)*-(.-($* -P(')*'++$&,')-,)543,.%3.-L-1$-03'/%(&,')QC -1$-8%$)&,&4-/#41.(&3,(,&4
*'%&,34.-$%-34*.$%-$-4&4-/,+,)%4.-/. -fe-`-P.&-)')-/. -^d`Q-63U(.-L-1$-03'/%(&,')-0<'&'2'1&$=8%.-K
%V1'#+7$&%+9*1&+8V)"T(1&#)#*$&+7"+#)"W+7V)"#$-.$7"%#*$&+;"*+-1.(1#+71+./7"*.1+8)+;")&#*#/+X+1#
7$&%+8)+2)%#".1+X+7V/81%#.*%*#/+*(-$.#/1+7"+./'1)">-

@')*'++$&,') Y^Oi<

A3'/%(&,') YkOi<

Oi<-(')*'++4-*%3-01$(. dCfOi<

D$%:-/#$%&'(')*'++$&,') dCfcYk-m-^d-`

D$%:-/#$%&'03'/%(&,') dCfcY^-m-fe-`
@'+0$3$,*')-$%&'(')*'++$&,')-c-$%&'03'/%(&,')

]-)'&.3-8%.-1'3*8%.-1#$%&'(')*'++$&,')-$&&.,)&-Y__-`C-,1-)#H-$-0$*-/#41.(&3,(,&4-.:(4/.)&$,3.-L-,)E.(&.3
/$)*- 1.-34*.$% -0%,*8%.-&'%&-.*& -(')*'++4-*%3-01$(.C - &$)/,* -8%.- 1'3*8%.- 1#$%&'03'/%(&,')-$&&.,)&
Y__-`C -,1 -0.%&-.)('3.-H-$2',3-/. -1#41.(&3,(,&4 -.:(4/.)&$,3. -8%,-.*&-$1'3*- - ,)E.(&4. -/$)*- 1.-34*.$%C -.&
8%#$%&'(')*'++$&,')- .& -$%&'03'/%(&,')- ). - *')& - 48%,2$1.)&.*- 8%. - 1'3*8%. - 1$ - 03'/%(&,') - .& - 1$
(')*'++$&,') - $))%.11.* - /#41.(&3,(,&4 - *')& - 46$1.* -*%3 - %) - 043,+G&3. - /'))4 - P+$,*') - ,)/,2,/%.11.C
7U&,+.)&-('11.(&,5-/#<$7,&$&,')C-8%$3&,.3C-.&(>Q> -
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4>?+-8)%1+@"81'+A1..=+B+ACDEFFD+GHIJ+K+L18+,+MNN+OFP>+NQ+>Q+RF+EF+K+SSS5<1'-"85$.T



G) +7*22/.1&%1 +1&#.1 +)"#$%$&'$(()#*$& +1# + )"#$-.$7"%#*$& +1'# + %."%*)81+, +()W*(*'1. + 8V"&1 +$"
8V)"#.1+&1+.10*1&#+-)'+)"+(Y(1+7)&'+71+&$(9.1"W+%)'?+%<)%"&1+./-$&7)&#+Z+"&1+-.$98/()#*;"1
7*22/.1&#15

" [)W*(*'1.+8V)"#$%$&'$(()#*$&+-1"#+1&#.)\&1.+"&1+'".%$&'$(()#*$&+7V/81%#.*%*#/?+*&%*#1.
)"+'$"'C7*(1&'*$&&1(1&#+71+8V*&'#)88)#*$&+-<$#$0$8#)];"1+1&+#$*#".1?+1#+7/%$".)T1.+71'
*&*#*)#*01'+7V12^%)%*#/+/&1.T/#*;"1?+71+()&*_.1+Z+/0*#1.+#$"#1+*&`1%#*$&+'".+81+./'1)"5

" [)W*(*'1. + 8V)"#$-.$7"%#*$&+) + #1&7)&%1 + )" + %$&#.)*.1 + Z + 1&%$".)T1. + 8V12^%)%*#/
/&1.T/#*;"1+71'+/;"*-1(1&#'+1#+8V"#*8*')#*$&+$-#*()81+71+8)+#$*#".1?+81+./'1)"+-1.(1##)&#
71+T).)&#*.+;"1+#$"#1+8)+-.$7"%#*$&+-$"..)+Y#.1+"#*8*'/1?+(Y(1+'*+%1+&V1'#+-)'+7)&'+81
9a#*(1&#+$b+1881+)+8*1"5+

++++++

c5+ L*.1.+81'+81d$&'+71+8V1W-/.*1&%1+)881()&71

!"#$%&#%''"(%)*## ####+#*"#'%#,# ####-./("#0#'1%234$4)&4((%3/4)# ####5#%2#,# ####-.46.%(("#*"#&423/")#*2## #.7&"%2# ####5##

B)-]11.+$6).C-1#$%&'(')*'++$&,')-$-74)4F(,4-.)&3. -E$)2,.3 -^__n-.& -+$3*-^_Y^-/#%)-+4($),*+.-/.
*'%&,.)- 8%, - 2$1'3,*$,& - 0'%3 - 1.* - ,)*&$11$&,')* - /. - +',)* - /.- a__ - Oi( - 1$ -0$3& - /. - 1$- 03'/%(&,')
$%&'(')*'++4.-L-/,5543.)&*-&$3,5*-*.1')-1.-&$%:-/#$%&'(')*'++$&,')-P.)J/.lL-'%-$%J/.1L-/.-f_-`Q>
@.&&.-03,+.-$2$,&-4&4-+,*.-.)-01$(. -,),&,$1.+.)& -0'%3-.)('%3$6.3-1$-/,+,)%&,')-/.-1#,)E.(&,')-*%3-1.
34*.$%-/.-+$),G3.-L-34*'%/3.-/.*-03'714+$&,8%.*-&.(<),8%.*-1,4.*-$%-/42.1'00.+.)&-&3G*-3$0,/.-/%
0<'&'2'1&$=8%.C-)'&$++.)&-1$-($0$(,&4-/#$((%.,1-/%-34*.$%>-

"$-03,+.-$-4&4-*%003,+4.-.)-$23,1-^_Y^-*%,&.-L-/.-)'+73.%*.*-(3,&,8%.*-*%3- 1$-('+01.:,&4-/.-*$-+,*.
.)-o%23.-.&-*%3-1#.:')43$&,')-/.-5$,&C-0'%3-1$-0$3&-/.-1$-03'/%(&,')-$%&'(')*'++4.C-/.-&$:.*-/,2.3*.*
.&-*%3&'%&-/.-0$3&,(,0$&,')-$%-F)$)(.+.)&-/%-/42.1'00.+.)&-/.*-B)V-P1#48%,2$1.)&-/.-1$-@?ABQ-.&-$%:
53$,*-/p%&,1,*$&,')-/%-34*.$%-0%71,(-/.-1S41.(&3,(,&4-P1#48%,2$1.)&-/%-DqVABQd-X-.11.-$-4&4-3.+01$(4.-0$3-%)
+4($),*+.-/. -*'%&,.) -$%: - ,)*&$11$&,')* -48%,04.* -/#%),&4* -/. -*&'(O$6. -(')l%.*- 0'%3 - *'%&.),3- 1.

d -B)-.55.&C-1#4&%/.-/.-1#g[i-P^_YYQC-+')&3.-8%.-1$-+,*.-.)-01$(.-/#%).-03,+.-L-1#$%&'(')*'++$&,')-*.-&3$/%,&-)')-0$3-%)-6$,)-).&-
0'%3-1$-('11.(&,2,&4-+$,*-0$3-%)-*,+01.-&3$)*5.3&-/.-(<$36.-.)&3.-(')*'++$&.%3*-.&-(')&3,7%$71.*-/#%).-0$3&C-.&-.)&3.-
(')*'++$&.%3*-.&-6.*&,'))$,3.*-/.-34*.$%:-/#$%&3.-0$3&>
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4>?+-8)%1+@"81'+A1..=+B+ACDEFFD+GHIJ+K+L18+,+MNN+OFP>+NQ+>Q+RF+EF+K+SSS5<1'-"85$.T

W,6%3.-fK-R,*&,)(&,')-.)&3.-$%&'(')*'++$&,')-P0$3&-/.-1$-03'/%(&,')-&'&$1.-8%,-.*&-(')*'++4.-*%3
01$(.Q-.&-$%&'03'/%(&,')-P0$3&-/.-1$-(')*'++$&,')-&'&$1.-8%,-.*&-5'%3),.-0$3-1$-03'/%(&,')-*%3

01$(.Q>-;"9)($%<%=$.+9>?



34*.$%-0%71,(-.&-34/%,3. -1.*-7.*',)*-/.-3.)5'3(.+.)&aC -/')&-1$-34+%)43$&,')-.*&-(')/,&,'))4.-0$3-%)
/,+.)*,')).+.)& -.& -%)-0,1'&$6.-/.*-7$&&.3,.*-0.3+.&&$)&-/.+ 1,+,&.3 -1$- 0%,**$)(.- ,)E.(&4. -/$)*- 1.
34*.$% -L - r_-`-/. - 1$ -0%,**$)(. -+$:,+$1.>- B) -'%&3.C - 1.* -7$&&.3,.* -0.%2.)& - 5'%3),3 - /.* - 9-*.32,(.*
*H*&G+.-;-$%-34*.$%-P01$)-/.-&.)*,')C-5348%.)(.Q>

!"#$%&#8.%)9%/&# ####+#2# #)"# ####:427"#*"#&%2;"3%6"## #-42.#2)"# ##8/'/<."#")#*/88/$2'37# ####=# #

B)-W3$)(.C -1$-*,&%$&,')-.*&-&'%&-$%&3.-K-$2.( -L -0.,).-01%*-/.- d-Zi -/.-0%,**$)(.-,)*&$114. -F)- ^_Yf
(')&3.- fd-Zi-.)-]11.+$6).C -1. -0<'&'2'1&$=8%. -). -64)G3. -03$&,8%.+.)&- $%(%). -(')&3$,)&. -*%3 - 1.
34*.$% -/. -/,*&3,7%&,') -*$%5 -/$)*-/.* -($* -&3G* -0$3&,(%1,.3* -/#,)*&$11$&,')*- 0<'&'2'1&$=8%.*- /.- &$,11.
,+0'3&$)&.-.)-7'%&-/.-34*.$%C-41',6)4.*-/.-&'%&-0',)&-/.-(')*'++$&,')>-

"$-F1,G3.-0<'&'2'1&$=8%.-53$)l$,*.-(')&,)%.-.)-3.2$)(<.-L-*'%553,3-/.*-(')*48%.)(.*-/%-+'3$&',3.-/.
1$ - F) -^_Y_C -$%:8%.11.* -*#$E'%&. - 346%1,G3.+.)& -/.- )'%2.11.*- 4&$0.*- /. -('+01.:,F($&,') -('++.- 1$
7'),F($&,')-/.*- &$3,5*-/#$(<$&-0'%3-1$-03'2.)$)(.-.%3'04.)).-/.*-0$)).$%:>- B)-'%&3.C- 1.* -34(.)&*
(<$)6.+.)&* -/.* -3G61.* -/.-($1(%1 -/%-01$)-/.-&.)*,') -,+0'*4*-0$3-BVRW -P/,+,)%&,')-/.*-+$36.*
$/+,**,71.*-/#4142$&,')-/.-&.)*,')-$%-*.(')/$,3.-/.*-0'*&.*-sD]chDQ-')&-,)/%,&-%).- $%6+.)&$&,')-&3G*
*,6),F($&,2.-/.*-('M&*-/.-3$(('3/.+.)&-0'%3-1.*-,)*&$11$&,')*-/.-01%*-/.-fr-Oj]>

R$)*-(.*-(')/,&,')*C-1.*-03'/%(&.%3*-0'%33$,.)&-I&3.-&.)&4*-/#'0&.3-0'%3-%)-*(<4+$-/.-3$(('3/.+.)&
.) -9-$%&'(')*'++$&,') - &'&$1.-; -$F)- /#'7&.),3 -%) -('M& -/. - 3$(('3/.+.)& -)%1 -.) -(')&3.0$3&,. -/#%)
.)6$6.+.)& -L-$%&'(')*'++.3-&'%&.- 1#41.(&3,(,&4-03'/%,&.> -e*+%1+'%</()+7)&'+81;"18+ 8V/81%#.*%*#/
/01&#"1881(1&#+*&`1%#/1+&V1'#+-)'+%$(-#/1+710)*#+'1+7/018$--1.?+8V)9'1&%1+7V/#"71+7V*(-)%#+1#
71+($=1&'+#1%<&*;"1'+71+(1'".1.+ 8V*&`1%#*$&+7)&'+ 81 +./'1)"+-$"..)*1&# +-$'1.+.)-*71(1&#+71'
-.$98_(1'+)"W+T1'#*$&&)*.1'+71+./'1)"+71+7*'#.*9"#*$&5

R.-01%*C-/$)*-1.-(')&.:&.-3461.+.)&$,3.-53$)l$,*-$(&%.1C -8V)''$%*)#*$&+7V"&+7*'-$'*#*2+71+'#$%f)T1
7V/81%#.*%*#/+)01%+"&1+*&'#)88)#*$&+-<$#$0$8#)];"1+&1+-1.(1#+-)'+Z+%1##1+71.&*_.1+71+9/&/^%*1.
7"+#).*2+7V)%<)#C-(.-8%,-1,+,&.-5'3&.+.)&-1$-3.)&$7,1,&4-/.-(.*-*H*&G+.*>
-

N5+ g8/(1&#'+71+./h1W*$&+'".+8)+(*'1+1&+-8)%1+7V"&+'$"#*1&+Z+
8V)"#$%$&'$(()#*$&

".*-/,*(%**,')*-$%&'%3-/.-1$-+,*.-.)-01$(.-/#%)-+4($),*+.-/.-*'%&,.)-L-1#$%&'(')*'++$&,')-$33,2.)&
/$)*-%)-(')&.:&.-'T-1$-2'1')&4-/.-+$t&3,*.-/.-1$-@?AB-6')N4.-0$3-/.*-&$3,5*-/#$(<$&-.:(.**,2.+.)&
41.24*- -.)&3.-^__r-.&-^_Y_-$-(')/%,&-L-%)-5'3&-3.01,-0%,*-L-%).-*&$6)$&,')-/%-*.(&.%3-0<'&'2'1&$=8%.-/%
5$,&-/.-&$3,5*-/#$(<$&-&3'0-7$*-$%:8%.1*-*#$E'%&.)&-/.*-('M&*-/.-3$(('3/.+.)&-/.-01%*-.)-01%*-41.24*>r>-

".* - 414+.)&* - (,J/.**'%* - 2,*.)& - $,)*, - L - .:01,(,&.3 - /$)* - 8%.1 - ($/3. - %) -+4($),*+. - /. - *'%&,.) - L
1#$%&'(')*'++$&,')-'%-L-1#$%&'03'/%(&,')-0.%&-I&3.-(')l%-0'%3-1#,)&43I&-64)43$1>

A)0$.*'1.+)0)&#+#$"#+8V)"#$-.$7"%#*$&++ +i+ ++++%$881%#*01+ ++++j+ ++++1&+(*8*1"+".9)*&+1#+-/.*".9)*&+ ++++555+ +

".-*'%&,.)-L-1#$%&'(')*'++$&,')C-*#,1 -)#.)('%3$6.-0$*-/$)*-1.-+I+.-&.+0* -1#$%&'03'/%(&,')C- 0.%&
$2',3-1#.55.&-0.32.3*-/.-+.).3-L-%).-9-$@+>"/#,#/"0%/0.9:A.,0#$%&9%+"#$0#/$>%$0%.9):,($.%&$%#"/#-;-Pg[iC
^_YYQ> -"$- W,6%3. - d- (,J/.**'%* -,**% - /#%). - 4&%/. - /.- ($* - 34.1 -,11%*&3. - 7,.) - (. - 03'71G+.-K - *, - %)
0'%3(.)&$6. -/#$%&'(')*'++$&,') -/. -Y__-`-.*& - 3.(<.3(<4C - 1#,)*&$11$&,') -Aj- *.3$ -/,+.)*,'))4. -L
a__-i(-P&$%:-/.-('%2.3&%3.-$))%.11.-/.-1$-(')*'++$&,')-/.-a`Q-$1'3*-8%.-1$-&',&%3.-0.%&-$((%.,11,3
nC^-Oi(-P&$%:-/.-('%2.3&%3.-$))%.11.-/.-1$-(')*'++$&,')-/.-kd`Q >

a B)-]11.+$6).C-1$-+$E'3,&4-/.*-('M&*-/.-3$(('3/.+.)&-.&-/.-3.)5'3(.+.)&-*')&-0$H4*-0$3-1.-6.*&,'))$,3.-/.-34*.$% -.&-)')-0$3-1.*-
03'/%(&.%3*-8%,-.%:C-0$,.)&-*.%1.+.)&-1.-('M&-/.-73$)(<.+.)&>-@.&&.-340$3&,&,')-,)(,&.-1.-6.*&,'))$,3.-L-'0&,+,*.3-*.*-
,)2.*&,**.+.)&*-.&-L-+%&%$1,*.3-1.*-,)53$*&3%(&%3.*>

r u'%*-)#,)*,*&.3')*-E$+$,*-$**.v-0'%3-/,3.-8%.-(.-).-*')&-0$*-1.*-&$3,5*-/#$(<$&-&3G*-7$*-/#$%E'%3/#<%,-8%,-*')&-L-1#'3,6,).-/.-
1#$%6+.)&$&,')-,+0'3&$)&.-/.-1$-@?AB-+$,*-7,.)-1.-),2.$%-&3G*-41.24-/.*-&$3,5*-.)&3.-^__r-.&-^_Y_-w-
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B)-.55.&C-.)-+,1,.%-%37$,)-'T-2,2.)&-.&-&3$2$,11.)&-01%*-/.-k_-`-/.-)'*-(')(,&'H.)*C-1$-(')&3$,)&.-1$-01%*
5'3&.-).-0'3&.-0$*-*%3-1$-($0$(,&4-/#$((%.,1-/%-34*.$%C-+$,*-*%3-1$-0'**,7,1,&4-/.-&3'%2.3-/.*-*%35$(.*
/.-&',&%3.*-$/48%$&.*-0'%3-$((%.,11,3-1.-0<'&'2'1&$=8%.-P7')).-'3,.)&$&,')C -('+04&,&,')-$2.(-/#$%&3.*
%*$6.*C-v').*-03'&464.*C-.&(Q>-

g1-.*&-/')(-,+0'3&$)&-/$)*-1$-0.3*0.(&,2.-/#%).-'0&,+,*$&,')-/.-1$-03'/%(&,')-.&-/.*-*H*&G+.*-/#$,/.
8%,-1$-*'%&,.)).)& -8%.-(<$8%.-&',&%3.-*',&-%&,1,*4. -$%-+$:,+%+-/.-*')- 0'&.)&,.1 -.&-)')-%).-0$3&,.
*.%1.+.)&- $%-034&.:&.-8%.-1$-0%,**$)(.-,)*&$114.-.:(4/.3$,&-1.*-7.*',)*-/%-7U&,+.)&-.)-8%.*&,')-L
(.3&$,)*-+'+.)&*-/.-1#$))4.>-

".-*'%&,.)-L-1#$%&'03'/%(&,')-0.3+.&-46$1.+.)&-/#.)('%3$6.3-%). -/4+$3(<.-*H*&4+,8%. -(')*,*&$)&
.)-03.+,.3-1,.%-L-(<.3(<.3-L -34/%,3.- 1.*-(')*'++$&,')* -$2$)&-/.-0.)*.3-L -,)*&$11.3- %)-*H*&G+. -/.
03'/%(&,')-3.)'%2.1$71.>

k++ +1#++ +.10$*.+81'+%$&7*#*$&'+71+.)%%$.71(1&#+1&+ ++(*8*1"+.".)8++ +

"$-8%.*&,')-*.-0'*.-/,5543.++.)&-.)-+,1,.%-3%3$1C -'T- 1$ -03'/%(&,')-/#41.(&3,(,&4 -3.)'%2.1$71.-0.%&
0'*.3 -/.* - (')&3$,)&.* -/. - &.)*,')C -2',3.- I&3. - 3.5'%14. - *%3 - 1. - 34*.$% -/. - &3$)*0'3& - *, - 1. -),2.$% -/.
(')*'++$&,')-.*&-&3'0-5$,71.-L-%)-+'+.)&-/'))4>-

[)-)'&.3$-&'%&.5',*-8%.- 1.*-3G61.*-$(&%.11.*-/.-F)$)(.+.)&-/%-3$(('3/.+.)&-$%-34*.$%-8%,-.*&-L-1$
(<$36. - /% - *.%1 - 03'/%(&.%3 - ,)(,&.)&- /4EL - 5'3&.+.)& - (. - /.3),.3 -L - /,+.)*,')).3 -('33.(&.+.)& - *')
,)*&$11$&,')-0'%3-).-0$*-64)43.3-/.-(')&3$,)&.*-*%3-1.-34*.$% >-

x%',8%#,1-.)-*',&C-01%&\&-8%.-73,/.3-1.-0'&.)&,.1-/.-03'/%(&,')-3.)'%2.1$71.-.)-/,+.)*,'))$)&-9-$%-01%*
E%*&.-;-0$3-3$00'3&-L-1$-(')*'++$&,')-*,-%)-+4($),*+.-/.-*'%&,.)-L-1#$%&'(')*'++$&,')-.*&-+,*-.)
01$(.C-,1-(')2,.)/3$,&-/.-3.2',3-1.*-3G61.*-/.-/,+.)*,')).+.)&-.&-/.-(')/%,&.-/.*-34*.$%:-/.-5$l')-L
.)-$%6+.)&.3-1$-($0$(,&4-/#$((%.,1-*$)*-0'%3-$%&$)&-64)43.3-/.-3,*8%.*-/.-(')&3$,)&.-),-,+0'*.3-/.*
&3$2$%:-/.-3.)5'3(.+.)&-,+0'3&$)&*>
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W,6%3.-dK-A3'F1-<.7/'+$/$,3.-/.-(')*'++$&,')-/#41.(&3,(,&4-.&-03'/%(&,')-0<'&'2'1&$=8%.-0'%3-%).-+$,*')-,)/,2,/%.11.
&H0.-$2.(-(<$%55$6.-.&-B@?-41.(&3,8%.-P*%,2$)&-%)-*,6)$1-<.%3.*-01.,).*c<.%3.*-(3.%*.*Q-$%-+',*-/#$'M&>-R.%:-($*
/#,)*&$11$&,')*-*')&-*,+%14.*-K-%).-,)*&$11$&,')-/.-nC^Oi(-8%,-('33.*0')/-$%-0'&.)&,.1-+$:,+$1-/.-1$-&',&%3.-.&-%).-/.
_CaOi(-8%,-0.3+.&-/#$&&.,)/3.-%)-&$%:-/#$%&'(')*'++$&,')-0<H*,8%.-/.-Y__ -`-L-(<$8%.-<.%3.-/.-1#$))4.>-;"9)($%<
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l.*0*8/T*1.++ +8V)"#$%$&'$(()#*$&+1#++ +8V+ +)"#$-.$7"%#*$&+7)&'+81+'1%#1".+#1.#*)*.1+ +

@'++.-/,&-034(4/.++.)&C-,1-H-$-5'3&-L-0.)*.3-8%.-/.-)'+73.%:-*,&.*-&.3&,$,3.*-0'%33$,.)&-$&&.,)/3.-%)
&$%:-/#$%&'(')*'++$&,') -03'(<.-/.- Y__-`-*$)*-0,1'&$6.C -*%3&'%&-.)-034*.)(.-/#48%,0.+.)&*-/.
53',/ -'%-/.-3$53$t(<,**.+.)&-8%,-64)G3.)&-%).-/.+$)/.-*H)(<3').-$2.(-1$-03'/%(&,')-Aj-X -1#.*0$(.
/,*0'),71. -.) -&',&%3. -'% -.) - 5$l$/. -.& - 1$ -0.35'3+$)(.- &<.3+,8%.-/%-7U&,+.)& -*.3')&-/4(,*,5* -0'%3
'7&.),3-%)-&$%:-,+0'3&$)&-/#$%&'03'/%(&,')>-

"$-W,6%3.-a-034*.)&.-%)-03'F1-&H0.-<.7/'+$/$,3.-/#%)-7U&,+.)&-('++.3(,$1-$2.(-*&'(O$6.-/.-53',/
/')&-1$-0%,**$)(.-(3I&.-/.-1#,)*&$11$&,')-Aj-/40$**.-/.-^a-`-1$-0%,**$)(.-+$:,+$1.-$))%.11.-$00.14.
0$3 - 1. - *,&.> - "$ - 043,'/. - (<',*,. - .*& - (3,&,8%. - 0%,*8%#,1 - H - $ - 5'3&. - 03'/%(&,') - .& - 3.1$&,2.+.)& - 5$,71.
(')*'++$&,')-P+I+.-*,&.-8%.-0'%3-1$-W,6%3.-^Q>

m++&%*#1.++ +)"+ ++'#$%f)T1++ +'1"81(1&#+8$.';"V*8++ +-1.(1#++ +7V)"T(1&#1.+8)+%)-)%*#/+7V)%%"1*8+7"+./'1)"+ +

q). -4&%/. -/%-W3$%)<'5.3-g)*&,&%&. -0%71,4.-.)-^_Yfe- *#.*&-,)&43.**4.C -L -0$3&,3-/.-1$-+'/41,*$&,')-/.
/,5543.)&* - &H0.* - /. - 34*.$%: -/. - /,*&3,7%&,')- L- 1#,+0$(& - *%3 -(.* - /.3),.3*- /. -+'H.)* - /.- *&'(O$6.
$**'(,4*-L-/.*-*H*&G+.*-0<'&'2'1&$=8%.*C-$2.(-0'%3-'7E.(&,5-03,)(,0$1-1$-*&$7,1,&4-/.-1$-&.)*,')>-

"$-(')(1%*,')-.*&-8%.-9-!"#$%!%&'$%()*+"#),*-'$$,.%,*/0($(1(!$'23#,*'45,*&#.*!,&*-,&(%)&*+#*.5&,'#
/,.6,$ *+, * .5+#%., * !, */%7 *+"%)8,7$%() *+, * $(#& * !,& *&9&$:6,& *+",)1%.() *;<*=*>? *%1 +;"* +-1.(1#
7V)"T(1&#1.+7V)"#)&#+8)+%)-)%*#/+7V)%%"1*8+1#+71+%./1.+"&1+'*#")#*$&+i+T)T&)&#CT)T&)&#+j@

]- 1#,)2.3*.C- 1$ -6.*&,') - 9-&3$/,&,')).11.-; -/#%).- 7$&&.3,. -$:4. - *%3 - 1#'0&,+,*$&,') -0'%3 - 1. -03'/%(&.%3J
(')*'++$&.%3-/$)*-1.-($/3.-/.-1$-03,+.-/#$%&'(')*'++$&,')-).-0.3+.&-0$*-/.-*'%1$6.3-1.-34*.$%
41.(&3,8%. -/% - 5$,& -8%. - 1$ - 7$&&.3,. - .*& -.) - 64)43$1 -/4EL -(<$364. - $% -+$:,+%+- $2$)& -+I+. -8%.
1#,)*&$11$&,')-)#$&&.,6).-*')-0,(-/.-03'/%(&,')>

".*-/.%:-*(<4+$*-/.-1$-B33.%3-K-*'%3(.-/.-1$-34543.)(.-)')-&3'%24.-,11%*&3.)&-(1$,3.+.)&-&'%&-1#,)&43I&
8%.-0.%&-$2',3 -0'%3- 1.-6.*&,'))$,3.-/.-34*.$%-%)-*&'(O$6.-9-,)&.11,6.)&-;-7$*4-*%3-%).-1'6,8%.-/.
(''043$&,')-.)&3.-1.*-$(&.%3*>-

e W3$%)<'5.3-g)*&,&%&.C-ÉTUDE SUR LE STOCKAGE 2013 Courte analyse sur l’estimation et le classement des effets 
énergétiques, économiques et autres d’un soutien aux dispositifs de stockage électrochimique localisés, Traduction 
de janvier 2013 par le bureau de coordination franco-allemand des énergies renouvelables.
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$2.(-*&'(O$6.-/.-53',/-$%-+',*-/#$'M&-1'3*8%.-(')*'++$&,')-.&-03'/%(&,')-0<'&'2'1&$=8%.-*')&-5'3&.*>-;"9)($%<

=$.+9>?



e%/&).*$ + 4+, + '#$%f)T1 + 7_' + ;"1
8V*&'#)88)#*$&+-.$7"*#

R$)* - 1.* - *H*&G+.* - $(&%.1* - 9-Ajy
*&'(O$6.-;C - 1#%),&4 - /. - *&'(O$6. - *.
(<$36. - /G* - 8%. - 1$ - 03'/%(&,')
0<'&'2'1&$=8%.-03'/%,&-.&-*.-/4(<$36.
/G*-8%. -1$ -(')*'++$&,')- /40$**.- 1$
03'/%(&,')> - ]%(%).- ,)(,&$&,')- &$3,5$,3.
)#.)('%3$6. - 1#%&,1,*$&,') - /% - *&'(O$6.
0'%3-/,+,)%.3-1.-0,(-/#,)E.(&,')-),-1.-0,(
/. - *'%&,3$6.> - R$)* - (.& - .:.+01.C - 1.
*&'(O$6. - $ - 0.3+,* - /. -34/%,3. - 1. - 0,(
E'%3)$1,.3 - - /#,)E.(&,') - /. - fC^Oi - L
^CeOi - PYr` - /. - 34/%(&,')Q- .& - 1$
0%,**$)(. - /. - *'%&,3$6. - /. - YC^Oi - L
_CeaOi>

e%/&).*$ + c+, + '#$%f)T1 + 7" + -*% + 71
-.$7"%#*$&+ln

".-*&'(O$6.-0.%&-$%**, -I&3.-%&,1,*4-/.
+$),G3.-L-*&'(O.3-03,'3,&$,3.+.)&-1.-0,(
/. -03'/%(&,')-K -/$)* -(.& -.:.+01.C -1.
0,(-/#,)E.(&,')-.*&-$,)*,-34/%,&-/.-fC^Oi
L-YCdOi- Par- ----̀ - /. - 34/%(&,')Q>- -- "#%),&4
.*& - /4(<$364. - %) - 0.% - 01%* - &$3/ - 1.
+$&,) - 0'%3 - 34/%,3. - 1$ - 0%,**$)(.
+$:,+$1. - /. - *'%&,3$6. - /. - YC^Oi - L
_CaOi>-R$)*-(.&-.:.+01.C-1$-34/%(&,')
/%-0,( -/#,)E.(&,')-.*& -01%*- ,+0'3&$)&.
8%. - 1$ - 34/%(&,') -/% -0,( -/. -*'%&,3$6.
0$3(.-8%.-1$-(')*'++$&,')-.*&-5$,71.
2,*JLJ2,* -/. -1$-03'/%(&,')> -A$3-(')&3.C
(.(, -)4(.**,&. -/#,)&463.3-/.*-/'))4.*
/.- 0342,*,') -/. - 1$ - 03'/%(&,')
0<'&'2'1&$=8%.>

B/-9)$%C<%D/>"#,-$%&$%>E90/#'%&$%.#"(F,-$%+"9)%1,@/1/.$)%>$.%3'0'A($.%&9%)'.$,9%GH,+,(/#'%&$%.#"(F,-$%<%I%FJKL%D9/..,0($%&$%(K,)-$

1,@/1,>$%<%4%455%JM?%;"9)($%<%=$.+9>

>3/'/&".## #*1%:4.*#'"&#$%-%$/37&#*# #"#&34$?%6"#"@/&3%)3# #"&# ####A##

"$-+'/%1$&,')-/#%).-0$3&,.-/.-1$-(')*'++$&,')-0.%&-I&3.-5$,&.-/.-+$),G3.-$%&'+$&,8%.-.)-+'/,F$)&
*,+01.+.)&-1.*-01$6.*-/.*-<.%3.*-(3.%*.*-/.-+$),G3.-L-/4+$33.3-1.*-7$11')*-/ #B@?-$%-+'+.)&-/%-0,(
/#,)E.(&,')-/%-0<'&'2'1&$=8%.>-@.(,-0'%33$,&-/#'3.*-.&-/4EL-I&3.-5$,&-L-('M&-v43'-0$3-1.*-6.*&,'))$,3.*-/.
34*.$%-/.-/,*&3,7%&,')-/$)*-/.*-v').*-L-5'3&.-04)4&3$&,')-0<'&'2'1&$=8%.>-

]%J/.1LC-1.-/401',.+.)&-/.*-('+0&.%3*-('++%),($)&*-/.23$,&-0.3+.&&3.-/#,)/,2,/%$1,*.3-1$-+'/%1$&,')
/%-7$11')-/#B@?-0'%3-1.*-%&,1,*$&.%3*-$H$)&-%).-,)*&$11$&,')-0<'&'2'1&$=8%.-.)-%&,1,*$)&-%)-*,6)$1-$2$)&
('+0&.%3-0$3$+4&34-0$3-1#%&,1,*$&.%3C-0$3-%)-$6346$&.%3-'%-0$3-1.-6.*&,'))$,3.-/.-34*.$%>

!"&#2)/37&#*"#&34$?%6"# ####7##'"$3./B2"# #+## #2)#7B2/-"(")3## #4)7."2@# ##B2/#*4/3#C3."#(2'3/84)$3/4)# #)"'# #

"#g[i-(')(1%&-46$1.+.)&-8%.-8V)"#$%$&'$(()#*$&+')&'+7*'-$'*#*2+71+'#$%f)T1+.1'#1+)"`$".7o<"*
8) +2$.("81+8) +-8"'+/%$&$(*;"1> -R$)*-1.*-(')/,&,')* -$11.+$)/.*C-1.*-+.,11.%3*-*H*&G+.*-/$)*-1.*
6$++.*-/.-0%,**$)(.-$/$0&4.*-L-%).-%&,1,*$&,')-34*,/.)&,.11.-')&-%)-('M&-/#.)2,3')-a__-.%3'*-0$3-Oi<
/. - ($0$(,&4 - /. - *&'(O$6. -0'%3 - %). - /%34. - /. - 2,. - /. - a - L - Y_ - $)* -$1'3* - 8%#%) -('M& -/.- f__-L
d__-.%3'*-0$3-Oi<-.&-%).-/%34.-/.-2,.-/.-^_-$)*-*.3$,.)&-)4(.**$,3.*-0'%3-'7&.),3-1$-+I+.-3.)&$7,1,&4
8%#%).-,)*&$11$&,')-*$)*-*&'(O$6.>-
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B)-W3$)(.C-1.-5'**4-.*&-/#$%&$)&-01%*-63$)/-8%.-1.*-&$3,5* -346%14*-/.-(')*'++$&,')- *')&-/.%:-5',*
+',)*-41.24*-8%.-1.-03,:-+'H.)-/.-1#41.(&3,(,&4-0'%3-1.*-0$3&,(%1,.3*-.)-]11.+$6).>-

A'%3-$2',3-%)-34.1-,)&43I&-4(')'+,8%.C- 1.*-%),&4*-/.-*&'(O$6.-/.23$,.)&-3.+01,3-01%*,.%3*-5')(&,')*--K-
" 42,&.3-1.-3.)5'3(.+.)&-/.*-34*.$%:-.)-$%6+.)&$)&- 1.%3-($0$(,&4-/#$((%.,1-/.-1$-03'/%(&,')

" 5'%3),3-/.*-*.32,(.*J*H*&G+.*-$%-34*.$%-P0%,**$)(.-34$(&,2.C-F1&3$6.-/#<$3+'),8%.*C -.&(>Q

" (')&3,7%.3-L-/,+,)%.3-1$-0',)&.-/.-(')*'++$&,')-/$)*-%).-1'6,8%.-/#$%&'03'/%(&,')

" 1,**.3-1.*-N%(&%$&,')*-0$35',*-3$0,/.*-/%-0<'&'2'1&$=8%.>

6<)%"&+71+%1'+T*'1(1&#'+71+0)81".+$9/*#+Z+"&1+8$T*;"1+'-/%*^;"1+;"*+-1"#+Y#.1+%$&#.)7*%#$*.1
)01% +81'+)"#.1'?+ 1# + 8)+-$''*9*8*#/+71+ 81'+1W-8$*#1.+7/-1&7+71+._T81'+71+7*(1&'*$&&1(1&#?+71
2$&%#*$&&1(1&#+1# +71+./("&/.)#*$&+71'+/;"*-1(1&#'+, +%1881'C%* +7$*01&#+7$&%+Y#.1+/8)9$./1'
)01%+81+-8"'+T.)&7+'$*&+7)&'+"&+%$&#1W#1+71+%$88)9$.)#*$&+1&#.1+ #$"#1'+81'+-).#*1'+-.1&)&#1'5-

>5+ !&)8='1+%$(-).)#*01+71'+(/%)&*'(1'+71+'$"#*1&+Z+8V)"#$%$&'$(()#*$&+

R,5543.)&* -+4($),*+.* -/. - *'%&,.) - *')& - ('+0$34* -/$)* - 1. - &$71.$% -0$6. - *%,2$)&.-X -(.&&. - $)$1H*.
('+0$3$&,2. - /',& - I&3. - (')*,/434. - ('++.-%). - 03.+,G3. - 63,11. - /. - 34N.:,')C - 8%, - *.3$ - .)3,(<,. - /.*
4(<$)6.*-5%&%3*-$2.(-1.*-$%&3.*-$(&.%3*-/.-1$-F1,G3.>

p5+ :1%$(()&7)#*$&'+

Y> GV)"#$%$&'$(()#*$&+1#+-8"'+1&%$.1+8V)"#$-.$7"%#*$&+'$&#+Z+1&%$".)T1.+1&+-.*$.*#/+7)&'
81+'1%#1".+#1.#*)*.1-'T-1.*-0',)&.*-/.-(')*'++$&,')-.&-/.-03'/%(&,')-('=)(,/.)&C-'T-/.*-'%&,1*
/. - 0,1'&$6. - /.*- (<$36.* - .& - /. - *%,2, - /. - 1$ - 03'/%(&,') - 0<'&'2'1&$=8%. - *')& -5348%.++.)&
034*.)&*- PZD@QC -.&-'T-1$ -('+04&,&,2,&4-/,3.(&.-/%-Aj-P9-0$3,&4J34*.$%-;Q-*.3$-01%*-3$0,/.+.)&
$&&.,)&.C-$2.(-)'&$++.)&-1$-F)-/G*-^_Ya-/.*-&$3,5*-3461.+.)&4*-$%J/.1L-/.-fr-Oj]>

^> 1 - (')2,.)& - .) - *.(')/ - 1,.% - /. -2)0$.*'1. + 81' + 7/().%<1' +./-$&7)&# + Z + "&1 + 8$T*;"1
7V)"#$%$&'$(()#*$& + %$881%#*01 +-8"#q# + ;"V*&7*0*7"1881C - 1. - ($* - 4(<4$)& - .) - $/$0&$)& - 1$
3461.+.)&$&,') - .& -.) - 5'3+$1,*$)&- %). - 03'(4/%3. -5$(,1,&$&3,(.C - L - &3$2.3* - 0$3 - .:.+01. - %).
34N.:,')-$%&'%3-/#%).-5')(&,')- /#9-$6346$&.%3-; -0'%3 -643.3- 1$-03'/%(&,')-/,55%*.-340$3&,.-*%3
(<$8%.-7'%(1.-1'($1.-/.-/,*&3,7%&,')>

f> G1+'$"#*1&+Z+8V)"#$%$&'$(()#*$&+&V1'#+-)' +'$"<)*#)981+ -$".+81'+-).#*%"8*1.'+Z+8V<1".1
)%#"1881-/%-5$,&-8%.-1$-+$36.-/.-+$)o%23.-0'%3-$%6+.)&.3-1$-0$3&-/#$%&'(')*'++$&,')-.*&
&3G*-5$,71.>-B)-'%&3.C-1#$%&'(')*'++$&,')-)#.*&-0$*-%)-*%E.&-03,'3,&$,3.-0'%3-1.*-34*.$%:-%37$,)*
8%,-*')&-&3G*-0.%-(')&3$,)&*>

d> A'%3-1.*-0$3&,(%1,.3*C-8)+T/&/.)8*')#*$&+71'+%$(-#1".'+%$(("&*%)&#' +1# +8)+(*'1+1&+-8)%1
7V"&1 + #).*^%)#*$& + <$.$C')*'$&&*_.1 + $" + 7=&)(*;"1 + 1&%$".)T1.$&#+ 71 + 2)*#
8V)"#$%$&'$(()#*$&- .& - 1$ - /,+,)%&,') - /. - 1$ - 0',)&. - /. - (')*'++$&,') - 0$3 - 1#.5F($(,&4
4).364&,8%.-.&c'%-1.-/401$(.+.)&-/.-(<$36.*-/$)*-1.-&.+0*>

a> r&+ (/%)&*'(1+71+'$"#*1&+Z+ 8V)"#$%$&'$(()#*$& +;"18 +;"V*8 +'$*# +&1 +7$*# +-)'+01&*. +1&
%$&#.)7*%#*$&+)01%+81'+$9`1%#*2'+T/&/.)"W+71+()\#.*'1+71+8)+71()&71+1&+/81%#.*%*#/>-q).
*'1%&,')-0'**,71.-.*&-/.-1.-('+7,).3-$2.(-/.*-.:,6.)(.*-/.-0.35'3+$)(.-4).364&,8%.-'%-/.
/,+,)%&,')-/.-1$-(')*'++$&,')-/#41.(&3,(,&4-*04(,F8%.> -m8+&1+7$*#+-)'+&$&+-8"'+)0$*.+-$".
%$&'/;"1&%1'+71+ 8*(*#1. + 81'+-"*'')&%1'+ *&'#)88/1'+)"+7/#.*(1&#+71+ 8V$-#*(*')#*$&+71'
'".2)%1'+7*'-$&*981'+1&+#$*#".1?+&$#)((1&#+1&+(*8*1"+".9)*&5+

JY_J
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