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3-7-/74./!"-::D\!)!"%3!)/9:KD4D!.R!APSS:K!)45!"./R40P5974./D!4/!9!"47K!O94:!4/!
'4H9:I!J14:4SS4/-D!
!

O!$!#U:9/0^!9/Z!O!3!,.S-/9!
!!
],'/%+$'%2! 3+<$+,,-$+<! W,D%-.5,+.F! g3`! >+#.$.1.,! *(! J,'/+*2*<EF! 9%5D%2*'F!
]%+$2%F!AQA[F!&/$2$DD$+,#!
!
o3L5%$2N!^+*52%+<S<5%$2C'*5!!!
!
)]D75967E!\4,-'-*@?,?!?,.,+.$*+!',22#!%-,!*(.,+!D**-2E!4,+.$2%.,?F!2,%?$+<!.*!/,%2./!
-$#V#!(*-!?,.%$+,,#!?1,!.*!%!81$2?1D!*(!%$-8*-+,!'*+.%5$+%+.#C!J*!$5D-*4,!./,!2$4$+<!
'*+?$.$*+#!*(!$+5%.,#F!./,-,!$#!%+!$+'-,%#$+<!?,5%+?!(*-!8,..,-!4,+.$2%.$*+!#E#.,5#!
$+!?,.,+.$*+!(%'$2$.$,#F!D%-.$'12%-2E!$+!%-,%#!@/,-,!*4,-'-*@?$+<!$#!%!-,'1--$+<!$##1,C!
J/$#!#.1?E!@%#!'*+?1'.,?!$+!%!'$.E!^%$2!$+!;$U%2F!&/$2$DD$+,#!.*!,4%21%.,!./,!$5D%'.!*(!
?$((,-,+.! #1DD2E! %$-! '*+($<1-%.$*+#! *+! ./,! %<,L*(L%$-! 6"*"7! ?$#.-$81.$*+! %+?! %$-L
'/%+<,! ,((,'.$4,+,##! 6")37! $+! ?,.,+.$*+! ',22#C! g*1-! '*+($<1-%.$*+#! @,-,! %+%2EU,?!
1#$+<! )*5D1.%.$*+%2! g21$?! WE+%5$'#! 6)gW7! #$512%.$*+#! 1.$2$U$+<! VL ! .1-812,+',!
5*?,2!@$./! #'%2%82,!@%22! (1+'.$*+#C!J/,! ($-#.! '*+($<1-%.$*+!/%#! ./-,,L2$+,!?1'.$+<!
@$./!(*1-!#1DD2E!%$-!<-$22,#!*+!,%'/!?1'.F!./,!#,'*+?!/%#!./-,,L2$+,!?1'.$+<!@$./!.,+!
<-$22,#!D,-!?1'.F! ./,! ./$-?!/%#! .@*L2$+,!?1'.$+<!@$./! (*1-!<-$22,#!D,-!?1'.F! %+?! ./,!
(*1-./!/%#!.@*L2$+,!?1'.$+<!@$./!.,+!<-$22,#!D,-!?1'.C!;,#12.#!@,-,!%+%2EU,?!8%#,?!*+!
%$-(2*@!4,2*'$.EF!"*"!?$#.-$81.$*+F!%+?!")3C!J/,!#.1?E!(*1+?!./%.!./-,,L2$+,!?1'.$+<!
D-*4$?,#!'*5(*-.%82,!@$+?!'*+?$.$*+#!(*-!%22!2,4,2#!*(!81+V!8,?#F!%+?!./,-,!@%#!+*!
#$<+$($'%+.!'/%+<,!$+!%4,-%<,!%$-!4,2*'$.E!8,.@,,+!./,!(*1-!%+?!.,+!<-$22,#!D,-!?1'.!
#,.1DC!:*@,4,-F!./,!2%..,-!-,#12.,?!$+!%!?,'-,%#,!$+!%4,-%<,!"*"F!./,-,8E!$+'-,%#$+<!
")3C!J/,!(*1-./!'*+($<1-%.$*+!,G/$8$.#!8,..,-!")3!%'-*##!%22!',22#!@/,+!'*5D%-,?!.*!
./,!($-#.F!81.!$.!'%++*.!D-*4$?,!'*5(*-.%82,!@$+?!'*+?$.$*+#!*+!./,!($-#.!2,4,2!*(!81+V!
8,?#C!J/,!#,'*+?!'*+($<1-%.$*+!#/*@,?!./,!5*#.!D-*5$#$+<!-,#12.#! $+!.,-5#!*(!%$-!
(2*@!$+#$?,!./,!',22#F!%4,-%<,!"*"F!%+?!")3C!
!
!
M-KX.5ZD\! )*5D1.%.$*+%2! (21$?! ?E+%5$'#F! "<,L*(L%$-! ?$#.-$81.$*+F! "$-L'/%+<,!
,((,'.$4,+,##F!H,+.$2%.$*+!#E#.,5C !



"

!R"
"

&%D,-!>WN!h!
(1-! &_S-54U-/79:! A7PZK! .R! &US:.K4/0! )ZZ474W-! +9/PR967P54/0! ;)+@! R.5!
*/T-674./!+.:Z4/0!*/D-57D!

!
349/9!'.D-!(E!'4W-59[^I!,-4R!#:4W-5!GE!".5./9Z.<I!OP:4PD!".:-09L!

!
A],'/%+$'%2! 3+<$+,,-$+<! W,D%-.5,+.F! g%-! 3%#.,-+! `+$4,-#$.E! $+#.$.1.,! *(!
J,'/+*2*<EF!9%5D%2*'!AQQhF!]%+$2%F!&/$2$DD$+,#!
P],'/%+$'%2!3+<$+,,-$+<!W,D%-.5,+.F!X%.$*+%2!`+$4,-#$.EF!9%5D%2*'!AQQhF!]%+$2%F!
&/$2$DD$+,#!
Rf$+,!9,$V$!&/$2$DD$+,#F!>+'*-D*-%.,?F!k,+,-%2!J-$%#F!)%4$.,F!&/$2$DD$+,#!
!
o35%$2N!?$%+%-*#,-$4,-%S<5%$2C'*5!
!
)]D75967E!>+^,'.$*+!5*2?$+<!$#!%!D-*',##!*(!5,2.$+<!./,!D*2E5,-!%.!%!/$</!.,5D,-%.1-,!
%+?!$+^,'.$+<!$.!.*!./,!5*2?,-!1+?,-!/$</!D-,##1-,C!J/$#!/%#!8,,+!@$?,2E!1#,?!?1,!.*!
./,!<-*@$+<!?,5%+?!$+!./,!D*2E5,-L8%#,?!'*5D*+,+.#!%+?!$#!@,22!#1$.%82,!(*-!5%##!
D-*?1'.$*+C!&2%#.$'!$+^,'.$*+!6&>7!5*2?#!%-,!5%+1(%'.1-,?!1#$+<!.**2!#.,,2#!%#!$.!'%+!
@$./#.%+?!./,!/$</!.,5D,-%.1-,!-,T1$-,5,+.!?1-$+<!5*2?$+<C!>+!./,!$+?1#.-E!@/,-,!
./,-,! $#! %! ?,5%+?! (*-! %! (,@! D-*?1'.#! *-! #/*-.! -1+#! *(! D%-.#! .*! 8,! 1.$2$U,?! 8E! ./,!
'1#.*5,-!$+!+,,?F!D-*.*.ED,!D2%#.$'!$+^,'.$*+!5*2?#!'%+!%2#*!8,!1#,?C!:*@,4,-F!./,!
5*2?$+<!'%#$+<!D-*.*.ED,! .%V,#!@,,V#!%+?! ./*1#%+?#!*(!?*22%-#!%-,!+,,?,?! (*-! $.#!
?,4,2*D5,+.! %+?! 5%+1(%'.1-$+<C! "??$.$4,! 5%+1(%'.1-$+<! 6"]7F! %2#*! '%22,?! -%D$?!
D-*.*.ED$+<!*-!RW!D-$+.$+<F! $#!%!D-*',##!*(!%??$.$4,2E!D-*?1'$+<! ./-,,!?$5,+#$*+%2!
D%-.#!./-*1</!%!2%E,-,?!D-*',##C!W1,!.*!./,!2$5$.%.$*+#!*(!./,!D-*?1'.$*+!*(!$+^,'.$*+!
5*2?$+<!D%-.#F!%??$.$4,!5%+1(%'.1-$+<!6"]7!$#!+*@!1#,?!.*!?,4,2*D!D-*.*.ED,!&2%#.$'!
>+^,'.$*+!6&>7!5*2?!$+#,-.#C!J/$#!-,?1',#!./,!'1#.*5,-#!@%$.$+<!.$5,!%#!@,22!%#!./,!
*4,-%22!'*#.!*(!D-*?1'$+<!./,!(1+'.$*+%2!D%-.#!(*-!T1*.$+<!D-*#D,'.$4,!'2$,+.#C!>+!./$#!
#.1?EF!./,!RW!D-$+.,?!5*2?!'%4$.E!(*-!&2%#.$'!>+^,'.$*+!6&>7!]*2?$+<!(*-!/$</!D-,'$#$*+!
$+^,'.$*+!5*2?!5%'/$+,!6;*8*#/*.!#PQQQ!$!A[07!$#!%##,##,?!.*!?,.,-5$+,!./,!D*.,+.$%2!
*(!-,D2%'$+<!&2%#.$'!>+^,'.$*+!6&>7!5*2?!@$./!%!RW!D-$+.,?!5*2?!'%4$.EC! >+!%??$.$*+F!
D%-%5,.,-#! #1'/! %#! '*5D-,##$*+! D-,##1-,F! /*2?! .$5,F! %+?! '**2$+<! @,-,! %2#*!
'*+#$?,-,?C!J/,!($-#.!+%.1-%2!(-,T1,+'E!*8#,-4,?!$#!%.!AP[YCA!:,-.U!@/$2,!%.!./,!#$G./!
*-?,-F! ./,! +%.1-%2! (-,T1,+'E! $+'-,%#,#! .*! P[P[CR! :,-.UC! J/,! D%..,-+! %2#*! #/*@#!
8,+?$+<! %+?! .-%+#2%.$*+! (*-! ./,! ($-#.! #$G! *-?,-! *(! 5*?,! #/%D,#C! J/,! 5%G$515!
%5D2$.1?,!*8#,-4,?!$#!AYBhCR!55F!#,,+!*+!./,!($-#.!*-?,-!*(!./,!+%.1-%2!(-,T1,+'EC!>.!
@%#!%2#*!-,4,%2,?!./%.!%(.,-!RQ!#/*.#F!1+?,-!QCb!]&%F!PhB!q)!S4An!PRh!q)!S4PF!./,!
(2*@! 2$+,F! #$+V!5%-#F! %+?! #2$</.! ^,..$+<! *(! ./,! RW! D-$+.,?! $+^,'.$*+!5*2?$+<! @,-,!
*8#,-4,?C!
!
!
M-KX.5ZD\!"??$.$4,!5%+1(%'.1-$+<F!$+^,'.$*+!5*2?$+<F!RW!D-$+.C" !



"

#D"
"

&%D,-!>WN!B!
J5-W-/74/0!)45].5/-!(59/DU4DD4./!.R!71-!".5./9W45PD!4/!9!`/4W-5D47K!#RR46-!
AS96-!X471!9/!&RR-674W-!V-/74:974./!A7597-0K!

!
O96:K/!N-/>(614/0!,.I!V467.5!$-->A14/!G./0^I!G9D4:!(E!2./0!
!
g%'12.E!*(!3+<$+,,-$+<F!)*5D1.$+<!%+?!9'$,+',F!9@$+81-+,!`+$4,-#$.E!*(!J,'/+*2*<E!
9%-%@%V!)%5D1#F!e%2%+!9$5D%+<!J$<%F!BRR[QF!c1'/$+<F!9%-%@%VC!!
!
o3L5%$2N!4+#8*+<S#@$+81-+,C,?1C5E!
!
)]D75967E!J/,!,5,-<,+',!*(!)*4$?LABF!'%1#,?!8E!./,!+*4,2!9";9L)*HLP!4$-1#F!$+!2%.,!
PQAB!-,#12.,?!$+!%!@*-2?@$?,!/,%2./!./-,%.!%+?!2,(.!%!#.%<<,-$+<!,'*+*5$'!$5D%'.!*+!
5%+E! '*1+.-$,#C! 34$?,+',! #1<<,#.#! ./%.! ./,! 5%$+! .-%+#5$##$*+! 5*?,! $#! 4$%! ./,!
?$#.-$81.$*+!*(!%$-8*-+,!4$-1#L2%?,+!D%-.$'2,#! ./-*1</!%$-!5*4,5,+.C!:,+',F!#.-$'.!
$+.,-4,+.$*+!5,%#1-,#! (-*5! #*'$%2! ?$#.%+'$+<! .*! 8*-?,-! 2*'V?*@+#! %+?! '2*#1-,! *(!
'*55,-'$%2! %+?!@*-V! D-,5$#,#!@,-,! $5D2,5,+.,?! $+!5%+E! '*1+.-$,#! $+! ./,! ,%-2E!
#.%<,! *(! ./,! D%+?,5$'C! J/,! /$</! $+(,'.$*+! -$#V! -,2%.,?! .*! %$-8*-+,! .-%+#5$##$*+!
5*?,#! #/$(.,?! ./,! ,5D/%#$#! .*! 4,+.$2%.$*+! '*+.-*2! @/$'/! $#! ,##,+.$%2! .*!5%$+.%$+!
%'',D.%82,!%$-!T1%2$.E!$+!./,!$+?**-!,+4$-*+5,+.C!k1$?,2$+,#!(-*5!%1./*-$.$,#!#1'/!%#!
./,! M*-2?! :,%2./! \-<%+$U%.$*+! 6M:\7! %+?! ./,! "5,-$'%+! 9*'$,.E! *(! :,%.$+<F!
;,(-$<,-%.$+<! %+?! "$-L)*+?$.$*+$+<! 3+<$+,,-#! 6"9:;"37! %2#*! *1.2$+,?! ./,!
$5D*-.%+',!*(!%?,T1%.,!4,+.$2%.$*+!$+!$+?**-!#,..$+<#!,#D,'$%22E!?1-$+<!.$5,#!*(!./,!
D%+?,5$'C! g$+?$+<#! (-*5! D-,4$*1#! @*-V#! #1<<,#.,?! ./%.! 4,+.$2%.$*+! #.-%.,<$,#!
$+'21?$+<!$+2,.O,G/%1#.!2*'%.$*+#!%+?!%$-(2*@!D%..,-+#!@$22!%((,'.!./,!#D-,%?!D%..,-+!
*(! ./,! 4$-1#! %+?! /,+',! ./,! $+(,'.$*+! -$#VC! J/,-,(*-,F! ./$#! #.1?E! $+4,#.$<%.,#! ./,!
$+(21,+',!*(!4,+.$2%.$*+!#.-%.,<$,#! $+!%+!%$-L'*+?$.$*+,?!*(($',! $+! ./,!1+$4,-#$.E! .*!
5$.$<%.,!./,!.-%+#5$##$*+!*(!)*4$?LAB!8E!.%V$+<!$+.*!'*+#$?,-%.$*+!./,!,((,'.!*(!./,!
D2%',5,+.!*(!*1.2,.!4,+.#!*+!./,!%$-(2*@!D%..,-+#C!"!'*55,-'$%2!)*5D1.%.$*+%2!g21$?!
WE+%5$'#!6)gW7!#*(.@%-,F!"X9d9!g21,+.F!$#!1#,?!$+!./$#!#.1?E!.*!%##,##!./,!D%-.$'2,!
.-%^,'.*-E! (*-! ?$((,-,+.! *1.2,.! 2*'%.$*+#C! J/,! 4,+.$2%.$*+! 2%E*1.! D2%+! '*1D2,?! @$./!
+%.1-%2!4,+.$2%.$*+F!%'/$,4,?!@$./!%+!*D,+!@$+?*@F!#/*@#!./,!8,#.!D%-.$'2,!-,5*4%2!
D,-(*-5%+',C!>+!%??$.$*+F!./,!%$-(2*@!D%./!8,.@,,+!./,!$+(,'.,?!#*1-',!%+?!./,!*1.2,.!
$#!%2#*!%+!$5D*-.%+.!(%'.*-!./%.!%((,'.#!./,!.-%+#5$##$*+!-$#VC!
!
!
M-KX.5ZD\! H,+.$2%.$*+! #.-%.,<EF! )\H>WLABF! %$-8*-+,! .-%+#5$##$*+F! %$-(2*@!
#$512%.$*+F!$+?**-!%$-!T1%2$.EC!
!
" !



"

#!"
"

&%D,-!>WN!AQ!
'-ZP64/0! )45].5/-! (59/DU4DD4./! '4DQ! 4/! */Z..5! &97-54-D! 4/! MP614/0I!
A959X9Q!X471!9!$97P59:!V-/74:974./!A7597-0K!

!
J-4!NP/!,94I!V467.5!$-->A14/!G./0^I!G9D4:!(E!2./0!
!
g%'12.E!*(!3+<$+,,-$+<F!)*5D1.$+<!%+?!9'$,+',F!9@$+81-+,!`+$4,-#$.E!*(!J,'/+*2*<E!
9%-%@%V!)%5D1#F!e%2%+!9$5D%+<!J$<%F!BRR[QF!c1'/$+<F!9%-%@%VC!!
!
o3L5%$2N!4+#8*+<S#@$+81-+,C,?1C5E!
!
)]D75967E! J/,! )\H>WLAB! D%+?,5$'F! '%1#,?! 8E! ./,! 9";9L)*4LP! 4$-1#! /%#! #,4,-,2E!
impacted people’s lives worldwide. The adoption of COVIDLAB!D-,4,+.$4,!5,%#1-,#!
#1'/!%#!#*'$%2!?$#.%+'$+<F!4*21+.%-E!1#,!*(!(%',!5%#V#F!%+?!/%+?!/E<$,+,!/%#!#/*@+!
./%.!]%2%E#$%+#!/%4,!%?%D.,?!.*!./,!+,@!+*-5#!8-*1</.!1D*+!8E!./,!D%+?,5$'C!>.!/%#!
8,,+!@$?,2E! V+*@+! ./%.! ./,!5%$+! .-%+#5$##$*+!5,'/%+$#5! *(! ./$#! '*-*+%4$-1#! $#!
./-*1</! %$-8*-+,! D%./@%E#F!@/$2,! $+?**-! D-,5$#,#! /%4,! *(.,+! 8,,+! ,%-5%-V,?! %#!
D2%',#!@$./!/$</,-!$+(,'.$*+!-$#V#C!J/,!%$-8*-+,!.-%+#5$##$*+!*(!./,!4$-1#!$+!$+?**-!
,%.,-$,#F! $+! D%-.$'12%-F! /%#! 8,,+! @$?,2E! #.1?$,?! #$+',! ./,! #.%-.! *(! ./,! D%+?,5$'C!
"$-8*-+,!D%-.$'2,#!%-,!V+*@+!.*!8,!'%D%82,!*(!-,5%$+$+<!$+!./,!%$-! (*-!/*1-#! $(! ./,!
#D%',! $#! +*.! @,22L4,+.$2%.,?C! J/,! D1-D*#,! *(! ./$#! #.1?E! $#! .*! $+4,#.$<%.,! ./,!
,((,'.$4,+,##! *(! +%.1-%2! 4,+.$2%.$*+! #E#.,5#F!5,'/%+$'%2! 4,+.$2%.$*+! #E#.,5#F! %+?!
5$G,?L5*?,! 4,+.$2%.$*+! #E#.,5#! $+!5$+$5$U$+<! ./,! .-%+#5$##$*+! -$#V!*(! %$-8*-+,!
?$#,%#,#! $+! %+! ,+'2*#,?! $+?**-! ,%.,-EC! "! )*5D1.%.$*+%2! g21$?! WE+%5$'#! 6)gW7!
#$512%.$*+! *+! (*1-! ?$((,-,+.! #',+%-$*#! $#! '*+?1'.,?! 1#$+<! "X9d9! g21,+.C! "+!
$+.,-5,?$%.,!#/*D!2*.!1+$.!@$./!+*!@$+?*@#!/%#!8,,+!%##15,?!(*-!./$#!#.1?EC!X%.1-%2!
4,+.$2%.$*+!$#!$+.-*?1',?!8E!*D,+$+<!./,!?**-#C!J/,!8*1+?%-E!'*+?$.$*+#!%+?!?,#$<+!
D%-%5,.,-#!1#,?!$+!./,!#$512%.$*+!%-,!$+!%''*-?%+',!@$./!./,!"9:;"3!9.%+?%-?#!%+?!
./,! -,2,4%+.! 2*'%2! '*?,#C! \4,-%22F! $.! '%+! 8,! *8#,-4,?! ./%.! ./,! +%.1-%2! 4,+.$2%.$*+!
#E#.,5! 8-*1</.! %8*1.! #$<+$($'%+.! $5D-*4,5,+.! .*! ./,! 4,+.$2%.$*+! ,(($'%'E! *(! ./,!
D-,5$#,!*(!$+.,-,#.C!
!
!
M-KX.5ZD\! H,+.$2%.$*+! #.-%.,<EF! )\H>WLABF! %$-8*-+,! .-%+#5$##$*+F! %$-(2*@!
#$512%.$*+F!$+?**-!%$-!T1%2$.EC!
!
!
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"

&%D,-!>WN!AA!
'-ZP64/0!&/-50K!"./DPUS74./!9/Z!*US5.W4/0!*/Z..5!)45!aP9:47K!]K!`D4/0!
,.X!&/-50K!$9/.R4]5.PD!)45!%4:7-5!4/!9!".UU-5649:!GP4:Z4/0!
!

&ZZ4-!%P/0[I!(9K:.5!"%!"1.X<!

!
AX%+*($2!g$2.-%.$*+!J,'/+*2*<E!f$5$.,?F!)3\!L!$+4,+.*-!*(!D%.,+.,?!+%+*($8-*1#!%$-!
($2.,-!%+?!./,!5%+1(%'.1-$+<!5,./*?C!!
P>+?,D,+?,+.!;,#,%-'/,-!
!
o3L5%$2N!,??$,(1+<S+%+*($2C'*5C/V!
!
)]D75967E! W,'%-8*+$#%.$*+! $#! ./,! *+,! *(! ./,! $5D*-.%+.! -*%?5%D! (*-! 5*#.! *(! ./,!
'*1+.-$,#C!:*+<!c*+<!9D,'$%2!%?5$+$#.-%.$4,!-,<$*+!6:c9";7!#,.!%!+,.!U,-*!D2%+!8E!
PQ[QC!;,?1'$+<!,+,-<E!1#%<,!D2%E!%+!$5D*-.%+.!-*2,!(*-!./$#!D2%+!%#!BQr!*(!,2,'.-$'$.E!
1#,?!$+!:*+<!c*+<!for Building and 60% of Hong Kong’s carbon emission. Improving 
81$2?$+<!,(($'$,+'E!$+!%!81$2?$+<!+*.!*+2E!'%+!-,?1',!./,!'%-8*+!,5$##$*+!81.!$.!'%+!
%2#*! -,?1',! ./,! ,+,-<E! '*#.! $+! ./,! 81$2?$+<C! g*-! ./$#!@$+L@$+! #*21.$*+F! 1#$+<! f*@!
3+,-<E! X%+*($8-*1#! "$-! g$2.,-! $+! ./,! 81$2?$+<! '%+! %2#*! -,?1',! ./,! ,2,'.-$'$.E!
'*+#15D.$*+! (-*5! ./,! (%+! %+?! $5D-*4,! ./,! $+?**-! %$-! T1%2$.E! $+! ./,! 81$2?$+<C! J*!
%'/$,4,!%!/$</!($2.-%.$*+!,(($'$,+'E!%+?!%.!./,!#%5,!.$5,!%!2*@!D-,##1-,!?-*DF!%!-,4$,@!
*+!T1%2$.E!(%'.*-#!*(!%$-!($2.,-#!5%?,!*(!?$((,-,+.!V$+?#!*(!($2.,-!5,?$%!%+?!$+!?$((,-,+.!
#.-1'.1-,!/%#!8,,+!'*+?1'.,?C!H%-$*1#!'%#,!#.1?$,#!*+!1#,!*(!+%+*($8-*1#! ($2.,-!*+!
D-$5%-E!%$-!1+$.F!%$-!/%+?2$+<!1+$.#!%+?!(%+!'*$2!1+$.#!/%4,!8,,+!'*+?1'.,?!%+?!$.!/%#!
8,,+!-,4,%2,?!./%.!'*5D*#$.,!+%+*($8-*1#!($2.,-!5,?$%!*1.D,-(*-5#!*./,-#F!#1'/!%#!
.-%?$.$*+%2!5$'-*L<2%##!($8,-!%+?!#E+./,.$'!($8-,F!$+!.,-5#!*(!2*@,-!D-,##1-,!?-*D!%.!
./,!#%5,!($2.-%.$*+!,(($'$,+'EC!
!
!
M-KX.5ZD\! >+?**-! "$-! i1%2$.EF! X%+*($8-*1#! ($2.,-! 5,?$%F! 3+,-<E! 9%4$+<F!
W,'%-8*+$U%.$*+!!
!
" !



"

#>"
"

&%D,-!>WN!AR!
)DD-DDU-/7!.R!$-X!'-R540-59/7!G:-/ZD!9D!&/W45./U-/79::K!%54-/Z:K!
):7-5/974W-D!7.!'b[=9!4/!'-D4Z-/749:!AS:47!)45!"./Z474./-5D!

!
2-/G4/!$F[I<^!9/Z!B9D:4/Z9!+.19U-Z!M9U95<!

!
A:,%.$+<F!H,+.$2%.$+<F!"$-L)*+?$.$*+$+<!%+?!;,(-$<,-%.$*+!9,'.$*+F!`+$4,-#$.$!c1%2%!
f15D1-!L!]%2%E#$%!g-%+',!>+#.$.1.,F!0%+<$F!9,2%+<*-F!]%2%E#$%C!
P9'/**2! *(! ],'/%+$'%2! 3+<$+,,-$+<F! g%'12.E! *(! 3+<$+,,-$+<F! `+$4,-#$.$! J,V+*2*<$!
]%2%E#$%F!hARAQ!`J]!e*/*-!0%/-1F!e*/*-F!]%2%E#$%C!
!
o3L5%$2N!+<@,+8$+S1+$V2C,?1C5E!
!
)]D75967E!J/,!c$<%2$!"5,+?5,+.!$#!%+!$+.,-+%.$*+%2!%<-,,5,+.!./%.!%$5#!.*!%??-,##!
./,!,+4$-*+5,+.%2!$5D%'.!*(!/$</LkM&!6k2*8%2!M%-5$+<!&*.,+.$%27!-,(-$<,-%+.#!%+?!
'1-8! ./,$-! '*+.-$81.$*+! .*! '2$5%.,! '/%+<,C! :$</LkM&! -,(-$<,-%+.#! %-,! D*.,+.!
<-,,+/*1#,!<%#,#!./%.!/%4,!%!#.-*+<!%8$2$.E!.*!.-%D!/,%.!$+!./,!3%-./s#!%.5*#D/,-,F!
2,%?$+<! .*! %+! ,+/%+',?!<-,,+/*1#,! ,((,'.! %+?! '*+.-$81.$+<! .*! <2*8%2!@%-5$+<C!0E!
'*+.-*22$+<!./,!1#,!*(!./,#,!D*.,+.!<-,,+/*1#,!<%#,#!%+?!,+'*1-%<$+<!./,!%?*D.$*+!
*(!5*-,!,+4$-*+5,+.%22E!(-$,+?2E!%2.,-+%.$4,#F!./,!%5,+?5,+.!D2%E#!%!'-1'$%2!-*2,!$+!
%?4%+'$+<!#1#.%$+%82,!D-%'.$',#!$+!./,!-,(-$<,-%.$*+!%+?!%$-!'*+?$.$*+$+<!$+?1#.-$,#C!
J/,-,(*-,F! ./,! -,D2%',5,+.! -,(-$<,-%+.#! 8,$+<! '*+#$?,-,?! $+! ./$#! #.1?E!51#.! /%4,!
2*@,-! kM&! 4%21,#! '*5D%-,?! .*! ;bAQ"F! %2$<+$+<! @$./! ./,! c$<%2$! "5,+?5,+.s#!
*8^,'.$4,#C!J/$#!#.1?E!(*'1#,#!*+!($+?$+<!D*.,+.$%2!-,(-$<,-%+.#!.*!-,D2%',!;bAQ"!$+!
%$-L'**2,?! #D2$.! %$-! '*+?$.$*+,-#! @/$2,! 5,,.$+<! c$<%2$! "5,+?5,+.a#! kM&!
-,T1$-,5,+.#C!0E!'*58$+$+<!,+4$-*+5,+.%2!$+?,G,#!%+?!./,-5*?E+%5$'!D-*D,-.$,#F!
./,! #.1?E! '%+! #E#.,5%.$'%22E! ,4%21%.,! %+?! '*5D%-,! ?$((,-,+.! -,(-$<,-%+.! 82,+?#! .*!
$?,+.$(E!./*#,!./%.!%-,!,+4$-*+5,+.%22E!(-$,+?2EF!,+,-<EL,(($'$,+.F!%+?!5,,.!./,!kM&!
-,T1$-,5,+.#!*(!./,!c$<%2$!"5,+?5,+.C!J/,!,4%21%.$*+!$?,+.$($,#!D-*5$#$+<!;bAQ"!
-,D2%',5,+.#F! $+'21?$+<!;bbl"! (*-!/$</L.,5D,-%.1-,!%DD2$'%.$*+#!%+?!;RP! (*-!%$-!
'*+?$.$*+$+<! %.! /$</,-! .,5D,-%.1-,#C! ;bbY0F! ;b[P0F! %+?! ;b[b0! #/*@! $5D-*4,?!
#E#.,5! D,-(*-5%+',! %+?! ,(($'$,+'E! ?1,! .*! ./,! #5%22,#.! .,5D,-%.1-,! <2$?,! ?1-$+<!
D/%#,! '/%+<,C! ;b[b0! /%#! ./,! /$</,#.! )*,(($'$,+.! *(! &,-(*-5%+',! 6)\&7! %+?!
4*215,.-$'! -,(-$<,-%.$*+! '%D%'$.EF! $+?$'%.$+<! 8,..,-! ,+,-<E! ,(($'$,+'E! %+?! -,?1',?!
,+4$-*+5,+.%2!$5D%'.C!J/,#,!($+?$+<#!D-*4$?,!4%21%82,!$+#$</.#!(*-!#,2,'.$+<!#1$.%82,!
-,(-$<,-%+.!%2.,-+%.$4,#F!%??-,##$+<!,+4$-*+5,+.%2!'/%22,+<,#!%+?!%?/,-$+<!.*!c$<%2$!
"5,+?5,+.!-,<12%.$*+#C!J/$#!#.1?E!%?4%+',#!,+4$-*+5,+.%22E!(-$,+?2E!-,(-$<,-%.$*+!
#*21.$*+#!%+?!#1DD*-.#!#1#.%$+%82,!D-%'.$',#!$+!./,!%$-!'*+?$.$*+$+<!#,'.*-C!
!
!
M-KX.5ZD\!;bAQ"F!2*@!kM&!;,(-$<,-%+.F!"$-!)*+?$.$*+,-F!kM&C!
" !



"

#?"
"

&%D,-!>WN!Ab!
&_S-54U-/79:!*/W-D740974./!.R!9!"9D69Z-!B-97!JPUS!AKD7-U!G9D-Z!./!,.X>
"K6:-!".US5-DD.5!AS--Z!V954974./!R.5!*/Z..5!)45!9/Z!297-5!B-974/0!
J-5R.5U9/6-!

!
G-.U>OP/!M4U[!9/Z!O9->2-./!O-./0[^!
!
AW,D%-.5,+.!*(!"-'/$.,'.1-%2!3+<$+,,-$+<F!)*22,<,!*(!3+<$+,,-$+<F!:%+E%+<!!
`+$4,-#$.EF!9,*12!QbYlRF!;,D182$'!*(!c*-,%!
!
o3L5%$2N!^^@%-'S/%+E%+<C%'CV-!
!
)]D75967E!;,',+.2EF!%!'%#'%?,!/,%.!D15D!#E#.,5!@%#!#.1?$,?!.*!8,!%DD2$,?!-,#$?,+.$%2!
81$2?$+<#! (*-!,+,-<E!#%4$+<!@/,+!#1DD2E$+<!?*5,#.$'!/*.!@%.,-! $+!'*2?! -,<$*+#! $+!
@$+.,-C!J/,!D1-D*#,!*(!./$#!#.1?E!$#!.*!($+?!./,!#E#.,5!*D,-%.$+<!'*+?$.$*+#!'%D%82,!
*(!#1DD2E$+<!$+?**-!%$-!/,%.$+<!%+?!?*5,#.$'!/*.!@%.,-F!#$512.%+,*1#2EC!J/,!#E#.,5!
$#!'*+#$#.,?!*(!.@*!#$+<2,L/,%.!D15D!'E'2,#!'*++,'.,?!./-*1</!%+!$+.,-5,?$%.,!/,%.!
,G'/%+<,-C!"+!%??$.$*+%2!/,%.!,G'/%+<,-!$#!$+#.%22,?!*+!./,!2*@L'E'2,!/,%.!D15D!(*-!
$+?**-!/,%.$+<C!J/,!-,(-$<,-%+.#!1#,?!$+!,%'/!/,%.!D15D!#E#.,5!@,-,!;bAQ"!(*-!2*@L
'E'2,!/,%.!D15D!%+?!;ARb%!(*-!/$</L'E'2,!/,%.!D15DC!J/,!<,*./,-5%2!#E#.,5!@%#!
1#,?!%#!./,!2*@L'E'2,!/,%.!#*1-',C!"!<,*./,-5%2!#$512%.*-!@%#!1#,?!.*!#$512%.,!AQt)!
@%.,-! *8.%$+,?! ./-*1</! ./,! <,*./,-5%2! D$D,! $+! @$+.,-C! J/,! '%#'%?,! /,%.! D15D!
#E#.,5!@%#!$+#.%22,?!$+!./,!8%#,5,+.!*(!%+!,GD,-$5,+.%2!81$2?$+<!%+?!./,!,GD,-$5,+.!
@%#! '*+?1'.,?! $+! ./,! (*-5! *(! %! ($,2?! .,#.C! 9$+',! ./,! $+?**-! .,5D,-%.1-,! $+! ./,!
8%#,5,+.!@%#!A[t)F!./,!$+2,.!.,5D,-%.1-,!*(!./,!$+?**-!1+$.!@%#!5%$+.%$+,?!%#!A[t)C!
J/,!/*.!@%.,-!.,5D,-%.1-,!@%#!5%$+.%$+,?!%#!bQt)!8E!$+#.%22$+<!%!@%.,-!.%+VC!>+!./,!
,GD,-$5,+.F! ./,! 5$+$515! %+?! 5%G$515! '*5D-,##*-! #D,,?! *(! ./,! 2*@L'E'2,!
'*5D-,##*-!@%#!BQ!:U!.*!AlQ!:UF!%+?!./,!'*5D-,##*-!#D,,?!@%#!%?^1#.,?!8E!AQ!:UC!
J/,!%$-!4*215,!*+!./,!$+?**-!1+$.!#$?,!@%#!#1DD2$,?!%.!lQQ!)]:C!J/,!.%-<,.!$+?**-!
%$-!/,%.$+<!2*%?!@%#!bCAb!VMF!%+?!./,!?*5,#.$'!/*.!@%.,-!2*%?!@%#!APCAQ!VMC!".!./$#!
.$5,F!./,!.%-<,.!@%#!bQt)!(*-!%$-!/,%.$+<!%+?!lQt)!(*-!?*5,#.$'!/*.!@%.,-C!"#!%!-,#12.F!
@/,+! ./,! 2*@L'E'2,! '*5D-,##*-! #D,,?!@%#! AlQ!:UF! ./,! /,%.! #1DD2E! (*-! $+?**-! %$-!
/,%.$+<!-,%'/,?!bCP[!VM!%+?!./,!?*5,#.$'!/*.!@%.,-!#1DD2E!%'/$,4,?!APC[b!VMC!J/,!
.*.%2!,+,-<E!'*+#15D.$*+!@%#![CbA!VMC!J/,!#E#.,5!)\&!@%#!RCAQF!@/$'/!@%#!?,-$4,?!
./,!-,#12.!*(!bChr!$5D-*4,5,+.!'*5D%-,?!.*!./,!-,(,-,+',!'%#,!@/,-,!./,!2*@L'E'2,!
(*-!$+?**-!/,%.$+<!%+?!/$</L'E'2,!(*-!@%.,-!/,%.$+<!@,-,!#,D%-%.,2E!*D,-%.,?!1+?,-!
./,!#%5,!'*+?$.$*+#C!
!
!
M-KX.5ZD\!3GD,-$5,+.%2!$+4,#.$<%.$*+F!)%#'%?,!/,%.!D15DF!01$2?$+<!./,-5%2!2*%?F!
&%-%5,.-$'!#.1?EF!\D,-%.$*+!'*+?$.$*+!
!
" !



"

#F"
"

&%D,-!>WN!A[!
&/-50K>&RR464-/7!'-75.R4774/0!.R!9!3979!"-/7-5!4/!71-!`/4W-5D47K!

!
$47-D1!A4/01[I!A1-/0>O4/0!BP9/0<I!*/Z59!J-5U9/9[I!A14/>)/!,4/0LI!%P>O-/!29/0<^!
!
Ak-%?1%.,! >+#.$.1.,! *(! &-,'$#$*+! ]%+1(%'.1-$+<F! X%.$*+%2! )/$+Ld$! `+$4,-#$.E! *(!
J,'/+*2*<EF!J%$'/1+<!bAAF!J%$@%+n!+$.,#/#S$$.8/$2%$C%'C$+C!
PW,D%-.5,+.! *(! ;,(-$<,-%.$*+F! "$-! )*+?$.$*+$+<! %+?! 3+,-<E! 3+<$+,,-$+<F! X%.$*+%2!
)/$+Ld$!`+$4,-#$.E!*(!J,'/+*2*<EF!J%$'/1+<!bAAF!J%$@%+n!%QBllYPQlAQS<5%$2C'*5C!
RH,-.$4!6J%$@%+7!)*C!f.?C!9*+<#/%+!W$#.-$'.F!J%$D,$!)$.EF!J%$@%+F!AQ[Ql!
!
o)*--,#D*+?,+',N!(^@%+<S+'1.C,?1C.@n!J,2CN!phhlLBPPLhRlLQAQ!
!
)]D75967E!W%.%!',+.,-#!/%4,!8,,+!@$?,2E!?,D2*E,?!%22!*4,-!./,!@*-2?!.*!5,,.!?,5%+?#!
(*-! >J! #,-4$',#F! '2*1?! '*5D1.$+<F! %+?! >*J! %DD2$'%.$*+#C! 95%22! ?%.%! ',+.,-#! @$./!
$+#1(($'$,+.!'**2$+<!-,T1$-,!51'/!D*@,-!.*!V,,D!>J!,T1$D5,+.!-1++$+<!-,2$%82EC!"#!%!
-,#12.F!-,.-*($..$+<!/%#!8,'*5,!%+!,(($'$,+.!5,./*?!.*!$+'-,%#,!,+,-<E!,(($'$,+'E!%+?!
#%4,! *D,-%.$+<! '*#.#C! J/$#! #.1?E! ,G%5$+,#! ./,! $5D%'.! *(! -,.-*($..$+<! *+! ,+,-<E!
,(($'$,+'E! $+! %! ?%.%! ',+.,-! %.! %! `+$4,-#$.E! $+! J%$@%+C! J/,! ?%.%! ',+.,-! 1+?,-!
'*+#$?,-%.$*+! 1+?,-@,+.! %! '*5D-,/,+#$4,! -,.-*($..$+<! D-*',##C! "??$+<! .@*!5*-,!
'**2$+<! #E#.,5#! $+'-,%#,#! ./,! ?%.%! ',+.,-a#! '**2$+<! '%D%'$.EF! -,#12.$+<! $+! 5*-,!
,(($'$,+.!'**2$+<!%+?! $5D-*4,?!.,5D,-%.1-,!'*+.-*2!%+?!,2$5$+%.$+<!%+! $+,((,'.$4,!
'**2$+<! #E#.,5! ./%.! /,2D#! .*! %'/$,4,! %+! ,+,-<EL,(($'$,+.! %+?! '*#.L,((,'.$4,! ?%.%!
',+.,-C! "! 9)"W"! #E#.,5!@%#! #,.! 1D! ./-*1</*1.! ./,! -,.-*($..$+<! D-*',?1-,F! @/$'/!
%22*@,?! %! -,%2L.$5,! #.1?E! *(! ,+,-<E! '*+#15D.$*+! .*! $?,+.$(E! %+?! %??-,##! %+E!
$+,(($'$,+'$,#C! W%.%! @,-,! '*22,'.,?! 8,(*-,! %+?! %(.,-! -,.-*($..$+<F! $+'21?$+<! D*@,-!
1#%<,! ,((,'.$4,+,##! 6&`37F! ,+,-<E! '*+#15D.$*+F! %+?! .,5D,-%.1-,!5,%#1-,5,+.#C!
J/,!'**2$+<!,(($'$,+'E!'*12?!8,!$5D-*4,?!,((,'.$4,2E!./-*1</!-,.-*($..$+<C!J/,!&`3!*(!
./,!?%.%!',+.,-!8,(*-,O%(.,-!-,.-*($..$+<!@%#!PCAY!%+?!AC[AF!-,#D,'.$4,2EC!J/,!-,#12.#!
#/*@,?!%!#$<+$($'%+.!$5D-*4,5,+.!$+!,+,-<E!,(($'$,+'EF!@$./!%!&`3!-,?1'.$*+!*(!QCllF!
@/$'/! %2#*! -,4,%2#! ./%.! ,+,-<E! ,(($'$,+'EF! /%#! 8,,+! $5D-*4,?! 8E! RQCbrC! J/,!
-,.-*($..$+<!D-*^,'.!-,#12.#!$+!#$<+$($'%+.!'*#.!#%4$+<#!%+?!,+4$-*+5,+.%2!8,+,($.#C!
!
!
M-KX.5ZD\! W%.%! ',+.,-F! ;,.-*($..$+<F! )gW! #$512%.$*+F! &*@,-! `#%<,! 3((,'.$4,+,##!
6&`37F!,+,-<E!,(($'$,+'EF!
!
" !



"

#J"
"

&%D,-!>WN!Al!
)!A4US:4R4-Z!+.Z-:!R.5!&D74U974/0!71-!3-1PU4Z4R46974./!J-5R.5U9/6-!.R!9!
,.X>%:.X!,4cP4Z!3-D4669/7!AKD7-U!

!
A..>O4/!,--[I!O9->B--!,--[I!(9-Q>3./!MX./[!9/Z!O9->2-./!O-./0[^!
!
AW,D%-.5,+.! *(! "-'/$.,'.1-%2! 3+<$+,,-$+<F! )*22,<,! *(! 3+<$+,,-$+<F! :%+E%+<!
`+$4,-#$.EF!9,*12F!QbYlRF!;,D182$'!*(!c*-,%C!
!
o3L5%$2N!^^@%-'S/%+E%+<C%'CV-!
!
)]D75967E! 0,'%1#,! 5*#.! *(! ./,! ,+,-<E! $#! 1#,?! .*! '**2! %+?! /,%.! ./,! #*21.$*+! (*-!
?,/15$?$($'%.$*+!%+?!-,<,+,-%.$*+!$+!%!2$T1$?!?,#$''%+.!#E#.,5F!./,!2*@L(2*@!2$T1$?!
?,#$''%+.! #E#.,5! /%#! 8,,+! D-*D*#,?! .*! -,?1',! ./,! #*21.$*+! '**2$+<! %+?! /,%.$+<!
,+,-<EC!:*@,4,-F!./,!+15,-$'%2!%+%2E#$#!*(!./,!#E#.,5!$#!'*5D2$'%.,?!8,'%1#,!*(!./,!
'*5D-,/,+#$4,!'*+#$?,-%.$*+!#1'/!%#!./,!#1#D,+#$*+!.$5,!*(!#*21.$*+!?-*D2,.#F!/,%.!
%+?!5%##!.-%+#(,-!8,.@,,+!./,!%$-!%+?!#*21.$*+C!J/,-,(*-,F!./,!#$5D2$($,?!5*?,2!*(!%!
2*@L(2*@!2$T1$?!?,#$''%+.!#E#.,5!$#!+,,?,?!.*!%+%2EU,!./,!#E#.,5!D,-(*-5%+',C!J/,!
5%$+! *8^,'.$4,! *(! ./$#! #.1?E! $#! .*! #1<<,#.! ./,! #$5D2$($,?! ?,/15$?$($'%.$*+!
D,-(*-5%+',!,#.$5%.$*+!5*?,2!(*-!%!2*@L(2*@!2$T1$?!?,#$''%+.!#E#.,5!8%#,?!*+!./,!
#*21.$*+! %.*5$U%.$*+! @$./! .$+E! ?-*D2,.#C! J*! ,#.%82$#/! ./,! ,5D$-$'%2! 5*?,2F!
,GD,-$5,+.%2! ?%.%! @,-,! *8.%$+,?! 8E! ./,! D$2*.! %DD%-%.1#! 1+?,-! 4%-$*1#! *D,-%.$+<!
'*+?$.$*+#C!J/,!#*21.$*+!.,5D,-%.1-,F!#*21.$*+!5%##!(2*@!-%.,!%+?!%$-!5%##!(2*@!-%.,!
@,-,!%2#*!'*+#$?,-,?!%#!./,!?,#$<+!4%-$%82,#!.*!#$<+$($'%+.!,((,'.!*+!?,/15$?$($'%.$*+!
D,-(*-5%+',C! `#$+<! #.%.$#.$'%22E! %+%2EU$+<! ?,/15$?$($'%.$*+! D,-(*-5%+',! ?%.%!
<,+,-%.,?!8E!./,!,GD,-$5,+.F!./,!,((,'.#!*(!?,#$<+!4%-$%82,#!%+?!./,$-!'*58$+%.$*+#!
*+! ./,! 2$T1$?! ?,#$''%+.! ?,/15$?$($'%.$*+! @%#! ,#.$5%.,?! 8E! ./,! PV! (%'.*-$%2!
,GD,-$5,+.%2!?,#$<+!5,./*?C!J/,!#$5D2$($,?!2$+,%-!-,<-,##$*+!5*?,2!./%.!-,.1-+#!./,!
/15$?$.E!-%.$*!?$((,-,+',!@%#!?,-$4,?!%#!%!(1+'.$*+!*(!./,!?,#$<+,?!5%^*-!4%-$%82,#!
./%.!/%4,!#$<+$($'%+.!$5D%'.#!*+!./,!?,/15$?$($'%.$*+!D,-(*-5%+',!*(!./,!2*@L(2*@!
2$T1$?! ?,#$''%+.! #E#.,5C! J/,! ,GD,-$5,+.%2! ?%.%! %+?! D-,?$'.,?! ?%.%! 8E! ./,! ?,-$4,?!
5*?,2! @,-,! '*5D%-,?F! %+?! ./,! -,#12.#! #/*@,?! %+! ,--*-! *(! 2,##! ./%+! AQrC! J/,!
#$5D2$($,?! /15$?$.E! -%.$*! ?$((,-,+',! ,#.$5%.$*+! 5*?,2! '%+! 8,! 1#,?! .*! ?,#$<+! ./,!
*D.$5$U%.$*+!*D,-%.$+<!'*+?$.$*+#!*(!%!2*@L(2*@!2$T1$?!?,#$''%+.!#E#.,5C!
!
!
M-KX.5ZD\! f$T1$?! ?,#$''%+.! #E#.,5F! f*@L(2*@! -%.,F! :15$?$.E! -%.$*! ?$((,-,+',F!
)*--,2%.$*+!5*?,2#F!"X\H"!%+%2E#$#!
!
" !



"

#G"
"

&%D,-!>WN!AY!
&/-50K!A9W4/0!J.7-/749:!.R!V96PPU>G9D-Z!+-U]59/-!3-1PU4Z4R4-5!X471!
*/Z45-67!&W9S.5974W-!"..:-5!R.5!":9DD5..UD!

!
A9/0>BX9/!J95Q[I!N./0>MX./!M9/0[I!BK.>,4U!J95Q[!9/Z!O9->2-./!O-./0[^!
! !
AW,D%-.5,+.! *(! "-'/$.,'.1-%2! 3+<$+,,-$+<F! )*22,<,! *(! 3+<$+,,-$+<F! :%+E%+<!
`+$4,-#$.EF!QbYlRF!;,D182$'!*(!c*-,%!
!
o3L5%$2N!^^@%-'S/%+E%+<C%'CV-!
!
)]D75967E!J/,!D1-D*#,!*(!./$#!#.1?E!$#!.*!D-*D*#,!%!?,'*1D2,?!%$-L'*+?$.$*+$+<!#E#.,5!
1#$+<! 4%'115L8%#,?! 5,58-%+,! ?,/15$?$($,-! (*-! %! '2%##-**5! $+! /*.! %+?! /15$?!
'2$5%.,#C!J/,!D-*D*#,?!#E#.,5!'*+#$#.#!*(!%+!$+?$-,'.!,4%D*-%.$4,!'**2,-F!%!4%'115L
8%#,?!5,58-%+,!?,/15$?$($,-F! %+?! %+!%$-!/%+?2$+<!1+$.C! J/,! $+?$-,'.! ,4%D*-%.$4,!
'**2,-! D-,L'**2#! ./,! *1.?**-! %$-F! %+?! ./,! D-,L'**2,?! *1.?**-! %$-! $#! 5$G,?! @$./!
-,'$-'12%.$+<! %$-! .*! -,?1',! ,+,-<E! '*+#15D.$*+C! J/,! 5$G,?! %$-! $#! '*5D2,.,2E!
?,/15$?$($,?! 8E! ./,! 4%'115L8%#,?! 5,58-%+,! ?,/15$?$($,-C! "(.,-!
?,/15$?$($'%.$*+F! ./,! %$-! /%+?2$+<! 1+$.! %?^1#.#! ./,! %$-! .,5D,-%.1-,! .*! ./,! .%-<,.!
#1DD2E!%$-!.,5D,-%.1-,C!>+!%!'*+4,+.$*+%2!%$-!/%+?2$+<!1+$.F!./,!%$-!$#!*4,-'**2,?!8E!%!
'**2$+<! '*$2! (*-! '*+?,+#%.$*+! ?,/15$?$($'%.$*+! %+?! -,/,%.,?! 8E! %! /,%.$+<! '*$2! .*!
-,%'/!./,!.%-<,.!#1DD2E!%$-!.,5D,-%.1-,C!\+!./,!*./,-!/%+?F!$+!./,!D-*D*#,?!#E#.,5F!
./,!4%'115L8%#,?!5,58-%+,!?,/15$?$($,-!/%+?2,#!5*#.!*(!2%.,+.!/,%.!2*%?!*(!./,!
$+2,.! %$-! @$./*1.! .,5D,-%.1-,! '/%+<,F! ./-*1</! ./,! $#*./,-5%2! ?,/15$?$($'%.$*+!
D-*',##C!J*!$+4,#.$<%.,!./,!,+,-<EL#%4$+<!D*.,+.$%2!*(!./,!4%'115L8%#,?!5,58-%+,!
?,/15$?$($,-F! %+! ,+,-<E! '*+#15D.$*+! #$512%.$*+! @%#! '*+?1'.,?! 8,.@,,+! ./,!
D-*D*#,?! ?,'*1D2,?! #E#.,5! %+?! %! -,(,-,+',! #E#.,5! $+! ./,! '2%##-**5! ?1-$+<! ./,!
'**2$+<!#,%#*+C!J/,!-,(,-,+',!#E#.,5!'*+#$#.#!*(!%+!$+?$-,'.!,4%D*-%.$4,!'**2,-!%+?!
%+!%$-!/%+?2$+<!1+$.C!J/,!$+?**-!./,-5%2!2*%?#!*(!./,!'2%##-**5!@,-,!'%2'12%.,?!1#$+<!
J;X9d9! AhF! %+?! ./,! ,+,-<E! '*+#15D.$*+! #$512%.$*+#! @,-,! D,-(*-5,?! 1#$+<! ./,!
3+<$+,,-$+<!3T1%.$*+!9*24,-!63397C!J/,!#$512%.$*+!-,#12.#!-,4,%2,?!./%.!./,!D-*D*#,?!
?,'*1D2,?!#E#.,5!'%+!-,?1',!,+,-<E!'*+#15D.$*+!'*5D%-,?!.*!./,!-,(,-,+',!#E#.,5!
$+!./,!'2%##-**5C!J/,!.*.%2!,+,-<E!'*+#15D.$*+!@%#!-,?1',?!A[CR!r!'*5D%-,?!.*!./,!
-,(,-,+',! #E#.,5! ?1,! .*! ./,! %8#,+',! *(! ./,! *4,-'**2$+<! %+?! -,/,%.$+<! ,+,-<E!
'*+#15D.$*+C!
!
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!
A!W,D%-.5,+.!*(!],'/%+$'%2!3+<$+,,-$+<F!`+$4,-#$.E!*(!]%2%E%F![QlQR!c1%2%!f15D1-F!
]%2%E#$%C!
P!`]LW%$V$+!f%8*-%.*-EF!g%'12.E!*(!3+<$+,,-$+<F!`+$4,-#$.E!*(!]%2%E%F![QlQR!c1%2%!
f15D1-F!]%2%E#$%C!
RW%$V$+! ;,#,%-'/! I! W,4,2*D5,+.! ]%2%E#$%! 9?+! 0/?F! f*.! lQRRbF! &,-#$%-%+! 01V$.!
;%/5%+! &1.-%! RF! J%5%+! &,-$+?1#.-$%+! 01V$.! ;%5%+! &1.-%F! bYQQQ! 91+<%$! 012*/F!
9,2%+<*-F!]%2%E#$%C!
bg1.1-,! J,'/+*2*<E! ;,#,%-'/! ),+.,-F! X%.$*+%2! d1+2$+! `+$4,-#$.E! *(! 9'$,+',! %+?!
J,'/+*2*<EF!APR!`+$4,-#$.E!;*%?F!9,'.$*+!RF!W*12$*1F!d1+2$+!lbQQPF!J%$@%+F!;\)C!
!!!
o3L5%$2N!E/E%1S15C,?1C5E!!
!
)]D75967E!J/,!#.1?E!,4%21%.,#!./,!,((,'.$4,+,##!*(!3+,-<E!;,'*4,-E!H,+.$2%.$*+!63;H7!
%+?!9.-,%5,-!W1'.!)/%58,-!69W)7!$+!$5D-*4$+<!$+?**-!%$-!T1%2$.E!8E!-,?1'$+<!)\P!
2,4,2#!%+?!-,5*4$+<!D%-.$'12%.,!5%..,-!6&]PC[!%+?!&]AQ7C!J/,!,+,-<E!'*+#15D.$*+!
*(!?$((,-,+.!4,+.$2%.$*+!#E#.,5#!$#!%2#*!%##,##,?C!3;H!4,+.$2%.$*+!#$<+$($'%+.2E!-,?1',#!
)\P!'*+',+.-%.$*+F!%'/$,4$+<!%!-,5%-V%82,!-,?1'.$*+!'*5D%-,?!.*!+*!4,+.$2%.$*+C!\+!
%4,-%<,F!3;H!4,+.$2%.$*+!-,?1',#!D,%V!)\P!2,4,2#!8E!%DD-*G$5%.,2E![QrF!$5D-*4$+<!
$+?**-!%$-!T1%2$.EC!H,+.$2%.$*+!#E#.,5#!@$./!9W)!,((,'.$4,2E!5$.$<%.,!&]PC[!%+?!&]AQ!
D*221.$*+! '*5D%-,?! .*! 4,+.$2%.$*+!@$./*1.! %$-! ($2.-%.$*+F!5%V$+<! ./,5!*D.$5%2! (*-!
5%$+.%$+$+<! /,%2./E! $+?**-! %$-! T1%2$.EC! J/,! #.1?E! %2#*! /$</2$</.#! ./,! ,+,-<E!
,(($'$,+'E! *(! 3;H! 4,+.$2%.$*+F! #/*@'%#$+<! #$<+$($'%+.! ,+,-<E! #%4$+<#! '*5D%-,?! .*!
+*+L3;H! 4,+.$2%.$*+C! J/,#,! ($+?$+<#! ,5D/%#$U,! ./,! D*.,+.$%2! *(! 3;H! #E#.,5#! $+!
,+/%+'$+<! ,+,-<E! ,(($'$,+'E! %+?! $+?**-! %$-! T1%2$.EC! J/,! -,#,%-'/! 1+?,-#'*-,#! ./,!
$5D*-.%+',!*(!@,22L?,#$<+,?!4,+.$2%.$*+!#E#.,5#!(*-!'-,%.$+<!D*#.L)\H>WLAB!$+?**-!
,+4$-*+5,+.#!./%.!%-,!/,%2./E!%+?!,+,-<EL,(($'$,+.F!D-*4$?$+<!4%21%82,!$+#$</.#!(*-!
D*2$'E5%V,-#!%+?!(%'$2$.E!5%+%<,-#C!
!
!
M-KX.5ZD\! >+?**-! %$-! T1%2$.EF! 3+,-<E! ;,'*4,-E! H,+.$2%.$*+! 63;H7F! 9.-,%5,-! W1'.!
)/%58,-!69W)7F!)\P!-,?1'.$*+F!&%-.$'12%.,!5%..,-!-,5*4%2F!3+,-<E!,(($'$,+'E!
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!
)5P:!B4D19U!)!'914U^d!JE&/0E!
!
":";!)*+#12.%+.#!&fJo!
!
o3L5%$2N!%-12/$#/%5S%/%-'*+#12.%+.#C'*5C5E!!
!
)]D75967E!W$#.-$'.!'**2$+<!#E#.,5!6W)7!/%#!8,,+!$+#.%22,?!$+!]%2%E#$%!#$+',!./,!5$?L
ABBQ#!$+!5%+E!<*4,-+5,+.!%+?!'*55,-'$%2!?,4,2*D5,+.#C!f*@!?,2.%LJ!#E+?-*5,!$#!
%! '*55*+! $##1,! D2%<1$+<! ./,! W)! '/$22,?! @%.,-! #E#.,5#! ./%.! '%+! 2,%?! .*! -,?1',?!
'**2$+<! '%D%'$.E! %+?! 2*@! ,+,-<E! ,(($'$,+'EC! f*@!?,2.%LJ! $+! %! '/$22,?!@%.,-! #E#.,5!
-,(,-#! .*! ./,! '*+?$.$*+!@/,-,! ./,! .,5D,-%.1-,! ?$((,-,+',! 8,.@,,+! ./,! #1DD2E! %+?!
-,.1-+!@%.,-!$#!2*@,-!./%+!./,!?,#$<+!4%21,C!>+$.$%22EF!./,!,((,'.#!*(!2*@!?,2.%LJ!%-,!
+*.!@,22! 1+?,-#.**?! 8E! W)! *D,-%.*-#C! )*1D2,?!@$./! %! -,2%.$4,2E! '/,%D! ,+,-<E! %+?!
1.$2$.$,#!'*#.#F!W)!*D,-%.*-#!?$?!+*.!D%E!51'/!%..,+.$*+!.*!$.C!"#!./,!#E#.,5!%<,#F!./,!
,((,'.#! *(! 2*@! ?,2.%LJ! /%4,! 8,'*5,! 5*-,! D-*+*1+',?C! M$./! ./,! ,4,-L$+'-,%#$+<!
1.$2$.$,#! '*#.#F! +*@! W)! *D,-%.*-#! %-,! $5D*#$+<! +,@! -,T1$-,5,+.! *+! '1#.*5,-#! .*!
-,.1-+! ./,! '/$22,?! @%.,-! %.! ./,! D-,#'-$8,?! .,5D,-%.1-,! *-! /$</,-n! (%$2$+<! @/$'/! %!
D,+%2.E!@*12?!8,!$5D*#,?!*+!./,!'1#.*5,-C!f*@!?,2.%LJ!'%+!2,%?!.*!$+'-,%#,?!,+,-<E!
'*+#15D.$*+!%+?!?,'-,%#,?!#E#.,5!D,-(*-5%+',F! %#!5*-,!'/$22,-!D2%+.!,T1$D5,+.!
/%#!.*!8,!-1+!.*!%'/$,4,!./,!?,#$-,?!'**2$+<!,((,'.C!J/,! $5D%'.#!*(! 2*@!?,2.%LJ!%-,!
?$#'1##,?!%+?!4%-$*1#!(%'.*-#!./%.!'%1#,!./$#!#E+?-*5,!%-,!D-,#,+.,?!%+?!,2%8*-%.,?C!
3G%5D2,#!*(!./,!'%1#,#!*(!2*@!?,2.%LJ!(*1+?!$+!]%2%E#$%n’s scene are presented. In 
*-?,-! .*! %??-,##! ./$#! $##1,F! $.! $#! $5D*-.%+.! .*! $?,+.$(E! ./,! 1+?,-2E$+<! '%1#,#! %+?!
$5D2,5,+.!%DD-*D-$%.,!#*21.$*+#C!J/,!,((,'.$4,+,##!*(!./,!#*21.$*+#!$#!%2#*!,4%21%.,?C!
"??-,##$+<!2*@!?,2.%LJ!-,T1$-,#!%!#E#.,5%.$'!%DD-*%'/!./%.!$+'21?,#!$?,+.$(E$+<!./,!
-**.! '%1#,F! '*+?1'.$+<!D,-(*-5%+',! .,#.$+<F! %+?! $5D2,5,+.$+<!'*--,'.$4,!%'.$*+#C!
&-*D,-2E! %??-,##$+<! 2*@!?,2.%LT can help optimize system’s performance, reduce 
,+,-<E!'*#.#F!%+?!$5D-*4,!*4,-%22!81$2?$+<!'*5(*-.C!>5D-*4,?!'/$22,-!D2%+.!,(($'$,+'E!
and system’s performance reduces the carbon footprint in line with Malaysia’s 
?,'%-8*+$U%.$*+!D*2$'E!8E!E,%-!PQ[QC!
!
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A:,%?!*(!3+<$+,,-$+<F!9)G!9*21.$*+#!&.,C!f.?CF!9$+<%D*-,!!
PW$-,'.*-F!9)G!9*21.$*$+#!&.,C!f.?CF!9$+<%D*-,!
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!
)]D75967\! J/,!@%4,!*(!)\H>WLAB! 4$-1#! $+! PQPQF! /%#!D1.! 1D! %! 2*.! *(! $5D*-.%+',!*+!
5,%#1-,#! 2$V,! #*'$%2! ?$#.%+'$+<F! 5%#V$+<F! -**5! 4,+.$2%.$*+F! D2%',5,+.! *(! :H")!
,T1$D5,+.!,.'C!>(!%!#.%+?%-?!5,,.$+<!-**5!#$U,!$#!'*+#$?,-,?F!@/,-,$+!%8*1.!l!D,*D2,!
'%+! #$.F! ./,! #D-,%?! *(! ?-*D2,.#! ./%.! *-$<$+%.,!?1,! .*! #D,%V$+<O#+,,U$+<! 8,'*5,#! %!
'-$.$'%2!./$+<!.*!,4%21%.,C!>5D-*D,-!4,+.$2%.$*+F!$+%?,T1%.,!?$#.%+'$+<!'%+!#D-,%?!./,!
%$-8*-+,!4$-1#!@$./$+!+*!.$5,C!i1%2$.%.$4,2EF!*+,!'%+!D1.!1D!%!D-*.*'*2!*(!?$#.%+'$+<F!
4,+.$2%.$*+O!%$-!'*+?$.$*+$+<F!'$-'12%.$+<!(-,#/!%$-!@$./$+!./,!-**5!,.'CF!81.!#.$22!%!-,%2!
understanding of the “Spreading” mechanism is far from being understood. A 
#E#.,5%.$'! %+?! #'$,+.$($'! #.1?E! *(! ./,! #D-,%?! *(! 4$-1#! *-! ?-*D2,.#! '%+! 5%V,! 1#!
1+?,-#.%+?!./,!%(.,-,((,'.#!$+!%!T1%+.$.%.$4,!5%++,-C!)*5D1.%.$*+%2!g21$?!WE+%5$'#!
6)gW7!$#!*+,!#1'/!5,%+#!.*!#$512%.,F!#.1?EF!%+?!T1%+.$(E!./,!?$#.-$81.$*+!*(!#D,'$,#!
2$V,!4$-1#F!%$-!?-*D2,.#!$+!%!#D,'$($'!*D,-%.$+<!,+4$-*+5,+.C!g*-!#.1?E$+<!./,!@%E!$+!
@/$'/!./,!4$-1#O?-*D2,.#!@$22!8,!?$#.-$81.,?!*+',!,5$..,?!(-*5!./,!#*1-',!65*1./7F!%!
)gW!5*?,2!*(!./,!-**5F!@$./!*8^,'.#!2$V,!.%82,F!'/%$-#!%+?!./,!/15%+!8,$+<#!#$..$+<!
$+#$?,!$.F!'%+!8,!5*?,22,?C!H$-1#!'%+!8,!'*+#$?,-,?!%#!%!5%##2,##!D%-.$'2,!6#D,'$,#7!%+?!
?-*D2,.#!'%+!8,!'*+#$?,-,?!%#!D%-.$'2,#!@$./!+*+LU,-*!5%##C!\+',!./,#,!D%-.$'2,#!%-,!
$+^,'.,?!$+!./,!%$-!#.-,%5!6%$-!$#!%!-,%2!(21$?7F!?,D,+?$+<!*+!./,!+%.1-%2!*-!(*-',?!%$-!
(2*@F!./,!(*-',#!%'.$+<!*+!./,!D%-.$'2,#!%-,!,4%21%.,?C!J/,!-,#12.%+.!(*-',!@$22! ./,+!
.-%'V!%+?!'%2'12%.,!./,!.$5,L8%#,?!D*#$.$*+!*(!./,!D%-.$'2,!%+?!#D,'$,#C!&,-(*-5%+',!
D%-%5,.,-#!2$V,!'*+',+.-%.$*+!$+?,G!%.!%+E!D*$+.O-,<$*+!$+!./,!-**5!'%+!8,!?,($+,?!
%+?!./,!,(($'%'E!*(!?$((,-,+.!4,+.$2%.$*+!*D.$*+#!'%+!./,+!8,!'*5D%-,?C!>+!./$#!D%D,-F!
we’ll be giving a de.%$2,?! ,#.$5%.,! *(! /*@! )gW! 5*?,22$+<! '%+! /,2D! 1#! .-%'V! ./,!
4$-1#O%$-!8*-+,!D%-.$'2,#!$+!./,!-**5F!(*-!?$((,-,+.!4,+.$2%.$*+!*D.$*+#C!!
!
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)W4/9D1!B!)/9/71959U[I!J59W--/!B!"19/Z59D1-Q95<!
!
A91#.%$+%8$2$.E! %+?! ;,#$2$,+',! \(($',F! 91-8%+%! e1-*+<! I! 9]3)! >+?$%! &4.C! f.?CF!!!!!
0%+<%2*-,F!c%-+%.%V%F![lQQl[F!>+?$%C!
P91#.%$+%8$2$.E! %+?! ;,#$2$,+',! \(($',F! 91-8%+%! e1-*+<! 9k! W$4$#$*+F! 9$+<%D*-,F!
lRlYbAF9$+<%D*-,C!
!!!
o3L5%$2N!%4$+%#/C%+%+./%-%5S#5,'C'*5!%+?!D-%4,,+C/%##%+S#1-8%+%^1-*+<C'*5!!
!
)]D75967E!"!91D,-! 2*@!,+,-<E!81$2?$+<! $+!9$+<%D*-,! $#!?,($+,?!%#! ./,!8,#.L$+L'2%##!
,+,-<E!D,-(*-5$+<!k-,,+!]%-V!81$2?$+<!./%.!'%+!%'/$,4,!lQr!,+,-<E!#%4$+<#!@$./!
-,(,-,+',!.*!PQQ[!81$2?$+<!'*?,#C!J*!%'/$,4,!#1'/!#.,,D!,+,-<E!#%4$+<#!@$22!-,T1$-,!
%22! ./,!81$2?$+<!#E#.,5#!.*!8,!?,#$<+,?!.*!D,-(*-5!*D.$5%22E!@$./!./,!2,%#.!,+,-<E!
'*+#15D.$*+! %#! D*##$82,! %+?! ./,! ,+,-<E! D-*?1'.$*+! ./-*1</! -,+,@%82,#! .*! 8,!
5%G$5$U,?!8*./!#D%.$%22E!%+?!$+!.,-5#!*(!#E#.,5!D,-(*-5%+',C!>+!./,!.-*D$'%2!'2$5%.,!
'*+?$.$*+F!")]H!#E#.,5#!@/$'/!'*+#15,!bQr!*(!./,!*4,-%22!81$2?$+<!,+,-<E!./,+!
8,'*5,#!./,!5*#.!'-$.$'%2!81$2?$+<!#E#.,5!(*-!./,!lQr!,+,-<E!#%4$+<#!.%-<,.!.*!8,!
%'/$,4,?C! J/$#! D%D,-! $+4,#.$<%.,#! ./,! ?,#$<+! D/$2*#*D/E! %+?! '-$.$'%2! D,-(*-5%+',!
'-$.,-$%!.*!8,!5,.!8E!./,!")]H!#E#.,5#!.*!%'/$,4,!./,!#1D,-!–!2*@!,+,-<E!#.%.1#!(*-!%!
.%22!81$2?$+<!$+!9$+<%D*-,C!9.-%.,<$,#!%+?!.,'/+*2*<$,#!.*!%'/$,4,!./,!-,T1$-,?!#%4$+<#!
%-,! $+4,#.$<%.,?! ./-*1</! %+! ,+,-<E! 5*?,2! #$512%.$*+! #.1?E! 1#$+<! >39! H3C! M$./!
'2$5%.,! '/%+<,! $+! '*+#$?,-%.$*+! ./,! D%D,-! %2#*! $+4,#.$<%.,#! ./,! 5%-<$+#! .*! 8,!
5%$+.%$+,?! @/$2,! ?,#$<+$+<! ./,! ")]H! #E#.,5#! #*! ./%.! ./,! D,-(*-5%+',! $#! +*.!
'*5D-*5$#,?!*4,-!.$5,!?1,!.*!/$</,-!2*%?#!%+?!*D,-%.$*+%2!.,5D,-%.1-,#!-,#12.$+<!
(-*5!<2*8%2!@%-5$+<C!
!
!
M-KX.5ZD\! 91D,-L2*@! ,+,-<E! 81$2?$+<F! ")]H! ?,#$<+F! W,#$<+! (*-! D,-(*-5%+',F!
W,#$<+!(*-!)2$5%.,!;,#$2$,+',!
" !



"

>#"
"

&%D,-!>WN!Pb!
(1-!&RR-674W-/-DD!.R!394Q4/!A75-9U-5!4/!)45>"./Z474./-5D!9/Z!)45!":-9/-5D!
7.!*US5.W-!71-!*/Z..5!)45!aP9:47K!;*)a@!.R!'-D4Z-/749:!.5!#RR46-!'..UE!

!
"2,G%+?,-!:#$,+!]$+!M*+<oF!M%$!],+<!)/$+!
!
J,'/+*2*<E!W,4,2*D5,+.!W,D%-.5,+.F!W%$V$+!;,#,%-'/!%+?!W,4,2*D5,+.!]%2%E#$%!
9?+C!0/?CF!91+<%$!012*/F!9,2%+<*-F!bYQQQF!]%2%E#$%C!
!
o3L5%$2N!@*+<C/#$,+5$+S?%$V$+C'*5C5E!!
!
)]D75967E! "@%-,+,##! *(! >+?**-! "$-! i1%2$.E! 6>"i7! /%#! -,',+.2E! 8,,+! #1D,-'/%-<,?!
./-*1</! ./,! -$#,! *(! ./,! )*4$?LAB! D%+?,5$'C! H*2%.$2,! *-<%+$'! '*5D*1+?#! 6H\)#7F!
'%-8*+! ?$*G$?,#F! D%-.$'12%.,!5%..,-! 6&]PC[7F! %+?! 8$*L%,-*#*2#! ./%.! '%--E! %$-8*-+,!
D%./*<,+#!./%.!#,-4,!%#!D-$5%-E!.-%+#5$##$*+#!*(!?$#,%#,#!%+?!#$'V+,##!$+!./,!%$-!%-,!
5%^*-! '*5D*+,+.#! 8,$+<! '*+#$?,-,?! @/,+! ,4%21%.$+<! $+?**-! %$-! T1%2$.EC! >+! ./$#!
,GD,-$5,+.%2! #.1?EF! ,((*-.! @%#! <$4,+! .*! $+4,#.$<%.,! ./,! ,((,'.$4,+,##! *(! W%$V$+!
9.-,%5,-! $+! $.#! %##*'$%.,?! ,T1$D5,+.! .*! $5D-*4,! ./,! >"i!*(! %! -,#$?,+.$%2! *-! *(($',!
-**5!8E!-,?1'$+<!./,!-$#V!D*#,?!8E!D%./*<,+#!%+?!8$*L%,-*#*2#C!J/,!@%22L5*1+.,?!
%$-L'*+?$.$*+,-!69]";J\7F!',$2$+<L'%##,..,!%$-L'*+?$.$*+,-!6X))c7F!%+?!9.-,%5,-!
W1'.! )/%58,-! 69W)7! @,-,! $+4,#.$<%.,?! (*-! ./,$-! 8%'.,-$'$?%2! D,-(*-5%+',! ,((,'.!
%<%$+#.!3L)*2$!8%#,?!*+!e3]!AblY!"DD,+?$G!g!,4%21%.$*+!#.%+?%-?F!@/,-,8E!%(.,-!b!
/*1-#!*(!,GD*#1-,F!-,#12.#!@,-,!BBCYrF!BBCBrF!%+?!BBCBBr!-,?1'.$*+!-,#D,'.$4,2E!$+!
%!-**5!4*215,!*(!RACP5RC!"??$.$*+%22EF!./,!9W)!%+?!%$-!D1-$($,-!6])[[=H]]7!5*?,2#!
@,-,!$+4,#.$<%.,?!*+!$.#!,((,'.$4,+,##!$+!-,5*4%2!*(!%$-8*-+,!D%./*<,+#!8%#,?!*+!e3]!
AblY!"DD,+?$G!W!,4%21%.$*+!#.%+?%-?F!@/,-,8E!./,!9W)!-,5*4,?!BBCBr!*(!%$-8*-+,!
9.%D/E2*'*''1#! "1-,1#! $+! RQ! 5$+1.,#! $+! %! -**5! 4*215,! *(! PbCQR5RF! %+?! ./,! %$-!
D1-$($,-! -,5*4,?!BBCBhr!%$-8*-+,!9";9L)*H!P! 4$-1#! $+! PC[!5$+1.,#! $+! %! '/%58,-!
4*215,!*(!ACQl5RC!:,+',F!./,!%DD2$'%.$*+!*(!#1'/!,T1$D5,+.!$+!/*5,#!%+?!*(($',#!@$22!
/,2D!.*!5$.$<%.,!./,!-$#V!*(!$+(,'.$*+#!8E!8%'.,-$%!%+?!4$-1#,#C!
!
!
M-KX.5ZD\! >+?**-! "$-! i1%2$.EF! W%$V$+! 9.-,%5,-F! "$-L'*+?$.$*+,-F! "$-! )2,%+,-F!
0%'.,-$%F!H$-1#C!
" !



"

>>"
"

&%D,-!>WN!PY!
(1-! */R:P-/6-! .R!F5--/!'..R! J.7!#S-/4/0D! ./! 71-!B-97! %:.X!%4-:Z! 4/! 71-!
F5.X71!+-Z4PU!]K!"%3!A4UP:974./!

!
"141>%9/0!%9/0[I!G4/0>NP9/!#P[I!*/Z59!J-5U9/9<I!9/Z!%PT-/!29/0L^!
!
AW,D%-.5,+.!*(!f%+?#'%D,!"-'/$.,'.1-,F!X%.$*+%2!)/$+Ld$!`+$4,-#$.E!*(!J,'/+*2*<EF!
J%$'/1+<!bAAF!J%$@%+C!
Pk-%?1%.,! >+#.$.1.,! *(! &-,'$#$*+! ]%+1(%'.1-$+<F! X%.$*+%2! )/$+Ld$! `+$4,-#$.E! *(!
J,'/+*2*<EF!J%$'/1+<!bAAF!J%$@%+C!
RW,D%-.5,+.! *(! ;,(-$<,-%.$*+F! "$-! )*+?$.$*+$+<! %+?! 3+,-<E! 3+<$+,,-$+<F! X%.$*+%2!
)/$+Ld$!`+$4,-#$.E!*(!J,'/+*2*<EF!J%$'/1+<!bAAF!J%$@%+C!
!
o3L5%$2N!(^@%+<S+'1.C,?1C.@!!
!
)]D75967E!&*.L.ED,!<-,,+!-**(#!*(.,+!(%',!'*+',-+#!-,<%-?$+<!/$</!-**.!.,5D,-%.1-,#C!
\D,+$+<#! '%+! 8,! 5%?,! $+! ./,! D*.! @%22! .*! 5$.$<%.,! -**.! .,5D,-%.1-,! ,((,'.$4,2EC!
:*@,4,-F! 1+?,-#.%+?$+<! ./,! '*5D2,G! 5,'/%+$#5#! %((,'.$+<! ./,! D*.a#! -**.!
.,5D,-%.1-,!$#!'-1'$%2C!J/,-,(*-,F!./$#!%-.$'2,!$+4,#.$<%.,#!./,!'*+4,'.$4,!8,+,($.#!8E!
1.$2$U$+<! '*5D1.%.$*+%2! (21$?! ?E+%5$'#! 6)gW7! .*! #$512%.,! ./,! $5D%'.! *(! ?$((,-,+.!
*D,+$+<!5*?,#!$+!./,!<-,,+!-**(!D*.!*+!./,!/,%.!(2*@!($,2?!@$./$+!./,!<-*@./!5,?$15C!
g$-#.2EF!5,%#1-,?!?%.%!,#.%82$#/,#!%+?!4,-$($,#!%!./,-5%2!(2*@!($,2?!5*?,2!*(!./,!D*.!
5,?$15C!9,'*+?2EF! ./,!)gW!%+%2E#$#! ,GD2*-,#! ./,!*D,+$+<! -%.$*!*(! ./,!D*.!%+?! ./,!
<-,,+!-**(!D*.!$+!%!'*+.-*22,?!@*-V#/*D!#,..$+<C!J/,!-,#12.#!?,5*+#.-%.,!./%.!%#!./,!
*D,+$+<!-%.$*!$+'-,%#,#F!./,!%$-!4,2*'$.E!@$./$+!./,!5,?$15!%+?!./,!'**2$+<!,((,'.!%2#*!
$+'-,%#,C!:*@,4,-F!./,!-%.,!*(!$5D-*4,5,+.!<-%?1%22E!?$5$+$#/,#!@/,+!./,!*D,+$+<!
-%.$*!-,%'/,#!bQr!.*!AQQrC!J/,!%$-(2*@!-%.,!$#!/$</,-!$+!./,!D,-(*-%.,?!D*.!'*5D%-,?!
.*!./,!+*+LD,-(*-%.,?!*+,C!0%#,?!*+!./,!($+?$+<#F!$.!$#!-,'*55,+?,?!.*!$+'*-D*-%.,!
D-*D,-!*D,+$+<#!$+!./,!<-,,+!-**(!D*.#C!J/$#!D-%'.$',!'%+!,+/%+',!./,!%,-%.$*+!*(!./,!
<-*@./! 5,?$15F! -,?1',! -**.! .,5D,-%.1-,F! %+?! *D.$5$U,! ./,! *4,-%22! <-*@./!
,+4$-*+5,+.!(*-!D2%+.#C!
!
!
M-KX.5ZD\! D,-(*-%.,! -%.$*F! -**.! U*+,! .,5D,-%.1-,F! D*-*1#F! ./,-5%2! '*+4,'.$*+F!
4,+.$2%.$*+!
" !



"

>?"
"

&%D,-!>WNPh!
".US954D./! .R! "./79U4/9/7! "./6-/75974./! 9/Z! &/-50K! "./DPUS74./!
)66.5Z4/0! 7.! "./Z474./! .R! $-0974W-! J5-DDP5-! *D.:974./! 295Z! )45!
"./Z474./4/0!9/Z!AP00-D74./!.R!&/-50K!A9W4/0!+-71.Z!

!
N-:4U!O.[I!B--P/!"1.[I!9/Z!+4/Q4!AP/0[^!
!
AW,D%-.5,+.!*(!"-'/$.,'.1-%2!3+<$+,,-$+<F!9,^*+<!`+$4,-#$.EF!9,*12F!c*-,%C!
!
o3L5%$2N!5V#1+<S#,^*+<C%'CV-!!
!
)]D75967E!J/,!81$2?$+<#!%''*1+.#!(*-!*+,L./$-?!*(!./,!@*-2?a#!,+,-<E!'*+#15D.$*+F!
%+?! ./,!:H")! #E#.,5! %''*1+.#! (*-! %8*1.! AQLPQ!r! *(! ./,! ,+,-<E! '*+#15D.$*+! *(!
%?4%+',?! '*1+.-$,#C! :*#D$.%2#! /%4,! ./,! #,'*+?! /$</,#.! ,+,-<E! 1#%<,! %5*+<! %22!
81$2?$+<#!$+!c*-,%F!#*!$.!$#!,##,+.$%2!.*!#%4,!/*#D$.%2!,+,-<EC!>+!D%-.$'12%-F!+,<%.$4,!
D-,##1-,! $#*2%.$*+!@%-?! 6X&>M7!/%#! /$</,-! %$-! '/%+<,! -%.,! ./%+! <,+,-%2! $+D%.$,+.!
ward, is operated 24 hours, and NPIW’s air is conditioned by 100 % outdoor air 
#E#.,5F! #*! ,+,-<E! '*+#15D.$*+! *(!X&>M! $#! /1<,C! J*! #*24,! ./$#! D-*82,5F! ,(($'$,+.!
'*+.-*2!.,'/+*2*<E!*(!:H")!#E#.,5!$#!-,T1$-,?!.*!,#.%82$#/!%+!,+,-<EL#%4$+<!(%'$2$.E!
#E#.,5C!"''*-?$+<2EF!$+!./$#!#.1?EF!%!-,D-,#,+.%.$4,!5*?,2!@%#!#,2,'.,?!8E!%+%2EU$+<!
./,!.ED,#!%+?!:H")!#E#.,5!5*-,!./%+!PQ!@%-?#!%5*+<!./,!<*4,-+5,+.L?,#$<+%.,?!
X&>M! (%'$2$.$,#! $+! c*-,%C! "+?! ./,! ,+,-<E! '*+#15D.$*+! (*-! ./,!5*?,2!@$./! ./,! %$-!
'/%+<,!-%.,!%+?!D-,##1-,!?$((,-,+',!#1<<,#.,?!8E!./,!<*4,-+5,+.L?,#$<+%.,?!X&>M!
<1$?,2$+,#!%+?!"X9>O"9:;"3O"9:3!9.%+?%-?!AYQ!@%#!%+%2EU,?!1#$+<!W,#$<+!01$2?,-C!
>+!%??$.$*+F!./,!,+,-<E!'*+#15D.$*+!*(!<,+,-%2!@%-?!%+?!X&>M!@$./!%!/,%.!-,'*4,-E!
#E#.,5!@%#!'*5D%-,?C!"#!%!-,#12.!*(!./,!%+%2E#$#F!./,!,+,-<E!'*+#15D.$*+!*(!X&>M!
@%#!/$</,-!./%+!./%.!*(!<,+,-%2!@%-?F!81.!./,!/,%.!-,'*4,-E!#E#.,5!'*12?!-,?1',!./,!
,+,-<E!'*+#15D.$*+!*(!X&>MC!W,D,+?$+<!*+!./,!%+%2E#$#!-,#12.#F!#,4,-%2!D2%+#!@,-,!
D-*D*#,?!.*!#%4,!,+,-<E!@/$2,!5%$+.%$+$+<!D,-(*-5%+',!*(!X&>M!#1'/!%#!D-,##1-,!
?$((,-,+',!%+?!%$-!'/%+<,!-%.,!$+!./,!X&>MC!
!
!
M-KX.5ZD\! :,%.$+<F! 4,+.$2%.$*+F! %+?! %$-! '*+?$.$*+$+<! 6:H")7! #E#.,5F! X,<%.$4,!
D-,##1-,!$#*2%.$*+!@%-?!6X&>M7F!3+,-<E!'*+#15D.$*+!
" !



"

>F"
"

&%D,-!>WN!PB!
J-5R.5U9/6-!V9:4Z974./!.R!9!3*N!)45!JP54R4-5! 4/!".US:49/6-!X471!)AB')&!
A79/Z95Z![f=!

!
(1.D9S./! M97-T9/-Q95/[^I! $97DPT--! (1./0719[I! 29K.! )UU97--[I! JP/7459!
J5.UQ-9X[I!V461PZ9!+-779/9/7[!9/Z!"197719/./!G1.714Q1P/[!
!
AW,D%-.5,+.! *(! ],'/%+$'%2! 3+<$+,,-$+<F! g%'12.E! *(! 3+<$+,,-$+<! %+?! >+?1#.-$%2!
J,'/+*2*<EF!9$2D%V*-+!`+$4,-#$.EF!]1%+<F!X%V/*+!&%./*5!YRQQQF!J/%$2%+?C!
!
o3L5%$2N!V%.,^%+,V%-+u.S#1C%'C./!!
!
)]D75967E! 9$+',! e12E! PQPAF! .*! /%+?2,! ./,! )\H>WLAB! #$.1%.$*+F! ./,! k*4,-+5,+.! *(!
J/%$2%+?! /%#! ,+'*1-%<,?! D,*D2,! .*! '%--E! *1.! /*5,! $#*2%.$*+! 6:>7! 8,'%1#,! ./,!
/*#D$.%2#!@,-,!*4,-2*%?,?!@$./!)\H>WLAB!D%.$,+.#C!]%+E!*-<%+$U%.$*+#!/,2D,?!'-,%.,!
#,4,-%2!D-*.*.ED,#!*(!+,<%.$4,!D-,##1-,!-**5#C!"''*-?$+<!.*!./,!"9:;"3!9.%+?%-?!
AYQF!./,!%$-!$+#$?,!51#.!8,!-,'$-'12%.,?!%+?!.-,%.,?!@$./!%!5$+$515!-%.,!*(!AP!"):!
%+?!D%##,?!./-*1</!%!:3&"!($2.,-!8,(*-,!8,$+<!,G/%1#.,?C!]*#.!D-*.*.ED,#!@,-,!.**!
8$<!%+?!.**!,GD,+#$4,!,#D,'$%22E!@/,+!%+!%$-!'*+?$.$*+,-!%+?!%+!%$-!D1-$($,-!*-!*./,-!
.ED,#!*(!%$-!.-,%.5,+.!@,-,!$+'21?,?C!J/,-,(*-,F!%!T1,#.$*+!'%5,!1D!@/,./,-!$.!@%#!
D*##$82,!.*!81$2?!%!?*L$.LE*1-#,2(!6W>d7!%$-!D1-$($,-!(-*5!%!D*-.%82,!%$-!'*+?$.$*+,-!
%..%'/,?! @$./! %??$.$*+%2! ($2.,-#! #*! ./%.! '2,%+! %$-! %+?! '*5(*-.%82,! '*+?$.$*+! @,-,!
?,2$4,-,?!%.!./,!#%5,!.$5,C!34,+!./*1</!5%+E!,GD,-.#!@,-,!%<%$+#.!./$#!$?,%!?1,!.*!%!
2%-<,!D-,##1-,!?-*D!@*12?!8,!$+?1',?C!"+!%-.$($'$%2!-**5!@$./!%!4*215,!*(!AQCB!5R!6ACB!
5!G!PCl!5!G!PCP!57!@%#!1#,?!$+!./$#!#.1?EC!"!APFQQQL0.1O/!D*-.%82,!%$-!'*+?$.$*+,-!
@%#! %(($G,?! @$./! %! ]3;HLh! D-,L($2.,-! %+?! %! :3&"! ($2.,-! 6BBCBYr! ,(($'$,+'E7! %+?!
.1-+,?!*1.!.*!8,!%!W>d!%$-!D1-$($,-!./%.!'*12?!%2#*!D-*4$?,!./,-5%2!'*5(*-.C!"!2%-<,!
D-,##1-,!?-*D!*''1--,?!%#!,GD,'.,?C!".!R!(%+!#D,,?#F!./,!%$-!(2*@!-%.,!@%#!?-*DD,?!8E!
R[!.*![RrC!:*@,4,-F!8E!'%2'12%.$+<!./,!'2,%+!%$-!?,2$4,-E!-%.,!6)"W;7F!%2#*!V+*@+!%#!
./,!,((,'.$4,!'2,%+$+<!-%.,!63);7F! $.!@%#!(*1+?!./%.!,4,+!%.! ./,! 2*@,#.!(%+!#D,,?F!%!
)"W;!*(!PYRCh!5RO/!@%#!?,2$4,-,?C!J/$#!@%#!,T1$4%2,+.!.*!P[CP!"):!@/$'/!$#!5*-,!
./%+!.@$',!*(!./%.!-,T1$-,?!8E!./,!#.%+?%-?C!J/$#!5,%+#!./%.!./,-,!$#!%!D*.,+.$%2!./%.!
*-?$+%-EF!+*+L.,'/+$'%2!D,*D2,!'*12?!,%#$2E!81$2?!./$#!V$+?!*(!W>d!%$-!D1-$($,-#!.*!.%V,!
'%-,!*(!./,5#,24,#!?1-$+<!./,$-!/%-?!.$5,C!
!
!
M-KX.5ZD\!"$-!D1-$($,-F!W>dF!&*-.%82,!%$-!'*+?$.$*+,-F!'2,%+!%$-!?,2$4,-E!-%.,!6)"W;7F!
3((,'.$4,!'2,%+$+<!-%.,!63);7!
" !



"

>J"
"

&%D,-!>WN!RQ!
)/9:KD4D! .R! J95746:-! "./6-/75974./! 4/! )45! */R-674./! *D.:974./! '..U! ]K!
34RR-5-/749:!J5-DDP5-!]9D-Z!./!&_S-54U-/7D!

!
O4>B4!M4U[I!F4>B../!M4U[!9/Z!+4/Q4!AP/0[^!
!
AW,D%-.5,+.!*(!"-'/$.,'.1-%2!3+<$+,,-$+<F!9,^*+<!`+$4,-#$.EF!9,*12F!c*-,%!
!
o3L5%$2N!5V#1+<S#,^*+<C%'CV-n!J,2CN!phPLPLRbQhLbQRY!
!
)]D75967E!;,',+.2EF!./,!D%+?,5$'!'%1#,?!8E!)\H>WLAB!/%#!*''1--,?!(*-!%!2*+<!.$5,C!
"''*-?$+<2EF! -,#,%-'/! *+! "$-! >+(,'.$*+! >#*2%.$*+! 6">>7! -**5#! ./%.! '%+! $#*2%.,!
$+(,'.$*1#!?$#,%#,!D%.$,+.#!$#!8,$+<!%'.$4,2E!'*+?1'.,?C!J/,!D1-D*#,!*(!./$#!#.1?E!$#!.*!
*8#,-4,! ./,!?$((1#$*+!%+?!-,5*4%2!,((,'.!*(!D%-.$'2,#!?,D,+?$+<!*+!./,!?$((,-,+.$%2!
D-,##1-,!8,.@,,+!./,!">>!-**5!%+?!%+.,-**5!@/,+!%!D%.$,+.!2E$+<!$+!./,!">>!-**5!
8-,%./,#C! >+! %! '/%58,-! 81$2.! %''*-?$+<! .*! c*-,%a#! #.%+?%-?! ">>! '/%58,-F! @,!
,GD,-$5,+.,?! .*! '/,'V! ./,! '*+',+.-%.$*+! '/%+<,! 8E! <,+,-%.$+<! D%-.$'2,#C! J/,!
4,+.$2%.$*+! #E#.,5! @%#! *D,-%.,?! 1+?,-! ./-,,! *./,-! ?$((,-,+.$%2! D-,##1-,#F! %+?!
5,%#1-,5,+.#! @,-,! .%V,+! %.! ./-,,! *./,-! D*$+.#! $+! ./,! -**5C! "#! %! -,#12.F! $.! @%#!
'*+($-5,?!./%.!%#!./,!?$((,-,+.$%2!D-,##1-,!$+'-,%#,?F!./,!4,+.$2%.$*+!-%.,!$+'-,%#,?F!
%+?!,4,+.1%22EF!./,!'*+',+.-%.$*+!*(!D%-.$'2,#!$+!./,!">>!-**5!?,'-,%#,?C!J/,!/$</,-!
./,! ?$((,-,+.$%2! D-,##1-,F! ./,! /$</,-! ./,! 4,+.$2%.$*+! %$-! (2*@! -%.,F! -,#12.$+<! $+! %!
#$<+$($'%+.!'/%+<,!$+!%$-(2*@C!W1,!.*!./,!%$-!,+.,-$+<!./-*1</!./,!8*..*5!*(!./,!?**-F!
./,!'*+',+.-%.$*+!*(!D%-.$'2,#!5,%#1-,?!$+!(-*+.!*(!./,!?**-!?$((,-,?!(-*5!./,!',+.,-!
*(!./,!">>!-**5F!%.!./,!8*..*5!*(!./,!,G/%1#.!?$((1#,-C!>+!./$#!#.1?EF!@,!%##15,?!./%.!
./,-,!@,-,!+*!D%-.$'2,#!$+!./,!%$-!,+.,-$+<!./-*1</!./,!2,%V%<,!%-,%!81.!./%.!./,!.-,+?!
*(!D%-.$'2,!'*+',+.-%.$*+!@*12?!8,!?$((,-,+.!$(!D%-.$'2,#!?$?!,+.,-C!
!
!
M-KX.5ZD\!"$-!>+(,'.$*+!>#*2%.$*+!-**5F!W$((,-,+.$%2!D-,##1-,F!f,%V%<,!%-,%F!&%-.$'2,!
'*+',+.-%.$*+!
 !



"

>G"
"

&%D,-!>WN!RA!
39K:4017! "./75.:! J.D474./D! R.5! ,40174/0! &/-50K! A9W4/0! R5.U! 39K:40174/0!
715.P01!AQK:4017D!R.5!9!295-1.PD-!

!
V461PZ9!+-779/9/7[^I!(1.D9S./!M97-T9/-Q95/[!9/Z!O95P7!MP/9/.SS9Z.:[!
!
AW,D%-.5,+.! *(! ],'/%+$'%2! 3+<$+,,-$+<F! 9$2D%V*-+! `+$4,-#$.EF! X%V/*+! &%./*5F!
YRQQQF!J/%$2%+?C!
!
o3L5%$2N!],..%+%+.u4S#1C%'C./!!
!
)]D75967E! J/$#! #.1?E! D-*4$?,#! ./,! -,#12.#! *(! %! #$512%.$*+L8%#,?! %+%2E#$#! (-*5!
3+,-<E&21#!.*!,#.$5%.,!./,!D*.,+.$%2!*(!,2,'.-$'%2!,+,-<E!#%4$+<#!$+!2$</.$+<!#E#.,5!
@/$'/!1#,!#VE2$</.#!@$./!?%E2$</.$+<!'*+.-*2#!(*-!%+!*D,+L#D%',!@%-,/*1#,!2*'%.,?!
$+! J/%$2%+?C! J/,! 2*'%.$*+#! *(! @%22! 5*1+.,?L?%E2$</.! '*+.-*2! #,+#*-#! @,-,!
$+4,#.$<%.,?!$+!*-?,-!.*!5,,.!./,!-,T1$-,5,+.!*(!(2**-!2,4,2!$2215$+%+',C!>+!./$#!#.1?EF!
b! ?%E2$</.L'*+.-*2! #.-%.,<$,#! $+'21?$+<! PL#.,DD,?! %+?! RL#.,DD,?! '*+.-*2#F!
'*+.$+1*1#! '*+.-*2F! %+?! '*+.$+1*1#O*((! '*+.-*2C! J/,! -,#12.#! *(! ./,! '*+.$+1*1#O*((!
'*+.-*2! 5,./*?! #/*@! ./,! /$</,#.! ,+,-<E! #%4$+<#C! g-*5! ./,! *+,L@%E! %+%2E#$#! *(!
4%-$%+',!6"X\H"7F!./,!-,#12.#!'*+'21?,!./%.!./,-,!%-,!#$<+$($'%+.!?$((,-,+',#!8,.@,,+!
./,!?%E2$</.L'*+.-*2!5,./*?#C!
!
!
M-KX.5ZD\!W%E2$</.$+<F!W%E2$</.$+<!'*+.-*2F!9VE2$</.F!M%-,/*1#,!
" !



"

>O"
"

&%D,-!>WNRP!
A7PZK!./!71-!*/R:P-/6-!.R!!24/Z.X>7.>29::!'974.!./!71-!#W-59::!&/W-:.S-!
(1-5U9:!J-5R.5U9/6-!4/!(4]-7!

!
Y1-/05./0!,4[I!N9/0!A4[^!
!
A9'/**2!*(!],'/%+$'%2!3+<$+,,-$+<F!J*+<^$!`+$4,-#$.EF!9/%+</%$!PQAhQbF!)/$+%C!
!
o3L5%$2N!AhAQYBlS.*+<^$C,?1C'+!!
!
)]D75967E! M$+?*@! *D,+$+<#! $+! ./,! ,+4,2*D,! #.-1'.1-,! $+.-*?1',! *1.?**-! #*2%-!
-%?$%.$*+!$+.*!./,!$+.,-$*-!%+?!%.!./,!#%5,!.$5,!?$#-1D.!./,!'*+.$+1$.E!%+?!$+.,<-$.E!
*(!./,!,G.,-+%2!@%22!$+#12%.$*+F!%+?!./,!#*2%-!/,%.!<%$+!./-*1</!./,!@$+?*@#!'%1#,#!
@%22!.,5D,-%.1-,!'/%+<,#!*+!./,!$+.,-+%2!#1-(%',#!*(!,%'/!@%22F!@/$'/!$+!.1-+!%((,'.#!
./,! /,%.! .-%+#(,-! D-*',##!@$./$+! ./,!@%22C! J/,! ,((,'.! *(!@$+?*@!D2%',5,+.! *+! ./,!
*4,-%22!./,-5%2!D-*',##!*(!%!81$2?$+<!$#!./,-,(*-,!'*5D2,GC!3G$#.$+<!#.1?$,#!%-,!1+%82,!
.*!%''1-%.,2E!?,#'-$8,!./,!,((,'.!*(!@$+?*@!#$U,F! $C,C!@$+?*@L.*L@%22!%-,%!-%.$*F!*+!
./,!*4,-%22!./,-5%2!D,-(*-5%+',!*(!./,!,+4,2*D,!%+?!(1-./,-!-,#,%-'/!$#!+,',##%-EC!
J/$#!D%D,-! ($-#.! %+%2E#,#! ./,!%'.1%2!81$2?$+<! ./,-5%2!,+4$-*+5,+.!1+?,-!?$((,-,+.!
,+4,2*D,! '*+($<1-%.$*+#! 8%#,?! *+! ($,2?! -,#,%-'/! %+?! .,#.$+<! *(! J$8,.%+! ?@,22$+<#F!
1#$+<! '*5D-,/,+#$4,! ./,-5%2! D,-(*-5%+',! $+?$'%.*-#! *(! ./,! ,+4,2*D,! #.-1'.1-,C!
J/,+F!8%#,?!*+!./,!-,#12.#!*(!./,!-,#,%-'/!%+?!.,#.#F! ./,!#$512%.$*+!*(!3+,-<E&21#!
#*(.@%-,! @%#! 1#,?! .*! '*5D%-,! ./,! $+?**-! %$-! .,5D,-%.1-,! *(! ./,! 81$2?$+<! 1+?,-!
?$((,-,+.!@$+?*@L.*L@%22!-%.$*!#,..$+<#!(*-!?$((,-,+.!-**5!*-$,+.%.$*+#C!J/,!-,#12.#!
#/*@!./%.N!@$+?*@!#,..$+<#!*+!,G.,-+%2!@%22#!/%4,!%!#$<+$($'%+.!$5D%'.!*+!./,!*4,-%22!
./,-5%2! D,-(*-5%+',! *(! ./,! ,+4,2*D,! 1+?,-! %'.1%2! '*+?$.$*+#F! %+?! +*! ?$#.$+'.$*+!
#/*12?!8,!5%?,!8,.@,,+!'*+#$?,-$+<!.-%+#D%-,+.!%+?!+*+L.-%+#D%-,+.!D%-.#!(*-!./,!
./,-5%2!D,-(*-5%+',!*(!./,!,+4,2*D,n!(*-!J$8,.%+!-,<$*+#F!%!-,%#*+%82,!@$+?*@L.*L
@%22!-%.$*!#,..$+<!(*-!?$((,-,+.!@%22!'*+#.-1'.$*+#!'%+!$+'-,%#,!./,!%4,-%<,!$+?**-!%$-!
.,5D,-%.1-,!8E!PLht)C!
!
!
M-KX.5ZD\!3+4,2*D,F!M$+?*@L.*L@%22!-%.$*F!f/%#%F!J/,-5%2!D,-(*-5%+',!
" !



"

>R"
"

&%D,-!>WN!RR!
(1-!#S74U4H974./!"./Z474./D!R.5!A4:S9Q.5/!`/4W-5D47KI!)5614W-DI!(194:9/Z!

!
(14].5Z4/!A9/0D9X9/0I^!"197X4U.:!+--D9X97!)/Z!)74S!A479D-/!!
!
W,D%-.5,+.! *(! ],'/%+$'%2! 3+<$+,,-$+<F! g%'12.E! *(! 3+<$+,,-$+<! %+?! >+?1#.-$%2!
J,'/+*2*<EF!9$2D%V*-+!`+$4,-#$.EF!X%V/*+!&%./*5F!YRQQQF!J/%$2%+?C!!
!
o3L5%$2N!#%+<#%@%+<u.S#1C%'C./!!
!
)]D75967E!J/$#!-,#,%-'/!$#!.*!#.1?E!%+?!$5D-*4,!./,!$+#$?,!'*+?$.$*+#!*(!./,!9$2D%V*-+!
`+$4,-#$.E! "-'/$4,#F! 9%+%5! )/%+?-%! &%2%',! )%5D1#! X%V/*+! &%./*5! &-*4$+',F!
J/%$2%+?C! J/$#! #.1?E! <,+,-%.,#! RW! 5*?,2! (-*5! "+#E#! g21,+.! .*! ,G%5$+,! ./,!
?$#.-$81.$*+!*(!.,5D,-%.1-,!%+?!%$-!4,2*'$.EC!9*5,!%-,%#!$+!./,!-**5!%-,!(*1+?!.*!/%4,!
$+'*+#$#.,+.!.,5D,-%.1-,#!%+?!?*!+*.!5,,.!./,!-,T1$-,5,+.!*(!"9:;"3!:%+?8**V!
PQAB!-,'*55,+?%.$*+#C!J/$#!#.1?E!?$4$?,#!./,!"-'/$4,!$+.*!B!%-,%!@$./!Ah!D*$+.#!.*!
4%2$?%.,!./,!#$512%.$*+C!J/,!5*?,2!$#!1#,?!.*!#*24,!./,!D-*82,5!8E!%?^1#.$+<!./,!%+<2,!
*(!./,!%$-!'*+?$.$*+,-!.*!($+?!./,!8,#.!D*#$.$*+!./%.!5%V,#!./,!.,5D,-%.1-,!'*5D2E!
@$./!./,!"9:;"3!:%+?8**V!PQABC!J/,!-,#12.#!#/*@!./%.!5*#.!%DD-*D-$%.,!'%#,!$#!.*!
%?^1#.!./,!?$-,'.$*+!*(!./,!R-?!%$-!'*+?$.$*+,-!%.!b[t!%+?!./,!b./!%$-!'*+?$.$*+,-!%.!RQt!
2*@,-!./,!/*-$U*+.%2!2,4,2F!'%1#$+<!./,!$+#$?,!'*+?$.$*+#!.*!8,!$+!./,!-%+<,!AlLPR!t)!
%+?! ./,! -,2%.$4,! /15$?$.E! $#! $+! ./,! -%+<,! *(! RQL[QrF! @/$'/! '*+#$#.,+.! .*! ./,!
#1<<,#.,?!.,5D,-%.1-,!%+?!-,2%.$4,!/15$?$.E!-%+<,!$+!./,!"9:;"3!:%+?8**V!PQABC!
!
!
M-KX.5ZD\!"-'/$4,#F!9$512%.$*+F!"9:;"3F!"+#E#!g21,+.!
" !



"

?D"
"

&%D,-!>WN!Rb!
*/W-D740974./! .n Occupants’ Metabolic Rate, TSV, 9/Z! J+V! 4/! 9/! #RR46-!
GP4:Z4/0E!A7PZK!"9D-\!(.QK.I!O9S9/!!

!
+9197U9! A4/ZP! AP5K.[^I! +9D9KPQ4! *614/.D-<I! A9K9Q9! (DPQ91959LI! 9/Z! NPQ4/.!
MP5.Z9b!
!
AW*'.*-%2!#.1?,+.F!J*VE*!],.-*D*2$.%+!`+$4,-#$.E!
P"##*'$%.,!&-*(,##*-F!J*VE*!],.-*D*2$.%+!`+$4,-#$.E!
R]%#.,-!#.1?,+.F!J*VE*!],.-*D*2$.%+!`+$4,-#$.E!
bk-%?1%.,!#.1?,+.F!J*VE*!],.-*D*2$.%+!`+$4,-#$.E!
!
o3L5%$2N!#$+?1#1-E*S<5%$2C'*5!!
!
)]D75967E!J/$#!#.1?E!$+4,#.$<%.,?!./,!-,2%.$*+#/$D!8,.@,,+!5,.%8*2$'!-%.,F!J/,-5%2!
9,+#%.$*+! H*.,! 6J9H7F! %+?! &-,?$'.,?! ],%+! H*.,! 6&]H7! *(! *''1D%+.#! $+! %+! *(($',!
81$2?$+<C!J/,!5,./*?!*(!./$#!#.1?E!$#!'*22,'.$+<!>+?**-!3+4$-*+5,+.!i1%2$.E!6>3i7F!
D/E#$*2*<$'%2! ?%.%F! %+?! #18^,'.$4,! -,#D*+#,#! *(! 81$2?$+<! *''1D%+.#C! >3i! ?%.%!@,-,!
'*22,'.,?! 8E! $+#.%22$+<! $+?**-! #,+#*-#! .*! -,'*-?! $+?**-! %$-! .,5D,-%.1-,F! -,2%.$4,!
/15$?$.EF! 2$</.F! %+?! %$-! 4,2*'$.EC! J/,! 9$25,,!M! PP! @,%-%82,! ?,4$',#! '*22,'.,?! ./,!
D/E#$*2*<$'%2! ?%.%! *(! 81$2?$+<! *''1D%+.#F! #1'/! %#! ,+,-<E! ,GD,+?$.1-,F! #V$+!
.,5D,-%.1-,F!%+?!/,%-.!-%.,C!J/,!#18^,'.#!*(!./$#!#.1?E!@,-,!*(($',!@*-V,-#!$+!%+!*(($',!
81$2?$+<! $+! J*VE*F! e%D%+C! J/,! $+4,#.$<%.$*+! @%#! '*+?1'.,?! $+! ./,! @$+.,-! #,%#*+!
6g,8-1%-E! Ph./! –! ]%-'/! RQ./F! PQPR7C! J/$#! #.1?E! 1#,?! T1,#.$*++%$-,#! .*! '*22,'.!
#18^,'.$4,!-,#D*+#,#!*(!81$2?$+<!*''1D%+.#!*+! >3iC!J/,!#.1?E!'*5D%-,?! ./,!%'.1%2!
J/,-5%2!9,+#%.$*+!H*.,!6J9H7!%+?!&]H!8%#,?!*+!*''1D%+.#a!%'.1%2L5,.%8*2$'!-%.,!
%+?!"9:;"3L[[!#.%+?%-?C!J/,!-,#12.!#/*@#!./%.!./,!&]H!'%2'12%.$*+!8%#,?!*+!./,!
"9:;"3L[[!#.%+?%-?!$#!5*-,!%''1-%.,!.*!J9H!'*5D%-,?!.*!./,!&]H!'%2'12%.$*+!8%#,?!
*+!./,!%'.1%2!5,.%8*2$'!-%.,C!
!
!
M-KX.5ZD\! ],.%8*2$'! ;%.,F! J/,-5%2! 9,+#%.$*+! H*.,F! &-,?$'.,?! ],%+! H*.,F! \(($',!
81$2?$+<!
" !



"

?!"
"

&%D,-!>WNRl!
*/W-D740974./! .R! (1-5U9:! ".UR.57! 9/Z! */Z..5! )45! aP9:47K! R.5! 9! ,4]595K!
GP4:Z4/0!

!
(49/!A-749X9/<I!*/Z59!J-5U9/9[I!%PT-/!29/0<^I!,4/:9/!"19/0[!
!
Ak-%?1%.,! >+#.$.1.,! *(! &-,'$#$*+! ]%+1(%'.1-$+<F! X%.$*+%2! )/$+Ld$! `+$4,-#$.E! *(!
J,'/+*2*<EF!J%$'/1+<!bAAF!J%$@%+!
PW,D%-.5,+.!*(!;,(-$<,-%.$*+F!"$-!)*+?$.$*+$+<F! %+?!3+,-<E!3+<$+,,-$+<F!X%.$*+%2!
)/$+Ld$!`+$4,-#$.E!*(!J,'/+*2*<EF!J%$'/1+<!bAAF!J%$@%+!
!
o!3L5%$2N!(^@%+<S+'1.C,?1C.@!!
!
)]D75967E! f$8-%-$,#!%-,! '*+.$+1$+<! .*! '/%+<,! (-*5!@%-,/*1#,#!*(! $+(*-5%.$*+! .*!%!
D2%',!@/,-,!%?12.#!%+?!'/$2?-,+!'%+!#D,+?!/*1-#! #.1?E$+<!%+?! -,2%G$+<C!:*@,4,-F!
5*?,#.!#.1?E!/%#!8,,+!?*+,!*+!./,-5%2!'*5(*-.!%+?!$+?**-!%$-!T1%2$.E!$+!2$8-%-$,#C!>+!
%??$.$*+!.*!/%4$+<!%+!%?4,-#,!,((,'.!*+!./,!*''1D%+.#a!5**?!%+?!-,%?$+<!,(($'$,+'EF!
D**-!./,-5%2!'*5(*-.!%+?!$+?**-!%$-!T1%2$.E!@$22!%2#*!/%4,!%!+,<%.$4,!$+(21,+',!*+!./,!
*''1D%+.#a!/,%2./C!J/,-,(*-,F!./$#!#.1?E!$+4,#.$<%.,#!./,-5%2!'*5(*-.!%+?!$+?**-!%$-!
T1%2$.E! (*-! #,2(L#.1?E! -,%?$+<! -**5! %+?! '/$2?-,+a#! 2,%-+$+<! ',+.,-! $+! %! 2$8-%-E!
81$2?$+<!./-*1</!%!T1,#.$*++%$-,!#1-4,E!%+?!($,2?!5,%#1-,5,+.C!)gW!#$512%.$*+!$#!
%2#*! '*+?1'.,?! .*!4%2$?%.,! ./,! -,#12.C! J/,! -,#12.#! #1<<,#.! ./%.!D,*D2,!D-,(,-! 2*@,-!
.,5D,-%.1-,#C! "''*-?$+<! .*! ./,! T1,#.$*++%$-,! #1-4,EF! ./,! ./,-5%2! #,+#%.$*+! $#!
#.-*+<2E!-,2%.,?!.*!./,-5%2!'*5(*-.!%+?!$+?**-!%$-!T1%2$.E!%(.,-!$5D-*4$+<!(-,#/!%$-!
$+.%V,C!g1-./,-5*-,F!%!-**5!#,.!.,5D,-%.1-,!*(!Pbt)!@$./!%+!%$-!(2*@!4,2*'$.E!*(!QCP!
5O#! @%#! ?,.,-5$+,?! %(.,-! '*+#$?,-$+<! ./,-5%2! '*5(*-.C! >.! 5%E! D-*4$?,! 1#,(12!
$+(*-5%.$*+!(*-!?,#$<+$+<!8,..,-! ./,-5%2!'*5(*-.!%+?! $+?**-!%$-!T1%2$.E! $+! 2$8-%-E!
81$2?$+<#C!
!
!
M-KX.5ZD\!J/,-5%2!)*5(*-.F!>+?**-!"$-!i1%2$.EF!g$,2?!],%#1-,5,+.F!i1,#.$*++%$-,!
91-4,EF!X15,-$'%2!9$512%.$*+C!
" !



"

?#"
"

&%D,-!>WN!RY!
J.7-/749:! A.:95I! 24/Z! 9/Z! G977-5K! A7.590-! 3-S:.KU-/7! 7.! 3-695]./4H-!
&U4DD4./D!4/!)A&)$!

!
B9/!J1.PU4/[!9/Z!'9]4/Z59!$-S9:<!
!
A9,+$*-! 3+,-<E! 3'*+*5$#.F! 3'*+*5$'! ;,#,%-'/! >+#.$.1.,! (*-! "93"X! %+?! 3%#.! "#$%!
63;>"7!
P"##*'$%.,!&-*(,##*-F!9'/**2!*(!01#$+,##F!`+$4,-#$.E!*(!M*22*+<*+<F!"1#.-%2$%!
!
)]D75967E! )*+.-$81.$+<! .*! ./,! '%-8*+! +,1.-%2$.E! D%./@%E#! @$22! -,T1$-,! 512.$D2,!
%DD-*%'/,#! .*! ?,'%-8*+$#,! ./,! ,5$##$*+#! $+! %22! #,'.*-#C! J/1#F! ./$#! #.1?E! @$22!
$+4,#.$<%.,!./,!5%G$515!'*+.-$81.$*+!*(!#*2%-!%+?!@$+?!?,D2*E5,+.!.*<,./,-!@$./!
,+,-<E!#.*-%<,!D*.,+.$%2#!.*!'/%+<,!./,!#*2%-!%+?!@$+?!?,D2*E5,+.!(-*5!$+.,-5$..,+.!
,+,-<E!$+.*!./,!5*-,!#.%82,!2*%?!8E!'*58$+$+<!,+,-<E!#.*-%<,!#E#.,5C!J/,!#.1?E!1#,#!
./,!?%.%!D-*?1'$+<!(-*5!./,!,G,-'$#,!*(!2$+,%-!D-*<-%55$+<!5*?,2!.*!5$+$5$U,!./,!
.*.%2!'*#.!*(!./,!,+,-<E!#E#.,5!@/,+!4%-$*1#!'*+#.-%$+.#!#1'/!%#!)\P!,5$##$*+#!%+?!
D*@,-! #1DD2EL?,5%+?! 8%2%+',! %-,! <$4,+F! $+! *-?,-! .*! '/,'V! ./,! 5%G$515!
'*+.-$81.$*+!*(!#*2%-F!@$+?!%+?!./,!,+,-<E!#.*-%<,!$+!./,!?,'%-8*+$#%.$*+!#',+%-$*!*(!
"93"XC!J/,!($+?$+<#!D-*4$?,!D*2$'E5%V,-#!%!#,'*+?!*D$+$*+!*+!/*@!.*!#'%2,!1D!#*2%-!
%+?! @$+?! $+! %! 2%-<,! #'%2,! @$./! 8%..,-E! #.*-%<,! $+! ./,! '*+.-$81.$*+! .*! ?,,D!
?,'%-8*+$#%.$*+!$+!./,!(1.1-,!"93"XC!
!
!
M-KX.5ZD\!9*2%-!&HF!0%..,-E!9.*-%<,F!9E#.,5!>+.,<-%.$*+F!%+?!W,'%-8*+$#%.$*+C!
" !



"

?>"
"

&%D,-!>WN!Rh!
"./74/P.PD! #S74U4H974./! .R! J959::-:! "14::-5D! PD4/0! +.Z4R4-Z! G95/96:-D!
+974/0!#S74U4H-5!"./D4Z-54/0!71-!V954974./!.R!"..:4/0!,.9ZD!

!
&ZX4/!+P/! "1P-/! (1.P[^I! G9D4:! (E!2./0[I! V467.5! $--! A14/! G./0[! 9/Z! M.Q!B4/0!
"1./0[!!
!
Ag%'12.E! *(! 3+<$+,,-$+<F! )*5D1.$+<! %+?! 9'$,+',F! 9@$+81-+,! `+$4,-#$.E! *(!
J,'/+*2*<E!9%-%@%V!)%5D1#F!]%2%E#$%C!
!
o3L5%$2N!,./*1S#@$+81-+,C,?1C5E!!
!
)]D75967E!)/$22,-!D2%+.#!%-,!*+,!*(!./,!5*#.!D*@,-L/1+<-E!#E#.,5#!$+!%!81$2?$+<C!>+!
-,',+.!.$5,#F!%+!$+'-,%#$+<!+158,-!*(!5*?,-+!81$2?$+<#!/%4,!/%?!512.$D2,!'/$22,-#!
*D,-%.$+<!$+!D%-%22,2!.*!(12($22!/$</,-!'**2$+<!2*%?#C!J/,!*D.$5%2!'/$22,-!2*%?$+<!6\)f7!
($,2?!$#!$5D*-.%+.!$+!*D.$5$U$+<!512.$L'/$22,-!*D,-%.$*+#!.*!-,#12.!$+!./,!2*@,#.!.*.%2!
,+,-<E!'*+#15D.$*+C!J/$#!#.1?E!%$5#!.*! $5D-*4,! ./,!*D.$5$U%.$*+!%DD-*%'/!*(!%+!
,G$#.$+<! \)f! %2<*-$./5F! ./,! 8%-+%'2,#! 5%.$+<! *D.$5$U,-! 60]\7C! J/,! 5*?$($,?!
'*+.$+1*1#! 0]\! 6)0]\7! %2<*-$./5! %22*@#! %+! *D.$5$U%.$*+! D-*',?1-,! .*! 8,!
'*+?1'.,?! $+!512.$D2,! 'E'2,#F! <-,%.2E! -,?1'$+<! ./,! -,#12.! 4%-$%.$*+#! 8,.@,,+! ,%'/!
procedure. Using MATLAB R2023a, the algorithm’s performance was compared to 
*-$<$+%2!0]\!@$./!D%#.!#$512%.,?!'%#,!#.1?$,#!(-*5!.@*!#,5$'*+?1'.*-!(%'.*-$,#!%+?!
*+,!/*.,2!81$2?$+<C!;,#12.#!#/*@,?!lAr!.*!AQQr!#.%+?%-?!?,4$%.$*+!-,?1'.$*+#!8E!
)0]\F! /$</2$</.$+<! $.#! $+'-,%#,?! -,#12.! '*+#$#.,+'EC! g1-./,-5*-,F! ./,! %2<*-$./5!
%22*@#! *D.$5$U%.$*+#! .*! 8,! '%--$,?! *1.! %'-*##! %! #,-$,#! *(! '**2$+<! 2*%?#! -,.-$,4,?!
?$-,'.2E! (-*5! %+! ,G.,-+%2! ?%.%! ($2,F! %#! *DD*#,?! .*! ./,! 5%+1%2! #$+<2,L2*%?! $+D1.!
%DD-*%'/!*(!'*+4,+.$*+%2!\)f!#.1?$,#C!J/$#!5*?$($'%.$*+!@%#! .,#.,?!*+!%! #,-$,#!*(!
'**2$+<!2*%?#!'*22,'.,?!(-*5!%!2*'%2!*(($',!81$2?$+<!$+!./,!(*-5!*(!%+!3G',2!($2,F!@/$'/!
'*12?!8,!?$-,'.2E!-,%?!%+?!*D.$5$U,?!8E!./,!%2<*-$./5C!"2./*1</!)0]\!-,T1$-,#!5*-,!
D-*',##$+<!.$5,!$+!,%'/!D-*',?1-,!'*5D%-,?!.*!$.#!+%.$4,!%2<*-$./5F!./,!*D.$5$U%.$*+!
-,T1$-,#! *+2E! B! #,'*+?#! .*! D-*',##F! %#! *DD*#,?! .*! ./,! '/$22,-! D2%+.! ?%.%! 2*<<$+<!
$+.,-4%2!*(!A[!5$+1.,#F!@/$'/!$#!#1(($'$,+.!(*-!./,!*D.$5$U,?!2*%?!?$#.-$81.$*+#!.*!8,!
$5D2,5,+.,?C! "#! %! -,#12.F! D,-$*?$'! *D.$5$U%.$*+#! '%+! 8,! D,-(*-5,?! $+! 2$+,! @$./!
'**2$+<!2*%?!4%-$%.$*+#F!.*!?,.,-5$+,!./,!5*#.!,(($'$,+.!2*%?!?$#.-$81.$*+#!$+!%!512.$L
'/$22,-!#E#.,5C!J/,#,!5*?$($'%.$*+#!$5D-*4,!./,!-,2$%8$2$.E!%+?!(,%#$8$2$.E!*(!./,!\)f!
%2<*-$./5!$+!D-%'.$'%2!%DD2$'%.$*+#F!@/,-,!'**2$+<!2*%?#!$+!%!81$2?$+<!'%+!(21'.1%.,!
?-%#.$'%22E!@$./!.$5,!%+?!#,%#*+C!!
!
!
M-KX.5ZD\! )/$22,-! #@$.'/$+<F! 9.*'/%#.$'! %2<*-$./5F!],.%/,1-$#.$'F! &%-.! 2*%?! -%.$*F!
W%$2E!*D.$5$U%.$*+F!)/$22,-!#,T1,+'$+<!
" !
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&%D,-!>WN!RB!
Investigation of Standing Wave Thermoacoustic Refrigeration System’s 
J-5R.5U9/6-!P/Z-5!)7U.DS1-546!"./Z474./!

!
M94>M-/0!(1-/0[I!N-./0>O4/!M4/0[I!<^I!3-/4D-!,4U[!
!
Af,,!c*+<!)/$%+!g%'12.E!*(!3+<$+,,-$+<!%+?!9'$,+',F!̀ +$4,-#$.$!J1+V1!"8?12!;%/5%+F!
c%^%+<!bRRQQF!]%2%E#$%C!
Pg%'12.E! *(! 3+<$+,,-$+<F! 01$2.! 3+4$-*+5,+.F! %+?! >+(*-5%.$*+! J,'/+*2*<EF! 93k$!
`+$4,-#$.EF!&,.%2$+<!e%E%!bYhAQF!]%2%E#$%C!
!
o3L5%$2N!V$+<E,*+<^$+S#,<$C,?1C5E!!
!
)]D75967E! J/,-5*%'*1#.$'! -,(-$<,-%.$*+! #E#.,5! *D,-%.,#! 8E! '*+4,-.$+<! ./,! #*1+?!
,+,-<E! .*! '**2$+<! D*@,-C! J/$#! .,'/+*2*<E! /%#! ./,! D*.,+.$%2! *+! D-*4$?$+<! '**2$+<!
'%D%'$.E! @$./*1.! 1#$+<! #18#.%+',#! #1'/! %#! ./,! -,(-$<,-%+.#! 1#,?! $+! 4%D*1-!
'*5D-,##$*+!'E'2,!./%.!5%E!'*+.-$81.,!.*!*U*+,!?,D2,.$*+!%+?!<2*8%2!@%-5$+<!$##1,#C!
J/,!5,?$15!1#,?!$+!./,!#E#.,5#!$#!,$./,-!%$-F!$+,-.!<%#F!*-!%!5$G.1-,!*(!<%#,#C!J/,!
(1+?%5,+.%2! '*+#.-1'.$*+!*(! ./,! ./,-5*%'*1#.$'! -,(-$<,-%.$*+! #E#.,5! $#! -,2%.$4,2E!
#$5D2,! '*5D%-,?! .*! ./,! 4%D*1-! '*5D-,##$*+! -,(-$<,-%.$*+! #E#.,5C! J/,-,! $#! +*!
5*4$+<!D%-.!$+!./,!#E#.,5C!:*@,4,-F!./,!5%$+!?$#%?4%+.%<,!*(!./,!./,-5*%'*1#.$'!
-,(-$<,-%.$*+!#E#.,5!$#!$.#!2*@!'*,(($'$,+.!*(!D,-(*-5%+',!6)\&7!'*5D%-,?!.*!*./,-!
'*+4,+.$*+%2! -,(-$<,-%.$*+! #E#.,5#C!"! #.%+?$+<!@%4,! ./,-5*%'*1#.$'! -,(-$<,-%.$*+!
#E#.,5!@$./!T1%-.,-!@%4,2,+<./!@%#!'*+#.-1'.,?C!J/$#!#E#.,5!@%#!*D,-%.,?!1#$+<!
%.5*#D/,-$'! %$-! @$./! -**5! .,5D,-%.1-,! %+?! D-,##1-,C! J/,! ./,-5*%'*1#.$'! .18,!
2,+<./F! ?$5,+#$*+F! %+?! #*1+?! (-,T1,+'E!*(! %! T1%-.,-!@%4,2,+<./!@,-,! 4,-$($,?! 8E!
1#$+<!c1+?.!J18,!,GD,-$5,+.C!J/,!*D.$515!#.%'V!',+.-,!D*#$.$*+F!4C!@%#!?,.,-5$+,?!
.*! 8,! RY55!6 OlQChlbh7!5,%#1-,?! (-*5! ./,!D-,##1-,! %+.$+*?,!@/$'/! %22*@,?! ./,!
#E#.,5!.*!D-*?1',! ./,!/$</,#.! .,5D,-%.1-,!?$((,-,+',!8,.@,,+!/*.!%+?!'**2!#$?,#C!
Besides that, the relation between the end correction factor, drive ratio, and ΔT were 
%2#*!$+4,#.$<%.,?!%+?!?$#'1##,?C!J/,!#D$-%2!%+?!D%-%22,2!#.%'V#!@,-,!'*5D%-,?!8%#,?!
*+!./,!./,-5%2!'*+.%'.!%-,%!8,.@,,+!#.%'V!D2%.,#!%+?!@*-V$+<!<%#F!./,!.,5D,-%.1-,!
?$((,-,+',!-,2%.$4,!.*!#.%'V!2,+<./F!%+?!#.%'V!D2%.,!#D%'$+<C!0%#,?!*+!./,!,GD,-$5,+.%2!
-,#12.F!./,!5%G$515!.,5D,-ature difference between the hot and cold end, ΔT was 
24˚C at 146Hz. The temperature difference between the cool side and room 
temperature, ΔT'!was 10.5˚C, where T-**5!was 25˚C and T2*@!was 14.5˚C.!
!
!
M-KX.5ZD\! J/,-5*%'*1#.$'F! ;,(-$<,-%.$*+F! )*,(($'$,+.! *(! &,-(*-5%+',F! 9.%'VF!
"'*1#.$'#!
" !
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&%D,-!>WN!bQ!
B401!&RR464-/6K!)_49:!%9/!AKD7-U!R.5!)B`!8!V-/74:974./!3-:4W-5D!71-!,.X-D7!
"95]./!%..7S54/7!

!
(-ZZK!#.4^I!3--S4/Z-5!"19/4!
!
W%+(*##!9$+<%D*-,!&.,!f.?!
!
o35%$2N!.,??EC**$S?%+(*##C'*5!!
!
)]D75967E! g-*5! %+! *4,-%22! 81$2?$+<! #,-4$',#! D,-#D,'.$4,F! 4,+.$2%.$*+! #E#.,5! $#!
%5*+<#.!./,!.*D![!,+?!1#,!,+,-<E!'*+#15,-C!J/,-,(*-,F!$+!*-?,-!.*!2*@,-!./,!'%-8*+!
(**.D-$+.#! *(! ./,! 81$2?$+<#F! $5D-*4$+<! ./,! ,(($'$,+'E! *(! ./,! 4,+.$2%.$*+! #E#.,5#!
8,'*5,#!'-$.$'%2C!J*?%EF!.,'/+*2*<$,#!%-,!%4%$2%82,!./%.!/%4,!./,!D*.,+.$%2!.*!-,?1',!
./,!,+,-<E!'*+#15D.$*+!*(!4,+.$2%.$*+!#E#.,5#!8E!1D!.*!lQr!%+?!'%+!?,2$4,-!#D,'$($'!
(%+!D*@,-!*(!%#!2*@!%#!QCP[!M%..#O)]:F!./1#!%$?$+<!./,!81$2?$+<#!.*!#,'1-,!./,!91D,-!
f*@! 3+,-<E! 01$2?$+<! ',-.$($'%.$*+C! J/$#! .,'/+$'%2! %-.$'2,! <$4,#! %+! *4,-4$,@! *(! ./,!
.-%?$.$*+%2!4,+.$2%.$*+!#*21.$*+#!%+?!./,$-!,(($'$,+'$,#!(*22*@,?!8E!$+#$</.#!$+.*!./,!
5*?,-+!/$</!,(($'$,+'E!%G$%2!(%+!4,+.$2%.$*+!#*21.$*+!./%.!%-,!,#D,'$%22E!?,#$<+,?!(*-!
":`#!%+?!4,+.$2%.$*+!%DD2$'%.$*+#C!9E#.,5!,((,'.!$#!%+*./,-!$5D*-.%+.!4%-$%82,!./%.!
has significant impact on the ventilation systems’ efficiency in real life situations as 
$.!$#!?,D,+?,+.!*+!./,!<,*5,.-E!*(!./,!$+#.%22%.$*+!%D%-.!(-*5!./,!(%+#!%,-*?E+%5$'!
D,-(*-5%+',C!J/,!%-.$'2,!%2#*!D-*4$?,#!%+!*4,-4$,@!*(! ./,! $+(21,+',!*(! ./,! #E#.,5!
effect on the ventilation system’s efficiency. A case story on Keppel Bay Tower gives 
$+#$</.#! $+.*! ./,! ,+,-<E! #%4$+<#! ?,2$4,-,?! 1D*+! -,.-*($..$+<! ./,! ":`#! @$./! /$</!
,(($'$,+'E! %G$%2! (%+! 4,+.$2%.$*+! #*21.$*+! ./1#! %$?$+<! ./,! 81$2?$+<! .*! #,'1-,! ./,!
country’s first Green Mark Platinum (Zero Energy) certification from the Building 
%+?!)*+#.-1'.$*+!"1./*-$.E!*(!9$+<%D*-,C!
!
!
M-KX.5ZD\!%G$%2!(%+F!":`F!2*@,#.!'%-8*+!(**.D-$+.F!/$</!,(($'$,+'E!!
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B-97!'-6.W-5K!&RR464-/6K!.R!V-/74:974./!AKD7-UD!4/!".:Z!":4U97-!!

!
)E!J5.HPU-/7D^I!OE!Y-U474DI!+E!Y-U47-I!)E!GP:9/.WDE!
!
W,D%-.5,+.!*(!:,%.!3+<$+,,-$+<!%+?!J,'/+*2*<EF!g%'12.E!*(!)$4$2!3+<$+,,-$+<F!;$<%!
J,'/+$'%2!`+$4,-#$.EF!;$<%F!f%.4$%C!
!
o3L5%$2N!%2,V#,^#CD-*U15,+.#S-.1C24!!
!
)]D75967E! "#! ./,! 81$2?$+<! ,+,-<E! 1#,! $#! 8,'*5$+<! ,4,-! 5*-,! .*D$'%2! #18^,'.F!
%??-,##$+<! 81$2?$+<! ,+,-<E! '*+#15D.$*+! ./-*1</! ,G%5$+$+<! %+?! *D.$5$U%.$*+! *(!
/,%.!-,'*4,-E!#*21.$*+#!$#!<%$+$+<!5*-,!%..,+.$*+C!"2*+<!@$./!./,!$+'-,%#,?!#/%-,!*(!
4,+.$2%.$*+! /,%.$+<! +,,?#! $+! @,22L$+#12%.,?! %+?! %$-.$</.! 81$2?$+<#F! /,%.! -,'*4,-E!
#E#.,5#! $+!5,'/%+$'%2! 4,+.$2%.$*+! #E#.,5#! %-,! $+'-,%#$+<2E! '*55*+C! H,+.$2%.$*+!
/,%.!-,'*4,-E!$#!*+,!*(!./,!5*#.!,(($'$,+.!%+?!4$%82,!5,%+#!.*!-,?1',!4,+.$2%.$*+!/,%.!
2*##,#!%+?!#%4,!,+,-<EC!"+!,G%5$+%.$*+!*(!%!4,+.$2%.$*+!1+$.!@%#!'%--$,?!*1.!1.$2$U$+<!
%+!%'.1%2!$+#.%22%.$*+!@$./$+!%+!%D%-.5,+.! 2*'%.,?! $+!;$<%F!f%.4$%C!J/,!*8^,'.$4,!*(!
./$#!#.1?E!@%#!.*!,G%5$+,!./,!/,%.!-,'*4,-E!,(($'$,+'E!*(!./,!4,+.$2%.$*+!#E#.,5!$+!./,!
f%.4$%+!'2$5%.,!@$./!'/%+<$+<!*1.?**-!%+?!,G/%1#.!%$-!D%-%5,.,-#F!<$4,+!./%.!./,!?-E!
/,%.! -,'*4,-E! ,(($'$,+'E! $#! ?$((,-,+.! (-*5! ./,! %'.1%2! /,%.! -,'*4,-E! ,(($'$,+'EC! J/,!
4,+.$2%.$*+!1+$.!@%#!,T1$DD,?!@$./!%!D2%.,!/,%.!,G'/%+<,-!8*%#.$+<!%+!%$-(2*@!-%.,!*(!
AQ[!5RO/C! )*5D-,/,+#$4,!5,%#1-,5,+.#! *(! %$-! .,5D,-%.1-,! %+?! -,2%.$4,!/15$?$.E!
@,-,!'%--$,?!*1.!.*!,4%21%.,!./,!/,%.!-,'*4,-E!,(($'$,+'EC!J*!4%2$?%.,!./,!-,2$%8$2$.E!*(!
./,!5,%#1-,5,+.#!%+?!,4%21%.,!./,!'*--,2%.$*+#F!./,!'*22,'.,?!5,%#1-,5,+.#!@,-,!
%+%2E#,?!./-*1</!#.%.$#.$'%2!-,<-,##$*+C!0E!-,4,%2$+<!./,!'*5D2,G!'*--,2%.$*+#!*(!/,%.!
'*+.,+.F!5*$#.1-,F!%+?!#,+#$82,!%$-!D%-%5,.,-#F! ./$#!-,#,%-'/!'*+.-$81.,#!,##,+.$%2!
$+#$</.#! (*-! *D.$5$U$+<! /,%.! -,'*4,-E! #E#.,5#! %+?! %?4%+'$+<! ,+,-<EL,(($'$,+.!
4,+.$2%.$*+!D-%'.$',#F!D%-.$'12%-2E!$+!'*2?!'2$5%.,!'*+?$.$*+#C!
!
!
M-KX.5ZD\!:,%.!-,'*4,-EF!H,+.$2%.$*+F!],'/%+$'%2!4,+.$2%.$*+F!3+,-<E!,(($'$,+'E!
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&%D,-!>WN!bR!
"14::-5!AKD7-U!&RR464-/6K!*US5.W-U-/7!4/!"14/9!!

!
$E!+9-1959[^I!J-7-5!"19/<!
!
AX][!)*+#12.%+.!)*C!f.?F!e%D%+!!!
P:*+<!c*+<!W$#.-$'.!)**2$+<!)*C!f.?F!:*+<!c*+<!
!
o35%$2N!5%,/%-%S+5[C'*C^D!!
!
)]D75967C!J/,-,!%-,!5%+E!'/$22,-!D2%+.!#E#.,5#!$+!./,!%$-!'*+?$.$*+$+<!5%-V,.!81.!+*.!
#*!5%+E!%-,!*D,-%.$+<!$+!/$</!D,-(*-5%+',C!!X][!-,',$4,#!5%+E!-,T1,#.#!.*!$5D-*4,!
./,!'/$22,-!#E#.,5!D,-(*-5%+',!8E!%DD2E$+<!*D.$5$U$+<!'*+.-*2!#E#.,5C!!̀ D*+!5%V$+<!
*D,-%.$*+!%+%2E#$#!%+?!@,!(*1+?!#*5,!D*$+.#!*(!$5D-*4,5,+.#!$+!./,!?,#$<+!*(!'/$22,-!
D2%+.! #E#.,5#C!M,!/%4,! '%.,<*-$U,?! ./,#,! ?,#$<+! <%D#!@/$'/! '*+#12.%+.#! O! ?,#$<+!
$+#.$.1.,#!5%?,! %+?! D-*D*#,! '*1+.,-!5,%#1-,#! .*! $5D-*4,! ./,! *D,-%.$*+! ./-*1</!
'*+.-*2! #E#.,5C! !M,! /%4,! (*1+?! '/$22,-! #E#.,5! ,(($'$,+'E! $5D-*4,?! (-*5! %! E,%-2E!
#E#.,5!)\&!*(! PClC! >+! ./$#! D%D,-F!@,!@*12?! 2$V,! .*! ,GD2%$+!*1-!D%#.! '/$22,-! #E#.,5!
*D,-%.$*+! %+%2E#$#! %+?! $?,+.$($,?! D-*82,5#C! ! M,! %2#*! #1<<,#.#! #*5,! (*-5! *(!
$5D-*4,5,+.#C!M,!D-*D*#,!%22!4%-$%82,!#E#.,5#!8E!1#$+<!H9W!6H%-$%82,!9D,,?!W-$4,7!
$+!%22!,T1$D5,+.!$+'21?$+<!'/$22,-#F!D15D#!%+?!'**2$+<!.*@,-#C!!"22!./,#,!,T1$D5,+.!
.*<,./,-!@$./!./,$-!4%-$%82,!#D,,?!?-$4,#!%-,!'*++,'.,?!$+!(%#.!'*551+$'%.$*+!#E#.,5!
.*! -,D2%',! ./,! .-%?$.$*+%2! &-*<-%55%82,! f*<$'! )*+.-*22,-! 6&f)7!@/$'/! %-,! 1#1%22E!
,GD,+#$4,C!0E!%DD2E$+<!'*551+$'%.$*+!8%#,?!'/$22,-!'*+.-*2!#E#.,5F!,(($'$,+.!'/$22,-!
D2%+.!*D,-%.$*+!'%+!8,!-,%2$U,?C!!
!
!
M-KX.5ZD\!)/$22,-!9E#.,5!D,-(*-5%+',!$5D-*4,C!
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V.4Z!%59674./!9/Z!%:.X!J977-5!.R!34U-71K:!&71-5!4/!9!B.54H./79:!"./Z-/D-5\!
&RR-67!.R!"./Z-/D4/0!(-US-597P5-!!

!
)/Z54K9/7.!A-7K9X9/[^I!24/ZK!BE!+4759QPDPU9[I!,P09!+E!A4U].:./[!
! !
AW,D%-.5,+.! *(!;,(-$<,-%.$*+! %+?!"$-!)*+?$.$*+$+<!3+<$+,,-$+<F! &*2$.,V+$V!X,<,-$!
0%+?1+<F!e2C!k,<,-V%2*+<!:$2$-F!)$@%-1<%!0%+?1+<!bQ[[BF!>+?*+,#$%C!
!
o3L5%$2N!%+?-$E%+.*SD*28%+C%'C$?!!
!
)]D75967E!g2*@!T1%2$.EF!4*$?!(-%'.$*+F!%+?!(2*@!D%..,-+!%-,!$5D*-.%+.!D%-%5,.,-#!$+!
.@*LD/%#,! (2*@! ./%.! %-,! *(.,+! (*1+?! $+! ,4%D*-%.*-! %+?! '*+?,+#,-! *(! %+! %$-!
'*+?$.$*+,-C! "! #.1?E! *+! ./,#,! D%-%5,.,-#! *(! W]3! -,(-$<,-%+.! $+! %! /*-$U*+.%2!
'*+?,+#,-!1+?,-!?$((,-,+.! '*+?,+#$+<! .,5D,-%.1-,!/%#! 8,,+! '%--$,?!*1.! *+! %+! %$-!
'*+?$.$*+,-!@$./!%!+*5$+%2!'**2$+<!'%D%'$.E!*(!PClb!VMC!0%#,?!*+!#$512%.$*+!1#$+<!
;,(D-*DF! $.! $#! *84$*1#! ./%.! '*+?,+#%.$*+! *''1-#! ($-#.! %.! ./,! 2*@,-! '*+?,+#$+<!
.,5D,-%.1-,C!g-*5!./,!'*+?,+#,-!$+2,.!.*!BQr!*(!'*+?,+#,-!2,+<./F!./,!/$</,-!-%.,!
*(!'/%+<,!*(!4*$?!(-%'.$*+!$#!(*1+?!(*-!./,!/$</,-!'*+?,+#$+<!.,5D,-%.1-,C!".!./,!%G$%2!
D*#$.$*+! +,%-! ./,! '*+?,+#,-! *1.2,.F! /*@,4,-F! ./,! /$</,-! -%.,! *(! '/%+<,! *(! 4*$?!
(-%'.$*+!$#!(*1+?!(*-!./,!2*@,-!'*+?,+#$+<!.,5D,-%.1-,C!J/-,,!5%$+!(2*@!D%..,-+#!%-,!
$?,+.$($,?!$+!./,!'*+?,+#,-N!%++12%-F!$+.,-5$..,+.F!%+?!#.-%.$($,?L@%4EC!"++12%-!(2*@!
*''1-#!%.!(2*@!T1%2$.E!/$</,-!./%+!QCRRF!@/$2,!./,!#.-%.$($,?L@%4E!(2*@!$#!(*1+?!%.!%!
-%+<,!*(!(2*@!T1%2$.E!Q!.*!QCA[C!>+.,-5$..,+.!(2*@!$#!(*1+?!%.!./,!.-%+#$.$*+!8,.@,,+!
./,!%++12%-!%+?!#.-%.$($,?L@%4E!(2*@C!
!
!
M-KX.5ZD\!W$5,./E2!,./,-F!;,(-$<,-%+.F!"$-!'*+?$.$*+,-F!H*$?!(-%'.$*+F!g2*@!D%..,-+!
" !



"

?R"
"

&%D,-!>WN!bl!
&RR-67!.R!&W9S.5974/0!9/Z!"./Z-/D4/0!(-US-597P5-!./!71-!J-5R.5U9/6-!.R!
3+&!9/Z!'[Lb9!

!
)/Z54K9/7.!A-7K9X9/[^I!24/ZK!BE!+4759QPDPU9[I!,P09!+E!A4U].:./[!
! !
AW,D%-.5,+.! *(!;,(-$<,-%.$*+! %+?!"$-!)*+?$.$*+$+<!3+<$+,,-$+<F! &*2$.,V+$V!X,<,-$!
0%+?1+<F!e2C!k,<,-V%2*+<!:$2$-F!)$@%-1<%!0%+?1+<!bQ[[BF!>+?*+,#$%C!
!
o3L5%$2N!%+?-$E%+.*SD*28%+C%'C$?!!
!
)]D75967E!W$5,./E2!,./,-!6W]37!$#!%+!,+4$-*+5,+.%22E!(-$,+?2E!-,(-$<,-%+.!./%.!/%#!
./,!D*.,+.$%2!.*!-,D2%',!;ARb%!?1,!.*!./,!#$5$2%-!@*-V$+<!D-,##1-,!%+?!.,5D,-%.1-,C!
&,-(*-5%+',! '*5D%-$#*+! #.1?$,#! 8,.@,,+! W]3! %+?! ;ARb%! /%4,! 8,,+! '%--$,?! *1.!
./-*1</! #$512%.$*+#! .*! ?,.,-5$+,! ./,! D,-(*-5%+',! *(! ,%'/! -,(-$<,-%+.C! J/,!
#$512%.$*+!@%#!'%--$,?!*1.!%.!%+!,4%D*-%.$*+!.,5D,-%.1-,!-%+<,!*(!LA[!.*!p[q)!%+?!%!
'*+?,+#%.$*+!.,5D,-%.1-,!*(!R[!.*![[q)C!J/,!.,#.!-,#12.#!#/*@!./%.!$+!.,-5#!*(!'**2$+<!
'%D%'$.E! W]3! /%#! %?4%+.%<,#! %.! 2*@! .,5D,-%.1-,#! %+?! /$</! '*+?,+#%.$*+!
.,5D,-%.1-,#C!>+!.,-5#!*(!D*@,-!'*+#15D.$*+F!W]3!$#!8,..,-!$+!%22!.,#.!-%+<,#!@$./!
5%G$515! #%4$+<#! -,%'/$+<! BChrC! ],%+@/$2,F! $+! .,-5#! *(! *4,-%22! D,-(*-5%+',F!
#E#.,5#!@$./!W]3!/%4,!%!/$</,-!)\&C!J/,!5%G$515!$5D-*4,5,+.!$+!)\&!@$./!W]3!
-,%'/,?! APChr! %.! %+! ,4%D*-%.$*+! .,5D,-%.1-,! *(! LA[q)! %+?! %! '*+?,+#%.$*+!
.,5D,-%.1-,!*(![[q)C!
!
!
M-KX.5ZD\!W$5,./E2!,./,-F!;,(-$<,-%+.F!)\&F!)**2$+<!'%D%'$.EF!&*@,-!'*+#15D.$*+!
" !



"

FD"
"

&%D%,-!>WN!bY!
)!A7PZK!.R!'9Z4974W-!"..:4/0!X471!(1-5U.-:-67546!R.5!J.X-5!F-/-5974./!4/!
71-!(5.S46D!

!
"1--! "14/! (9/[I! $461.:9D! M91! %94! (9/0[I! OP/! N4/0! (9/[I! 'P]4/9! G9195[! 9/Z! BEME!
OP/[I<^!
!
AW,D%-.5,+.! *(!],'/%+$'%2! %+?!]%.,-$%2#!3+<$+,,-$+<F! f,,!c*+<!)/$%+! g%'12.E! *(!
3+<$+,,-$+<! %+?! 9'$,+',F! `+$4,-#$.$! J1+V1! "8?12! ;%/5%+F! 91+<%$! f*+<! )%5D1#F!
e%2%+!91+<%$!f*+<F!0%+?%-!91+<%$!f*+<F!bRQQQ!c%^%+<F!]%2%E#$%C!
P),+.-,!(*-!&/*.*+$'#!%+?!"?4%+',?!]%.,-$%2#!;,#,%-'/!6)&"];7F!`+$4,-#$.$!J1+V1!
"8?12!;%/5%+F!91+<%$!f*+<!)%5D1#F!e%2%+!91+<%$!f*+<F!0%+?%-!91+<%$!f*+<F!bRQQQ!
c%^%+<F!]%2%E#$%C!
!
o3L5%$2N!^1+/VAS<5%$2C'*5F!^1+/VS1.%-C,?1C5E!!
!
)]D75967E! ;%?$%.$4,! '**2$+<! 6;)7! $#! %+! $+.-$<1$+<! '**2$+<! .,'/+*2*<E! ./%.! *D,-%.,#!
@$./*1.!,G.,-+%2!,+,-<E!#*1-',#C!>.!@*-V#!8E!,5$..$+<!./,-5%2!-%?$%.$*+!$+.*!*1.,-!
#D%',F!1.$2$U$+<!%!2*+<L@%4,!$+(-%-,?!@$+?*@!@$./!%!@%4,2,+<./!-%+<,!*(!h!v5!.*!AR!
v5C! J/$#! D%##$4,! '**2$+<! #E#.,5! '**2#! ./,! #1--*1+?$+<! %-,%! 8E! %22*@$+<! ./,-5%2!
-%?$%.$*+! .*! ,#'%D,! (-*5! ./,! 3%-./a#! #1-(%',C! "! ./,-5*,2,'.-$'! <,+,-%.*-! 6J3k7!
'*+4,-.#!./,-5%2!,+,-<E!$+.*!,2,'.-$'%2!,+,-<E!1#$+<!./,!9,,8,'V!,((,'.C!0E!%DD2E$+<!
%! '*+#.%+.! /,%.! (21G! %+?! .,5D,-%.1-,! ?$((,-,+',F! J3k! '%+! '*+.$+1*1#2E! <,+,-%.,!
D*@,-!(*-!1D!.*!Pb!/*1-#C!)*58$+$+<!%!-%?$%.$4,!'**2$+<!5%.,-$%2!@$./!%!J3k!'-,%.,#!
./,! +,',##%-E! .,5D,-%.1-,! <-%?$,+.! %+?! '*+.$+1*1#! /,%.! (21G! (*-! ,2,'.-$'$.E!
<,+,-%.$*+C!>+!./$#!@*-VF!%!J3k!#E#.,5!@$./!4%-$*1#!-%?$%.$4,!'**2$+<!'*%.$+<#!@%#!
?,4,2*D,?!%+?!,4%21%.,?C!J/,!'*%.$+<#!#.1?$,?!$+'21?,?!8%-$15!#12(%.,!60%9\b7!%+?!
#$2$'*+!?$*G$?,! 69$\P7C!J/,!J3k!#E#.,5!@$./!?$((,-,+.! '*%.$+<! 2%E,-#!?,5*+#.-%.,?!
4%-E$+<!-%?$%.$4,!'**2$+<!,((,'.#C!M$./!%!?*182,L2%E,-!'*%.$+<F!./,!#E#.,5!@%#!%82,!.*!
<,+,-%.,!%!?%E.$5,!4*2.%<,!*(!%.!2,%#.!APh!5H!%+?!%!'*+.$+1*1#!+$</..$5,!4*2.%<,!*(!
PY!5HC!J/,!./,*-,.$'%2!'%2'12%.$*+#!$+?$'%.,?!./%.!./,!#E#.,5!/%#!./,!/$</,#.!D*@,-!
<,+,-%.$*+!*(!PPC[b!5M!%+?!R[PCRQ!5MO5wC!J/,#,!($+?$+<#!1+?,-#'*-,!./,!D*.,+.$%2!
*(!./,!J3k!#E#.,5!@$./!%!?*182,L2%E,-!-%?$%.$4,!'**2$+<!'*%.$+<C!>.!,+/%+',#!'**2$+<!
%+?!,+%82,#!+$</..$5,!D%##$4,!D*@,-!<,+,-%.$*+C!
!
!
M-KX.5ZD\!;%?$%.$4,!'**2$+<F!J/,-5*,2,'.-$'!<,+,-%.*-F!&*@,-!<,+,-%.$*+!
" !



"

F!"
"

&%D,-!>WN![Q!
)/!#S-59]4:47K!A7PZK!.R!F5--/!GP4:Z4/0!3-D40/!R.5!$-X!"./D75P674./!

!
J14:4S!NP[^I!294!,9U!"19/[!
!
AW,D%-.5,+.! *(!],'/%+$'%2! 3+<$+,,-$+<F!J/,!`+$4,-#$.E! *(!:*+<!c*+<F! &*V(12%5F!
:*+<!c*+<!
!
o3L5%$2N!?-CD/$2E1S/V1C/V!!
!
)]D75967E!k-,,+!81$2?$+<!?,#$<+!$#!*+,!*(!./,!#*21.$*+#!.*!5$.$<%.,!<2*8%2!@%-5$+<C!!
X*@%?%E#! 5%+E! ?$((,-,+.! <-,,+! 81$2?$+<! -%.$+<! #E#.,5#! 6k0;9#7! %-,! %?*D.,?! .*!
?,#$<+!%+?!',-.$(E!<-,,+!81$2?$+<#!(*-!#1#.%$+%8$2$.EF!,#D,'$%22E!./,!+,@!'*+#.-1'.$*+C!
`+(*-.1+%.,2EF!many of these “certified” buildings are not sustainable because either 
./,!%'.1%2!*D,-%.$*+!?,D%-.#!(-*5!./,!*-$<$+%2!?,#$<+!*-!./,!81$2?$+<!?,4,2*D,-!'%-,#!
%8*1.!./,!',-.$($'%.,!.*!#,22!D-*D,-.E!5*-,!./%+!D-,#,-4$+<!./,!+%.1-,!-,#*1-',C!M$./!
*+2E!2$5$.,?!-,#,%-'/!$+4,#.$<%.$+<!./,!,((,'.$4,+,##!*(!*D,-%.$*+!5%+%<,5,+.!6\]7!
%#D,'.#! $+! k0;9#F! ./$#! D%D,-! %$5#! %.! -,4$,@$+<! ./,! \]! -,2%.,?! '-$.,-$%! (*-! +,@!
'*+#.-1'.$*+!%5*+<!./-,,!k0;9#!8,$+<!%?*D.,?!$+!:*+<!c*+<n!%+?!./,!-,#,%-'/!$#!
8%#,?! *+! ./,! T1%+.$.%.$4,! %+?! T1%2$.%.$4,! '-$.,-$%! *(! k0;9#C! J/,! *D,-%8$2$.E! #.1?E!
$?,+.$($,?!./%.!./,!)/$+%!"##,##5,+.!9.%+?%-?!(*-!k-,,+!01$2?$+<!6k0OJ![QRYh7!D%E#!
5*-,!%..,+.$*+!.*!*D,-%8$2$.E!@/$2,!./,!01$2?$+<!3+4$-*+5,+.%2!"##,##5,+.!],./*?!
603"]!&21#7! $#! 2,##! (*'1#!*+!./,!\]!%##,##5,+.! $.,5#C!&*##$82,!D-*82,5#!#1'/!%#!
$+%?,T1%.,!%##,##5,+.!.$5,!+*?,!%-,!$?,+.$($,?!%5*+<!./,!./-,,!k0;9#C!"!D-*D*#,?!
(-%5,@*-V! $#! ./,-,(*-,! #1<<,#.,?! (*-! $5D-*4$+<! *D,-%8$2$.EF! @/$'/! 5%E! $+'21?,!
?$((,-,+.!%##,##5,+.!.$5,2$+,F!#*5,!+,@!'%.,<*-$,#F!%+?!-,L%##,##5,+.!D-*',##!(*-!
$+.,<-%.$*+!$+.*!./,!,G$#.$+<!k0;9#C!J/,!D-*D*#,?!D%-%5,.,-#!%-,!'%-,(122E!,G%5$+,?!
#*!%#!.*!#1#.%$+!./,!<-,,+!81$2?$+<!(,%.1-,#C!f$5$.%.$*+#!%+?!$5D2$'%.$*+#!(*-!(1.1-,!
-,#,%-'/!@*-V!@$22!%2#*!8,!?$#'1##,?C!
!
!
M-KX.5ZD\! k-,,+! 81$2?$+<! ?,#$<+! %+?! -%.$+<! #E#.,5#F! *D,-%8$2$.EF! %##,##5,+.!
(-%5,@*-VF!k0fF!03"]!&21#F!f33W!
" !



"

F#"
"

&%D,-!>WN![A!
)Z.S74/0!(1-5U9:!'9Z4974./!AKD7-U!4/!(5.S469:!":4U97-!

!
J14:4S!NP[^I!B4P!29!+9[!!
!
AW,D%-.5,+.! *(!],'/%+$'%2! 3+<$+,,-$+<F!J/,!`+$4,-#$.E! *(!:*+<! c*+<F! &*V(12%5F!
:*+<!c*+<!
!
o3L5%$2N!?-CD/$2E1S/V1C/V!!
!
)]D75967E!J/,-5%2!-%?$%.$*+!#E#.,5!$#!'*55*+2E!%?*D.,?!$+!31-*D,%+!'*1+.-$,#!(*-!
,+,-<E! #%4$+<! %+?! ./,-5%2! '*5(*-.! -,%#*+#C!:*@,4,-F! $.! $#! '/%22,+<$+<! (*-! 1#,! $+!
.-*D$'%2!'2$5%.,!?1,!.*!/$</!/15$?$.EC!J/$#!D%D,-!?$#'1##,#!./,!'/%22,+<,#!*(!%?*D.$+<!
%+!%?4%+',?!./,-5%2!-%?$%.$*+!#E#.,5!$+!%!.ED$'%2!*(($',!.*@,-!$+!:*+<!c*+<!%+?!./,!
5$.$<%.$+<!5,%#1-,#! .*! ?,%2! @$./! #*5,! '*55*+! D-*82,5#C! 01$2?$+<! $+(*-5%.$*+!
5*?,22$+<!60>]7!%+?!'*5D1.%.$*+%2!(21$?!?E+%5$'#!6)gW7!@,-,!%DD2$,?!.*!'-$.$'%22E!
%##,##!./,!./,-5%2!D,-(*-5%+',F!./,!,+,-<E!D,-(*-5%+',F!%+?!'*5D%-,!@$./!./%.!*(!
./,! .-%?$.$*+%2! 4%-$%82,L%$-L4*215,! 6H"H7! #E#.,5C! ! "9:;"3! D-,?$'.,?!5,%+! 4*.,!
6&]H7! %+%2E#$#! (*-! .,5D,-%.1-,! ?$#.-$81.$*+! $+! *''1D$,?! U*+,! %+?! D#E'/-*5,.-$'!
%+%2E#$#! (*-! ?,?$'%.,?! *1.?**-! %$-! #E#.,5! 6W\"97! @,-,! '%--$,?C! H%-$*1#! '*+.-*2!
#.-%.,<$,#!@,-,!#.1?$,?C!J/,!($+?$+<#!#1<<,#.,?!./%.!./,!%DD2$'%.$*+!*(!./,!./,-5%2!
-%?$%.$*+! #E#.,5! $+! *D,+! *(($',! %-,%!5%E! #%4,!5*-,! ,+,-<E! %+?! $+'-,%#,! ./,-5%2!
'*5(*-.!'*5D%-,?!.*!./,!#E#.,5C!J/,!1#,!*(!W\"9!#1DD2E$+<!AQQr!(-,#/!%$-!.*!./,!
*''1D$,?! U*+,! 5%E! D-*5*.,! $+?**-! %$-! T1%2$.E! 6>"i7! %+?! @$./! 1+?,-(2**-! %$-!
?$#.-$81.$*+!?,#$<+!$.!'%+!/,2D!5$.$<%.,!./,!-$#V!*(!'*551+$'%82,!#$.1%.$*+!2$V,!)*HL
ABC!9*5,!'*55*+!D-*82,5#!#1'/!%#!'*+?,+#%.$*+!'%+!8,!5$+$5$U,?!*-!,2$5$+%.,?!
./-*1</! D-*D,-! ?,#$<+! *(! '*+.-*2! #.-%.,<$,#! %+?! '%-,(12! #,2,'.$*+! *(!
,T1$D5,+.O#,+#*-#C!
!
!
M-KX.5ZD\!J/,-5%2!-%?$%.$*+!#E#.,5#F!)/$22,?!8,%5F!)/$22,?!',$2$+<F!H%-$%82,L"$-L
H*215,F!,+,-<E!#%4$+<F!./,-5%2!'*5(*-.!
" "



"

F>"
"

&%D,-!>WN![P!
APD794/9]4:47K!3-W-:.SU-/7!97!)45!%4:75974./!*/ZPD75K!!

!
"++,L]%-$,!4*+!9%2$#AF!)/,%/!M,$F!X<Po!
!
A!H&!k-*1D!91#.%$+%8$2$.EF!)%5($2!"0F!9@,?,+!
P!;IW!W$-,'.*-!"&")F!)%5($2!]%2%E#$%F!]%2%E#$%!
!
o3L5%$2N!+<C'/,%/@,$S'%5($2C'*5!
!
)]D75967E!J,'/+*2*<E!$#!<-*@$+<!-%D$?2E!.*!'*D,!@$./!./,!5%-V,.!+,,?#C!&%-.$'2,!
($2.-%.$*+!.%-<,.!$#!-1++$+<!$+.*!%!+%+*!#$U,!D%-.$'2,!#$U,!'%D.1-,!+,,?#!$+!($2.-%.$*+!
#E#.,5!%.!?$((,-,+.!$+?1#.-$,#!#1'/!%#!5$'-*,2,'.-*+$'!%+?!D/%-5%',1.$'%2C!\+!.*D!*(!
./%.F!.*!/%4,!/$</,#.!,(($'$,+'E!*(!D-*?1'.$4$.E!$+!*(($',!*-!5%+1(%'.1-$+<!
,+4$-*+5,+.F!./,!5*2,'12%-!($2.-%.$*+!8,'*5,#!%!(*'1#!$+!./,!($2.-%.$*+!#E#.,5!
-,T1$-,5,+.!@/,-,!+,@!5*2,'12%-!($2.,-!'2%##$($'%.$*+!>9\!AQAPALR!@%#!^1#.!2%1+'/,?!
-,',+.2EC!"22!./,#,!/,2D!.*@%-?#!D-*4$?$+<!'2,%+!%$-!%+?!%.!./,!#%5,!.$5,!./,-,!$#!
,GD%+?!./,!+,,?#!*(!#1#.%$+%8$2$.E!?,4,2*D5,+.!./%.!$#!+*.!^,*D%-?$U,!./,!(1.1-,!
<,+,-%.$*+!,+4$-*+5,+.C!g*'1#!*+!./,!<*%2#!*(!`X!?*,#!/,2D!./,!@*-2?!.*!5*4,!
.*@%-?!#1#.%$+%8$2$.E!?$-,'.$*+!@/$2,!#,..$+<!./,!4$#$*+!$+!#D,'$($'!$+?1#.-E!2$+,C!>+!
.,-5!*(!'2,%+!%$-!#*21.$*+F!,+,-<E!#%4$+<F!)\P!,5$##$*+!-,?1'.$*+!%+?!D-*?1'.$*+!
(**.D-$+.!%-,!4,-E!$5D*-.%+.!%#D,'.!.*!8,!(*'1#,?!%#!./,!($-#.!#.,D!.*!/,2D!*+!
#1#.%$+%8$2$.E!?,4,2*D5,+.C!!!!!
!
!
M-KX.5ZD\!91#.%$+%8$2$.EF!3+,-<E!#%4$+<F!)\P!,5$##$*+F!(**.D-$+.!

 !



"

F?"
"

&%D,-!>WN![b!
*/W-D740974./!.R!*/Z..5!&/W45./U-/7!4/!,.X>'4D-!`5]9/!"./Z.U4/4PUD!4/!
G9/0Q.Q!

!
(19/K97.5/! M1PUS945.T[^I! +9D9KPQ4! *614/.D-[I! (9/9Z-T! A4Q59U<! 9/Z! M4774X..7!
"19:.-K7.KLI!B94719U!):Q19:9R[!
!
Ak-%?1%.,!9'/**2!*(!`-8%+!3+4$-*+5,+.%2!9'$,+',#F!J*VE*!],.-*D*2$.%+!`+$4,-#$.E!
J*VE*F!ABPQRBYF!e%D%+C!
Pg%'12.E!*(!"-'/$.,'.1-,F!9$2D%V*-+!`+$4,-#$.EF!0%+<V*VF!AQPQQF!J/%$2%+?C!
R3+4$-*+5,+.%2! ;,#,%-'/! >+#.$.1.,F! )/12%2*+<V*-+! `+$4,-#$.EF! 0%+<V*VF! AQRRQF!
J/%$2%+?C!
!
o35%$2N!./%+E%.*-+CVD^S<5%$2C'*5!!
!
)]D75967E! >+?**-! 3+4$-*+5,+.%2! i1%2$.E! 6>3i7! D2%E#! %! '-1'$%2! -*2,! $+!5%$+.%$+$+<!
'*5(*-.%82,!%+?!/,%2./E!,+4$-*+5,+.#F! ,#D,'$%22E!@$./$+! -,#$?,+.$%2! #D%',#C!)$.$,#!
#1'/!%#!0%+<V*V!D*#,!?$#.$+'.!'/%22,+<,#!$+!-,2%.$*+!.*!>3iF!,#D,'$%22E!@/,+!$.!'*5,#!
.*! 2*@L-$#,! '*+?*5$+$15#F! @/$'/! .ED$'%22E! '*+#$#.! *(! A! .*! h! (2**-#C! J/,#,!
'*+?*5$+$15#!*(.,+!,+'*1+.,-!?,#$<+!'*+#.-%$+.#!(*-!4,+.$2%.$*+!%+?!%-,!#$.1%.,?!$+!
'2*#,-! D-*G$5$.E! .*! #*1-',#! *(! D*221.$*+C! "#! %! -,#12.F! ./,E! 5%E! ,GD,-$,+',! 5*-,!
$+.-$'%.,!>3i!?E+%5$'#F!@/$'/!'%+!/%4,!%!?,.-$5,+.%2! $5D%'.!*+!./,!@,22L8,$+<!*(!
./,$-!*''1D%+.#C!)1--,+.2E!./,!+158,-!*(!./$#!.ED,!*(!81$2?$+<#!$+!0%+<V*V!$+'-,%#$+<!
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GLOBAL CLEAN AIR SOLUTION
PROVIDER FOR OVER 100 YEARS



GLOBAL CLEAN AIR SOLUTION PROVIDER FOR OVER 100 YEARS

MORE THAN 50 YEARS IN
ASIA & OCEANIA

909 Ample Tower, 20th Floor, Room No. 20/1-2,
Debaratna Road, Bangna Nuea, Bangna,
Bangkok 10260

!"#$%#&'
(()*+&,-.&#,$/&#%*0!"#$%#&'1*2/34*5,'3*

Unit 2/1 Dupas Street,
Smithfield NSW 2164,P.O. Box 2108,
Smithfield NSW 2164

(67,.#%$#
(()*(67,.#%$#*8,9*5,'

Lot 6, Jalan Pengapit, 15/19, Seksyen 15
40000 Shah Alam, Selangor Darul Ehsan,
Malaysia

521 Bukit Batok Street 23 #04-01,
Singapore 659544

Rukan The Beach No. 007
Type B, Golf Island,Pantai Indah Kapuk,
Jakarta Utara, DKI Jakarta

+&'/&-7$#
8!3*(()*+&,-.&#,$/&#%*+&'/&-7$#

At AAF, providing total clean air solution is of utmost importance to ensure everyone enjoys clean fresh air. Thus, our 
service is available to all industries such as, and not limited to :-

Business Sector



AHU FILTERS SOLUTIONS
AAF is able to provide filters of various grades and specifications to 
be installed in your AHU, ranging from primary filters to HEPA 
filters, as well as chemical filters.

AIR PURIFICATION SYSTEMS
AAF fresh air and purification systemoffers a plug-and-play solution 
to improve indoor air quality in applications such as healthcare 
facilities, school classrooms, and commercial real estate.

HEALTHCARE SOLUTIONS
AAF provides multiple solutions to reduce the risk of airborne 
transmissions and to ensure the safety of all medical staff and 
patients.

KITCHEN ECOLOGY SOLUTIONS
AAF Kitchen Ecology Solution offers 3-in-1 solution such as smoke, 
grease, and odour removal technology to filter contaminants before 
exhausting to the environment.

GAS-PHASE FILTRATIONS
AAF has a wide range of gas-phase filtration solutions and 
products that are most suited for efficient removal of almost all 
types of harmful environmental contaminants.

CONTAINMENT SYSTEMS
AAF offers multiple containment systems which are meticulously 
designed to minimize exposure risks, improved accessibility, and 
optimized quality and performance.

CLEANROOM MODULES
AAF offers a broad range of matching cleanroom modules and 
components installed with HEPA/ULPA filters that accommodates 
your indoor air quality needs.

TOTAL CLEAN AIR SOLUTION



DOWNLOAD AAF CONNECT

AAF CONNECT

Visualize your
air quality

Control & automate
your devices

Scheduling at
your ease

Monitor you air
quality changes

AAF FILTER RANGE



ISO 10121-3
FIRST CLASSIFICATION 
SYSTEM FOR MOLECULAR 
FILTERS USED IN 

 

GENERAL VENTILATION

STANDARD

ISO 10121-3 CLASSES  
FOR SELECTED “CITY” FAMILY PRODUCTS

Product 
Depth

City-Flo XL
520 mm

CityPleat 200
44 mm

City-Flo
534 mm

CityCarb I
292 mm

Reference gas

Ozone vLD 20 LD 55 HD 85 HD 80

SO2 vLD 10 vLD 30 MD 55 MD 50

NO2 vLD 20 vLD 50 LD 85 LD 70

Toluene vLD 30 LD 75 MD 80 MD 80

• LD (Light Duty) = relatively short lifetime / low capacity
• MD (Medium  Duty) = 4 times higher lifetime* / capacity
• HD (Heavy Duty) = 16 times higher lifetime* / capacity
*compared to LD

The ISO 10121 series of standards 
provides test methods to define the 
filtration efficiency of molecular air filter 
and filter media against various gases. 
ISO 10121-3, published in October 2022, 
is the first classification system for 
molecular air filter for general ventilation. 
It contains comprehensive filter classes 
for the most common air pollutants in 
outdoor air. This greatly facilitates the 
selection of the molecular filter, depending 
on the local outdoor air quality.

www.camfil.com
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•

INNOVATIVE CONICAL SHAPE CYLINDER

• Higher media utilization, lighter weight and improved 
filter performance.

 

Robust construction, corrosion resistant and incinerable.

• No adhesive used in construction, no degradation of 
media and negligible outgassing.

• Fillable with a wide range of molecular filtration medias 
for various applications. 

DESIGNED TO DELIVER THE
BEST-IN-CLASS PERFORMANCE
The new CamCarb XG with improved design and performance 
is equipped with a proprietary conical shape. The lightweight, 
intuitive design offers high media utilization and a long lifetime 
against corrosive, odorous and irritant gaseous contaminants. 

CamCarb XG is a versatile, ergonomic, cost-effective and
corrosion-resistant filter suitable for supply, recirculation 
and exhaust air systems in commercial, industrial and 
process applications 

ERGONOMIC GRIP
Ease of installation

INTERNAL MOLDED GASKET
Leak-free installation

QUICK AND SIMPLE

 

INSTALLATION

UNIVERSAL PINS
Adaptable for all CamCarb  

cylinder holding frames

FACTORY REFILLABLE MEDIA
By Camfil service teams in selected countries

DUST PROTECTION
Protection for dust control  
on selected models

www.camfil.com

CamCarb XG



Upgrading to Hi-Flo will help 
to continue to protect your 
people, processes and the 
environment

Price of electricity:

Number of filters

Old filter

New filter

=  €1.115 
    yearly saving

=  1,1 tonnes 
    yearly saving

=  a CO2 saving equivalent  
     to 2.580 kms driven in  
    a petrol powered car

The example calculation below shows 
the impressive savings potential, both in 
monetary terms and to the environment. 

0,25 €/kWh

10

Market average performance 640*

Camfil Hi-Flo 640-10

*based on Eurovent 4/21 published energy ratings

Hi-Flo
NEXT GENERATION
BAG FILTERS

www.camfil.com

THE BEST BECOMES BETTER

At Camfil we are proud of our generations of innovation. The Hi-Flo bag filters 
were launched in 1969 as a direct response to the need for high quality filters 
to the European market. The Hi-Flo bag filters have been developed with 
performance and sustainability in mind. Performance means long service life, 
low energy consumption and stable filtration efficiency throughout its lifetime.

With the Hi-Flo Next Generation we continue our promise to innovate both for 
coming Camfil product generations but also to protect future generations with 
healthy indoor air and at the same time spare our planet’s scarce resources. 

With the Hi-Flo Next Generation we deliver even better performance 
on our key variants ePM1 60% and ePM10 60% up to A+ equals up 
to 12% energy reduction. A further enhancement means that now the 
Hi-Flo bag filters sustainability performance has also been measured, 
with an Environmental Product Declaration (EPD) available for this 
upgrade.



Upgrade to Hi-Flo 
Next Generation  
and start saving

HI-FLO NEXT GENERATION BENEFITS

ENERGY EFFICIENT
105+ million annual kWh energy  
reduction the Hi-Flo upgrade will  
bring to existing users.

EMISSION REDUCING
25.620+ tonnes of CO2 emissions  
reduced from the carbon handprint  
of this generation of Hi-Flo filters.

COST EFFICENT
31+ million euros saved in energy 
costs by our customers through the 
latest Hi-Flo generation.

Tested according to ISO 16890 standard

Filter
Energy  

consumption 
[kWh/a]

Eurovent 
energy  
class

Energy  
savings ∆

640-12 803 A+ -4%

370-12 1275 C -11%

640-10 811 A+ -12%

520-10 943 A -9%

370-10 1389 C -15%

520-6 1528 D -22%

Filter
Energy  

consumption 
[kWh/a]

Eurovent 
energy  
class

Energy  
savings ∆

640-10 474 A+ -13%

520-10 568 A -7%

600-8 522 A -4%

640-6 631 B -18%

600-6 645 B -14%

520-6 836 C -24%

The Hi-Flo family delivers certified performance  based 
on extensive testing and certification. We  guarantee  
that the Energy Label on the outside   
of the box matches the performance  
of the filter  inside the box.  
We call that promise “What’s  
on the Box  is in the Box”.

www.camfil.com

HI-FLO NEXT GENERATION – ePM1 60% HI-FLO NEXT GENERATION – ePM10 60%

UPDATED ENERGY PERFORMANCE













*  Testing organisation:  Texcell (France)
Test subject:  Adhered novel coronavirus (SARS-CoV-2)
Test volume:  45L enclosed box (350 x 350 x 400mm)
Test result:  nanoeTM X device inhibits adhered novel coronavirus (SARS-CoV-2) by 99.9% in 2 hours
Report No. :  1140-01 A1

     Scan here to learn more
about Panasonic products











www.greencitiesoftomorrow.com

HIGH RISE 
OFFICE

DATA 
CENTER HOSPITAL

PHARMA 
PRODUCTION

HOTEL
SHOPPING 
MALL AIRPORT

METRO 
STATION

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

Realize the Green Cities of Tomorrow 
with Danfoss
Discover our advanced  energy  e�cient solutions for 
commercial buildings in a  3D virtual world.



>> MORE THAN RELIABLE 
COMPRESSORS

360°
INFORMATION VIA 
BITZER DIGITAL NETWORK

100%
ACTIONABLE INSIGHTS

Efficient and reliable compressor operation in refrigeration systems: 
 BITZER  DIGITAL NETWORK saves specialised personnel time and effort through 
actionable insights based on high-resolution live data and BITZER know-how.

» Learn more at bitzer.de/digitalization



!"#$%&'()*&#(%)+(&#(%,)%(-./%()0123)#.45/,+)&45)+&%5)5%&/4)6/6(,7)84()9(&#(%)(:/;/4&#(,)#+/,)4((5)&45)4$);$%()#+&4)$4()6(%,$4)/,)4((5(5)<$%)/4,#&::&#/$47
!!=,,.;/4')/4>$;/4'?$.#'$/4')6/6()<%$;)#+()+(&#(%)/,)%(&5@)<$%)>$44(>#/$47

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

0%$5.>#)"&<(#@)
=*&%5)ABAC)DE$:5)

=*&%5F)G@)
".%.+&4H&@&)I(4&'&

E(%;&4)I(>+4/>&:)
J4,6(>#/$4)

=,,$>/&#/$4)K)"@,#(;)

J"8LBBCKABCM

"#&45&%5)&45)
J45.,#%/&:)1(,(&%>+)
J4,#/#.#()$<)N&:&@,/&

N&:&@,/&)O4(%'@)
P$;;/,,/$4)

D".%.+&4H&@&)I(4&'&F

J4#(%4&#/$4&:)
O:(>#%$#(>+4/>&:)
P$;;/,,/$4

I+()1(,#%/>#/$4)$<)
9&Q&%5$.,)

".G,#&4>(,)R/%(>#/S(

+,-$.,/012$345$.,267/312

!"#$%$&'()*"+'
,$-.(/*(-0(123()"4$5678

9"7:

,$-.("5(;5-'6<"-'=(> ,$-.(95'<6:?)"4$56
@'<A0<%"5+'(/*(-0(BC238

D<0*$+"5"(E"<='5(F'7$='5+' G0/<()'"7057(F'7$='5+' H"5:"5(D<''(F'7$='5+'(IJ



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

-((((((((.( -(((((((.(

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

-((((((((.( -(((((((.(



!" #$%&'()*)+,!)-./0)1/23/4

����������������������������������������
������������������
�����
���������	�������������������������������������������������������������
����������������������������������������������������������������
�������������������������������������������

�
�������������������
���	��������������������������������
���	������������	��������������������������������������������	��
�����������������������

� �������������������� ��������­��������������
� �������������� ��������­���������������



!
!
!
!
!
!
!
!
!
!

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

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

!

!

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

0#"#$%#&'(!)**+,-&!.*/'0!!
0#1,'+(!20'$3'(!)**+,-&!.*/'0!!

$12"%#3*%4"2#&"%5)("!
!

4'!50*6,('7!!
0#8'30*9:,33,-&!
0#8'$*-;30<$3,*-!!
0#8':<0=,;>?'-3!!

@ABA!!
C282!



!"#$%&''()"
!"#$%&$'()*+),$-+.+)$'/0+1$%$
2+3+)$4/5()671*5(+)$-+.+)$'/0+1&$8+1+$%
99:;;$-+.+)$'/0+1&$4/)+),&$<+=+.1(+
2>$?@;%$@%A$BA9C$$$$8>$?@;%$@%%$BA9C$$$$D>$1+=/1E0+1F+=#F"3#3.

*#+",%&''()"-
GHI;CI;9&$'/J/=$C&$</)+5+$9&$G*5+*+$HKK(F/$
!"#$A&$L+=+)$-+),1+5&$M'$DF"$N(*.$
O:B;;$M7+=+$'73075
2>$?@;A$BB;9$P%%;

D)*/5(),$*Q/$K7*75/

*.#/0%12(+$(34%(,%05"%,0#3$#/$%#+/"#$6%07$#68
R)6$(*$(1$*75)(),$()*"$+$)/F/11(*.$*"$+)$/J/5I,5/+*/5$6/,5//#$
-/F+71/$")=.$()*/==(,/)*$Q"71/$*/FQ)"=",.$F+)$3//*$*Q/$
6/3+)61$"K$*Q/$K7*75/#$S/+*(),&$+(5IF")6(*(")(),$+)6$$
+$="*$3"5/$F+)$()$5/+=(*.$")=.$T/$F")*5"==/6$+7*"3+*/6#

U/$+*$R--$+5/$Q+00.$*"$+FF"30+).$."7#
N=(FV$")$*Q/$=()V$*"$K()6$"7*$3"5/#

9#,)#+%:34(3""/(34%*$38%15$8
B;;B;9;AAOBB$W@;99CPIMX

;%
<11%*.#/0%12(+$(34,%%
Y)*/==(,/)*$Y)1*+==+*(")$G.1*/31

<11%
=6+73Z

<11%
(>?2,Z



"

OO"
"

)>E$!&)*2.!*BDCAGADKAE!
!

!
 !

$.! B.D7!"19S7-5! 397-! N-95!

A#.! 9>Xk"&\;3! A[LAY!]"d! ABBA!

P+?! 9>Xk"&\;3! QPLQR!X\H! ABBR!

R-?! 9>Xk"&\;3! QALQR!e`X3! ABB[!

b./! ]"f"d9>"! QRLQl!X\H! ABBY!

[./! J">M"X! PB!X\H!LQP!W3)! ABBB!

l./! 9>Xk"&\;3! AbLAY!X\H! PQQA!

Y./! :\Xk!c\Xk! AhLAB!X\H! PQQR!

h./! &:>f>&&>X39! P[LPl!X\H! PQQ[!

B./! J:">f"XW! PPLPR!X\H! PQQY!

AQ./! J">M"X! Q[LQl!X\H! PQQB!

AA./! >XW\X39>"! PQLPA!\)J! PQAA!

AP./! &:>f>&&>X39! Q[LQl!X\H! PQAR!

AR./! :\Xk!c\Xk! ABLPQ!X\H! PQA[!

Ab./! >XW\X39>"! AhLAB!X\H! PQAY!

A[./! J">M"X! AhLAB!\)J! PQAB!

Al./! ]")"`! QYLQh!\)J! PQPP!

AY./! ]"f"d9>"! QRLQb!X\H! PQPR!



OR"
"

"
!

!"#$%&'(&%)&*(+(*%
*,-+./.-*.%,-%01(2#%
.-3(/,-4.-#%5&)*0.6%

,-../01-.&,-.2/3/.4/&5&%6/.7&,/.73/&8,,%,9A&&
:;<=<&>;?@;3A&B<=<CD1<&

&
EEEF<DG3</F-3HF?CI<@4J/&

&


