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1. fEF©ª456�7%&X« ¬®ª%&¯°$QR;S� '(/cd1 7
±²³(´µ ¶·¸¹º$² »¼ ½�¾�¿ À�ÁÂ ÃÄÅ$ÆÇ); 35±4
5689 Z²²³[\]^$Z��]^ÈÉ1ÊË;`a ��;89ÌÍÎ ÏÐ

ÑÒ�µ$��]^)ÓÔ�Õ; ����a;Ö2�×ØQÙÚ

(JOR/ARS/07/INV/12)ÛIJÌÜÝ89¶  
 
2. Þßiàáâãá cd;ZäåÚæMçè CFC �s HAP(éêëìí456î
ï) ðñæMÌ��WX¶ ¬òæMróôs CFC Ì��~�'Ú;456wx¶

õö÷øôs CFC ;ùú ûöü±'ÚÔàá ÌÜü±'Ú ý�ôs CFC ;âã
þ��L�� Û���Þ ÜÔ����;fË{	 
�¥�ªZ� ]^¾

�?@Ì��$op~���)Ó�L;���� ÜÝ���R�� ���ÌÜÝ�

� 3�i89;%�Ô���¸��ð�¸�� �W !�Ì2Ý@h æM±"#

°ÜÝ@h ¬òÌ²³EF$f®ìEF¶#°1ÜÝ@h  
 
3. �³�;~���õö$ØË %&'Ó()xð*&+, --�.�x}�

�/ 0�ûö 1� 4±�;t'12 34�%&wx����;�456x5 %&

;6789�L�: ���;WÜÝ89<=µ��1wx�> �<1<?ë Ü

ÛÔ�pwx�>�s@/;2±AB C456DÖ2x5;äåÚÌE�op~��

�)ÓC¾ÌFG��HI;JKLw�)Ó�L;��MN� ÌOö²³ JK;�

PÔ �,&Q�R :S��  
 
4. ���Ì~���WX¶C¾Ì��TMU12±��;WV1W 3'¸:�¡

¢XP YZ[)$ô\]^_N`3ö2Ý4a;4bcH12 ;��px}$�,

}�R Üdâã��;12ef±�L2�ðgh i! HAPx5;&Q<=µ�R
32Ý\]j�k !ôs CFC;_lm ðñ%&tunoõö4a@h
òãúgË

;:Sx5(pq) T2dâãÌr�$±¸swx5 t4uv6�)Óg�wx Ì

yz6 uv6$'7x5)Ó{�|wx  
 
5. ���32±�×Ø�}(ÆÇ)~�1<���(801,071 ��) 3Ô �x5 !

ö�<;4a ô�²OöäåÚ���¡ä¤�� (D�¢Ó;���} i!��

×ØÚÔDZ±�Ï��; 3��>%��DÆÇ�7 B� %0��t'f±�W

Þ;W��� HAP �Ì;��B�á JOPETROL õö���� õö�'��RS

]� �.²³ HAP;wxpf��N/ 4aNß B� Ü����1ÆÇ;RS]

� 3Ô JOPETROL !l�:2�§¨�ßyz4a;��� � RSJK  
 
6. ÞÃÄÅ$¶·¸¹º$²�¤�Ïá ÌOö� 5¡²³ HAP¢£í�¤;4a
3456�7xw1¥Ó¦§ (ÃÄÅe¨©:SOö HAP ) 4�¡ä��ª«;¤�
�cH<}~�$M�|s 4�¬ö��®(¤��;¯° Þ[)m±±�Ô�ö

� �á ²ô¡ä³Ë;¤�� Û !�´µ2Ý¶·4a i!3yz6�x5


U «a�|¸H 3«aj��Oöë¹456x5$±¸º»456x5;�, B
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� D¨©$¶²:Sx5¼t1<� �:4a½�lm;¾¿�¤ÀÁ ôfÂOö

� 5¡²³;456�7rÃ Ä�ÅÆ ��!¯ÇÔ ÈÉÊ² m²$�<��²

³;:Sx5ËLUÌ³+�� BD{|ñ��Í°L ÜÝx5[)Ë 4aÛË


ò ¨©;wx@ÔfÂOö� 5¡²³wx@; 5� 20Î B� i!�ÌÏÐ N

+;Ñ'pf$��|s�B� ¨©RSx5 !��öFG>  
 
7. 4�pfN/ $�$\]ÒÓ ~���2Çop ;��CÉ��� ���

wx;r�$ÀÔæM�sÕÖ C×Ø4a@h 3Ô ÜeÙ;pf;�N+ {|

ñ^_;Xµö� �� CFC îÚ�ÔÛó÷ø CFC ~�;¸<Ü�B� BDÝÇ�

Þ÷ø CFC~� {�CÌv; HAP456��>wx CFC456 3Ô ��ÜÝ�

�Ì2�Xµ>��1wx�>;�� ßóÌÜd��>�¡¢�ôs HAP ßóàw

R,á��L�.�)ôs;âã  
 
8. Ì~���)*;âWãä 2ÝåæÜÝ)*;¸ÍD .&Q_�� �Côs

pf/*��;å:6 ÜÔ3^_ñ;çè 3Ô �;�f|s±±<<�W��

�éê;&ë ÌB¡¢AB��ìí'Ú1 Üdâãî�wx �á i!å:6

pfï��R ö;Ä�<=µ�R 3¡¢�} 'Úº  �� HAPÞ[$�..
8;M�|sj��1 ³T M�456;��ðñò/1 HAP456;no&Q
.&óô 0b;i}�ß1 ö;4a�¤ õö@h�¸÷ø 2Ç2±²³;�i

äåÚtuR, HAP456 �,&Qñ�ù �i�;�ú=µ��>ûü1 ý


Uþ �7;�f|s±±�� M���±±�Ý�W 
ò M���¬õö���

7�ú ûÔR/1{|ñpf B� cd;��äåÚ3~���$�L;`a�|

�ø �2)Ó �°Ý� 3%&
U ~���Ô��×Ø; Ü��BDe���

CFC{� 
ò	BD%&��Ì&Q�
�R$FG��HI;JKw� D1�l

Ü2P ÜÝéêÔö�a; Ôë��;  
 
9. %&;�i89ÌËL0� ODP 4.40 ��;pf���ë)Óõö@h 3--

89��^�Ü±pf���ë ��áq±æMop;456892e b±_%&8

9;ÑÒ$��pf����0� ODP 4.00� 4.40��þ2 CFC{|}Nß;2Ý
�Ì�Þ��M���þT ���÷��<2�¤ìQ�f|s Ì�T89¶ �

�Y;äåÚ(� CFC {|}�� 10 �)�����f>É��÷~���|s Ü�

�xw��¡¢�};�  ÌÜdâã� ²ô��~��a ��p HAP456��
�Ô2d��;lm  
 
10. �T;89l� *§¨456�7�Þ��M���;Ùm ÝÇ�¬õö�L

��M��� 
Ô\]�LÜd��(�,&Q�R),!" ��IäåÚ���C#�

IäåÚ<Ì�L;!e Ø_�Þ��M���Í�;$% ;Wô��M���;�

&g�<� Z�$Z��]^���|'�(< CFC{|Òi) C*D`+¢�

ð�ß��<�¤�`�f|s;89�& Ø4  
 
11. HAP��õö B� ��no��,7; ß- î4�� ;�./ 401#

$2E./ 134 �5$�.�� _��ö1��ìíL6¹Nß;�) :�

,�;Ú78��� ���$_��;���i�s�ß9ß- :�Dó 4�



 

 
6 

Ì;�$��89WX¶3Ü±@h;¸< ����a;45689õöR<=�9

> kZ�¤à;~�?@ ¤à;YA�C¾ÌBCZ�ÏpD�El;#°�Ûà

F1GH(s 3Ô I&�L öÝ'ÚÔÌ���¡¢;¡¦�t' %&;$Ø¸

�JÂ�|Ïø>K½� �(--LU;ÕA(=�MN)��öa�{ÞÜdÉ�âO  
 
12. ��'(±±PQ� --89Q�12�� ö2±89<ÌæMQ�b�� 


ò !õöRS Q�±±ÔTUHL�p; àÝ ¡¢1¨$�	 ö1 Q�ÔV

ÏX«�p; �.AB��Ô_���p; ��Ô4�ÍW�X �ImQ� g

� ����ðYYj�L��n;�� Ìf±89¶ 2±��_lm�'�Z[

'X\¾±½�¾�¿ e
�p12Ý�� BD��È á²¸Ì½�¾�¿��¡

¢]� ³T _�����]^þ2Ì��&Q ¬ß;�� ^_Í��@h>R

<12ÝG� 3!Ý��`ä456;�
U �W�t'Ì67>Ô�a�;¼b

2^|s !cH`R 
\]$Ïc�'��2d�øe �ÜÝäåÚtf;89�

��"g� h}�ßQ�$WV1W;r'12  
 
13. Z89no;��i}��Ë 3±±�aj<=µ��wx�>$~�k, ÜÝ

B�õöe89|s¶�Þ ��]^;�l ÜÔ<ö³/;m?~� B
ÔìØ;

i!Ì��no �Npqr;Õæîï]�OstÉæ]4þ2 uH��Ú³ï�õ

öv"�.rw;]4 3��l�¸v§¨Üe2±�xy;°
 ² Oö CFCî
ï]�34 ���� ÜeÙ��Ôö�; Þ�]4|á æMsz
ò�õö

{v;~��> {v±±�|õ¡� ðñ}��h �~������� ���

�ÊË {v'(Ù�Ë CFCîï]Ì¸v��$��ß-ðß4�ËT o¢�C�

ì HAP ���R _��no;�� àÝ ��b$¤�� ±±õö�0Í

Q�� ðñÔVÕ_ �p1@h àÝ Q�C¾�{ß��ðQÙÚ��  
 
14. ÌcdWX¶ ��_lm'X\�_��'X\þ2;LU�"±±�p^��

* _lmQ_;�� ÕA ��N 1¨u���±±ÔsÊ¥Dp; ��^j

�;¸��� Üô@hg�ø�  
 
15. Ì��89��1 ?@ð��]^'(¸�;�S��l�no�Ýx5 
ò

£Ôe�²(2 ±)$¨©(5 ±)�LÑÒ;q±_lmp�>�� �T ��]^àR�

��� 
òfÂ£Ô��~�³/;_lm ;� 'à/0��^_~�>�C^_

;³/~� Üdlm���_��`+MN����;�&(Ü�BC��$tà�W
�/89�;Ùm� ) ¡¢'à/0;Ùm _����ûöÌ��^�þT£¯¤

%&�L;Ôv"e;�� %&��L�_lm¥¦;ì  ��L08��;pf

���§%ÜdÙm BD%&�@hMN¨© %&	cª_lm;�7 ��12

¡¢ ]«ø�� �¬®Q_¯[¦ 3=°��;cHC¾�.¸HB� ��

�±²e%&³´;�no89�� ²ôHL%&`+�& %&Û'� �ßÌ2

±89¶ Ì³µ¶89��·iT ���¸�K�;8�'( S�¹ºMNxy

;Ùm »_��g��·�¹n  
 
16.  !� 5¡²³k���¼	×EF;³vi! Oö� 5¡²³456�7yz
CFC£{|}D 4,982 ODP� ½³�EF; CFC{|}(95,627 ODP�)5 Oö45
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689ÑÒ ODSrsi}D 24,228 ODP� ��ËL;rsi}D 21,628 ODP� 'Ì

tf;89æMÑÒ3¾¿�<;rsi}D 2,835 ODP� B� ¾¿�¦89×Ø;

yz CFC{|}D 2,835 ODP� i!Ì�i²³ 456�73�TÀÁ¡Æ;¦§�

< 3Ì--Y² f±yzäåÚ�<~���ñ��xw¸<¦§  
 
17.  !%&;¯Ç$¯° <S�Ý�  
 

(a) Ì�T0±89¶%ÂÔ¬�C�� CFCîï�� ÝÇÍD��C�� {c

lwØ4  
(b) Ì�T45689¶ ûöÌ��M���ï�����ú1£�ÞÜd�

� ÝÇÜd��;WR/,&���ÃÈ�,m${|ñ {��Þ  
(c) ��_��`++&~�m��;pf�&  
(d) º�Ì��]^;D;����¦�ÍQlw¶HLQ__��'X\��

�;L¥¥fÕA 
òÝÇö�H Ì¡ä��1Q_SÄ  
(e) 4öÏ��]^;� {Ä$¤àôséêëìí456îï(HAP);456w

x¡¢ [)YZ$ö�Þ[lmÕA  
 
18. �¥ZÅ�k��]^ ²³[\]^$_��QR1--l�ÉCcª;�.S

� ¬ò/ðñHLÆ¤�������C¾;Z8S�  
 
�. �� 
 
19. f¥¦©ª%&lm ®ì%&Y/;uH¯°$S� �Y/cd1¿© 3±²³
¶Ç 2±²³$�© 2±²³ %&1 35±45689(Ï�Ocdef89;ÈÉ��
�·��¥�b�)  
 
20. ²³%&EF(CER)$89%&EF(PER)�C�º �á Ì¼	×Ê7 ����

� %&EF�¤Û�C L  
 
�. ���� 
 
21. %&WXIJ�ª�Ë  
 

(a) ?@:�Ì�;*Ú§¨ ÍÎ¥Ï ¨w%&@h¬Q�:���cd;89  
(b) �Ì"#$%&-.Ð�GH Ì��������V���>k"# %&$

67Y/���QR�GH(UNEP/OzL.Pro/ExCom/35/11w¥¦�b�),���
��g�LQ�;%&lm  

(c)  2002�>t� ?@$�Ì"#$%&-.cd��;¿© ¶Ç$�© 35±
ef89  

(d) ?@Ð�0±cd89;%&EFÑÒ$0±cd²³;²³EFÑÒ ²³E

F¤Ó0±²³Ìrs ODS)ÓWdº�;pÇ$yz;=7  
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(e) köÏ²³$��]^Q^²³%&EF(CER)ÑÒ$89%&EFÑÒ(PER)
ÔL��Õ  

(f) ?@��Ì"#$%&-.ì( jL;%°�ÕÖ�³T�Ò Ð�®ìE

FÑÒ  
(g) köÏ��]^Q^®ìEFÑÒ ÔL��Õ jL;%°�ÕÖ�f®ì

EF³T�Ò  
 
 . ��!" #$%&'���&'�(�)* 
 
22. ;W×^�L��;Ø�¸ ÔÙ1?@ 2Ú�²?@Û�ÔÙ BD.  

 
(a) öb���456�7MN 
òöeôsODS;456wx��Dôs�ODS

?s5;456wx;�2ÕMN  
(b) �Ô��]^u$ ������	 ��;?@ B��Cº�ÜK¶Ü  

 
23. OöPcd²³;TU�Û�1.Ý;¯ ¬ò�L1%&; � cd²³;[\

]^�â^Þ$`�1%&ß [\-.DcdZ�Ù1Ò� ¬òà %&Y/ Ì

HLQ_Ï��$Ï�²³Tá;��1 IJÌHLQ_Ï���89W2Û�;M

N;��1 Z²�â!Q_1�� Ì�icd¶ Z�?ã��ì( '�äå@

h �W ö1.&�'�Q_Ï�Wdf��æ$|s;ïçi)  
 
24. Z��]^Û�`� 'à/0Z[2p89-.à %&Y/cd1ÃÄÅ ½�

¾�¿$À�ÁÂ;� tà�W�89-.à %&Y/cd1´µ2Ý89 BC

���è¶�¸ÌQRHLT�é1%&Y/ ¬òà %&Y/cd12Ý� BC

��$tà�W�;uH456?@·�1´µ$ÆÇ;cd tà�W��2p?@·

�1»¼;cd  
 
25. Þn±89á Z��]^DOö�.89Q^189opEF(PCR) �¶öÝE

FÔÌcd¾�hQ^; i!89opEF±±¬¸H;i}�� 33Ò�$¡�

ÌZ�7;#°	Ôö�a; öÝEF�ê@h Q_ë�;i! B�|õô¸�R

ë�;¯°(Õ�¥����)  
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+. ,-./01 
 
26. ºcd1 35 ±89 Ì�Ï ��]^ ÍÎ ÑÒ�µ$�,�7�)Ó��ö

?ã� %&; 35±89½ 2001��ìþ¾op; 77±45689; 45 ½ 2002�
7�(��������q���)þ¾ÑÒ; 108±45689; 32  
 
27. cd;45689�iÌ¿©(18 ±) ��Ô�©(10 ±)$¶Ç(7 ±)(Õã 1) íî

�©$¨©æMop;45689�ß(ïð�� ñ��¿ ��ò¿$óô�Z 1 ±),
D1��]�|s õöcdÜÝ89  
 
28. i!¸PÔcdæMop;89 33n±'Ìtf;89Û:�1cd C*Û�

Z²³rsyæ;oZ�� ¬ò1R¹s;~�ð89Îõ Ün±89¶ ü±89

PEFlæMop 3à<¬õöop(Èâ���q�) �2)Ó 2001 �:fEFl
 !Ì:�;2±89<ÌæMop �á ÌÆÇ À�ÁÂ$»¼	cd1×�89

;�� ãä;�±Ø�89  
 
      2 1: 34567 
 

45 89:;�

<=> 
?; 

�@A) 

B; C; 

¶²   2  ½�¾�¿ 8  
´µ   13 À�ÁÂ    2 
ÆÇ   5  
ÃÄÅ  2   

���./  

»¼   3   

 

DE 0    25       10  0 
FGH./IJ 1    52      21 3 

 
29. %&yæIJ1Oö�±��]^��;89(Õã 2)  
 

2 2: 3��&'67 
    
��&' FGH./ 

(KL 2001MNO
PQ�(�JL) 

���./J R7> 

ST 1  0 0% 
UVE6W 25  12 48% 
XV"Y 31  12  39% 
Z[\� 20  11  55% 
DE 77  35 45% 
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30. Ü±efIJZd_�ö;89 i!¸PÔ¶Yr89 3�¶ÛIJ2Ý��<

;89  
 

2 3: 3]^67 
 

 10_:`
ab 

10_c 50_
:` 

50_c100_:
` 

100_:`
ad 

DE 

FGH./J

(KL 2001 M
NOPQ) 

28 41 5 3 77 

��./J* 15 16 3 1 35 
��./R7

> 
54% 39% 60% 33% 45% 

*��������	
�� �������  
 
31. 'Ý�ãO� ��Yø���1� �µÑÒ$op;89 C¨wZd÷ø$�

ûTá�p;¯Ç  
 

2 4: 3efMg67 
  

efMg ef./J
* 

FGH./

J(KL
2001MNO
PQ) 

��./J R7> 
(��/ef) 

R7> 
(��/GH) 

1992 6 6 2 33% 33% 
1993 2 2 0 0% 0% 
1994 4 4 1 25% 25% 
1995 14 12 4 29% 33% 
1996 17 15 11 65% 73% 
1997 25 23 10 40% 43% 
1998 13 11 5 38% 45% 
1999 11 3 2 18% 67% 
2000 10 1 0 0% 0% 
2001 4 0 0 0% 0% 
2002 2 0 0 0% 0% 
DE 108 77 35 32% 45% 

*������������  
 
32. 'Ý�¥ã 5O� 	��Yø�h��Ìef¶IJ� qr;89  
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2 5: 3hi�j67�kl��./ 
 
���

�j 
ef./ 
IJ* 

(mc 2002M
7n) 

FGH./

IJ  
(mc 2001
Mo) 

2002Mk
l���

./J 

pqr

ef�

��.

/R7

> 

pqrF

GH��

�./R

7> 

stuvw

��./)

x�yz 
:`) 

(mc 2001M
o) 

)xzR7> 
(��/FGH) 

�Iä

åÚ 
31 23 12  39% 52% 2,629,456 26% 

äåÚ 76 53 22  29% 42% 3,469,075 38% 
ùúû

üýë 
1 1 1 100% 100% 799,341 100% 

ºººº���� 108 77 35 32% 45% 6,897,872 35% 
*��������	
��  

 
 
{. ���|�JL}~�� 
 
33. k��������g���Q^;UNEP/OzL.Pro/ExCom/35/11w¥¦Ê¥� 28þ
�b�ÈÉ��1%&@h$%&��  

 
(a) 3 ODSrs}��wð�2�ð/�ÑÒ};89:�¤Ó %ÂO��~�

;��� %Â÷ø ODS;��� î�Ô%ÂÌCìØ&Qno/4aéê

ëìí)Ó�Ì��;²³÷ø ODS;���  
(b) ¤ÓYr89;MN C£¯MNOP *��T×Ø��MN�R<;Üd8

9 Ì#´µÜe�Ì��YräåÚ;²³ Ü8yæ��î�ö�a  
(c) ¤Ó��:�ÑÒ;Ö2¯$�£089 �È�¿89 ;MN �#Ü

d89�L;�� �#������V�g���HL;�.ö��;Ùm

C×Ø� 5¡²³456�7yz;@h(� 25/20wS�)  
(d) ¨wM�R<����;AB 3�:�./¤Ó QRRSlm ñ�2	R

<;
�  
(e) ï����`M�pfð��M��� k���¼	×Q_;Üdi!;�

��� ¨w��M���(IOS)3æ�3l��yæ;¦§ ¨wB�
�p;

���� Ñ��s������ 17/15wS�; �IäåÚ 89����

M���;¤[âã  
(f) §¨89;� ��$EF¶;¡¢$��@h IJÒ89 Ü��¸H

BD��~�ôs;fÂOöm?íi�Ô+µõö;éêëìí  
(g) �l���;á��;�� #°Ô¬��ôÜd���môsðs�� ODS

s� ¬#°ÜeÙ;+pf��lm C�:~�������;���  
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(h) �TUöÏ�� ��]^$��¾��_lmì( ¨wpD;$ØÙm Ì

Z��ö��:�~��� 2±�"�¸g�;�PÔ uH4����7

$�²�É'Ëp�� --� 5¡²³Q�rs  
 
34. 89%&EF(PER);Qõ�~�89¦'89opEF(PCR)�2 V$��;Qõ

f>�  ÜdQõ�C(DÌcd�:��ê;�¼ (D��jki!;Qõ  
 
�. GH./ 
 
35.  !������ 28/2wS� op89Ô�  
 

(a) “õö�!x� !Ìôs CFC  
(b) æMtuwxm?x5$/ðwxæMtu C¾ 
(c) ôs CFC;��æM��/�Þ/��ôs CFC  

 
36. ~�89¦'89opEFQõ·¢�S� ��1v;£%Âlm  !Üdlm

0ËL28�Ò �Û� 20 ¤(Õ=¦2;©�ã �ãÜdv%¤lm�s�%&;

89) Ï�(35±%&89¶)EFæMop; 31±89 �¥ã 6a$ bx��¯Ç  
 
2 6 a� b KL������ 28/2��l���./GH�� 
 
a)PQ� 1999M 7n��F�GH� 14�./  
 

����f�./J GH�f 
� �� ���* 

a) õö�!x� !Ìôs CFC 13 0 1 
b) æMtuwxm?x5$/ðwxæMtu 11 2 1 
c) ôs CFC;��æM��/�Þ/��ôs CFC  8 5 1 

*���  
 
b) PQF�� 1999M 7n��GH� 17�./ 
  

����f�./J GH�f 
� �� ���* 

a) õö�!x� !Ìôs CFC 15 2 0 
b) æMtuwxm?x5$/ðwxæMtu 16 1 0 
c) ôs CFC;��æM��/�Þ/��ôs CFC 13 4 0 

*���  
 
37. ã 6 a$ bx� EFÌ 1999� 7�;W� 28/2wS�þ¾$þTop;--89¬
õöËLop89;Oö�Ò Ìü±89¶ ý�ôs CFC;âãþ���Þ Û¿�
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L�� Ì�±89¶ m?wx¾¿tu Ì�±89¶ á��õöP�� ö2±

89æMPEF� 1998� 12�op �T ��������q���º{1Ü±89

(ALG/ARS/20/INV/18) �2±PEF'Ì:�;89�CïÍæMop �W vwx¾

¿�W�W#�ãä(Èâ���¥�q �$�n�)  
 
38. ÌÐ� 2001�:fEF1 22±89æMÌ��)Óo¯ =¦2©�ãx�; 16
±89k����	1Yözê 2±��)ÓæMo¯;89¾ö��õö�	

(JOR/ARS/07/INV/14) 8±89'�Þe��)Óo¯ !EF �¶ü±89ÔÌfÂ

��¾op;(1999� 12�) 2±89æMÌ��������q���>º{ Ü±8

9�æl�Ì��)Óo¯  
 
�. ���CFC�U���� 
 
39. uH;GH¯ÇÔ Þü±89 !�Ìý�ôs CFC;��á cd;Z�æM

pD�rs��; ODS i} pD�rsÔ���	ôs CFC ÌÜ)Ó �°9¾

×�v"e;wx�� �°m?íi;ôsi} %&yæOïÍðg';AÒ CFC
{|}æM�� 2³�Ì2ÝYZ;[)¶ôsi}ö�; CTC(1.1 ODP) (Då:
6 i!ôs189�� 389opEFjõöÑÒðEFÜdâã  
 
40. 'Ì:�;��wx±±��ôsvä]�>;2Y�¤ 3¢Üdâã ��89

;89¥¦O�Ò ODS{|i!JÂ�+ 2Ý� !Ì >ñ�~����p;b

`$ HAP4a�¤�¥Ó¦§ �.2Ý�{Ó(BcL/ R,&Q�R$:S��


�p;g�HI;FG  
 
41. ²³[\]^ð��?@·�jk ODS {|i!��¸H î�ÌÑ�i!;'(

!¾1¨�7�"1cH.&;·� BDÜÝ�"��ôs��L¥ 2ÇSÜ:S�

��µ lh�s:Sm$VÏ�"Q_; ODS:S��#��7�&; ODS{|i!
 !������ 33/2 wS� �7Q_; ODS n_�l�h���L²³[\]^;
Í� l�µ(�" ��TÑ�  
 
�. ���CFC ¡¢�£¤¥¦�§¨©ª 
 
42.  !Oö� 5 ¡²³k���¼	×EF;³vi! ÜÝ²³456�7yz

CFC£{|}D 4,982 ODP� ½³�EF; CFC{|}(95,627 ODP�); 5 Oö4

5689ÑÒ; ODSrs}D 24,228 ODP� ��ËL;rs}D 21,628 ODP� 'Ì

tf;89æMÑÒ3¾¿�<;rsi}D 2,835 ODP� B� ¾¿�¦89×Ø;

yz CFC{|}D 2,835 ODP� i!Ì�i²³ 456�73�TÀÁ¡Æ;¦§�

< 3Ì--Y² f±yzäåÚ�<~���ñ��xw¸<¦§  
 
43. cd;� 5¡²³²³[\]^2$��1R456�7yz CFC{|âã Ì45

6äåÚi}ö�;²³ ²³[\]^3Üdâãî�1R �i²³;äåÚi}Ì

2¼%& 3Ì½�¾�¿$À�ÁÂ 'Ý�¥Oª ¾ñEF;yz{|}JÂW+

TñEF;yz{|}'JÂW/ ÝÇö��äåÚ �¶��°��'õ�7 "
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#'(ñMN�� ´µ:�¯¤;öÆ 90³äåÚ 
ò	ö���¯¤;Y�7 ¶

²;âã���J ÌÜü±²³ "#$½�����  
 
44. ÝÇ2±²³²�öwx CFC ;�}(´µ$¶·¸¹º$²)ð�m:S;N*(
CFC i}��<(À�ÁÂ) ²³[\]^;"#'(Û�MN�� Yr ¼�;äå

Ú ö1ô( ³)'7 M����)ë %&��e�)�*6m!+¹n2

ü, CFC-12 Ì-³ ./ð0/¶¡ä;Õæwx1>wx456 %&ö1Ûôsù

úûü 3¬ýë�}$¡¢�} B��Ìàw9>ð-2;�  ÌÜÝäåÚ¶

�i !Ìôs CFC �¶��äåÚ���m��~� �mpD¡¢$�Cw�;é

êëìí456îï~�(HAP)s]  
 
45. Ì´µ Â� 70 ;456 CFC {|æM��~� Ü�aj0� !wxÆ

16,000,000 ; CFC 456 tà�W�;?@&'Ì >"#yz CFC s]$t��s
]  >;W~��a$¡¢1¨ :2��ßÜd{| 9¾'ÌDÆ 50³¶Yr�7
;�¯$�£089  
 
46. É 1997�CÈ ¶²æM3óôs CFC456 3x!���> i!>Vr�Í

ÎO³�:�;2�Y¨ÌJKef¶õöà< CFC456b 3öùúãw �'õJ

K4¤ î�Ô56�Ï �Ì���; CFC 456b !Â� 0�wx; CFC
456b�� !Ë 32,000,000±  
 
47. ��������n���ÑÒQ_ 25,000�� D½�¾�¿	;� 8±4568
9 3Ô ¬õöQRÜÝ�;p� Ü 8³�Ô¬�Ì �ë�7� ²³[\]

^ã� ½�¾�¿�ö2ü³YräåÚ !Ìwx CFC456 �°Ý� 4�½�

¾�¿ùúûü&QH/(Æ 0.05��/�) fÂ�C8� ��M���N�W��;

89�f|s JÂl�:�:2�ÍÎ ð��C4vpÜ;ë¹5$456�7�

�(ACAI)gË�¨w�.½�¾�¿äåÚ eÜ+Ù9  
 
48. À�ÁÂæM� 1998�EF �456�7 CFC{|D¯ 3Ô %&Y/cd1

��±N<;456� COPACI ��EFl %0� !{| 37� CFC �.

�³YräåÚ(Simopa, Seewards, Separco)Û�� !Ìôs2�i}; CFC  
 
49. ý�wx CFC 456;�±:BÔ 1)��pf/* ÜÝ��ðñÔºµ�È

; ðñÔC/&no; 2)��i<ö;éêëìí456�  CFCf>õö4a
3)CFC�Ôõö5 B� �÷øõö@h Ûõöõö@h;`R  
 
50. ��²³;m;ð¡à3ó�Üwx CFCx5;v456äåÚ "#$�}ÜÝ¡

à;XµB²
« --²³[\]^ö�>"#$½�:S e
"#$½� CFC{|
BD�i� 5¡²³²�õöwx CFC;�} i!i}��ß;äåÚ��Ì2�1W

����Pà< 3=�<}ôs�d CFC456;âã���Pà< PY¨ 3Ô

�m:S;���£Ô�Ì 
ò Üdâã'Ì--²³àw  
 
51. Üó÷ø CFC~�;³<B�Ô �&Q/*��;éêëìí456(HAP)�M
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CFC &Q|+ ÜdM@B²³
« 3ÝÇ�� <J CFC &Q  !¸}�&(D
1ËLÊË;îïð=>�Ç cH; CFC}�W HAP} ÜdM@;�D 1.5� 2.2
Î 
ò4� CFC�µN+ 0±b�Ûñg¸) CFC;&Q;�Ô HAP&Q; 1.6�
1.9Î ÜÝ¬�B�ÛQ+1'Úpf$¯,pf £pf�«��< =� CFC45
6�� Lö?3�;JK û�Ì³��;ë¹5m@R, 3Ô Üdm@û^_A

p5qx5 �'�B CK�ãú  
 
52. ÝÇæM:�~���;äåÚ÷øôs CFC Ï�ÜdT��D;{	�hñ�Ì

��Dt �T Üd{	��Pg¨©�E¤ 
ò���PEFÈ$Ø]^ i!

HAP���C`õ�ôs CFC 3Eµ��YZ äå¸}Û��YZ wx�"��

ÜdYZ ÜfÂÔ��×Ø;  !�i²³;��m; §�¸��CÑ¨wx�"  
 
«. ¬®¯�°±®¯�§²ª 
 
53. i!<ÆÉ 1995�9 3����æMöFG;º° 3��Ì 1999�þT ��

]^£Ì�_��¥�;'õìÆ¶'õÍ����� ¬òÍ� ����;yæ�

��L²³[\]^$/ð��]^ð�?@þ2;Í� !T 89opEF(PCR)��
EF��âã ¬òQ_�w¥¦  !jL; 72H89opEF ÌæMop; 77±
89¶ 37±89õö��á�� ��cd��1Ü2P cdà< ��¤þ2;

� CFCîÚºµÌ0/+ �¶�i89Ô'à/0��; Ì�I;'(Jð���

Ï�C�LÜÝá;îÚ ðñ�ß�Cl i!õöôsÜÝîÚ 3'Ú�.�)

 !öÜdîÚ Üãw i!HL:�;��õö�LÀÁ 3��;KL !�LÀ

Á !
 Ü+�ÌjÜe;�  áîÚ��P¸vsÈîï CFC ðñR,È�.

� ðñg��àw;âãÔ ÌMW�oZ$�¡¢;��þT sÈîïéêëìí

456(HAP) ô�Ó(�<;9>�  2ÚMØM� .;á CFCîÚ�C��
sÈN< HAPwx�};wx�> ðñÌ77àfcH1 (D(1�swx�> ¶

²; Jintong�(OS£089 CPR/ARS/24/INV/244)ñÔÜeÙ;  
 
54. ÌPÝ89¶ 4�_��ôsüJðg�; CFCîÚ 3���L2J<�};

HAPîÚ ��'(MNø� Ì�.89¶ îÚÔ]4;/p�¤ Üd]4`ÆE

Æx5 ��456Q� !T;WQ��kg� CFC40 i!îÚfR�C�Þ$�

� 3_S1�$S�T4��.ü8�XÔUÌ29; ûö��_lm;,³£��

uÞ f³��sÜd�s��� pD�Ì�89¶¡äv;V�õ`Æ/W�/îï
�s�]4 
 1ºµá;]4  
 
55. ��]^k��pD_�3ú;�QR;2±f°!Ô ��á; CFCîï��
�ö34@h B� ÜÝ��s� HAPwx|�  ÜdØ°X:rsð��1��

CFCîÚ ?C�2s�ð�s� HAPîÚ 0±îÚ;&QÆD 20,000� 90,000��  
 
56. ��> ÜdYÞ;îÚûö2±yæ�¦(�;ôîÚfR) ÜñÔyZ Þ�å

:6_LÍ[\]í¢£
òõö�LW^ ¬{yZ�_,;[C;��Y ²ôàw

2Ý\Y;[C yZãÓ�C`>2abb;c �|õ�'LAÈ;ðØÞ;×d

�Cxw=�¦§;Ö234PÔef��gðh���g �°îï CFC 	Ô HAP
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Üd��g�|õg� 
ò|sÛ�+ i�034;ùú�|õà< �ù0å:6

j�¬C;��g¬kà1 �xw*j�Ç �lµ/�mP1 �ønð�.�°�

¦�oÝpq2a5 �T 5ûpY�r ³Tst ãp2as Ü�wx ÜÔ

k®(�ð�¸�àRuw l�ró®( g���g �p;��12�v  
 
57. Oö CFCîÚ�34 ���� ;lm|w� ���C¸v§¨Üdlm Ü

ð�Ôö�; Þ�îÚ|xá æMyh 
ò�õö��;~��> ��ºz

�Ë ���0 Ìg���g$�ËÙß-ð�4×ØT CFCîÚo¢�CsÈî
ï HAP {WÈ HAP îÚÛ�CsÈîï CFC Ø°> Üô=�æM:�~���

;�}��Cwx CFC 456 3Ô 4�>¥���|ª;AB õö�LÌopk

HAP;��þT'÷øôs CFC;ùú  
 
³. ��´µ 
 
58. %&; 29±æop89¶ 14±89;�����W 6±� 10±89;����
�W2� Ü�p1Zd¥ÓTÇ �¶IJk<4a�çg�; CFC ��ð�7&Q

>} ²³[\]^$��]^'(}�� ö1_����.�.)þ2xw~�  
 

2 7: ���FGH./*���´µ 3��&'7¶ 
 

�����i ]^ 
Q¾op 0-6 7-12 13-18 18±�C> º� 

BC�� 1 3  4 1 9 
tà�W�  9 1  2 12 
'à/0 1 1 3 3   8 
DE 2 13 4 7 3 29 
*��������������� 5 ��	�����  
 
59. ³�Õ;��ABÔ�0��(àÝ�ä��b);Í� <K1¨�p;¥Ó¯ÇC

¾õö��L;¡¢HL �¶�i�ÔD_����jÞ ÌÜÝ@h>±±�ÌH

IG� 2Ý12³�;��ÔBD²³ð�)HLäåÚíÃLMN��;�) Üc

Hnoó� 3Ú7:�8� IJS�Ú� ¡ä<r��b ¡ä�� ^;�S�

� ÌÜdâã¶ 3l|sÔ���éê;iÎ  
 
60. ÌPÝ89¶ Ì89��LË1 _��	��¡äÜÝ�� B��p¸<�

� cH:���X�;ÍW ÌcHMWÍ�;�ä����1î�cHÍW Þ�_

���TU]^�Y�8�yæ ¬{±±�R<��ð$}��h;�á  
 
61. ;� _����¾1jL�� �W Ì2Ý89¶ ��PVÏ�� �Þ_

��`+ÏÐð0/| ÌöÝ89¶ 2ÝÏc��õöjL ðñõö�n ð

ñõöä� _��l��É"# 8�R;��$�a��|su� Ñ�Ô¬��

L �&=���|s £i�¤[;��MN Ì--89¶ à<1R� �á
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	�L2Ý'ÚÌõöW�T ò>T -2� 134 a94�Y�¦;â9�t'

389��u�ÔIJÜÝ�¦; �@¾�.1 'Ú$Ø¸�;åøÔ õöÜÝ�

¦ ôsÜÝ�¦�ö¸<¡¢�� ¬ÜÝ�¦;@hl��9Ïg  
 
62. Ì2Ý89¶ _lm'X\¡äZd]4$"#T U^S>$��$¤�'(P

�� ö;ÔT�����p; ö;Ô 9/11.¦¦§�p; ö;ÔBD_lm±²�

�`R »'X\(2�]� ¾±BC 2�Ï opü�±äåÚ;'( ��]^

���_lmþ2;ìÆ;�Í�]��i 3��Í��0�W ð�û�l ……Ì
jL……þT2±�� 3²ôÜe Û��Í��0�W BD���R<VÏ��

ðñ8�K�;'(¾¿op  
 
63. �¥ã 8¡��]^x�%&89;����12 29±89¶ 19±89Ì 19�
36±�op 8±�WÜ±1� ü±/�Ü±1� Ü±Q��Oöæop45689

;��$��12�J �Oöæop~�89;����$��12�J Üx� 18
±�ðß� 18±�;89op12;�Ô�<�;  
 
2 8:  ���FGH./*·¸¨©¹º 3&'67 

 
�����i ]^ 
0-6 7-12 13-18 19-36 36ðg� º� 

BC��   1  5 3  9 
tà�W�     8 4 12 
'à/0  1   6 1  8 
DE  1 1 19 8 29 
*����� 1
�������� 5
�������  

 
³�.  £¤k»�®¯¼k 
 
64. ;� CFC 4 HAP ?m Ì¶·¸¹º$²;2±89¶ CFC 4V��(DME)?
m B� ~���'(��¸<½�õö@h$��9>�  ûö 3±89��V\
ëé$ HFC-134a��õöm?í(Õ�¥ã 9) ��$¨©#�$¹s1--�õöðö
�XµN/;m?í �¶IJV��(DME) 1,1 V��ü(HFC 152a) HFC 134a
$V\ëé \ë¿� �$òÆt4(CAIR)�+ò40 ÌPdXµ> Zd HFC�p
¢��ë 3�Xµ/��i CFC �.m?ícH�"�� Þ>¥QL;f±àáâ

ãá Z_��3� HAP å:6:�;#���ØÞ �hþT�Pçè (�ÕÏ�
Zdå:6��;=¦b ) 
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 2 9: KLef./½¾¿ÀÁÂ�£¤k» * 
 
~��� æop~��� 

;£i 
%&;~���i %&;�¤M 

e CFC-11��D HAP 32 17 53% 
e CFC-113��D HAP 1 0 0% 
e CFC-114��D HAP 6 4 67% 
e CFC-12 ��DV\ëé 1 0 0% 
e CFC-12 ��DV�� 1 1 100% 
e CFC-12��D HAP 69 30 43% 
eCFC-12 ��DHFC-134a 1 1 100% 
e CTC ��D HAP 1 0 0% 
eMCF��DV\ëé 1 0 0% 
ºººº���� 113 53 47% 

       *������������ ������ 
!"�#$��  

 
65. � 5¡²³äåÚ$�,m;ÍÎ�}��ß ²ôöÍÎ�} ÜÝ�}Û��A

u B� [)�vÔe¨©�²�,môs;[)$IäÍQ¶KÈ; ÜÝ¨©�,

mÌ��äå ¨©¸1RLÜdâã æM¹º�Ë �ßðh}�ßÜd�� �i

� 5¡²³;uHx5Ôyz6 ��Ô±¸Þ[6 t4uv6 ��6 îà�r6

$ÀÔ �zx5 �L 5 IJ>�6$ �¡  
 
66. 456?@;S�Ì��]^��~�$��)Ó2k�öE�`¸;(s �!

Ü !cHÀÁ������¦;PÝ�T)? ;� Üd�æ)õ�ö� ��?@

&wy$'(Ì��$¨© 
��$¨©wx;456��'½BCx}; 90% B�

.&�É!�u¢ôsÜÝ�� �2)Ó .&Û�°L ´µ��2Ýý�;��

¶·¸¹º$²$�f��2ÝMNø�;�� Ì�T;89¶�Cå£�¶2Ý��

��]^ð_��k~�màR��1�l��Þ��;_lm  
 
67. :�Dó Z89ôs1 7±456wx��²�_lm ü±ÈÉ�² �±ÈÉ

Ê² 2±ÈÉ¤BC¾2±ÈÉ�<� Nimmo(UK)¥()x �T;89l�cªÜ

±B� OöÜÝ_lm�wxÕæ tÉæ$Éæ�� wx®µ��0¤¦ 10 b�
400b �i� 5¡²³;HLÔ0¤¦ 10b� 35b ÌÜÝ_lm¶ n³�C<D

ÊË i}$&Q�� �q³(¤B; Pamasol);%¤2$ÔH§ 3�&QMFG3Õ

��;&Q+R 20%� 30%  
 
68. 3��¨��_lm;� 5¡²³äåÚ
U ��©�ô77�12¶
 ô\]

�� �p�a�TÇ Pamasol ;]4ª«¬s 'Ý:¬ò¹s³+5i;��

Ì¢BC®�1Kï$�©�;ó¯ ôsW Pamasol CFC��;äåÚ3Üd����
�� 2�±²89Cv; Pamasol HAP ��m? CFC �� %&'�`+���:X

¶³/&QFG3Õ;�&  
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69. i!tà�W�$BC��^_ÜdÙm 3'à/0�^_ÜdÙm Ì--89

¶ �ÌjLQ_�T£¯¤��;Ô�³��_lm ÜÌ��'à/0þ2��

1~� ö1�²³[\]^Ûxw1~� S�'à/0cª¹ºMNxy;¹nX«  
 
70. Ï�Ý�'ïôs�°5 �Ì���± Ì���) �°5;lµP�Ì 20°C
ð 40°C �°5;lµl��ÌÆ 54°C l� 100 ²õ2ü¤¦ C#�æMä�;4

56b;³ò�>$�389  
 
71. Ì�±� 402E./æM¡ä 3õö´s Ì�2±89¶ 2³�;S

� <µ� ¶·Ìl¸> ��RÜ2P1 �~�l Ü¹º»1 10,000�
�� �ÔI fñ�¯¤Ý�¡ä Ì--89¶ �Ï;1#/¦P¼·Ìm½K

O 4�_L�¾¿À ÜÝ/¦æMfÂÁ�&ë  
 
72. Ì�i� 5¡²³ 4�J>;ùúûüö«a ���ôs2dÂÙ¤��;ä·

C�ß�Þ2Ý³�¤;¢£í ôs;_,×dÌ 40� 360ÁÃþ2 �v�2 i}

�2(2�n±U�_,) ûöü³'Úôs'ïÄÅ;¤�� �á �ßü³'Ú

Æj6·çE«ÇÈ1 �á�³'Ú;$¤¡äÔë�; ôùúûü;W_,�R


�ÔCa�)õÉ�
>noÉR �iäåÚÊËl ²ôôs¤�� ùúûü 

!öAÈ�¤; [ÌÍ a �k%&�R'ïlm1 äåÚl %&e¿�L=�

�T ³T�R Ì--�) �C�LMNtç;ÎÏ(¤����)Ð ÜôÎÏö]

�et4¶Æj�Ë�ÉR¸} 29%;�4 ôÎÏ�dÞ¢Ñ�;(s  
 
73. ²ôÌMW¤��ýë×ØT ùúûü40±± !ö«a ÜÒ¸¦§456;

�, B� öÝ�Ì456b¶ôs�Öî54 î�ÔÌr� ÀÔ$Þ[6�x

5¶ôsÜdî54 e
×Øôs=�å:6 �^_XµÆ�}û�lÔ2$ ��

wx;�Öî5���§ :S�Ö&Q'|+(Èâ��Ï�Iä./;=¦g)  
 
74. öÝäåÚ2$�~�no�äå 3%&���ÙÜÝ~� ÜÔBDfÂOö

HAP _,�s�º�$ÓY TUHLOö HAP _,�g��ÔÕð«îÔÕ(Ô
Õ) ôs];W�¤;4a�C®à<34@h ÞcM�g�(öÝ_,��|Ö 11.3
�)
òB�
��×Ø� á � 5¡²³'�K;�i¤��û�dÞ�¤Üd¸
D��;¢£í ÜôPÝ456x5 àÝ ÀÔ$±¸Þ[6 ; HAP4afÂ
�C|Ö  
 
75. ÝÇ~���:XIJ HAP �äå ²³[\]^$��]^l�ÌS��Ò Í
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Annex I
Statistical Overview and Rating of Aerosol Projects Evaluated

(See Excel document)



Annex 1: Statistical Overview of Aerosol Projects Evaluated Annex I

Country Code Project Title Agency ODP To Be 
Phased Out 

As Per 
Inventory

ODP Phased 
Out As Per 

PCR

ODP Phased 
Out As Per 
Evaluation

ODP 
Points

ODS-free 
Production 

Points

Equipment 
Destruction 

Points

Date 
Approved

Approved 
Date of 

Completion

Revised 
Completion 
Date As Per 

Progress Report

Actual Date of 
Completion As 
Per Progress 
Report 2001

Actual Date of 
Completion As 
per Evaluation

Delay in 
Implementat
ion (months)

Delays 
Points

Algeria ALG/ARS/18/INV/12 Enterprise Nationale des Detergents (ENAD) UNIDO 150.0 150.0 150.0 20 20 0 Nov-95 May-97 Dec-97 Dec-97 7 0
Algeria ALG/ARS/20/INV/16 Vague de Fraicheur UNIDO 51.4 51.4 51.4 20 20 0 Oct-96 Oct-97 Dec-98 Dec-98 14 -15
Algeria ALG/ARS/20/INV/17 Ets Wouroud UNIDO 47.0 47.0 47.0 20 20 0 Oct-96 Oct-97 Dec-98 Dec-98 14 -15
Algeria ALG/ARS/20/INV/18 Laboratoire Bendi UNIDO 19.2 19.2 19.2 20 0 0 Oct-96 Oct-97 Dec-98 Cancelled* N/A N/A
Algeria ALG/ARS/20/INV/19 Ets Cophyd UNIDO 15.0 15.0 15.0 20 20 20 Oct-96 Oct-97 Jul-97 Jul-97 -3 15
Algeria ALG/ARS/25/INV/28 Ets Djadir UNIDO 38.4 38.4 38.4 20 20 0 Jul-98 Aug-99 Dec-00 Dec-00 16 -15
Algeria ALG/ARS/28/INV/38 Floreal UNIDO 18.1 18.1 Unclear 0 0 0 Jul-99 Aug-00 Jul-01 Ongoing N/A -15
Algeria ALG/ARS/28/INV/41 Saco UNIDO 19.0 19.0 Not sure N/A N/A N/A Jul-99 Aug-00 Ongoing Ongoing N/A -15
China CPR/ARS/13/INV/79 Zhongshan Fine Chemical Aerosol Filling Center IBRD 4,067.0 4,067.0 4,067.0 20 20 20 Jul-94 Jul-96 Jun-98 May-97 May-97 -13 15
China CPR/ARS/24/INV/244 NCLI and Fujiang Light Industry Co. IBRD 1,224.0 Ongoing Ongoing N/A N/A N/A Mar-98 Apr-00 Ongoing Ongoing N/A -15
India IND/ARS/22/INV/113 Stella Industries IBRD 105.0 105.0 105.0 20 20 20 May-97 Jun-98 Sep-98 Sep-98 3 15
India IND/ARS/22/INV/114 Accra Pack IBRD 52.0 PCR Due 52.0 20 20 20 May-97 Jun-98 Jun-99 Apr-01 Apr-01 22 -15
India IND/ARS/22/INV/115 Ultra Tech Specialty Chemicals Pvt. Ltd. UNDP 30.8 30.8 30.8 20 20 20 May-97 Jun-98 Sep-99 Nov-99 Nov-99 2 15
India IND/ARS/22/INV/117 Texas Enterprises UNDP 31.2 31.2 31.2 20 20 20 May-97 Jun-98 Sep-99 Nov-99 Nov-99 2 15
India IND/ARS/22/INV/118 Aerol Formulations UNDP 31.0 31.0 31.0 20 20 20 May-97 Jun-98 Sep-99 Nov-99 Nov-99 2 15
India IND/ARS/22/INV/135 Aerosols D'Asia Pvt. Ltd. aerosol conversion UNDP 18.0 18.0 18.0 20 20 20 May-97 Jun-98 Sep-99 Nov-99 Nov-99 2 15
India IND/ARS/22/INV/136 Asian Aerosols Pvt. Ltd. UNDP 25.0 25.0 25.0 20 20 20 May-97 Jun-98 Sep-99 Nov-99 Nov-99 2 15
India IND/ARS/22/INV/138 Aero Pack Products aerosol conversion UNDP 20.4 20.4 20.4 20 20 20 May-97 Jun-98 Sep-99 Nov-99 Nov-99 2 15
India IND/ARS/22/INV/139 Aero Industries IBRD 27.6 27.6 27.6 20 20 20 May-97 Jun-98 Jun-99 Oct-99 16 -15
India IND/ARS/22/INV/141 Aeropres Aerosol IBRD 50.0 50.0 50.0 20 20 20 May-97 Jun-98 Jun-99 Oct-99 16 -15
India IND/ARS/24/INV/167 Sunder Chemical UNDP 15.0 15.0 15.0 20 20 20 Mar-98 Apr-00 Jun-00 Jun-00 2 15
India IND/ARS/24/INV/171 Sara-Chem Pvt. Ltd. UNDP 23.3 23.3 23.3 20 0 0 Mar-98 Apr-00 Mar-01 Mar-01 11 0

India IND/ARS/24/INV/174 Chem-Verse Consultants UNDP 18.0 18.0 18.0 20 20 20 Mar-98 Apr-00 Jun-00 Jun-00 2 15
Cote D'Ivoire IVC/ARS/20/INV/07 Parfumerie Gandour D.A.F. UNIDO 66.0 66.0 66.0 20 0 0 Oct-96 Oct-97 Dec-99 Dec-99 Ongoing N/A -15
Cote D'Ivoire IVC/ARS/20/INV/08 Sicobel UNIDO 20.8 20.8 Not sure 0 20 0 Oct-96 Oct-97 Dec-99 Dec-99 Dec-99 0 15
Jordan JOR/ARS/07/INV/12 Jordan Refinery Company IBRD 0.0 0.0 0.0 N/A N/A N/A Jun-92 Jun-95 Jul-97 Jan-98 Jan-98 6 0
Jordan JOR/ARS/07/INV/14 Haddad and Sons Inc. IBRD 85.0 85.0 85.0 20 20 20 Jun-92 Jun-95 Jul-97 Dec-97 Dec-97 5 15
Jordan JOR/ARS/20/INV/26 Jordan Industrial Petrochemical Co. Ltd. (JIPCO) IBRD 98.0 Ongoing Ongoing N/A N/A N/A Oct-96 Oct-97 Dec-00 Ongoing Ongoing N/A N/A
Jordan JOR/ARS/20/INV/27 Jordan Antiseptics and Detergents Ind. Co. Ltd. (JADICOIBRD 20.0 20.0 20.0 20 0 20 Oct-96 Oct-97 Dec-98 Dec-98 14 -15
Jordan JOR/ARS/20/INV/28 Jordan Chemical Products IBRD 61.0 61.0 61.0 20 20 20 Oct-96 Oct-97 Dec-98 Dec-98 14 -15
Lebanon LEB/ARS/19/INV/05 Cosmaline Industries s.a.al. UNIDO 87.7 87.7 87.7 20 20 20 May-96 May-97 Dec-97 Dec-97 7 0
Lebanon LEB/ARS/19/INV/06 Zeeni's Trading Agency UNIDO 212.0 212.0 212.0 20 20 0 May-96 May-97 Dec-97 Dec-97 7 0
Vietnam VIE/ARS/17/INV/07 Saigon Cosmetics Company UNDP 80.0 80.0 80.0 20 20 20 Jul-95 Dec-96 Aug-98 Aug-98 20 -15
Vietnam VIE/ARS/18/INV/10 Daso Company Ltd. UNDP 27.0 27.0 27.0 20 20 20 Nov-95 Nov-96 Jun-99 Dec-99 Dec-99 6 0
Vietnam VIE/ARS/18/INV/11 Cosmetics Producing and Trading Company (CP & T) UNDP 85.0 85.0 85.0 20 20 0 Nov-95 May-97 Sep-99 Ongoing Jun-01 21 -15

* Cancelled at the 37th Meeing
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Code Project Title

ALG/ARS/18/INV/12 Enterprise Nationale des Detergents (ENAD)
ALG/ARS/20/INV/16 Vague de Fraicheur
ALG/ARS/20/INV/17 Ets Wouroud
ALG/ARS/20/INV/18 Laboratoire Bendi
ALG/ARS/20/INV/19 Ets Cophyd
ALG/ARS/25/INV/28 Ets Djadir
ALG/ARS/28/INV/38 Floreal
ALG/ARS/28/INV/41 Saco
CPR/ARS/13/INV/79 Zhongshan Fine Chemical Aerosol Filling Center 
CPR/ARS/24/INV/244 NCLI and Fujiang Light Industry Co.
IND/ARS/22/INV/113 Stella Industries 
IND/ARS/22/INV/114 Accra Pack
IND/ARS/22/INV/115 Ultra Tech Specialty Chemicals Pvt. Ltd.
IND/ARS/22/INV/117 Texas Enterprises 
IND/ARS/22/INV/118 Aerol Formulations 
IND/ARS/22/INV/135 Aerosols D'Asia Pvt. Ltd. aerosol conversion
IND/ARS/22/INV/136 Asian Aerosols Pvt. Ltd. 
IND/ARS/22/INV/138 Aero Pack Products aerosol conversion
IND/ARS/22/INV/139 Aero Industries
IND/ARS/22/INV/141 Aeropres Aerosol
IND/ARS/24/INV/167 Sunder Chemical
IND/ARS/24/INV/171 Sara-Chem Pvt. Ltd.

IND/ARS/24/INV/174 Chem-Verse Consultants
IVC/ARS/20/INV/07 Parfumerie Gandour D.A.F.
IVC/ARS/20/INV/08 Sicobel
JOR/ARS/07/INV/12 Jordan Refinery Company
JOR/ARS/07/INV/14 Haddad and Sons Inc.
JOR/ARS/20/INV/26 Jordan Industrial Petrochemical Co. Ltd. (JIPCO)
JOR/ARS/20/INV/27 Jordan Antiseptics and Detergents Ind. Co. Ltd. (JADICO
JOR/ARS/20/INV/28 Jordan Chemical Products
LEB/ARS/19/INV/05 Cosmaline Industries s.a.al.
LEB/ARS/19/INV/06 Zeeni's Trading Agency
VIE/ARS/17/INV/07 Saigon Cosmetics Company
VIE/ARS/18/INV/10 Daso Company Ltd.
VIE/ARS/18/INV/11 Cosmetics Producing and Trading Company (CP & T)

* Cancelled at the 37th Meeing

Approved Cost-
Effectiveness 

Planned As Per 
Inventory 
(US$/kg)

Actual Cost-
Effectiveness 
As Per PCR 

(US$/kg)

Cost-
Effectiveness 

As Per 
Evaluation 

(US$/kg)****

Cost-
Effective

ness 
Points

Funds 
Approved As 
Per Inventory

Funds 
Disbursed As 
Per Progress 
Report 2001

Funds 
Disbursed As 

Per PCR

Difference 
Inventory and 

Progress

Project 
Financially 

Closed

Funds 
Returned to the 

MLF

Qualitative 
Points

Rating by IA 
in Old PCRs 

*

Rating by 
IA in New 
PCRs **

4.10 4.09 4.09 0 614,850 614,499 610,028 -351 40 2
3.20 3.06 3.20 0 164,623 164,522 157,499 -101 X 101 38 3
3.99 3.98 3.98 0 187,772 187,055 187,055 -717 X 717 36 3
2.96 2.96 N/A N/A 56,790 53,700 56,700 -3,090 N/A 3
3.53 Not Provided 3.44 0 53,024 51,651 52,000 -1,373 X 1,373 26 1
3.85 3.82 3.82 0 147,807 139,757 146,720 -8,050 30 3
4.26 4.23 4.25 0 77,145 76,945 76,600 -200 30 N/A
3.88 3.87 3.87 0 73,691 66,580 73,500 -7,111 28 N/A
0.33 0.32 0.33 0 1,351,360 1,351,041 1,310,500 -319 X 319 32 2
0.45 Ongoing Ongoing N/A 547,675 327,530 Ongoing -220,145 32 Ongoing Ongoing
2.56 2.56 2.56 0 269,175 269,175 269,175 0 X 36 2
2.49 PCR Due 2.34 5 129,690 121,860 PCR Due -7,830 36 PCR Due PCR Due
2.27 2.11 2.27 0 70,000 70,000 65,278 0 X 30 2
2.24 2.00 2.09 5 70,000 65,097 62,572 -4,903 X 4,902 32 2
2.24 2.20 2.21 0 69,450 68,659 68,341 -791 X 791 34 2
3.86 3.58 3.73 0 69,450 67,071 64,540 -2,379 X 2,379 32 2
3.63 3.20 3.32 5 90,890 83,123 80,082 -7,767 X 7,767 32 2
3.40 2.89 3.40 0 69,450 69,450 59,037 0 X 32 2
4.39 4.27 4.27 0 121,735 117,832 117,832 -3,903 X 3,903 32 3
2.94 2.86 2.86 0 146,860 142,820 142,820 -4,040 X 4,040 34 3
3.99 3.57 3.75 5 59,892 56,275 53,559 -3,617 X 3,617 24 2
3.83 2.55 2.55 5 89,164 59,441 59,441 -29,723 29,723 28 1

3.74 3.18 3.64 0 67,324 65,452 57,171 -1,872 X 1,872 32 2
1.61 Not Provided 1.61 0 106,061 106,061 105,969 0 30 2
2.84 Not Provided 2.71 0 59,171 56,415 58,732 -2,756 28 2
N/A N/A N/A N/A 700,000 799,341 805,000 99,341 X 21 3
5.00 2.52 2.94 5 250,000 214,200 250,000 -35,800 X 38 3
1.05 Ongoing Ongoing N/A 102,855 0 Ongoing Ongoing N/A Ongoing Ongoing
3.29 3.29 3.29 0 65,720 65,720 65,720 0 X 20 3
3.33 3.33 3.33 0 203,328 203,328 199,079 0 X 32 3
2.42 Not Provided 2.42 0 212,500 212,500 209,476 0 X 40 2
1.71 Not Provided 1.66 0 361,900 351,874 349,109 -10,026 X 10,026 30 2
2.98 2.97 2.95 0 238,430 235,991 237,983 -2,439 X 2,439 40 3
4.09 4.07 4.07 0 110,340 110,020 110,021 -320 319 36 2
3.35 3.01 3.01 5 285,120 252,886 256,080 -32,234 28 2

* Overall assessment by Implementing Agencies as per Old  PCR
1 - Highly satisfactory, more than planned 
2 - Satisfactory, as planned 
3 - Satisfactory, though not as planned
4 - Unsatisfactory, less than planned 
5- Unacceptable 

** Overall rating by Implementing Agencies as per New PCR
1 - Highly satisfactory: 100 to 120
2 - Satisfactory: 75 to 99
3 - Less satisfactory: 48 to 74
**** Cost Effectiveness As Per Evaluation = ODP Phased Out As Per Evaluation/Funds Disbursed As Per Progress Report/1000
     Note: Some disbursed figures are provisional data
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Annex 1: Statistical Overview of Aerosol Projects Evaluated Annex I

Code Project Title

ALG/ARS/18/INV/12 Enterprise Nationale des Detergents (ENAD)
ALG/ARS/20/INV/16 Vague de Fraicheur
ALG/ARS/20/INV/17 Ets Wouroud
ALG/ARS/20/INV/18 Laboratoire Bendi
ALG/ARS/20/INV/19 Ets Cophyd
ALG/ARS/25/INV/28 Ets Djadir
ALG/ARS/28/INV/38 Floreal
ALG/ARS/28/INV/41 Saco
CPR/ARS/13/INV/79 Zhongshan Fine Chemical Aerosol Filling Center 
CPR/ARS/24/INV/244 NCLI and Fujiang Light Industry Co.
IND/ARS/22/INV/113 Stella Industries 
IND/ARS/22/INV/114 Accra Pack
IND/ARS/22/INV/115 Ultra Tech Specialty Chemicals Pvt. Ltd.
IND/ARS/22/INV/117 Texas Enterprises 
IND/ARS/22/INV/118 Aerol Formulations 
IND/ARS/22/INV/135 Aerosols D'Asia Pvt. Ltd. aerosol conversion
IND/ARS/22/INV/136 Asian Aerosols Pvt. Ltd. 
IND/ARS/22/INV/138 Aero Pack Products aerosol conversion
IND/ARS/22/INV/139 Aero Industries
IND/ARS/22/INV/141 Aeropres Aerosol
IND/ARS/24/INV/167 Sunder Chemical
IND/ARS/24/INV/171 Sara-Chem Pvt. Ltd.

IND/ARS/24/INV/174 Chem-Verse Consultants
IVC/ARS/20/INV/07 Parfumerie Gandour D.A.F.
IVC/ARS/20/INV/08 Sicobel
JOR/ARS/07/INV/12 Jordan Refinery Company
JOR/ARS/07/INV/14 Haddad and Sons Inc.
JOR/ARS/20/INV/26 Jordan Industrial Petrochemical Co. Ltd. (JIPCO)
JOR/ARS/20/INV/27 Jordan Antiseptics and Detergents Ind. Co. Ltd. (JADICO
JOR/ARS/20/INV/28 Jordan Chemical Products
LEB/ARS/19/INV/05 Cosmaline Industries s.a.al.
LEB/ARS/19/INV/06 Zeeni's Trading Agency
VIE/ARS/17/INV/07 Saigon Cosmetics Company
VIE/ARS/18/INV/10 Daso Company Ltd.
VIE/ARS/18/INV/11 Cosmetics Producing and Trading Company (CP & T)

* Cancelled at the 37th Meeing

Total Points in 
PER

New 
Rating in 
PER ***

Quality of 
project 
design

Conversion 
Technology

Type of 
equipment

Supplier Safety/health 
protection

Capacity for 
maintenance of 

equipment

Product 
quality 

maintained

Provisions 
made to 

prevent return 
to ODS use

N/A N/A 5 5 5 5 5 5 5 5
N/A N/A 5 5 5 5 5 5 5 3
N/A N/A 5 5 5 5 3 3 5 5
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
101 1 1 3 5 5 3 3 3 3
N/A N/A 3 5 3 5 5 5 3 1
N/A N/A 5 5 5 3 3 5 3 1
N/A N/A 3 5 5 3 5 3 N/A 1
107 1 3 5 5 5 1 5 3 5
N/A N/A 3 3 5 5 3 3 5 5
111 1 5 5 5 5 3 5 3 5
86 2 5 3 5 5 5 5 5 3
105 1 3 5 5 5 3 3 1 5
112 1 5 5 5 5 1 3 3 5
109 1 5 5 5 5 3 3 3 5
107 1 3 5 5 5 3 3 3 5
112 1 3 5 5 5 3 3 3 5
107 1 3 5 5 5 3 3 3 5
77 2 3 5 5 5 3 3 3 5
79 2 5 5 5 5 3 3 3 5
104 1 3 3 5 5 1 3 3 1
N/A N/A 3 3 5 5 1 3 3 5

107 1 3 5 5 5 3 3 3 5
N/A N/A 3 5 3 5 5 3 3 3
N/A N/A 5 5 5 5 1 3 3 1
N/A N/A 3 3 3 3 3 3 3 N/A
118 1 3 5 5 5 5 5 5 5
N/A N/A N/A 3 5 5 N/A N/A N/A N/A
N/A N/A 1 3 3 1 1 3 3 5
77 2 5 5 5 5 1 3 3 5
100 1 5 5 5 5 5 5 5 5
N/A N/A 5 5 5 5 1 5 3 1
85 2 5 5 5 5 5 5 5 5
96 2 5 5 5 5 5 3 3 5

N/A N/A 3 3 3 5 3 3 3 5
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Annex II: Conversion Process And Requirements

1. The conversion of CFC propelled aerosols to HAP types involves a major change in
formulation, labelling, production, storage and (often) transportation. About the only thing these
two classes of propellants have in common is that they are liquids, under low to medium pressure
at ambient conditions. The differences are as follows:

CFCs HAPs
High liquid density Low liquid density (40% that of the CFCs)
Non-flammable Extremely flammable
Can be varied in pressure Generally available in only one pressure
Medium solvency Poor solvency
Essentially odourless Often with offensive odours
Further purification not required Further purification generally required for Art. 5 countries
Minor leaks in production are tolerated Leaking machines cannot be tolerated
No leak detection equipment needed Leak detection equipment is required

2. Because of their poor solvency, HAPs can cause the sedimentation of certain fragrance
ingredients from cologne formulas, film-formers from hair sprays, resins from paint aerosols and
polymers from mousses --- unless formulations are very carefully balanced and engineered. The
resulting products are much lighter in liquid density than the corresponding CFC formulations.
Consumer complaints about lightweight dispensers (often thought to be only partly filled), have
led to increased product volumes per can or changes to larger cans and to higher levels of active
ingredients (perfumes, germicides, insecticide toxicants and silicone mould release agents), so
marketers can claim the same potency per can, as with the previous CFC products. Some fillers
reported that the reduced acceptance of HAP products has hurt sales. Consumer resistance to
"light-weighting" is greatest in India, but this complaint is slowly ebbing, worldwide, as
consumers get accustomed to CFC free products.

3. The most profound difference between CFCs and HAPs is the extreme flammability of
the latter. For example, a mere 17 ml of liquid HAP is sufficient to explode an empty 204 liter
steel drum, if vaporized and uniformly mixed with air in the drum. This feature must be dealt
with in all aspects of production, storage and sale. The escape of HAP (liquid or vapours) must
be absolutely minimized. When HAPs do escape, as they always do, to some extent, in the
gassing operation, methods must be employed to keep the concentration of gas very dilute to stay
below the lower flammability limit, which is typically 2% of the vapour in air. The most reliable
and least costly way to do this is to do the gassing outside, under a suitable roof. Normal air
movements in open spaces keep HAP gas concentrations sufficiently low. In over 20 years, at
numerous sites around the world, there has never been a fire incident associated with open-air
gassing. If climatic conditions (cold weather, sand-storms) make open-air gassing an unattractive
option, one can enclose the gassing machine in a well ventilated box, or gassing room, ideally to
be situated outside the main plant. Several fillers seen have located their gassers either inside the
main plant or in a room adjacent to it --- separated by a wall through which conveyors pass,
taking cans out to be gassed and then back inside. In three cases, gassing was done deep inside
the main building, with no mechanical ventilation. This was quite distressing. Inside gassing
should be made under highly protected conditions, always involving good ventilation to the
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outside, gas sensing and alarm equipment, fire extinguishers and other safety measures which
add complexity to the filling operation. In fact, several fillers have complained that they must
now employ more qualified plant workers, at extra cost, to competently handle the new
equipment. Inside and enclosed gassers also elevate the project cost to much higher levels. In
Lebanon, the group purchase of five boxed gassers, gas detection systems and related equipment
has cost the MLF more than US $200,000 above the cost of simple open-air gassers. It follows
that the economic and safety advantages of open-air installations should be stressed, even more
than now.

4. Piping and hoses for liquid HAP should be brought inside the main building only when
absolutely necessary. In the USA, at least four large filling plants were destroyed when
intolerable amounts of HAP leaked from pipes or hoses. Molecular sieve units, sometimes seen
inside plants, should always be located outside, and in an open area. Periodically, these units
must be opened, to remove saturated Zeolyte prills and replace them with fresh absorbent
material. Very large amounts of liquid and gaseous HAPs can be discharged in this process,
depending upon sieve design and size. In a non-project incident, this was sufficient to blow out
the back end of a filling plant near Johannesburg, South Africa. Hot water-bath leak testers for
filled cans are needed, and incorporated in projects unless the beneficiary already has one. These
tanks are designed to detect gross leakages of cans, as a result of faulty dispenser design or
sealing. There are still possibilities for slow leakage and latent (delayed) leakage, and for these
reasons warehouses for filled HAP aerosols should have at least modest ventilation, to carry off
flammable vapours. This was rarely encountered in the projects visited.
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Annex III: Data on Cost-Effectiveness

Projects with Approved and/or Actual Cost Effectiveness greater than the threshold (US $4.40/ODP kg)

Code Agency Status Project Title ODP To
Be

Phased
Out

ODP
Phased

Out

Original
Approved

Funds

Total Funds
Approved
including

Adjustments

Funds
Disbursed

Approved
CE

Actual
CE

TUN/ARS/07/INV/04 IBRD FIN Technical seminar and conversion to non-CFC
technology in aerosol sector

50 50 239,995 289,995 289,995 1.52 5.80

SRL/ARS/18/INV/07 UNDP COM Conversion to CFC-free hydrocarbon aerosol
propellant technology at International Cosmetic
Ltd. (ICL)

5 5 38,968 31,733 31,733 7.79 6.35

CRO/ARS/22/INV/05 UNIDO FIN Phasing out CFCs at Pliva d.d. 10.6 10.6 89,779 87,296 87,296 8.47 8.24
MAR/ARS/27/INV/11 Germany COM Investment project for phasing out CFCs at

Chem Tech-Stella Industries, Port Louis
16 90,400 90,400 90,230 4.92 N/A

Explanation: The project in Tunisia was approved before the 16th Meeting of the Executive Committee which established the
thresholds. Sri Lanka was a low volume consuming country at the time of project approval, and Croatia and Mauritius as well.
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Annex IV: Technology Choices (Propellants)

1. The LPG gas-liquids (propane, n.butane and isobutane) have been very widely recom-
mended for CFC replacement propellants in the Art. 5 countries. Ideally these should be purified
to the low-odour HAP form, by removing certain contaminants. As has been said, the primary
disadvantage of these hydrocarbon propellants is their extreme flammability, which poses costs for
the MLF, complexities and extra costs for the filler, and hazards to the indiscriminate consumer. If
the malodorous contaminants are not removed --- or at least reduced to acceptable levels --- the
aerosol business in the affected country will languish, and will tend to be restricted to such
products as insecticides and industrial mould releases, where the off-odours can be better
tolerated. This situation is most prevalent in India, where the status and future prospects for
aerosols must be considered deplorable.

2. The HAP propellants generally consist of a relatively fixed blend, containing from 0 to
30% propane, and with the remaining portion being the naturally occurring mixture of n. butane
and isobutane. Their ratio is generally about 70:30. Pure isobutane is sometimes seen in Vietnam.
That used in Malaysia and Lebanon is imported from Europe. European propane is also imported
by at least one firm in Lebanon. While these three gas-liquids can be used to obtain pressures from
1.1 bars to 7.5 bars at 21°C, usually Art. 5 countries must settle for the domestic blend, which has
a typical pressure of 3.50 bars at 21°C. This may rise or fall in pressure, according to refinery, and
the sales requirements of the refineries for alternative uses. In summary, the true potential of the
HAPs is almost never available to Art. 5 countries fillers, because they are unable to obtain the
blends most suitable for various aerosol products.

3. The various propellants used for aerosols in the USA can be summarized in the following
chart.

Propellant name Formula Pressure Art. 5 Country Where used
HAPs

Propane C3H8 7.5 Lebanon
n. Butane C4H10 1.2 ---
Isobutane CH3-C3H7 2.1 Lebanon, Malaysia., Ivory Coast

HFCs
HFC-134a CH2F-CF3 4.9 Lebanon (experimentally)
HFC-152a CH3-CHF2 4.3 PR China

Dimethyl Ether (DME) CH3-0-CH3 4.3 PR China
HP Gases

Carbon Dioxide CO2 57.3 PR China
Nitrous Oxide N2O 51.4 ---
Nitrogen N2 NA** ---
Compressed Air (CAIR) N2 + O2 NA** ---

Pressures are in bars (gauge), at 21°C.
** Cannot be liquified (even at 50,000 bars), at 21°C.

Notes:
The CFC option is not considered.
Carbon dioxide and nitrous oxide have been used for study purposes in Algeria and Lebanon.
The PR China  has two excellent HAP suppliers (near Shanghai), seven DME suppliers, (according to a recent reliable publication
by Dr. You Yizhong, of Changzhou), two HFC-134a suppliers and one or two HFC-152a suppliers.
High pressure gases (HP Gases) are readily available in the PR China.
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4. Dimethyl ether (DME) is the least costly and most readily available alternative to the
HAPs. It can be imported from Japan, PR China, Taiwan, and (it is thought) Oman, as well as
from Europe and the USA. It is relatively easy to make, by the hot, catalytic dehydration of
methanol. Turn-key plants are available. It may play a part in the medium-term future of the
aerosol industry of India, when it is manufactured from mid-Asian LPG, principally for use as
clean-burning fuel for motorised vehicles. The cost of DME (99.9% to 99.99% purity) is about 1.6
times the cost of HAP in Europe and about 2.3 times the cost of HAP in North America.
Marketing incentives apply that preclude exact price comparisons.

5. DME is a colourless liquid and gas, with a clean, ethereal odour. The odour is suppressed
to almost nothing when it is diluted by various solvents. It is a very strong solvent, and is uniquely
soluble in water --- up to 34.2% by weight under its own vapour pressure. (6.65% under
atmospheric pressure). It finds use in hair sprays, mould release sprays, aerosol paints and
lacquers, and air fresheners. In the USA it is used for underarm deodorants and (with some HAP)
in aerosol antiperspirants. It cannot be used for foam products, such as shave creams or mousses,
due to its solubility in water. It is not food approved.

6. European hair sprays have smaller particle sizes than those in North America, and for this,
more propellant is required. Europe’s hair sprays typically have 40 to 65% DME -- with the
remainder being an ethanol concentrate, also containing the resin, perfume, special ingredients and
sometimes a bit of water. If these levels were to be replaced with HAP the resin would fall out of
the solution as a sticky mass, able to immediately clog the aerosol valve.

7. American hair sprays typically used from 20 to 28% HAP --- with a concentrate of
principally ethanol, resin, etc. --- before being forced to include very large amounts of water by
various regulatory bodies (CARB, EPA, and others). At this range of HAP the resins remained
soluble. Fillers of hair sprays in Art. 5 countries now face the same problem: they cannot add more
than about 28% HAP, due to incompatibility of the resin. Stronger solvents, such as methylene
chloride (used in over 10,000,000,000 USA hair sprays until condemned as a possible rodent
carcinogen) can no longer be used -- as the Art. 5 countries follow the USA example. Thus, Art. 5
countries are unable to formulate hair sprays that can duplicate the European types --- except for
PR China, where DME is available.

8. The HFC propellants (which also include HFC-227ca, not shown in the table, since it cost
about US $42.00 per kg, and is authorized only for pharmaceuticals in the USA), represent a fair
quantity of North American aerosols. However, they are not used in Europe, except as a (still)
future replacement for CFCs now used for MDIs. HFC-152a is a useful propellant, but exhibits a
very minor global warming effect. It is effectively banned in Japan, the E.U. and a few other
places. It is only slightly flammable. The price is currently about US $ 4.75 per kg, which makes it
of no interest to fillers in Art. 5 countries. Of the liquid, low-pressure propellants there is finally
HFC-134a. This is a moderately strong global warming agent and its aerosol applications are
limited, in the USA, Canada and Western Europe were aerosols with HFC-134a propellant are
only used for health or safety reasons (HFC-134a is non-flammable). Another limitation is the
high price: about US $5.85 per kg. Only one firm visited during the evaluation was using small
quantities of  HFC-134a for some revised formulas, and a pharmaceutical company in Jordan is
considering it for two products which are sprayed into the mouth.
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9. The so-called "high-pressure" propellants, which include carbon dioxide as the most
important, are used for about 8% of North American aerosols. They are all non-flammable. Their
major shortcoming is that only small amounts can be dissolved into aerosol concentrates before
pressures become too high for safety. Three examples can be given:

(a) Disinfectant/deodorant spray for hard surfaces (like Lysol): 5% CO2 is dissolved in a
concentrate that is mainly ethanol.

(b) Water displacement and lubricant spray (like WD-40) 3% CO2 is dissolved in a petroleum
distillate base.

(c) Cookware release agent spray (like PAM): 4.4% N2O is dissolved in corn oil or soya bean
oil base.

10. For nitrogen or compressed air, only about 0.5% can be dissolved. With so little propellant
the only atomisation comes from the use of mechanical break-up actuators that produce a swirling
action --- somewhat like that of a garden hose. The pressures also sink, as the products are used,
and this can be serious unless at least about 40% of the can capacity is reserved for the vapour
space.

11. The only known use of the high-pressure propellants (HP gases) in Article 5 countries
occurs in Southern PR China, where bug killers are being produced using CO2 cylinders in
inventory. The production line produces about 45 cans per minute; i.e. 9,000,000 cans per year,
using two 8 1/2 hour shifts per day.

12. All the sprays from HP gases are coarse, and are designed to produce surface coatings. If
sprayed into the air, they quickly fall to the floor. It is possible to use CO2 for hair sprays, but at
least 35% of the ethanol must be  replaced with a combination of methylene chloride and iso-
pentane, to get a good break-up, and the use of methylene chloride is often looked upon with
disfavour. Finally, due to their high pressure (typically 7 bars at 21°C), all these products spray at
relatively fast rates.

13. To be complete, there is one further propellant (ethyl fluoride, or HFC-161) that is under
development. It is easily made by reacting ethylene gas and hydrogen fluoride gas at about 90°C.
The propellant has no known environmental detractions and has been formally approved by the
U.S. EPA for aerosols, under their SNAP programme. It is flammable, and has a fairly high
pressure. Propellant suppliers, such as DuPont and Honeywell, are well aware of this gas, but
apparently do not wish to disturb their sales of the more costly HFC-152a by introducing it to the
aerosol market.
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Annex V: Packaging Systems

1. In many cases marketers can opt not to use aerosols, but an alternative packaging system
--- or perhaps both. The pump-action (or finger-pump) sprayers are the most popular alternatives.
Some of the more common ones are:

(a) Fragrances

(b) Hair Sprays

(c) Window Cleaners

(d) General Hard Surface Cleaners (including disinfectant types)

(e) Insecticides and Insect Repellent Sprays

2. Less common alternatives are stick and roll-on antiperspirants, ointments, in-sufflators
(for powders), and products applied by brush, such as moisture barriers and paint.

3. In general, the pump-action products simply involve filling a liquid or gel into a
container, and then attaching a pump-sprayer. The pump-sprayer may be sealed to the container
by means of clinching, or by simply screwing it on. In the latter case it is possible to refill the
spray bottle from a larger supply bottle. This allows the relatively costly pump-sprayer to be used
indefinitely.

4. In the case of colognes, the pump-sprayers are made with 13 to 20 mm diameter gold
anodised ferrules, valve stems and mechanical break-up buttons that look almost exactly like the
corresponding aerosol valve. They are attached to the bottle or aluminium can finish in the same
way, by a clinching action. A filler can produce a pump-action cologne on an aerosol line,
simply by affixing the pump-action sprayer and eliminating the gassing operation. To the
unpractised eye, the aerosol and pump-action colognes can be almost indistinguishable.

5. For hair sprays, marketers in North America, Japan and Europe often give the consumer a
choice of the aerosol or pump-action form. Typically, the products are packaged in containers of
the same size and decoration, about 250 ml in size. The aerosol will be in a tinplate or aluminium
can, while the pump-action counterpart will be in an aluminium or plastic container. Unless the
protective plastic cover is removed, the two products will look almost the same, and some
consumers have purchased the pump-action types, thinking they were aerosols --- and vice-versa.
As a rule, the pump-action valve is screwed onto the container, whereas the aerosol valve is
crimped permanently onto the container.

6. The aerosol and pump-action systems can be compared in many ways. In the case of
colognes, packed into glass bottles the pump-spray is generally favoured over the aerosol, for
these reasons:

(a) Plain glass aerosols can break and explode if dropped on ceramic or tile floors.
Flying glass may cause injuries. Released HAP with ethanol mist, can cause a
fireball, if an ignition source is present; i.e. bathroom, gas fired hot water heater.
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(b) Due to the above, most glass aerosols over 30 ml are plastic sheathed. This
detracts from their appearance, shape and feel.

(c) Shapes of pressure-resistant glass are limited to rounded surfaces.

(d) The HAPs are poor solvents and often cause the separation of solid ingredients
from the perfume oil mixture. Filtration is impractical. The precipitated matter,
often light to dark brown, looks bad in the bottle, unless the glass is frosted into
translucency or made opaque. In rare cases it can fly out with the spray, causing
discolorations on skin or clothing.

(e) If very low odour HAP is unavailable (or too costly) the unsaturated and organo-
sulfur contaminants can adversely affect the perfume odour. They may also react
chemically with certain perfume ingredients, to form new chemicals of unknown
odour and properties.

(f) Water can be added to perfume / ethanol mixtures, in amounts to 15 to 20%,
conveying a "green, fresher" odour. These solutions can be filtered and used in
pump-sprays, but if HAPs are added to produce aerosols, the water will cause two
liquid phases to develop. The economics of using water are not available for
aerosols.

(g) The filling and packaging of glass aerosols can cause flammability and glass
explosivity hazards not encountered with pump-spray colognes.

(h) Some consumers feel that the aerosol is harder to control, as to dosage and
directionality, compared to pump-action sprayers.

(i) Since the pump-action sprays more slowly (a little at a time) it tends to last longer
than aerosols of the same size.

(j) Empty aerosol bottles are generally pressure tested to about 10 bars at the factory,
or by the filler. This step adds cost and hazard.

7. On the other hand, the aerosol has certain advantages over the pump-action spray
colognes. Some of these follow:

(a) The aerosol is a hermetically sealed system --- no air can get inside to oxidise or
otherwise adversely affect fragrance ingredients. With pump sprayers, air is
injected with each spraying.

(b) The density of HAP colognes is about 0.7 g/ml, while that of pump sprayers runs
about 0.8 g/ml. This saves about 13% on the cost of the ethanol and propellant.

(c) In many countries the ethanol is taxed, due to its ability to be used in certain
beverages. By replacing some of the ethanol with HAP, the taxation is reduced.

(d) The aerosol spray valve costs about US $0.053 in large quantities, in North
America, and slightly more in Europe. The pump-action valve costs about US
$0.89; same basis. Both valves will rise in cost if special features, like gold-
metallized actuators and ferrules, are used for additional elegance.
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(e) In the developed countries, most perfume oil suppliers know what ingredients
should be avoided, for aerosol colognes --- so that separations will be eliminated
or minimized. (This may not be the case for perfume oils blended in Art. 5
countries)

(f) By adjusting the percentage of the HAP propellant, the particle size of the spray
can be modified. It is easy to produce aerosol particles that average 5 to 20% as
heavy as the average pump-spray particle, and these spread more evenly, give a
more uniform pattern, and provide a better "bloom" of fragance, when applied. (In
contrast, the pump sprays are normally denser near the bottom of the spray cone).

(g) The aerosol colognes need no priming. (Pump-sprays do).

(h) The aerosol valve can be adjusted, using orifices as small as 0.25 mm in diameter,
to give very soft, relatively slow and controllable spray patterns. The pump-sprays
do not have this ability, since it would make the spray period too long per stroke.

(i) A detraction for this type of aerosol valve is that the tiny metering orifice takes
rather long to gas, during production. This is less important for small fills and
slow, manual type gassers.

8. The hazards of packaging aerosols in glass can be eliminated if aluminium tubes are used
instead. However, consumers like to get a heavy (high mass) product, when they spend a lot of
money for a good cologne. Consequently, many think that the relatively lightweight aluminium
aerosol colognes are cheap imitations of good fragrance products. The aluminium can be nicely
decorated by offset printing, but it is still a simple cylinder, which does not compete well with
the more stylishly shaped glass containers often used for pump-action colognes.

9. A major reason for the popularity of the aerosol cologne in some Art. 5 countries is that
they can be packaged in plain glass bottles (clear or frosted) in sizes up to about 75 ml, without
the contract filler and/or marketer becoming exposed to very large financial losses if a consumer
should become injured by flying glass shards or by a possible fire. The fears of legal actions in
civil courts has decimated the initial glass aerosol business in the USA, which used to be about
80,000,000 units per year in 1978. It is now estimated at 2,500,000 units per year.

10. The hair spray business in the USA is now about 35% pump-action and 65% aerosols, but
the volume has been dropping steadily as consumers use increasing amounts of aerosol mousse
products to both set and condition their hair. In the Art. 5 countries the pump-action is well
known, but the popularity is much less.

11. The pump-action air spray suffers from these disadvantages:

(a) Many individual pumpings must be done to set and finish the hair.

(b) Some, around the back of the head, must be done at awkward angles, putting a
strain on older people, especially in the case of larger economy size containers.

(c) The spray is composed of larger particles, and feels "wetter" on the hair.
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(d) The spray stays "wet" on the hair for a longer time, before becoming tacky and
then dry. (The aerosol film dries faster, since some of the HAP remains dissolved
in the ethanol, helping it to evaporate).

(e) The pump-action spray valve is about twice as costly as the aerosol valve, but
consumers refuse to pay any extra money for the pump type hair spray. Thus, the
marketer makes a reduced profit.

(f) In most countries the price of ethanol (the hair spray solvent) is much higher than
the cost of HAP. This means that the pump-action products have a higher
chemicals cost by weight. This is even higher by volume, due to the very low
density of HAP. The disparity also reduces marketer profits.

(g) While supply bottles of the hair spray liquid are available (large size, and screw-
capped) consumers often avoid buying them, due to the inconvenience of
transferring flammable liquids, and having to store two containers instead of just
one. Thus, they unknowingly purchase the more expensive pump-action valve for
each can they use.

12. The aerosol also has its usual problems, such as potential for explosivity and
flammability, if used inappropriately. Also, the addition of more than small amounts of HAP will
cause the fall-out of hair spray resins. Many hair spray aerosols use dimethyl ether (DME)
propellant --- or HAP / DME blends --- to resolve this compatibility problem. In fact, nearly all
European hair sprays now use only DME, since this allows quicker-drying sprays, and the
inclusion of small amounts of water, for economics, better odours and reduced flammability
potential.

13. The quality of pump-sprayers produced in Art. 5 countries is considered to be much
inferior to those made by such firms as Seaquist/Perfect (USA), Precision (USA), Emsar (USA),
Valois (France), Coster (Italy), et al. in developed countries. The construction of these pump-
action valves is both complex and exacting, with a few critical dimensions specified to the
nearest 0.0025 mm. Poorly sized or assembled pump-action valves will leak, drain, have
inconsistent spray patters or exhibit other problems. The sprays seen for domestic productions in
Art. 5 countries were considered unusually heavy in mean particle size and quite non-uniform in
spray pattern. The fillers recognized this situation, but responded that the higher quality
(American and European) pump-sprayers were too costly for them to import.

14. At such time as better pump-sprayers become available, and when the much greater
flammability potential of the aerosol colognes and hair sprays becomes more fully recognized,
there may be a greater swing toward pump-action products in the Art. 5 countries.

---


	4
	.
	.
	.
	.
	.
	.
	.	CFC
	.	CFC
	.
	.
	.
	.
	.	
	.	
	.	
	.	   (PCR)

