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GUIDELINES OF ROUND-ROBIN TESTING 
FOR LIGHTING APPLIANCES IN ASEAN
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The nucleus laboratory must conduct a series of tests to ensure the homogenisation 
and stabilisation of the artefacts before circulating them to participating laboratories. 
The homogeneity and stability assessment use criteria that ensure that inhomogeneity 
and instability of proficiency test items do not adversely affect the performance 
evaluation. The homogenisation and stabilisation procedure must follow the ISO 
13528:2022 standard.

For the homogenisation test, the nucleus laboratory must analyse 20 (twenty) 
homogenisation data for both variants of DUT, as outlined in Table 2. The number of 
proficiency test items included in the homogeneity test may be reduced if suitable 
data are available from previous homogeneity tests on similar proficiency test items 
prepared by the same procedures. The homogeneity test result data was processed 
based on the statistical method stated in the ISO 13528:2022 Annexe C standard 
“Statistical methods for use in proficiency testing by interlaboratory comparison”. The 
statistical method used in the homogenisation analysis is a robust statistical method. 
Robust statistical methods can be used to describe the central part of a normally 
distributed set of results, but without requiring the identification of specific values as 
outliers and excluding them from subsequent analyses. If the artefacts are declared 
homogeneous, the next process is to conduct the stabilisation test.

Stabilisation testing aims to ensure that the characteristics of the test object are 
conveyed to all participants, starting from the test object preparation process to 
testing in stable conditions. For the stabilisation test, the nucleus laboratory must 
analyse 6 (six) stabilisation data   for both variants of DUT, as outlined in Table 2.   
Stabilisation analysis is done by calculating the data after the stabilisation test using 
the equation to calculate the homogenization test. The criteria for the test objects are 
declared stable according to ISO 13528:2022. If the artefacts are declared 
homogeneous, the next process is the distribution of the test object to all participants 
sequentially. 
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G<,<B(1<E! <24! 7<*N! 0-! F24-2'(1<J! ?<*&! /<901*1/<0128! ,<7-9<0-9B! 1(! 9'(/-2(17,'! +-9!
&<24,128!0&'!<90'+<*0(!*<9'+),,B!4)9128!0&'!/9-*'((!-+!9'*'1=128!<90'+<*0(E!0'(0128E!9'6
/<*N<8128!0&'!<90'+<*0(E!<24!(&1//128!0&'.!0-!0&'!2'K0!/<901*1/<0128!,<7-9<0-9BJ!

$J`J!H<*N<8128!-+!;90'+<*0(!

%&'!,18&0128!.<2)+<*0)9'9!&<(!/9-=14'4!<!4)9<7,'!7-K!+-9!<90'+<*0(E!<(!(''2!12!W18)9'!
#J!%&'!7-K!+'<0)9'(!<!,<7',!-2!0&'!0-/!1241*<0128!10(!41.'2(1-2(!<24!0-0<,!M'18&0J!%&'!
/<901*1/<0128!,<7-9<0-91'(!.)(0!)('!0&1(!7-K!0-!(0-9'!0&'!<90'+<*0(E!M9</!10!M10&!7)77,'!
M9</! C0-! 7'! /9-=14'4! 7B! '<*&! /<901*1/<0128! ,<7-9<0-9BDE! <24! '2()9'! 0&<0! 0&'! 7-K! 1(!
2'<0,B! /<*N'4J! %&'! /<*N'4! 7-K! .<B! 7'! +)90&'9! 9'12+-9*'4! 12! <**-94<2*'! M10&! 0&'!
8)14',12'(!-+!0&'!4'(182<0'4!*-)91'9!('9=1*'J!

!

%'(0128! P<.<8'! P'0'9.12'!0&'!
9'/,<*'.'20!<90'+<*0!

5'/'<0!0&'!0'(0128!('L)'2*'!

5'/-90!0&'!1(()'!

\/4<0'!4<0<!'209B!M10&!
0&'!9'/,<*'.'20!<90'+<*0!
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!

bc!
!

!
W18)9'!"J!%&'!/9-*'4)9'!-+!\(128!5'('9='!;90'+<*0!

F?& 9-+:%6+,%&:,5&*<-1$4:%<#,&G+%H#5&

$JbJ!%9'<0.'20!-+!;90'+<*0(!

%&'!,18&0128!(<./,'(!<9'!09'<0'4!<(!<90'+<*0(!+-9!0&'!55%J!%&'!(<.'!<90'+<*0(!M1,,!7'!
*19*),<0'4! 0-! 0&'! /<901*1/<0128! ,<7-9<0-9BE! 0'(0'4E! <24! 0&'2! +-9M<94'4! 0-! 0&'! 2'K0!
4'(182<0'4! ,<7-9<0-9B! 12! 0&'! +-,,-M128! -94'9O! F24-2'(1<E! H&1,1//12'(E! %&<1,<24E!
G<,<B(1<E! <24! 7<*N! 0-! F24-2'(1<J! ?<*&! /<901*1/<0128! ,<7-9<0-9B! 1(! 9'(/-2(17,'! +-9!
&<24,128!0&'!<90'+<*0(!*<9'+),,B!4)9128!0&'!/9-*'((!-+!9'*'1=128!<90'+<*0(E!0'(0128E!9'6
/<*N<8128!0&'!<90'+<*0(E!<24!(&1//128!0&'.!0-!0&'!2'K0!/<901*1/<0128!,<7-9<0-9BJ!

$J`J!H<*N<8128!-+!;90'+<*0(!

%&'!,18&0128!.<2)+<*0)9'9!&<(!/9-=14'4!<!4)9<7,'!7-K!+-9!<90'+<*0(E!<(!(''2!12!W18)9'!
#J!%&'!7-K!+'<0)9'(!<!,<7',!-2!0&'!0-/!1241*<0128!10(!41.'2(1-2(!<24!0-0<,!M'18&0J!%&'!
/<901*1/<0128!,<7-9<0-91'(!.)(0!)('!0&1(!7-K!0-!(0-9'!0&'!<90'+<*0(E!M9</!10!M10&!7)77,'!
M9</! C0-! 7'! /9-=14'4! 7B! '<*&! /<901*1/<0128! ,<7-9<0-9BDE! <24! '2()9'! 0&<0! 0&'! 7-K! 1(!
2'<0,B! /<*N'4J! %&'! /<*N'4! 7-K! .<B! 7'! +)90&'9! 9'12+-9*'4! 12! <**-94<2*'! M10&! 0&'!
8)14',12'(!-+!0&'!4'(182<0'4!*-)91'9!('9=1*'J!

!

%'(0128! P<.<8'! P'0'9.12'!0&'!
9'/,<*'.'20!<90'+<*0!

5'/'<0!0&'!0'(0128!('L)'2*'!

5'/-90!0&'!1(()'!

\/4<0'!4<0<!'209B!M10&!
0&'!9'/,<*'.'20!<90'+<*0!

Repeat the testing sequence

c) Determine which reserve artefact will be used as the replacement.
d) Attach the photograph of the damaged artefact and the replacement artecfact,

+-,,-M128!0&'!+-9.<0!-)0,12'4!12!*..$/012!3J!
$D! %&'!2)*,')(!,<7-9<0-9B!M1,,!2-01+B!0&'!2'K0!4'(182<0'4!/<901*1/<20(!9'8<94128!0&'!

4<.<8'4!<90'+<*0!<24!0&'!9'/,<*'.'20!<90'+<*0J!
!
%&'!/9-*'4)9'!-+!)(128!0&'!9'('9='!<90'+<*0!*<2!7'!(''2!12!0&'!+18)9'!7',-MJ!
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!

b^!
!

!
W18)9'!#J!%&'!I-K!-+!;90'+<*0(!12!X/'2'4!A-24101-2!

!
W18)9'!$J!%&'!I-K!-+!;90'+<*0(!12!A,-('4!A-24101-2!

$J"J!!P-*).'20<01-2!-+!;90'+<*0(!

$J"Jb!5'/-90!-+!F2*-.128!;90'+<*0!

\/-2! 9'*'1=128! 0&'!/<*N<8'E! 0&'!/<901*1/<0128! ,<7-9<0-9B!.)(0! 0<N'!/&-0-89</&(!-+!
'<*&! <90'+<*0! <24! 0&'! 7-KE! +-,,-M128! 0&'! +-9.<0! (/'*1+1'4! 12! *..$/012! *J! %&'('!
/&-0-89</&(!.)(0!7'!<00<*&'4! 0-! 0&'! +-9.!-)0,12'4! 12!*..$/012!*E!M&1*&!.)(0!7'!
()7.100'4! =1<! '.<1,! M10&! 0&'! ()7_'*0! ,12'O! 4%-56$/+,+1%/! %&! *(+$&,-+! 7,/081/9!
:;/-%61/9<!0-!0&'!'.<1,!<449'(('(!,1(0'4!12!=$-+1%/!>?!4,+,!=5@61##1%/#?!

$J"J`! 5'/-90!-+!X)08-128!;90'+<*0!

I'+-9'! ('24128! 0&'! <90'+<*0(! 0-! 0&'! 2'K0! 4'(182<0'4! /<901*1/<20E! 0&'! /<901*1/<0128!
,<7-9<0-9B!.)(0!0<N'!/&-0-89</&(!-+!'<*&!<90'+<*0!<24!0&'!7-KE!+-,,-M128!0&'!+-9.<0!
(/'*1+1'4!12!*..$/012!AJ!%&'('!/&-0-89</&(!.)(0!7'!<00<*&'4!0-!0&'!+-9.!-)0,12'4!12!
*..$/012!AE!M&1*&!.)(0!7'!()7.100'4!=1<!'.<1,!M10&!0&'!()7_'*0!,12'O!4%-56$/+,+1%/!
%&!*(+$&,-+!7,/081/9!:B5+9%1/9<! 0-! 0&'!'.<1,!<449'(('(! ,1(0'4! 12!=$-+1%/!>?!4,+,!
=5@61##1%/#?!

$J#J!P'(182<0'4!A-)91'9!>'9=1*'!

%&'!/<901*1/<0128!,<7-9<0-9B!(&<,,!)('!-2'!-+!0&'!4'(182<0'4!*-)91'9!('9=1*'(O!PS:!-9!
W'4?KJ!H<901*1/<20(!<9'!<,(-!9'L)19'4!0-!+-,,-M!0&'!/<*N<8128!9'12+-9*'.'20!8)14',12'(!
/9-=14'4!7B!0&'!*-)91'9!('9=1*'J!F+!/<901*1/<20(!<9'!)2<7,'!0-!)('!-2'!-+!0&'!4'(182<0'4!
*-)91'9! ('9=1*'(E! 0&'B! .)(0! 9'/-90! 0&1(! 1(()'! =1<! '.<1,! 0-! 0&'! <449'(('(! ,1(0'4! 12!
=$-+1%/!>?!4,+,!=5@61##1%/#?!

!

!

bd!
!

$J$J!!;449'((!+-9!>&1/.'20!
%&'!(&1//128!<449'(('(!+-9!/<901*1/<20(!<9'!,1(0'4!12!%<7,'!#!12!<**-94<2*'!M10&!0&'!
(&1/.'20!(*&'4),'J!

%<7,'!#J!;449'((!+-9!>&1/.'20!

$,% a0Z,*0),*.% !33*'BB% b'*B,(%1(%&:0*-'%

L;%

#('*-.%A'B'0*=:%0(3%
O'B)1(-%a0Z,*0),*.%"'*H1='B%
Q#AOa"R%f%a1-:)1(-%0(3%
!YY710(='%O'B)1(-%
a0Z,*0),*.%Qa!OaR%

<'Y0*)/'()%,+%#('*-.8%%
#('*-.%&'()'*8%%
Sd!"%");8%A1c07%<*1H'8%
2,(1+0=1,%>7,Z07%&1).8%
O0-61-%&1).8%%
b:171YY1('B%L9SF%

`*;%U*1)c%b;%&0Y,(,(-%
#/017P%
70)7W3,';-,H;Y:%
b:,('P%
e9S%MS9%MMI%FFIN%
Qe9SFR%KdJM%FMII%7,=07%
SIN%

F;%
#7'=)*1=07%0(3%#7'=)*,(1=B%
5(B)1)6)'%U,6(30)1,(%+,*%
5(36B)*107%<'H'7,Y/'()%

MJN%`,,%d8%20(-Y,,%
5(36B)*107%#B)0)'%",1%K8%
"6C:6/H1)%A,03%G/;%SJ8%
b:*0'C%"08%`6'0(-8%
"0/6)%b*0C0(%LIFKI%
O:0170(3%

`*;%"6()1Y,Y%?0(Z,,(0%
#/017P%
B6()1Y,Y4W):01''1;=,/%
b:,('P%
e99%FJIM%dK9I%

S;%
")0(30*3%0(3%5(36B)*107%
A'B'0*=:%5(B)1)6)'%,+%
`070.B10%Q"5A5`R%2'*:03%

a,)%FI8%?070(%a030%"670:%
L9hLL8%"'CB.'(%L98%
dIFII8%":0:%!70/8%
"'70(-,*8%`070.B10;%

G(J!@-9!;Z,12<!G)(,1.!
?.<1,O!
Z,12<h(191.J.B!
H&-2'O!
i]a!bd`!bb^!ada%

d;%

&'()'*%,+%5(36B)*107%
")0(30*31c0)1,(%0(3%
"'*H1='B%+,*%`0)'*107%0(3%
O'=:(1=07%b*,36=)%Q2dOR%

20701%2'B0*%")0(30*31B0B1%
30(%b'70.0(0(%?0B0%
5(36B)*1%20:0(%30(%
20*0(-%O'C(1C;%%
?7;%"0(-C6*10(-%$,;%Ld%
20(36(-%dILSN%
]'B)%?0H0%b*,H1(='8%
5(3,('B10%

<*;%A'H0()1(,%
#/017P%
71B)*1C;Zd)'*01W-/017;=,/%
b:,('P%e9FKFL%LNdd%
dNSN%

!

I?& 9+7%<,/&(J$<C6+,%&

]JbJ!G'<()9'.'20!+-9!:).12-)(!W,)K!C,.DO!

G'<()9'.'20!+-9!0&1(!/<9<.'0'9!1(!*-24)*0'4!)(128!<!3-21-/&-0-.'0'9J!

]J`J!G'<()9'.'20!+-9!H-M'9!A-2()./01-2!CUDO!

G'<()9'.'20!+-9!0&1(!/<9<.'0'9!1(!*-24)*0'4!)(128!<!H-M'9.'0'9J!
! !
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!

bd!
!

$J$J!!;449'((!+-9!>&1/.'20!
%&'!(&1//128!<449'(('(!+-9!/<901*1/<20(!<9'!,1(0'4!12!%<7,'!#!12!<**-94<2*'!M10&!0&'!
(&1/.'20!(*&'4),'J!

%<7,'!#J!;449'((!+-9!>&1/.'20!

$,% a0Z,*0),*.% !33*'BB% b'*B,(%1(%&:0*-'%

L;%

#('*-.%A'B'0*=:%0(3%
O'B)1(-%a0Z,*0),*.%"'*H1='B%
Q#AOa"R%f%a1-:)1(-%0(3%
!YY710(='%O'B)1(-%
a0Z,*0),*.%Qa!OaR%

<'Y0*)/'()%,+%#('*-.8%%
#('*-.%&'()'*8%%
Sd!"%");8%A1c07%<*1H'8%
2,(1+0=1,%>7,Z07%&1).8%
O0-61-%&1).8%%
b:171YY1('B%L9SF%

`*;%U*1)c%b;%&0Y,(,(-%
#/017P%
70)7W3,';-,H;Y:

F;%
#7'=)*1=07%0(3%#7'=)*,(1=B%
5(B)1)6)'%U,6(30)1,(%+,*%
5(36B)*107%<'H'7,Y/'()%

MJN%`,,%d8%20(-Y,,%
5(36B)*107%#B)0)'%",1%K8%
"6C:6/H1)%A,03%G/;%SJ8%
b:*0'C%"08%`6'0(-8%
"0/6)%b*0C0(%LIFKI%
O:0170(3%

`*;%"6()1Y,Y%?0(Z,,(0%
#/017P%
B6()1Y,Y4W):01''1;=,/%

S;%
")0(30*3%0(3%5(36B)*107%
A'B'0*=:%5(B)1)6)'%,+%
`070.B10%Q"5A5`R%2'*:03%

a,)%FI8%?070(%a030%"670:%
L9hLL8%"'CB.'(%L98%
dIFII8%":0:%!70/8%
"'70(-,*8%`070.B10;%

G(J!@-9!;Z,12<!G)(,1.! 
?.<1,O!
Z,12<h(191.J.B%

d;%

&'()'*%,+%5(36B)*107%
")0(30*31c0)1,(%0(3%
"'*H1='B%+,*%`0)'*107%0(3%
O'=:(1=07%b*,36=)%Q2dOR%

20701%2'B0*%")0(30*31B0B1%
30(%b'70.0(0(%?0B0%
5(36B)*1%20:0(%30(%
20*0(-%O'C(1C;%%
?7;%"0(-C6*10(-%$,;%Ld%
20(36(-%dILSN%
]'B)%?0H0%b*,H1(='8%
5(3,('B10%

<*;%A'H0()1(,%
#/017P%
71B)*1C;Zd)'*01W-/017;=,/%

!

I?& 9+7%<,/&(J$<C6+,%&

]JbJ!G'<()9'.'20!+-9!:).12-)(!W,)K!C,.DO!

G'<()9'.'20!+-9!0&1(!/<9<.'0'9!1(!*-24)*0'4!)(128!<!3-21-/&-0-.'0'9J!

]J`J!G'<()9'.'20!+-9!H-M'9!A-2()./01-2!CUDO!

G'<()9'.'20!+-9!0&1(!/<9<.'0'9!1(!*-24)*0'4!)(128!<!H-M'9.'0'9J!
! !
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!

`a!
!

]J"J!A<,*),<01-2!+-9!:).12-)(!?++1*<*B!C,.eUDO!

%&1(!/<9<.'0'9! 1(!*<,*),<0'4!7<('4!-2! 0&'!9'(),0!-+! ,).12-)(!+,)K!41=14'4!7B!/-M'9!
*-2()./01-2!<0!0&'!(<.'!01.'!-+!'<*&!.'<()9'.'20J!

]J#J!A<,179<01-2!-+!F2(09).'20(O!

;,,!12(09).'20(!)('4!0-!.'<()9'!,).12-)(!+,)K!<24!/-M'9!*-2()./01-2!.)(0!7'!12!<!
*<,179<0'4!*-24101-2E!M10&!09<*'<71,10B!0-!0&'!120'92<01-2<,!.'09-,-8B!(B(0'.J!;**-94128!
0-!0&'!F>XeF?A!bca`$E!0&'!9'*-..'24'4!01.'!120'9=<,!+-9!*<,179<01-2!1(!-2*'!/'9!B'<9J!!
!
?<*&!/<901*1/<0128!,<7-9<0-9B!.)(0!'2()9'!0&<0!<,,!0'(0128!12(09).'20(!<9'!*<,179<0'4E!
<(! ='91+1'4! 7B! 0&'! *<,179<01-2! *'901+1*<0'E! M&1*&! 1(! (01,,! =<,14! 4)9128! 0&'! 55%J! ?<*&!
/<901*1/<0128! ,<7-9<0-9B!.)(0!'2()9'!0&<0! 0&'!)2*'90<120B!=<,)'(!+9-.!0&'!*<,179<01-2!
*'901+1*<0'!<9'!M10&12!0&'!<**'/0<2*'!*910'91<!-9!0-,'9<2*'!120'9=<,(!(/'*1+1'4!12!0;&#.)!
GEKEP!/D!1H)!0I5!*!MPRJ5OPMKR!.1&'%&,%J!!
!

]J$J!F./,'.'20<01-2!+-9!A-99'*01-2!Y<,)'(!-+!A<,179<01-2!

?='9B!*-99'*01-2!=<,)'!+9-.!0&'!*<,179<01-2!*'901+1*<0'!.)(0!7'!<//,1'4!0-!'<*&!12101<,!
.'<()9'.'20!9'(),0J!%&'('!*-99'*0'4!=<,)'(!.)(0!7'!9'*-94'4!12!0&'!9'/-90E!+-,,-M128!
0&'!+-9.<0!-)0,12'4!12!*..$/012!CJ!

]J]J!5'/-90128!-+!A<,179<01-2!P<0<!

?<*&! /<901*1/<0128! ,<7-9<0-9B! .)(0! +1,,! 12! 0&'! *<,179<01-2! 4<0<! +9-.! 0&'! 'L)1/.'20!
*'901+1*<0'!<(!9'+'9'2*'!12+-9.<01-2E!+-,,-M128!0&'!+-9.<0!-)0,12'4!12!*..$/012!4J!
!

K?& 9+7%<,/&B-#1+5$-+&

cJbJ!5'+'9'2*'!>0<24<94!

%&'! 55%! /9-*'4)9'! <4&'9'(! 0-! 0&'! I50! FPFKP! .1&'%&,%E! M&1*&! 9'+'9(! 0-!0I5! *!
MPRJ5OPMKRU! 1J'JE! 0&'! %'(0! G'0&-4! +-9! :?P! :<./(E! :).12<19'(E! <24! G-4),'(J!
@'='90&','((E! '<*&! (0'/! -+! 0&'! /9-*'((! 1(! (/'*1+1'4! 12! 0&1(! 8)14',12'! <24! .)(0! 7'!
+-,,-M'4!7B!<,,!/<901*1/<0128!,<7-9<0-91'(J!

cJ`J!?2=19-2.'20<,!A-24101-2(!

%&'!/<901*1/<0128!,<7-9<0-91'(!.)(0!<4&'9'!0-!0&'!'2=19-2.'20<,!*-24101-2(!(/'*1+1'4!
12!0;&#.)!GEPEKU!GEPEPU!GEPEGU!&'%!GEPER!-+!0&'!9'+'9'2*'!(0<24<94!9',<0128!0-!0&'!0'(0!
9--.E!<.71'20!0'./'9<0)9'E!<19!.-='.'20E!<24!-/'9<0128!/-(101-2J!
! !

!

`b!
!

cJ"J!?,'*091*<,!%'(0!A-24101-2(!

cJ"JbJ!%'(0!Y-,0<8'!<24!W9'L)'2*B!

%&'!('0!=<,)'!-+!0&'!0'(0!=-,0<8'!1(!;A!``a!Y!M10&!<!+9'L)'2*B!-+!$a!SZE!12!<**-94<2*'!
M10&!0;&#.)!GENEK!-+!0&'!9'+'9'2*'!(0<24<94J!

cJ"J`J!?,'*091*<,!G'<()9'.'20!

%&'!0'(0128!'L)1/.'20!.)(0!+-,,-M!0;&#.)!GENEP!&'%!GENENEG!-+!0&'!9'+'9'2*'!(0<24<94!
9',<0128!0-!','*09-.<82'01*!*-./<0171,10BJ!

cJ#J!>0<71,1(<01-2!7'+-9'!G'<()9'.'20!

%&'!P\%!.)(0!7'!-/'9<0'4!+-9!"a!.12)0'(!+9-.!<2!-++!*-24101-2!7'+-9'!.'<()9128!7-0&!
','*091*<,!<24!/&-0-.'091*!/<9<.'0'9(J!H<901*1/<20(!.)(0!9'*-94!0&'!+,)*0)<01-2(!C0&'!
9',<01='!41++'9'2*'!12!/'9*'20<8'!7'0M''2!.<K1.).!<24!.121.).!9'<4128(D!-+!,18&0!
-)0/)0! <24! ','*091*<,! /-M'9! )(128! 0&'! +-9.<0! /9-=14'4! 12!4++)'%$<! 0ENE! *1&2$;$1@!
C)D/,)!7)&.#,)8)'1!<0!0&'!.-.'20!7'+-9'!(0<90128!0&'!.'<()9'.'20J!

cJ$J!H&-0-.'091*!G'<()9'.'20(!

H&-0-.'091*!.'<()9'.'20(!.)(0!7'!*-24)*0'4!)(128!<!8-21-/&-0-.'0'9!'L)1//'4!
M10&! <! /&-0-.'0'9! &'<4E! M&1*&! &<(! 0&'! (/'*09<,! 9'(/-2(1=10B! C.1(.<0*&! 124'KDE!
+-,,-M128! 0&'! 9'L)19'.'20(! 12! 0;&#.)! GEREK! -+! 0&'! 9'+'9'2*'! (0<24<94J! %&'!
.'<()9'.'20!.)(0!7'!*-24)*0'4!12!0&'!+),,!9<28'!-+!&-91Z-20<,!A6/,<2'(!C"]ajD!<24!
+),,!='901*<,!3<..<!CkD!<28,'(!Caj!0-!b^ajDJ!

cJ]J!;8'128!<24!G-)20128!-+!P\%!

%&'!P\%!4-'(!2-0!9'L)19'!<8'128!7'+-9'!0&'!0'(0J!H<901*1/<0128!,<7-9<0-91'(!-2,B!2''4!
0-! *-24)*0! 0&'! (0<71,1(<01-2! (0'/(E! <(! -)0,12'4! 12! 0&'! *1&2$;$.&1$/'! C)D/,)!
7)&.#,)8)'1"!?='9B!P\%!.)(0!7'!.-)20'4!-2!0&'!8-21-/&-0-.'0'9!12!10(!-/'9<0128!
-91'20<01-2!<24!/&-0-.'091*!*'209'E!<(!1,,)(09<0'4!12!W18)9'!J!
! !
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`b!
!

cJ"J!?,'*091*<,!%'(0!A-24101-2(!

cJ"JbJ!%'(0!Y-,0<8'!<24!W9'L)'2*B!

%&'!('0!=<,)'!-+!0&'!0'(0!=-,0<8'!1(!;A!``a!Y!M10&!<!+9'L)'2*B!-+!$a!SZE!12!<**-94<2*'!
M10&!0;&#.)!GENEK!-+!0&'!9'+'9'2*'!(0<24<94J!

cJ"J`J!?,'*091*<,!G'<()9'.'20!

%&'!0'(0128!'L)1/.'20!.)(0!+-,,-M!0;&#.)!GENEP!&'%!GENENEG!-+!0&'!9'+'9'2*'!(0<24<94!
9',<0128!0-!','*09-.<82'01*!*-./<0171,10BJ!

cJ#J!>0<71,1(<01-2!7'+-9'!G'<()9'.'20!

%&'!P\%!.)(0!7'!-/'9<0'4!+-9!"a!.12)0'(!+9-.!<2!-++!*-24101-2!7'+-9'!.'<()9128!7-0&!
','*091*<,!<24!/&-0-.'091*!/<9<.'0'9(J!H<901*1/<20(!.)(0!9'*-94!0&'!+,)*0)<01-2(!C0&'!
9',<01='!41++'9'2*'!12!/'9*'20<8'!7'0M''2!.<K1.).!<24!.121.).!9'<4128(D!-+!,18&0!
-)0/)0! <24! ','*091*<,! /-M'9! )(128! 0&'! +-9.<0! /9-=14'4! 12!4++)'%$<! 0ENE! *1&2$;$1@!
C)D/,)!7)&.#,)8)'1!<0!0&'!.-.'20!7'+-9'!(0<90128!0&'!.'<()9'.'20J!

cJ$J!H&-0-.'091*!G'<()9'.'20(!

H&-0-.'091*!.'<()9'.'20(!.)(0!7'!*-24)*0'4!)(128!<!8-21-/&-0-.'0'9!'L)1//'4!
M10&! <! /&-0-.'0'9! &'<4E! M&1*&! &<(! 0&'! (/'*09<,! 9'(/-2(1=10B! C.1(.<0*&! 124'KDE!
+-,,-M128! 0&'! 9'L)19'.'20(! 12! 0;&#.)! GEREK! -+! 0&'! 9'+'9'2*'! (0<24<94J! %&'!
.'<()9'.'20!.)(0!7'!*-24)*0'4!12!0&'!+),,!9<28'!-+!&-91Z-20<,!A6/,<2'(!C"]ajD!<24!
+),,!='901*<,!3<..<!CkD!<28,'(!Caj!0-!b^ajDJ!

cJ]J!;8'128!<24!G-)20128!-+!P\%!

%&'!P\%!4-'(!2-0!9'L)19'!<8'128!7'+-9'!0&'!0'(0J!H<901*1/<0128!,<7-9<0-91'(!-2,B!2''4!
0-! *-24)*0! 0&'! (0<71,1(<01-2! (0'/(E! <(! -)0,12'4! 12! 0&'! *1&2$;$.&1$/'! C)D/,)!
7)&.#,)8)'1"!?='9B!P\%!.)(0!7'!.-)20'4!-2!0&'!8-21-/&-0-.'0'9!12!10(!-/'9<0128!
-91'20<01-2!<24!/&-0-.'091*!*'209'E!<(!1,,)(09<0'4!12!W18)9'!J!
! !
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!

!
!

!
!
!
!
!

!
!

!
!
!

W18)9'!]E!F,,)(09<01-2!+-9!0&'!H&-0-.'091*!A'209'!-+!P\%!

cJcJ!>'L)'2*'E!>1.),0<2'-)(!<24!5'/'0101='!-+!G'<()9'.'20(!

cJcJbJ!G'<()9'.'20!>0'/(!

?<*&!/<901*1/<0128!,<7-9<0-9B!.)(0!*-24)*0!0&'!+-,,-M128!.'<()9'.'20!(0'/(O!
<D! G-)20!0&'!P\%!-2!0&'!8-21-/&-0-.'0'9J!
7D! H-M'9!-2!0&'!,<./!<24!*-24)*0!0&'!(0<71,1(<01-2!/9-*'((!<(!(/'*1+1'4!12!*)(1$/'!

LEGE!*1&2$;$.&1$/'!C)D/,)!7)&.#,)8)'1E!
*D! G'<()9'!0&'!,).12-)(!+,)K!<24!/-M'9!*-2()./01-2!(1.),0<2'-)(,BJ!
4D! ;//,B!0&'!*-99'*01-2!+<*0-9(!<(!-)0,12'4!12!0&'!*)(1$/'!FERE!I8+;)8)'1&1$/'!D/,!

0/,,)(1$/'!V&;#).!/D!0&;$2,&1$/'E!
'D! 5'*-94! <24! M910'! 0&'! *-99'*0'4! 9'(),0(! )(128! 0&'! 4'(182<0'4! +-9.! /9-=14'4! 12!

4++)'%$<!0EKE!0/,,)(1)%!V&;#).E!
+D! %<N'!4-M2!0&'!P\%!+9-.!0'(0128!'L)1/.'20J!
! !

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

0('*+&,'*-1)2"/*

34)')56',(7*
76"'6,*

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

0('*+&,'*-1)2"/*

34)')56',(7*
76"'6,*

!

`"!
!

cJcJ`J! %'(0128!>'L)'2*'!

?<*&!/<901*1/<20!.)(0!*-24)*0!<!('L)'2*'!-+!b^!0'(0(!+-9!P\%E!<(!(-90'4!12!%<7,'!$E!
<24!+-,,-M!0&'!.'<()9'.'20!(0'/(!<7-='J!

%<7,'!$J%&'!>'L)'2*'!-+!%'(0128!+-9!P\%!

>'L)'2*'! b! `! "! #! $! ]!

P\%! 4! C! 0! ?! 5! B!

H<9<.'0'9!0-!7'!
.'<()9'4!

f%&! f'&! f(&! f)&! f*&! f+&!

H%&! H'&! H(&! H)&! H*&! H+&!

!
>'L)'2*'! c! ^! d! ba! bb! b`!

P\%! 4! C! 0! ?! 5! B!

H<9<.'0'9!0-!7'!
.'<()9'4!

f%,! f',! f(,! f),! f*,! f+,!

H%,! H',! H(,! H),! H*,! H+,!

!
>'L)'2*'! b"! b#! b$! b]! bc! b^!

P\%! 4! C! 0! ?! 5! B!

H<9<.'0'9!0-!7'!
.'<()9'4!

f%-! f'-! f(-! f)-! f*-! f+-!

H%-! H'-! H(-! H)-! H*-! H+-!

!

%&'! (B.7-,! f%&! 9'/9'('20(! 0&'! 9'(),0! -+! ,).12-)(! +,)K! +9-.! P\%! ;! -2! 0&'! b.!!
.'<()9'.'20E!M&1,'!H',!9'/9'('20(!0&'!9'(),0!-+!/-M'9!*-2()./01-2!+9-.!P\%!I!-2!
0&'!`#$!.'<()9'.'20E!<24!(-!-2J!!

%&'!*-99'*0'4!=<,)'!-+!120'24'4!.'<()9'.'20!9'(),0(!1(!1241*<0'4!7B!0&'!<44101-2!-+!
<2!</-(09-/&'E!+-9!'K<./,'E!fg%&!1(!0&'!*-99'*0'4!=<,)'!-+!f%&J!

cJ^J!A<,*),<01-2!+-9!:).12-)(!?++1*<*B!<24!;='9<8128!0&'!P<0<!
:).12-)(! '++1*<*B! 1(! *<,*),<0'4! 7B! 41=14128! 0&'! *-99'*0'4! =<,)'! -+! ,).12-)(! +,)K!
C(B.7-,1('4!7B!fgD!7B!0&'!*-99'*0'4!=<,)'!-+!0&'!/-M'9!*-2()./01-2!C(B.7-,1('4!7B!
HgDJ!!

:).12-)(!'++1*<*B!.)(0!7'!*<,*),<0'4!12!<**-94<2*'!M10&!0&'!('L)'2*'!12!%<7,'!$J!W-9!
'K<./,'E! 0&'! ,).12-)(!'++1*<*B!-+!P\%!;!-2! 0&'!b.!!.'<()9'.'20! 1(! *<,*),<0'4!7B!
41=14128! fg%&! 7B! Hg%&J! >1.1,<9,BE! 0&'! ,).12-)(! '++1*<*B! -+! 0&'! P\%! I! -2! 0&'! b.!!
.'<()9'.'20!1(!*<,*),<0'4!7B!41=14128!fg'&!7B!Hg'&E!<24!(-!-2J!!
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`"!
!

cJcJ`J! %'(0128!>'L)'2*'!

?<*&!/<901*1/<20!.)(0!*-24)*0!<!('L)'2*'!-+!b^!0'(0(!+-9!P\%E!<(!(-90'4!12!%<7,'!$E!
<24!+-,,-M!0&'!.'<()9'.'20!(0'/(!<7-='J!

%<7,'!$J%&'!>'L)'2*'!-+!%'(0128!+-9!P\%!

>'L)'2*'! b! `! "! #! $! ]!

P\%! 4! C! 0! ?! 5! B!

H<9<.'0'9!0-!7'!
.'<()9'4!

f%&! f'&! f(&! f)&! f*&! f+&!

H%&! H'&! H(&! H)&! H*&! H+&!

!
>'L)'2*'! c! ^! d! ba! bb! b`!

P\%! 4! C! 0! ?! 5! B!

H<9<.'0'9!0-!7'!
.'<()9'4!

f%,! f',! f(,! f),! f*,! f+,!

H%,! H',! H(,! H),! H*,! H+,!

!
>'L)'2*'! b"! b#! b$! b]! bc! b^!

P\%! 4! C! 0! ?! 5! B!

H<9<.'0'9!0-!7'!
.'<()9'4!

f%-! f'-! f(-! f)-! f*-! f+-!

H%-! H'-! H(-! H)-! H*-! H+-!

!

%&'! (B.7-,! f%&! 9'/9'('20(! 0&'! 9'(),0! -+! ,).12-)(! +,)K! +9-.! P\%! ;! -2! 0&'! b.!!
.'<()9'.'20E!M&1,'!H',!9'/9'('20(!0&'!9'(),0!-+!/-M'9!*-2()./01-2!+9-.!P\%!I!-2!
0&'!`#$!.'<()9'.'20E!<24!(-!-2J!!

%&'!*-99'*0'4!=<,)'!-+!120'24'4!.'<()9'.'20!9'(),0(!1(!1241*<0'4!7B!0&'!<44101-2!-+!
<2!</-(09-/&'E!+-9!'K<./,'E!fg%&!1(!0&'!*-99'*0'4!=<,)'!-+!f%&J!

cJ^J!A<,*),<01-2!+-9!:).12-)(!?++1*<*B!<24!;='9<8128!0&'!P<0<!
:).12-)(! '++1*<*B! 1(! *<,*),<0'4! 7B! 41=14128! 0&'! *-99'*0'4! =<,)'! -+! ,).12-)(! +,)K!
C(B.7-,1('4!7B!fgD!7B!0&'!*-99'*0'4!=<,)'!-+!0&'!/-M'9!*-2()./01-2!C(B.7-,1('4!7B!
HgDJ!!

:).12-)(!'++1*<*B!.)(0!7'!*<,*),<0'4!12!<**-94<2*'!M10&!0&'!('L)'2*'!12!%<7,'!$J!W-9!
'K<./,'E! 0&'! ,).12-)(!'++1*<*B!-+!P\%!;!-2! 0&'!b.!!.'<()9'.'20! 1(! *<,*),<0'4!7B!
41=14128! fg%&! 7B! Hg%&J! >1.1,<9,BE! 0&'! ,).12-)(! '++1*<*B! -+! 0&'! P\%! I! -2! 0&'! b.!!
.'<()9'.'20!1(!*<,*),<0'4!7B!41=14128!fg'&!7B!Hg'&E!<24!(-!-2J!!



!

`#!
!

?<*&!/<901*1/<0128!,<7-9<0-9B!.)(0!<='9<8'!0&'!*-99'*0'4!4<0<!+-9!0&'!(<.'!P\%J!W-9!
'K<./,'E! 0&'!<='9<8'! ,).12-)(! +,)K!-+!P\%!;! 1(!4'91='4! +9-.!fg%&E!fg%,E! <24!fg%-E!
+-,,-M128!0&'!/9-*'4)9'!-)0,12'4!12!0&'!C?D?! *)$(,9$!Y<,)'(J!%&1(!/9-*'4)9'!.)(0!
<,(-!7'!<//,1'4!+-9!/<9<.'0'9(!-+!/-M'9!*-2()./01-2!<24!,).12-)(!'++1*<*BJ!

cJdJ!G'<()9'.'20!\2*'90<1201'(!

?<*&! /<901*1/<0128! ,<7-9<0-9B! .)(0! <**-)20! +-9! .'<()9'.'20(! )2*'90<1201'(E! 12!
<**-94<2*'! M10&! 0&'! 8)14<2*'! 12! 0;&#.)! S! -+! 0&'! 9'+'9'2*'! (0<24<94! C0I5*! *!
MPRJ5OPMKRDE! <24! 0&'2! 9'/-90! 0&'.! )(128! 0&'! +-9.<0! /9-=14'4! 12! 0&'! C?E?
! "/-$(+,1/+F!I)48'0(J!%&1(!/9-*'4)9'!<//,1'(!0-!0&'!0&9''!0'(0128!/<9<.'0'9(!
12!0&1(!55%!+-9!,18&0128!<//,1<2*'(J!%&'!9'/-90!-2!.'<()9'.'20!)2*'90<1201'(!.)(0!7'!
()7.100'4!=1<!'.<1,!0-!0&'!'.<1,!<449'(('(!,1(0'4!12!0&'!*)(1$/'!TE!?&1&!*#28$..$/'.E!

cJbaJ! P-*).'20<01-2!-+!%'(0128!

?<*&! /<901*1/<0128! ,<7-9<0-9B! .)(0! 0<N'! /&-0-89</&(! -+! 0&'! P\%! .-)20'4! -2! 0&'!
0'(0128! 'L)1/.'20! C8-21-/&-0-.'0'9D! 12! <! ,10! C0)92'4! -2D! *-24101-2! +-9! '='9B! 0'(0128!
('L)'2*'!,1(0'4!12!%<7,'!$J!%&'('!/&-0-(!.)(0!7'!<00<*&'4!<**-94128!0-!0&'!+-9.<0!12!
*..$/012!GH!<24!0&'2!0&'!9'/-90!.)(0!7'!()7.100'4!=1<!'.<1,!0-!0&'!<449'(('(!,1(0'4!
12!*)(1$/'!TE!?&1&!*#28$..$/'.E!

L?& '1H+5$4+&&

%&'!55%!(*&'4),'!1(!-)0,12'4!12!%<7,'!]J!?<*&!/<901*1/<0128!,<7-9<0-9B!.)(0!+-,,-M!0&'!
4'(182<0'4!<*01=101'(!12!<**-94<2*'!M10&!0&1(!(*&'4),'J!

! !
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%<7,'!]J%1.',12'!+-9!H<901*1/<0128!:<7-9<0-9B!

234* 5.6%7%6+* 898:* 898;*
237(0#(1* -(.(0#(1* </="/1+*

>6/16*3?*@((A* B!"* C9#$* CD#$* 8:#$* C%#* E#$* C;#$* 88&"* ;#$* C8#$* CF#$* 8G#$*

H=)*3?*@((A* F#$* CG#$* 8B!"* B9#$* D#$* C:#$* 8C%#* 8E#$* CC#$* CE#$* 8;#$* BC%#*

L;%
O:'%0*)'+0=)%1B%)*0(BY,*)'3%+*,/%):'%2dO%70Z,*0),*.%1(%
5(3,('B10%),%):'%#AOa"Ea!Oa%a0Z,*0),*.%1(%b:171YY1('B% % % % % % % % % % % % %

F;% O:'%#AOa"Ea!Oa%a0Z,*0),*.%=,(36=)B%):'%)'B)% % % % % % % % % % % % %

S;% <0)0%B6Z/1BB1,(%+*,/%):'%#AOa"Ea!Oa%a0Z,*0),*.% % % % % % % % % % % % %

d;%
O:'%0*)'+0=)%1B%)*0(BY,*)'3%+*,/%#AOa"Ea!Oa%a0Z,*0),*.%1(%
b:171YY1('B%),%):'%##5%a0Z,*0),*.%1(%O:0170(3% % % % % % % % % % % % %

N;% O:'%##5%a0Z,*0),*.%=,(36=)B%):'%)'B)% % % % % % % % % % % % %

9;% <0)0%B6Z/1BB1,(%+*,/%):'%##5%a0Z,*0),*.% % % % % % % % % % % % %

J;%
O:'%0*)'+0=)%1B%)*0(BY,*)'3%+*,/%):'%##5%a0Z,*0),*.%1(%
O:0170(3%),%):'%"5A5`%a0Z,*0),*.%1(%`070.B10% % % % % % % % % % % % %

K;% O:'%"5A5`%a0Z,*0),*.%=,(36=)%):'%)'B)% % % % % % % % % % % % %

M;% <0)0%B6Z/1BB1,(%+*,/%):'%"5A5`%a0Z,*0),*.% % % % % % % % % % % % %

LI;%
O:'%0*)'+0=)%1B%)*0(BY,*)'3%):'%"5A5`%a0Z,*0),*.%1(%`070.B10%
),%):'%2dO%a0Z,*0),*.%1(%5(3,('B10;% % % % % % % % % % % % %

!
! !
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M?& N:%:&'$"6<77<#,7&
?<*&!/<901*1/<0128!,<7-9<0-9B!.)(0!*-./,'0'!0&'!9'/-90!12!<**-94<2*'!M10&!0&'!+-9.<0(!
/9-=14'4!12!0&'!*..$/01-$#!-+!0&1(!8)14',12'J!;+0'9!+1,,128!-)0!*..$/012!*H!AH!CH!4H!
,/0!GE!<,,!*-./,'0'4!4-*).'20(!.)(0!7'!()7.100'4!=1<!'.<1,!M10&! 0&'!()7_'*0! ,12'O!
=).#;1! /D! 1H)! =/#'%W=/2$'! A).1$'3! D/,! :$3H1$'3!4++;$&'().! $'!4*546! 0-! 0&'!
+-,,-M128!'.<1,!<449'(('(O!!

6! ,/)/J7#0h8.<1,J*-.!!
6! **O!*''h<('<2'2'98BJ-98!

!>O?&N:%:&B-#1+77<,/P&!,:407<7P&:,5&Q+C#-%<,/&

%&'! 2)*,')(! ,<7-9<0-9B! .)(0! /9-*'((! <24! <2<,B('! 0&'! 4<0<! ()7.100'4! 7B! '<*&!
/<901*1/<0128!,<7-9<0-9B!)(128!<//9-/91<0'!(0<01(01*<,!.'0&-4(!12!<**-94<2*'!M10&!I*9!
KNRPSOPMPP! .1&'%&,%J! ! %&'! 0'(0128! 9'(),0(! M1,,! 7'! <2<,B('4! 12! *-2(),0<01-2! M10&!
'K/'90(!12!,18&0128!<//,1<2*'!/'9+-9.<2*'J!%&'!2)*,')(!,<7-9<0-9B!.)(0!/9'/<9'!0&'!
55%!9'/-90!M10&12!0&'!(/'*1+1'4!01.',12'J!

>>?&N:%:&*#,.<5+,%<:4<%0&

%&'!2)*,')(!,<7-9<0-9B!<24!;A?!<9'!9'(/-2(17,'!+-9!.<120<12128!0&'!*-2+14'201<,10B!-+!
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ASEAN Centre for Energy
6th Floor, JL.H.R. Rasuna Said, Block X-02,
Kav. 07-08, Kuningan, Jakarta 12950

www.aseanenergy.org
Phone: 62-21-527-9332
Fax: 62-21-527-9350




