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Insight 1
Global Trends in Critical Material
Leveraging ASEAN’s Role in Securing a Sustainable Global Supply Chain
of Critical Materials

Written by Ambiyah Abdullah, Muhammad Shidiq 



!"#$%&%&'()*!)+,-(./-%0%/&(%&(012(34/5#4(*67748(91#%&(/:(9;%0%<#4(=#02;%#4-(*
&
=*"$)>.-,>$)4""&*./'"$),'$?@A@B$"C(''(.&'$D"4"$4"8.4+"6$+.$(&74",'"$E4.C$F<GF$)(),+.&'$.E$7,4-.&$6(.H(6"$"I/(J,>"&+$?@+KL!"B$(&$:;:;$+.$
FMG<$@+KL!"$(&$:;::$NOPG$Q.''(>RE/">$">"7+4(7(+#$,&6$+*"$(&6/'+4#$'"7+.4$,77./&+"6$E.4$+D.R+*(46'$.E$+.+,>$"C(''(.&'G$@:;$7./&+4("'$7.&+4(-/+"6$MST$
.E$+*"$+.+,>$)>.-,>$"C(''(.&'$(&$:;::G$=*"$4('"$(&$@A@$"C(''(.&'$D,'$64(J"&$C,(&>#$-#$+*"$)4.D+*$(&$84(C,4#$"&"4)#$7.&'/C8+(.&G$%&$4"'8.&'"$+.$
+*"$D.4>6U'$"&"4)#$74('('$ (&$:;::V$ +*"4"$D,'$,$6"74",'"$ (&$),'$6"C,&6$ ?WTBV$D*(7*$7,/'"6$,&$ (&74",'"$ (&$7.,>V$.(>V$,&6$ 4"&"D,->"$"&"4)#$
7.&'/C8+(.&G$=*"$)>.-,>$"&"4)#$6"C,&6$('$"'+(C,+"6$+.$)4.D$;GMT$,&&/,>>#$E4.C$:;::$+.$:;W;$,&6$7.&+(&/"$+.$)4.D$/&+(>$:;F;V$D(+*$,4./&6$OST$
)4.D+*$(&$:;F;$E4.C$"C"4)(&)$,&6$6"J">.8(&)$7./&+4("'U$"&"4)#$6"C,&6G$$
$
0'$+*"$E(E+*R>,4)"'+$"7.&.C#$(&$+*"$D.4>6V$D(+*$,&$,J"4,)"$FGST$4",>$@X9$)4.D+*$(&$:;::$N:P$,&6$,$SGYT$'*,4"$+.$)>.-,>$"C(''(.&'$6/4(&)$OYY;R
:;OY$ NWPV$ +*"$01203$"&"4)#$ +4,&'(+(.&$ ('$ (&$,$74/7(,>$8.'(+(.&$ (&$ +*"$D.4>6D(6"$"&"4)#$'"7+.4G$ %&$:;OYV$ +*"$"C(''(.&'$ E4.C$+*"$8.D"4$'"7+.4$
,77./&+"6$E.4$+*"$>,4)"'+$'*,4"$.E$+*"$+.+,>$@A@$"C(''(.&$(&$+*"$4")(.&$?WFTBV$"H7""6(&)$+*"$"C(''(.&'$E4.C$+*"$>,&6$/'"$,&6$E.4"'+4#$'"7+.4$
?WOTB$N<PG$Z(+*./+$,&#$8.>(7#$C",'/4"'$,88>("6V$+*"$M"#$01203$2&"4)#$L/+>..[$84.\"7+"6$+*,+$+*"$4")(.&U'$"C(''(.&'$D(>>$(&74",'"$-#$WGM$(&$:;F;$
7.C8,4"6$+.$+*"$:;:;$J,>/"$NFPG$X"7,4-.&('(&)$+*"$8.D"4$$'"7+.4$D./>6$-"$+*"$["#$+.$+*"$"&"4)#$+4,&'(+(.&$(&$01203$6/"$+.$(+'$>,4)"'+$'*,4"$.E$
+*"$+.+,>$01203U'$"C(''(.&'G$Z(+*$+*"$4"7"&+>#$,&&./&7"6$7,4-.&$&"/+4,>(+#$'+4,+")#$(&$:;:WV$+*"$4")(.&$C.J"6$+.D,46'$C.4"$'"4(./'$,7+(.&'$+.$
'/88.4+$"&"4)#$+4,&'(+(.&$N<PG$
$
=*"4"$D"4"$)4.D(&)$&/C-"4'$.E$7./&+4("'$7.CC(++"6$+.$,7*("J(&)$7,4-.&$&"/+4,>(+#$.4$&"+$]"4.$"C(''(.&'G$0'$.E$3.J"C-"4$:;:WV$,-./+$O<F$
7./&+4("'$*,6$,&&./&7"6$ +*"(4$&,+(.&,>$8>"6)"'$ E.4$7,4-.&$&"/+4,>(+#$.4$&"+$]"4.$ +,4)"+'$ NSPG$=*('$ +4"&6$&""6'$ +.$-"$7.C8>"C"&+"6$-#$C.4"$
"&,->(&)$8.>(7#$C",'/4"'$+.$'/88.4+$+4,&'(+(.&$(&$["#$"&"4)#$'"7+.4'$'/7*$,'$8.D"4V$(&6/'+4#V$,&6$+4,&'8.4+,+(.&G$=*"$(C8>"C"&+,+(.&$.E$&"+$]"4.$
"C(''(.&'$-#$:;F;$('$84"6(7+"6$+.$4"6/7"$)>.-,>$84(C,4#$"&"4)#$7.&'/C8+(.&$-#$OG:T$,&&/,>>#$/&+(>$:;W;$6/"$+.$"&"4)#$"EE(7("&7#V$">"7+4(E(7,+(.&V$
,&6$4"&"D,->"$"&"4)#$6"8>.#C"&+'$NMPG$A.D"J"4V$'+4.&)"4$"EE.4+'$+.$+4,&'(+(.&$+.$7>",&"4$"&"4)#$D./>6$'()&(E(7,&+>#$ (&74",'"$+*"$6"C,&6$E.4$
74(+(7,>$C,+"4(,>'$/'"6$-#$>.DR7,4-.&$+"7*&.>.)("'$7.C8,4"6$+.$E.''(>RE/">$.&"'G$=*"$)4.D(&)$6"J">.8C"&+$.E$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'$('$
84"6(7+"6$+.$(&74",'"$6"C,&6$E.4$>(+*(/C$?,>C.'+$Y;TBV$&(7[">$,&6$7.-,>+$?S;TRM;TBV$,&6$7.88"4$,&6$",4+*$">"C"&+'$?<;TB$N^PG$=*"$:;::$)>.-,>$
"&"4)#$74('('$.E$),'$,&6$+*"$84(7"$J.>,+(>(+#$.E$"&"4)#$7.CC.6(+("'$,4"$+D.$C,\.4$7*,>>"&)"'$,66"6$+.$+*"$4('(&)$6"C,&6$E.4$74(+(7,>$C,+"4(,>'$E.4$
"&"4)#$+4,&'(+(.&$+"7*&.>.)("'G$=*/'V$'"7/4(&)$+*"'"$["#$C,+"4(,>'$&""6"6$E.4$7>",&$"&"4)#$+4,&'(+(.&$-"7.C"'$(C8.4+,&+$&.+$.&>#$(&$+*"$7.&+"H+$
.E$"&"4)#$+4,&'(+(.&$-/+$,>'.$(&$"&"4)#$'"7/4(+#$,&6$'/'+,(&,-(>(+#G$$
$$
%&$:;:;V$01203$,77./&+"6$E.4$C.4"$+*,&$<MT$.E$)>.-,>$&(7[">$,&6$WFT$.E$)>.-,>$+(&$84.6/7+(.&$NYPG$0-./+$W;T$'*,4"$.E$74(+(7,>$C,+"4(,>'$(&$
01203$D"4"$"H8.4+"6$+.$E.4"()&$7./&+4("'G$_.4".J"4V$01203U'$84.6/7+(.&$)4.D+*$.E$&(7[">V$4,4"$",4+*V$,&6$.+*"4$C,+"4(,>'$,>'.$6./->"6$+*"$

5



)>.-,>$84.6/7+(.&$)4.D+*V$D*(7*$(&6(7,+"'$(+'$)4",+$8.+"&+(,>$E.4$7.&+4(-/+(.&$+.$+*"$D.4>6D(6"$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'G$0C.&)$01203$
_"C-"4$1+,+"'$ ?0_1BV$ %&6.&"'(,V$ +*"$9*(>(88(&"'V$ ,&6$_#,&C,4$,4"$ +*"$ ["#$8>,#"4'$ (&$ +.+,>$01203$84.6/7+(.&$.E$ &(7[">$ ,&6$ +(&G$ %&$ :;:;V$
%&6.&"'(,$,&6$+*"$9*(>(88(&"'$,77./&+"6$E.4$WWT$,&6$OWTV$4"'8"7+(J">#V$.E$+.+,>$01203$&(7[">$84.6/7+(.&G$3(7[">$,&6$7.88"4$,4"$+*"$C.'+$/'"6$
74(+(7,>$C,+"4(,>'$(&$"&"4)#$+4,&'(+(.&$+"7*&.>.)#V$'/7*$,'$*#64.)"&V$D(&6V$'.>,4$9`V$2`V$,&6$.+*"4'$N^P$NYPG$%+$'*.D'$+*,+$01203$*,'$)4",+$8.+"&+(,>$
+.$>"J"4,)"$(+'$8.'(+(.&$,>.&)$+*"$D.4>6D(6"$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'G$

5(&[(&)$01203U'$8.+"&+(,>$84.6/7+(.&$.E$'.C"$74(+(7,>$C,+"4(,>'$+.$'"7/4(&)$,$'/'+,(&,->"$74(+(7,>$C(&"4,>$'/88>#$E.4$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'$
&""6'$ +.$ -"$ '+,4+"6$D(+*$ "H,C(&(&)$ +*"$01203U'$ 8.'(+(.&$ (&$ +*"$ 7/44"&+$ )>.-,>$ '/88>#$ 7*,(&G$ %6"&+(E#(&)$ ",7*$ 7./&+4#a'$ ["#$ 84.6/7"4'$ ,&6$
7.&'/C"4'$,>.&)$+*"$D.4>6D(6"$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'$D(>>$8.4+4,#$,$7.C8>"+"$8(7+/4"$.E$(&+"47.&&"7+(.&$,C.&)$&,+(.&'G$%+$,>'.$84.J(6"'$
(&'()*+'$&.+$.&>#$E.4$>"J"4,)(&)$01203U'$4.>"$(&$'"7/4(&)$,$'/'+,(&,->"$)>.-,>$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'$-/+$,>'.$E.4$(6"&+(E#(&)$+*"$8.+"&+(,>$
8.>(7#$C",'/4"'$&""6"6$E.4$"&"4)#$'"7/4(+#$,&6$,EE.46,-(>(+#$(&$+*"$4")(.&G&&

$
* *

6



>%&?#'2(520@22&(9;%0%<#4(=#02;%#4-(#&A(!&2;'8(V%7<1&)&"<*V2;(<"0"'&21*
&
b&6"4'+,&6(&)$D*,+$74(+(7,>$C,+"4(,>'$,4"$&""6"6$.4$/'"6$-#$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'$('$74/7(,>$E.4$/&6"4'+,&6(&)$01203U'$8.'(+(.&$(&$+*"$
)>.-,>$'/88>#$7*,(&G$=*"4"$*,'$-""&$,$'>()*+$6(EE"4"&7"$(&$/'(&)$+*"$+"4C'$cC(&"4,>'d$,&6$cC,+"4(,>'dG$=*"$C.'+$/'"6$+"4C$('$cC(&"4,>'dV$D*(7*$
4"E"4'$ +.$ 4,D$C,+"4(,>'$,+$ +*"$-")(&&(&)$.E$ +*"$84.6/7+(.&$'+"8$ ?C(&(&)BG$=*"$ >,++"4$ +"4C$?C,+"4(,>'B$ (C8>("'$C.4"$84.6/7+(.&$'+"8'V$ (&7>/6(&)$
C,&/E,7+/4(&)$,&6$6.D&'+4",C$'+,)"'G$=*('$,4+(7>"$/'"'$+*"$+"4C$cC,+"4(,>'d$,'$+*"$,&,>#'('$7.J"4'$/&+(>$+*"$>,'+$'+"8$.E$84.6/7+(.&G$=,->"$O$
'*.D'$+*"$>('+$.E$74(+(7,>$C,+"4(,>'$/'"6$E.4$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'G$

!"#$%&'&()*+*,"$&-"+%)*"$.&/%%0%0&12)&34%)56&!)"4.*+*24&!%,742$25*%.&

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

Q/">$K">>$ K.-,>+V$7.88"4V$)4,8*(+"V$4,4"$",4+*V$&(7[">V$8.>#'(>(7.&V$'(>J"4V$](47.&V$C,&),&"'"V$).>6V$+(+,&(/CV$(4.&V$
7*4.C(/CV$,&6$C,)&"'(+"$

e,++"4("'$?(&7>/6(&)$'+.4,)"B$ K.-,>+V$7.88"4V$)4,8*(+"V$>(+*(/CV$&(7[">V$8.>#'(>(7.&V$+(&V$C,&),&"'"V$+(+,&(/CV$>",6V$,&6$(4.&$
1.>,4$9*.+.J.>+,(7$ 0>/C(&(/CV$7.88"4V$&(7[">V$8.>#'(>(7.&V$'(>J"4V$'+"">V$+(&V$C,&),&"'"V$>",6V$,&6$(4.&$

Z(&6$ 0>/C(&(/CV$7.-,>+V$7.88"4V$4,4"$",4+*V$&(7[">V$'+"">V$C,&),&"'"V$>",6V$(4.&V$,&6$7*4.C(/C$
2>"7+4(7$`"*(7>"$ K.-,>+V$7.88"4V$)4,8*(+"V$>(+*(/CV$4,4"$",4+*'V$&(7[">$

A#64.)"&$ 0>/C(&(/CV$7.88"4V$&(7[">V$8,>>,6(/CV$'+"">$$
A#64.8.D"4$ 0>/C(&(/CV$7.88"4V$&(7[">V$'+"">$$

829),%:&;9+72).<&,2=>*$"+*24&!"#&!$#&!%#&

&$

$

* *

7



34/5#4(B2$#&A(:/;(9;%0%<#4(=#02;%#4-(:/;(!&2;'8(C;#&-%0%/&(C2<1&/4/'%2-(*
*
@>.-,>$6"C,&6$E.4$"&"4)#$+4,&'(+(.&$C,+"4(,>'$(&$:;::$(&74",'"6$'()&(E(7,&+>#$E4.C$:;OMV$4",7*(&)$,-./+$b1X$W:;$-(>>(.&$6/"$+.$(&74",'(&)$6"C,&6$
E.4$">"7+4(7$J"*(7>"'$?2`BV$'.>,4$8*.+.J.>+,(7$?9`BV$,&6$.+*"4$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'G$%&$-4",[6.D&V$+*"$(&74",'(&)$)>.-,>$6"C,&6$E.4$>(+*(/C$
D,'$+*"$*()*"'+$?W;;TBV$E.>>.D"6$-#$7.-,>+$?M;TB$,&6$&(7[">$?<;TB$NO;PG$=*"$4">,+(.&'*(8$-"+D""&$+*"$)4.D(&)$6"C,&6$E.4$74(+(7,>$C(&"4,>'$,&6$
+*"$6"C,&6$E.4$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'$('$'+4.&)>#$7.44">,+"6G$=*/'V$+*"$,J,(>,-(>(+#$,&6$'+,->"$84(7"$.E$74(+(7,>$C,+"4(,>'$D(>>$'()&(E(7,&+>#$
,EE"7+$+*"$'8""6$.E$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'G$$

@>.-,>$,66(+(.&,>$7,8,7(+#$E.4$D(&6V$'.>,4$9`V$,&6$2`$(&$:;:W$D,'$84.\"7+"6$+.$(&74",'"$+.$M;TV$W;TV$,&6$W;TV$4"'8"7+(J">#V$E4.C$+*"$84"J(./'$
#",4$NO;PG$%+$,>'.$,EE"7+'$+*"$(&J"'+C"&+$&""6"6$E.4$+*"$"H8>.4,+(.&$,&6$6"J">.8C"&+$.E$74(+(7,>$C,+"4(,>'V$D*(7*$('$74/7(,>$(&$"&'/4(&)$,$4">(,->"$
'/88>#$.E$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'G$%&$:;::V$)>.-,>$(&J"'+C"&+$E.4$74(+(7,>$C,+"4(,>'$(&74",'"6$/8$+.$W;T$7.C8,4"6$+.$:;:O$J,>/"V$D(+*$+*"$
>,4)"'+$'*,4"$.&$>(+*(/CV$E.>>.D"6$-#$7.88"4$,&6$&(7[">G$$

@>.-,>$6"C,&6$E.4$74(+(7,>$C,+"4(,>'$/&6"4$+*"$&"+$]"4.$'7"&,4(.$-#$:;F;$D,'$84.\"7+"6$+.$(&74",'"$/8$+.$WGF$+(C"'$-#$:;W;$7.C8,4"6$+.$+*"$:;:O$
J,>/"V$D*(7*$,C./&+'$+.$,-./+$W;$C(>>(.&$+.&&"'$NO;PG$=.$C""+$+*('$'()&(E(7,&+$6"C,&6$(&74",'"V$+*"$4">(,-(>(+#$,&6$'/'+,(&,-(>(+#$.E$+*"$'/88>#$'(6"$
E.4$74(+(7,>$C,+"4(,>'$,4"$74/7(,>G$=*('$('$6"+"4C(&"6$&.+$.&>#$-#$+*"$,C./&+$.E$'/88>#$-/+$,>'.$-#$+*"$84(7"$.E$74(+(7,>$C,+"4(,>'G$%+$D,'$84.\"7+"6$
+*,+$ +*"$)>.-,>$'/88>#$.E$ >(+*(/C$,&6$7.-,>+$D./>6$E,7"$'*.4+,)"$D*"&$)>.-,>$6"C,&6$E.4$ >(+*(/C$,&6$7.-,>+$ 4",7*"'$,$OFT$(&74",'"$NOOPG$ %&$
,66(+(.&V$+*"$7.'+$.E$>(+*(/C$D,'$"'+(C,+"6$+.$-"$<;T$.E$+*"$+.+,>$84.6/7+(.&$7.'+$.E$+*"$-,++"4#G$=*/'V$+*"$J.>,+(>(+#$84(7"$.E$74(+(7,>$C,+"4(,>'$D(>>$
,>'.$'()&(E(7,&+>#$,EE"7+$(+'$'/88>#$7/4J"$.E$74(+(7,>$C,+"4(,>'$E.4$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'G$

=*"$["#$7*,>>"&)"'$ (&$)>.-,>$74(+(7,>$C,+"4(,>'$7.J"4$&.+$.&>#$ +*"$4">(,-(>(+#$.E$)>.-,>$'/88>#$ +.$C""+$ +*"$ (&74",'(&)$)>.-,>$6"C,&6$E.4$74(+(7,>$
C,+"4(,>'$-/+$,>'.$+*"$(6"&+(E(7,+(.&$.E$8.+"&+(,>$'/88>#$6(J"4'(E(7,+(.&$,&6$"&'/4(&)$(+'$>"''$"&J(4.&C"&+,>$(C8,7+G$066(&)$+.$+*"'"$7*,>>"&)"'V$
/&E.4+/&,+">#V$+*"$"H8>.4,+(.&$,&6$C(&(&)$.E$74(+(7,>$C,+"4(,>'$+,["$,$>.&)$+(C"$,&6$'/-'+(+/+(&)$'.C"$74(+(7,>$C,+"4(,>'$?,'$(&8/+'B$('$&.+$,$8.''(->"$
'.>/+(.&$E.4$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'$NO:PG$b&6"4$+*('$7.&+"H+V$"H,C(&(&)$+*"$7/44"&+$8,++"4&$.E$+*"$)>.-,>$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'$('$
,$E(4'+$74/7(,>$'+"8G$%+$7,&$)(J"$/'$,&$.J"4,>>$8(7+/4"$.E$74(+(7,>$C,+"4(,>'U$E>.D$,+$+*"$)>.-,>$>"J">G$%+$('$(C8.4+,&+$+.$(6"&+(E#$+*"$J(+,>$'8.+'$,>.&)$+*"$
)>.-,>$'/88>#$7*,(&$E.4$,664"''(&)$+*"$,-.J"RC"&+(.&"6$7*,>>"&)"'G$$

*

! (

8



)*!)+,-(./-%0%/&(%&(012(34/5#4(*67748(91#%&(/:(9;%0%<#4(=#02;%#4-((
&
=*('$'"7+(.&$84"'"&+'$+*"$01203U'$4.>"$(&$+*"$)>.-,>$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'G$%+$J("D'$+*"$01203U'$8.'(+(.&$E4.C$(+'$7.&'/C8+(.&$E>.D$
,&6$+*"$["#$/'"4'$.E$+*"$01203$74(+(7,>$C,+"4(,>'G$=*('$D(>>$-"$/'"6$,'$,$-,'('$+.$(6"&+(E#$+*"$J(+,>$'8.+'$E.4$01203$+.$>"J"4,)"$(+'$4.>"$(&$+*"$
)>.-,>$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'$,&6$8.>(7#$C",'/4"'$+.$'/88.4+$.+*"4$"&"4)#$'"7+.4'U$,)"&6,'$(&$+*"$4")(.&G$

=.$,&,>#'"$01203U'$8.'(+(.&$(&$+*"$)>.-,>$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'V$+*"$C.'+$7.CC.&$,884.,7*$('$+.$>..[$,+$+4,6"$,&6$+*"$(&+"47.&&"7+(.&$
.E$84.6/7+(.&$84.7"''"'$,C.&)$7./&+4("'$,+$+*"$(&+"4&,+(.&,>$>"J">$-,'"6$.&$C(74.$,&6$C,74.$,&,>#'"'G$=*('$,4+(7>"$D(>>$&.+$E.7/'$.&$'8"7(E(7$
6"+,(>'$.E$+*"$74(+(7,>$C,+"4(,>'$C"&+(.&"6$(&$=,->"$O$-/+$D(>>$"H,C(&"$+*"$01203U'$8.'(+(.&$E4.C$+*"$.J"4,>>$7,+").4#$.E$74(+(7,>$C,+"4(,>'$/&6"4$
+*"$7.&+"H+$.E$"&"4)#$+4,&'(+(.&$+"7*&.>.)("'$/'(&)$C,74.R>"J">$,&,>#'('$-,'"6$.&$+*"$:;:;$(&+"4&,+(.&,>$(&8/+R./+8/+$+,->"$NOWPG$$

!"##$%&'()'#*$'+(#",'-./-0'1%2#23",'/&$%45'6"#$%2",7'1(&789:#2(&';,(<''

%&$:;:;V$+*"$+.+,>$D.4>6$7.&'/C8+(.&$.E$+*"$01203$"&"4)#$C,+"4(,>'$D,'$J,>/"6$,+$b1X$OMYGO$+4(>>(.&V$(&7>/6(&)$+*"$0_1U$7.&'/C8+(.&$?=,->"$:BG$
%&+"4"'+(&)>#V$7>.'"$+.$M;T$.E$+*"$+.+,>$01203$"&"4)#$C,+"4(,>'$7.&'/C8+(.&$(&$:;:;$D,'$E.4$6.C"'+(7$7.&'/C8+(.&G$%+$(&6(7,+"'$+*4""$(C8.4+,&+$
(&'()*+'f$?(B$6.C"'+(7$7.&'/C8+(.&$(&$",7*$0_1$('$+*"$C,(&$64(J"4$.E$+*"$(&74",'(&)$6"C,&6$E.4$"&"4)#$C,+"4(,>'g$?((B$+*"$7.&+4(-/+(.&$.E$01203$
+.$+*"$.+*"4$7./&+4("'U$7.&'/C8+(.&$.E$"&"4)#$C,+"4(,>'$('$,$'C,>>"4$8.4+(.&$+*,&$6.C"'+(7$6"C,&6g$,&6$?(((B$+*"$7*,4,7+"4('+(7$.E$*.D$01203$
"&"4)#$C,+"4(,>'$7.&'/C"6$-#$,74.''$'"7+.4'$C.'+>#$D,'$6.C(&,+"6$-#$'"7+.4'$,''.7(,+"6$D(+*$",4>#$'+,)"$.E$84.6/7+(.&$?C(&(&)V$"H+4,7+(.&V$
,&6$84.6/7+(.&BV$,'$7.C8,4"6$+.$'"7+.4'$>(&["6$D(+*$>,+"4$'+,)"'$.E$84.6/7+(.&$'"7+.4'G$$

=*"$E(&6(&)'$.E$",7*$0_1$7.&'/C8+(.&$'*.D$+*,+$%&6.&"'(,V$_,>,#'(,V$,&6$=*,(>,&6$,-'.4-"6$,-./+$<YT$.E$+*"$:;:;$01203$"&"4)#$C,+"4(,>'G$
=*"'"$7./&+4("'$,4"$,>'.$,C.&)$0_1$+*,+$,4"$,7+(J">#$(C8>"C"&+(&)$"EE.4+'$+.D,46'$"&"4)#$+4,&'(+(.&G$Q/4+*"4C.4"V$%&6.&"'(,$,77./&+"6$E.4$
,-./+$<:T$.E$+.+,>$&(7[">$84.6/7+(.&$D.4>6D(6"G$_,>,#'(,$,77./&+"6$E.4$+*"$>,4)"'+$'*,4"$.E$+.+,>$01203$,>/C(&(/C$84.6/7+(.&$(&$:;:;G$%&$,66(+(.&$
+.$+*"'"$+*4""$7./&+4("'V$`("+&,C$,77./&+"6$E.4$,>C.'+$7>.'"$+.$=*,(>,&6U'$'*,4"$.E$+*"$"&+(4"$01203U'$"&"4)#$C,+"4(,>'$7.&'/C8+(.&$(&$:;:;G$
L+*"4$4"C,(&(&)$0_1$,77./&+"6$E.4$.&>#$,$'C,>>$8.4+(.&$7.C8,4"6$+.$+*"'"$E./4$7./&+4("'G$

0C.&)$&.&R01203$7./&+4("'$+*,+$7.&'/C"6$01203U'$"&"4)#$C,+"4(,>'V$K*(&,$D,'$+*"$>,4)"'+$7.&'/C"4$.E$+*"$+.+,>$01203U'$"&"4)#$C,+"4(,>'$
(&$:;:;$?O:TBG$%&$,66(+(.&V$h,8,&V$%&6(,V$,&6$!.4",$,77./&+"6$E.4$^TV$FTV$,&6$<TV$4"'8"7+(J">#V$.E$+*"$+.+,>$01203U'$"&"4)#$C,+"4(,>'$(&$:;:;G$
=*"$4"'/>+'$,4"$&.+$'/484('(&)V$7.&'(6"4(&)$+*"$E,7+$+*,+$+*"'"$7./&+4("'$,4"$,C.&)$["#$8,4+&"4'$.E$0_1V$(&7>/6(&)$/&6"4$"&"4)#$7..8"4,+(.&G$
=*"'"$E(&6(&)'$'*.D$+*"$["#$7.&'/C"4$7./&+4("'$.E$+*"$01203$+.+,>$"&"4)#$C,+"4(,>'G$$

9



!"#$%&?&@"++%)4&21&+7%&!2+"$&;83;/&34%)56&-"+%)*"$.&(24.9=>+*24&*4&?A?A&

3-! 1-4#,%'! (-,)0!1-#*456,+-#!-7!,/$!89"83!"#$%&'!2),$%+)0*!
$ :-%0;!! <=>?<!@9A!(%+00+-#!
O$ %&6.&"'(,$ :OG;T$
:$ _,>,#'(,$ OFGOT$
W$ =*,(>,&6$ O:GYT$
<$ K*(&,$ OOG^T$
F$ `("+&,C$ OOGFT$
S$ h,8,&$ MGMT$
M$ %&6(,$ <GFT$
^$ !.4",$ <G;T$
Y$ 1(&),8.4"$ :G:T$
O;$ 9*(>(88(&"'$ :G;T$
OO$ 0/'+4,>(,$ OG<T$
O:$ e4/&"($X,4/'',>,C$ OG:T$
OW$ =,(D,&$ OGOT$
O<$ _#,&C,4$ OGOT$
OF$ 5,.'$ ;GYT$

829),%:&;9+72).<&"4"$6.*.&
&

!"##$%&'()'=&#$%7$3#(%",'>7$%7'()'#*$'+(#",'-./-0'/&$%45'6"#$%2",7'1(&789:#2(&'

=*('$'/-R'"7+(.&$6"'74(-"'$+*"$E(&6(&)'$.E$+*"$8,++"4&$.E$(&+"4'"7+.4,>$/'"4'$.E$+*"$+.+,>$01203$"&"4)#$C,+"4(,>'$(&$:;:;$,+$+*"$)>.-,>$>"J">G$%+$D,'$
E./&6$+*,+$+*"$'*,4"$.E$+.+,>$01203U'$"&"4)#$C,+"4(,>$7.&'/C8+(.&$(&$:;:;$D,'$6.C(&,+"6$-#$(&+"4'"7+.4,>$'"7+.4$7.&'/C8+(.&$?Y^TBG$0$J"4#$
'C,>>$'*,4"$D,'$7.&'/C"6$-#$6(4"7+$7.&'/C8+(.&$,+$E(&,>$6"C,&6V$+*"$>,'+$'+"8$.E$+*"$7.&'/C8+(.&$'+,)"$?:TBG$$

K.&'(6"4(&)$$+*"$7./&+4("'$D(+*$+*"$>,4)"'+$'*,4"$.E$+.+,>$01203U'$"&"4)#$C,+"4(,>'$7.&'/C8+(.&$(&$:;:;V$+*"$8,++"4&$.E$+*"$(&+"4'"7+.4,>$/'"4'$
.E$+*"$+.+,>$01203$"&"4)#$C,+"4(,>'$7.&'/C8+(.&$(&$%&6.&"'(,V$_,>,#'(,V$=*,(>,&6V$,&6$`("+&,C$D,'$"H,C(&"6G$=*"$8,++"4&$.E$+*"$(&+"4'"7+.4,>$
/'"4'$(&$+*"'"$E./4$0_1$'*.D'$'.C"$'(C(>,4(+("'$,&6$'>()*+$6(EE"4"&7"'$?=,->"$WBG$%&6.&"'(,$,&6$=*,(>,&6$*,J"$,$'(C(>,4$8,++"4&$.E$(&+"4'"7+.4,>$
/'"4'$.E$"&"4)#$C,+"4(,>'$(&$:;:;V$D(+*$+*"$>,4)"'+$/'"4'$-"(&)$+*"$7.["$,&6$">"7+4(7(+#$'"7+.4'G$=*"$.+*"4$4"C,(&(&)$(&+"4'"7+.4,>$/'"4'$,4"$,>'.$

10



+*"$',C"G$0&.+*"4$7.CC.&$E(&6(&)$-"+D""&$%&6.&"'(,$,&6$=*,(>,&6$D,'$+*,+$"&"4)#$C,+"4(,>'$(&$+*"'"$7./&+4("'$D"4"$7.&'/C"6$C,(&>#$-#$
(&+"4'"7+.4,>$'"7+.4'$,+$+*"$-")(&&(&)$.E$+*"$84.6/7+(.&$84.7"''$?C(&(&)$,&6$84.7"''(&)BV$&.+$+*"$"&6R/'"4$'"7+.4'$,+$+*"$>,'+$'+"8$.E$84.6/7+(.&G$
L&$+*"$.+*"4$*,&6V$'>()*+$6(EE"4"&7"'$-"+D""&$%&6.&"'(,$,&6$=*,(>,&6$D"4"$,>'.$E./&6G$=*,(>,&6a'$7.["$'"7+.4$7.&'/C"6$MFT$C.4"$"&"4)#$
C,+"4(,>'$+*,&$%&6.&"'(,a'$7.["$'"7+.4G$e,'(7$C"+,>$'"7+.4$ (&$=*,(>,&6$,>'.$7.&'/C"6$"&"4)#$C,+"4(,>'$C.4"$+*,&$(&$%&6.&"'(,G$K.&J"4'">#V$
7*"C(7,>$,&6$7*"C(7,>$84.6/7+'$(&$%&6.&"'(,$7.&'/C"6$C.4"$74(+(7,>$C,+"4(,>'$+*,&$(&$=*,(>,&6G&$

!"#$%&B&C4+%).%,+2)"$&(24.9=>+*24&D$2E&21&+7%&;83;/&!2+"$&34%)56&-"+%)*"$.&*4&C4024%.*"F&-"$"6.*"F&!7"*$"40F&"40&G*%+4"=F&?A?A&

9$.,-%! B#;-#$*+)! 2)0)'*+)! (/)+0)#;! C+$,#)5!
K.["$,&6$4"E(&"6$8"+4.>"/C$84.6/7+'$ WFG:T$ SST$ SOGST$ <<GMT$

2>"7+4(7(+#V$),'V$'+",CV$,&6$,(4$7.&6(+(.&(&)$'/88>#$ :^G<T$ OOT$ W:GST$ SGOT$
K*"C(7,>$,&6$7*"C(7,>$84.6/7+'$ O^GYT$ MT$ ;GYT$ FGMT$

L+*"4$&.&RC"+,>>(7$C(&"4,>$84.6/7+'$ YGWT$ $$ OG:T$ O;G^T$
_(&(&)$,&6$I/,44#(&)V$"&"4)#R84.6/7(&)$84.6/7+'$ <G<T$ O:T$ OG;T$ :FG;T$

e,'(7$C"+,>'$ OG;T$ OGOT$ :GFT$ OGMT$
9,8"4$84.6/7+'$,&6$84(&+(&)$ ;GYT$ ;GYT$ ;GOT$ ;G<T$
Q,-4(7,+"6$C"+,>$84.6/7+'$ ;G^T$ ;GMT$ $$ OGWT$

Q..6$84.6/7+'V$-"J"4,)"'V$,&6$+.-,77.$ $$ :T$ $$ $$
K.&'+4/7+(.&$ $$ OT$ $$ ;GFT$

/2+%:&!&!7%&H"$9%&*.&H%)6&.="$$I&829),%:&;9+72).<&"4"$6.*.I&
&

L&$+*"$.+*"4$*,&6V$_,>,#'(,$,&6$`("+&,C$*,J"$,$'(C(>,4(+#$.E$(&+"4'"7+.4,>$/'"4'$.E$"&"4)#$C,+"4(,>'G$iK.["$,&6$4"E(&"6$8"+4.>"/CU$,&6$iC(&(&)$
,&6$I/,44#(&)V$"&"4)#R84.6/7(&)U$84.6/7+'$,77./&+"6$E.4$+*"$+D.$>,4)"'+$/'"4'$.E$"&"4)#$C,+"4(,>'$(&$_,>,#'(,$,&6$`("+&,CG$A.D"J"4V$_,>,#'(,$
,&6$`("+&,C$,>'.$*,J"$'.C"$6(EE"4"&7"'G$=*"$'*,4"$.E$C(&(&)V$I/,44#(&)V$,&6$"&"4)#R84.6/7(&)$84.6/7+'$(&$`("+&,C$('$+D.$+(C"'$_,>,#'(,U'$
J,>/"G$=*('$ ('$84.-,->#$6/"$+.$+*"$ >.D"4$/+(>(',+(.&$.4$84.7"''(&)$ >"J">$ (&$`("+&,C$7.C8,4"6$+.$_,>,#'(,G$ %&$.+*"4$D.46'V$"&"4)#$C,+"4(,>'$ (&$
`("+&,C$,4"$&.+$C/7*$+.$-"$84.7"''"6$./+'(6"$.E$+*"$C(&(&)$'"7+.4G$Q.4$"H,C8>"V$">"7+4(7(+#V$),'V$'+",CV$,&6$,(4$7.&6(+(.&(&)$'/88>#$(&$`("+&,C$
,>'.$7.&'/C"6$&",4>#$*,>E$.E$_,>,#'(,a'G$L+*"4$&.&RC"+,>>(7$C(&"4,>$84.6/7+'$(&$`("+&,C$7.&'/C"6$"&"4)#$C,+"4(,>'$,+$+*"$+*(46$>,4)"'+$'*,4"$
,E+"4$+*"$7.["$,&6$C(&(&)$'"7+.4'G$0C.&)$+*"$E./4$0_1V$"&"4)#$C,+"4(,>'$ (&$_,>,#'(,$,&6$=*,(>,&6$$D"4"$,>'.$7.&'/C"6$-#$E..6$84.6/7+'V$
-"J"4,)"'V$+.-,77.V$,&6$7.&'+4/7+(.&V$D*(7*$('$>.7,+"6$,+$.&"$'+"8$E/4+*"4$(&$84.6/7+(.&$'+,)"'$+*,&$%&6.&"'(,$,&6$`("+&,C$?=,->"$WBG$$

11



!"#$%&J&C4+%).%,+2)"$&(24.9=>+*24&D$2E&21&+7%&!2+"$&;83;/&34%)56&-"+%)*"$.&*4&(7*4"F&K">"4F&C40*"F&"40&L2)%"&?A?A&

9$.,-%! 1/+#)! D)6)#! B#;+)! E-%$)!
K.["$,&6$4"E(&"6$8"+4.>"/C$84.6/7+'$ <SGMT$ <YT$ OYGOT$ WMGYT$

2>"7+4(7(+#V$),'V$'+",CV$,&6$,(4$7.&6(+(.&(&)$'/88>#$ :WGST$ <<T$ OOGFT$ <:GST$
K*"C(7,>$,&6$7*"C(7,>$84.6/7+'$ ^GST$ :GOT$ :G:T$ WGWT$

_(&(&)$,&6$I/,44#(&)V$"&"4)#R84.6/7(&)$84.6/7+'$ ^GOT$ $$ $$ $$
L+*"4$&.&RC"+,>>(7$C(&"4,>$84.6/7+'$ <GFT$ OGOT$ O^GYT$ ;GST$

e,'(7$C"+,>'$ <G<T$ OGST$ WMG:T$ OFGWT$
9,8"4$84.6/7+'$,&6$84(&+(&)$ ;GFT$ OG<T$ $$ $$

="H+(>"'V$+"H+(>"$84.6/7+'V$>",+*"4V$,&6$E..+D",4$ $$ $$ WGYT$ $$
/2+%:&M&!7%&H"$9%&*.&H%)6&.="$$I&829),%:&;9+72).<&"4"$6.*.I&

$

=*"$(&+"4'"7+.4,>$7.&'/C8+(.&$E>.D$.E$+*"$+.+,>$01203U'$"&"4)#$C,+"4(,>'$(&$K*(&,V$h,8,&V$%&6(,V$,&6$!.4",$'*.D'$+*"$',C"$8,++"4&$,'$+*"$E./4$
["#$01203$7./&+4("'$?=,->"$WBG$K*(&,$,&6$h,8,&$*,6$+*"$',C"$8,++"4&$(&$D*(7*$i7.["$,&6$4"E(&"6$8"+4.>"/C$84.6/7+'U$,&6$i">"7+4(7(+#V$),'V$
'+",CV$,&6$,(4$7.&6(+(.&(&)$'/88>#U$,77./&+"6$E.4$+*"$>,4)"'+$'"7+.4'$.E$+*"$01203$+.+,>$"&"4)#$C,+"4(,>'$7.&'/C8+(.&$(&$:;:;G$0>+*./)*$+*"$
+.+,>$K*(&,$7.&'/C8+(.&$E.4$01203$"&"4)#$C,+"4(,>'$D,'$>,4)"4$+*,&$h,8,&V$+*"$+.+,>$"&"4)#$C,+"4(,>$84.6/7+'$7.&'/C"6$-#$">"7+4(7(+#V$),'V$
'+",CV$,&6$,(4$7.&6(+(.&(&)$(&$K*(&,$D,'$*,>E$.E$h,8,&U'$J,>/"G$L&$+*"$.+*"4$*,&6V$K*(&,a'$7.&'/C8+(.&$.E$01203$"&"4)#$C,+"4(,>$84.6/7+'$-#$
+*"$ '"7.&6$ >,#"4$ ?'/7*$ ,'$ i7*"C(7,>$ ,&6$ 7*"C(7,>U$ ,&6$ iC(&(&)$ ,&6$ I/,44#(&)V$ "&"4)#R84.6/7(&)U$ 84.6/7+'B$ ('$ ,>C.'+$ +*4""$ +(C"'$ h,8,&a'$
7.&'/C8+(.&G$2>"7+4(7(+#V$),'V$'+",CV$,&6$,(4$7.&6(+(.&(&)$'/88>("'$(&$!.4",$,>'.$7.&'/C"$+*"$>,4)"'+$,C./&+$.E$"&"4)#$C,+"4(,>$84.6/7+'V$,'$
h,8,&$6."'G$%&$.+*"4$D.46'V$+*('$(&6(7,+"'$+*,+$+*"$6"8"&6"&7#$.E$h,8,&$,&6$!.4",$.&$"&"4)#$C,+"4(,>$84.6/7+'$E4.C$01203$(&$+*"(4$">"7+4(7(+#$
'"7+.4$('$C.4"$'()&(E(7,&+$+*,&$(&$K*(&,$,&6$%&6(,$?=,->"$<BG$0&.+*"4$(&+"4"'+(&)$E(&6(&)$('$+*,+$+*"$-,'(7$C"+,>$(&6/'+4#$(&$%&6(,$7.&'/C"6$+*"$
>,4)"'+$'*,4"$.E$"&"4)#$C,+"4(,>$84.6/7+'$E4.C$01203V$>,4)"4$+*,&$7.["$,&6$4"E(&"6$8"+4.>"/C$84.6/7+'$,&6$">"7+4(7(+#$'"7+.4'$7.&'/C"6G$=*('$
E(&6(&)$('$,$J"4#$6(EE"4"&+$8,++"4&$7.C8,4"6$+.$K*(&,V$h,8,&V$,&6$!.4",G$1(C(>,4>#V$+*"$-,'(7$C"+,>'$'"7+.4$(&$!.4",$7.&'/C"6$,$'()&(E(7,&+$'*,4"V$
D*(7*$D,'$+*4""$+(C"'$,&6$7>.'"$+.$E./4$+(C"'$+*"$7.&'/C8+(.&$.E$h,8,&$,&6$K*(&,V$4"'8"7+(J">#$?=,->"$<BG$$

01203$"H8.4+"6$(+'$74(+(7,>$"&"4)#$C,+"4(,>'$+.$+*"$)>.-,>$C,4["+V$8,4+(7/>,4>#$K*(&,V$h,8,&V$%&6(,V$,&6$!.4",G$$=*"$7*,4,7+"4('+(7'$.E$'"7+.4'$
7.&'/C"6$.E$+*"$01203$"&"4)#$C,+"4(,>'$(&$+*.'"$E./4$7./&+4("'$,4"$'>()*+>#$6(EE"4"&+G$1(C(>,4>#V$+*"$8,++"4&$.E$"&"4)#$C,+"4(,>'$7.&'/C8+(.&$(&$
+*"$01203$["#$6.C"'+(7,>>#$7.&'/C"6$7./&+4("'$?%&6.&"'(,V$=*,(>,&6V$_,>,#'(,V$,&6$`("+&,CB$('$,>'.$'>()*+>#$6(EE"4"&+G$A.D"J"4V$C.'+$.E$+*"$
01203a'$74(+(7,>$"&"4)#$C,+"4(,>'$(&$6.C"'+(7$,&6$E.4"()&$7./&+4("'$,4"$7.&'/C"6$,'$(&8/+'$E.4$+*"$",4>#$'+,)"'$.E$84.6/7+(.&$?'/7*$,'$7.["$,&6$
">"7+4(7(+#BG$=*('$(&6(7,+"'$+*"$8.+"&+(,>$+*,+$>"J"4,)(&)$01203U'$4.>"$(&$+*"$)>.-,>$'/88>#$7*,(&$.E$74(+(7,>$C,+"4(,>'$7./>6$(&74",'"$(+'$,66"6$J,>/"$

12



+.$7.J"4$>,4)"4$84.6/7+(.&$'+,)"'V$&.+$.&>#$,'$4,D$C,+"4(,>'$,&6$C(&(&)$-/+$,>'.$(&$C,&/E,7+/4(&)$?"&6R/'"j$6.D&'+4",CB$'"7+.4'G$0'$,$4"'/>+$.E$
+*"$>.D"4$'8""6$.E$)>.-,>$'/88>#$+*,&$6"C,&6V$+*"$)>.-,>$'/88>#$'*.4+,)"$.E$74(+(7,>$C,+"4(,>'$('$84.\"7+"6$+.$'+,4+$(&$:;W;$D*"&$)>.-,>$6"C,&6$
(&74",'"'$OGF$+(C"'G$L+*"4$7*,>>"&)"'$,4"$+*"$J.>,+(>(+#$.E$84(7"'V$+*"$>.&)$+(C"$&""6"6$E.4$"H8>.4,+(.&V$,&6$+*"$>.D$,J,(>,-(>(+#$.E$4,D$C,+"4(,>'G!

0$*.>('+(7$,&6$ (&+")4,+"6$8.>(7#$6"'()&$ ('$74/7(,>$ (&$ +*('$7.&+"H+V$8,4+(7/>,4>#$ E.4$01203a'$ (&J"'+C"&+$,&6$"&"4)#$7..8"4,+(.&G$=.$7,8+/4"$ +*"$
8.+"&+(,>$C/>+(8>"$-"&"E(+'V$+*"$(&J"'+C"&+$,&6$"&"4)#$7..8"4,+(.&$'7*"C"$C/'+$-"$6"'()&"6$+.$-,>,&7"$6.C"'+(7$,&6$E.4"()&$&""6'$E.4$74(+(7,>$
"&"4)#$C,+"4(,>'G$%+$'+,4+'$-#$4"R"H,C(&(&)$+*"$"H('+(&)$8.>(7("'$(&$+*"$4")(.&$E4.C$/8'+4",C$+.$6.D&'+4",C$,>.&)$+*"$)>.-,>$'/88>#$7*,(&$.E$74(+(7,>$
"&"4)#$C,+"4(,>'G$=*"$(&J"'+C"&+$'7*"C"$'*./>6$,>'.$7.J"4$+*"$/8'+4",C$'+,)"$.E$+*"$4")(.&a'$"&"4)#$+4,&'(+(.&$,&6$7,4-.&$&"/+4,>(+#$+,4)"+'G$
%&$,66(+(.&V$+*"$"&"4)#$7..8"4,+(.&$.E$01203$?'/7*$,'$01203kWf$K*(&,V$h,8,&V$!.4",B$&""6'$+.$-"$,>()&"6$D(+*$+*"$(&J"'+C"&+$'7*"C"$+.$
7.J"4$/8'+4",C$,&6$6.D&'+4",C$.E$01203U'$74(+(7,>$"&"4)#$C,+"4(,>'$,>.&)$(+'$)>.-,>$'/88>#$7*,(&G&$

**

'

! -

13



Insight 2
Energy-Climate Nexus
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