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+LVWRULFDO�JOREDO�HPLVVLRQ�WUHQGV�RI�WKH�.\RWR�JDVHV�+)&V��3)&V�DQG�6)�

-RV�*�-��2OLYLHU� DQG�-RRVW�%DNNHU�
� 5,90��%LOWKRYHQ���3�2��%R[����1/������%$�%LOWKRYHQ��7KH�1HWKHUODQGV��HPDLO��MRV�ROLYLHU#ULYP�QO
� 712�0(3��3�2��%R[������1/������$SHOGRRUQ��7KH�1HWKHUODQGV

3DSHU�SUHVHQWHG�DW�WKH�&RQIHUHQFH
6)� DQG�WKH�(QYLURQPHQW��(PLVVLRQ�5HGXFWLRQ�6WUDWHJLHV
�
6DQ�'LHJR��86$��1RYHPEHU�����������

,1752'8&7,21
5HFHQWO\��HPLVVLRQV�RI�WKH�VR�FDOOHG�µQHZ¶�JUHHQKRXVH�JDVHV�+)&V��3)&V�DQG�6)� DUH�EHLQJ�FRQVLGHUHG
E\ SROLF\PDNHUV�ZLWK�PRUH�DWWHQWLRQ�VLQFH�WKH\�DUH�LQFRUSRUDWHG�LQ�WKH�JUHHQKRXVH�JDV�FRPPLWPHQWV�RI
WKH� .\RWR� 3URWRFRO� WR� WKH� 8QLWHG� 1DWLRQ¶V� )UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH� &KDQJH� �81)&&&��
*OREDO� HVWLPDWHV� RI� KLVWRULFDO� HPLVVLRQV� RI� WKHVH� )�JDVHV� KDYH� RQO\� EHHQ� FRPSLOHG� UHFHQWO\� �$)($6�
������+DUQLVFK�HW�DO���������0DLVV�DQG�%UHQQLQNPHLMHU��������

+RZHYHU��PRUH� GHWDLOHG� HPLVVLRQV� HVWLPDWHV� DW� UHJLRQDO� DQG� FRXQWU\� OHYHO� KDYH� QRW� \HW� EHHQ�PDGH�� ,Q
RUGHU�WR�KDYH�D�FUHGLEOH�UHIHUHQFH�GDWDVHW�IRU�WKHVH�JDVHV��JOREDO�HPLVVLRQ�LQYHQWRULHV�KDYH�EHHQ�FRPSLOHG
IRU� WKHVH� JDVHV� DV� SDUW� RI� ('*$5� ����� EDVHG� RQ� QDWLRQDO� VWDWLVWLFV� DQG� DYDLODEOH� SURGXFWLRQ� RU� VDOHV
VWDWLVWLFV�RI�WKHVH�FRPSRXQGV�DQG�HPLVVLRQ�IDFWRUV�IURP�UHFHQW�OLWHUDWXUH��2OLYLHU�HW�DO����������������7KH
FRPSLODWLRQ�RI�WKLV�JOREDO�GDWDEDVH�WKDW�SURYLGHV�JOREDO�DQQXDO�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��ERWK�SHU
UHJLRQ�FRXQWU\�DV�ZHOO�DV�RQ�D��R[�R JULG�� LV�D�MRLQW�SURMHFW�RI�5,90�DQG�712�LQ�WKH�1HWKHUODQGV��7KH
ZRUN�LV�OLQNHG�LQWR�DQG�SDUW�RI�WKH�*OREDO�(PLVVLRQV�,QYHQWRU\�$FWLYLW\�RI�,*%3�,*$&�
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*UHHQKRXVH� JDV� HPLVVLRQV� IURP� LQGXVWULDO� SURFHVVHV� DUH� SUHVHQWO\� DERXW� ��� RI� JOREDO� WRWDO� &2��HT�
HPLVVLRQV��VHH�)LJXUH�����+RZHYHU��WKLV�WUHQG�LV�LQFUHDVLQJ�DV�LOOXVWUDWHG�LQ�)LJXUH����VKRZLQJ�WKH�WUHQG�LQ
JOREDO�WRWDO�JUHHQKRXVH�JDV�HPLVVLRQV�IURP������WR������

*OREDO�&2��HT��HPLVVLRQV����������
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3J�&2��HT�

+)&V�3)&V�6)����WRWDO

1�2���QRQ�$QQH[�,�FRXQWULHV

&+����QRQ�$QQH[�,�FRXQWULHV

&2����QRQ�$QQH[�,�FRXQWULHV

1�2���$QQH[�,�FRXQWULHV

&+����$QQH[�,�FRXQWULHV

&2����$QQH[�,��,(7


&2����$QQH[�,��2(&'


�)RUPHU�8665���(DVWHUQ�(XURSH

)LJ������7UHQG�LQ�JUHHQKRXVH�JDV�HPLVVLRQV�����������RI�WKH�VL[�µ.\RWR¶�JDVHV�LQ�$QQH[�,�FRXQWULHV�DQGRWKHU�UHJLRQV� �LQ�&2��HT���6RXUFHV��('*$5��������&2�� +)&V���%3��������&2����:RUOG�%DQN�������)$2������� �&+�� 1�2��� ,0$*(������������&+�� 1�2���RZQ�HVWLPDWHV� ������&+�� 1�2��+)&V��3)&V�6)���

,I�ZH� ORRN�PRUH� FORVHO\� DW� JOREDO� LQGXVWULDO� HPLVVLRQV� RI�&2�� &+�� 1�2�� DQG� WKH� µQHZ¶� JDVHV�+)&V�
3)&V�DQG�6)�� WKHQ�LW�VKRZV�WKDW�DOPRVW�KDOI�RI�WKHP�VWHP�IURP�&2� HPLVVLRQV�UHODWHG�WR�FHPHQW��FOLQNHU�
SURGXFWLRQ�� DERXW�RQH�TXDUWHU� FDQ� EH� DWWULEXWHG� WR� DGLSLF� DFLG� DQG� QLWULF� DFLG� SURGXFWLRQ� DQG� RQH�WKLUG
VWHP�IURP�WKH�WKUHH�)�JDVHV��HDFK�ZLWK�URXJKO\�HTXDO�FRQWULEXWLRQ�RI�DERXW������)LJXUH�����7KXV�ZH�PD\
FRQFOXGH�� WKDW� DW�JOREDO� OHYHO�SUHVHQWO\� WKH� LQGXVWULDO� SURFHVV� HPLVVLRQV� DFFRXQW� RQO\� IRU� D� YHU\�PLQRU
VKDUH�RI�����DQG�WKH�QHZ�JDVHV�IRU�DERXW�����+RZHYHU��IRU�SDUWLFXODU�FRXQWULHV�WKH�VKDUH�LQ�WKH�QDWLRQDO
WRWDO�PD\�EH�TXLWH�GLIIHUHQW�RI�FRXUVH��GHSHQGLQJ�RQ�WKH�SUHVHQFH�RI�SDUWLFXODU�VRXUFHV�RU�QRW�
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7J�&2��HT�

+)&�����FRQVXPSWLRQ�
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+)&����D

+)&����D

+)&�����E\�SURGXFW�

)LJ�����7UHQG�LQ�JOREDO�+)&�HPLVVLRQV�SHU�FRPSRXQG���6RXUFH��('*$5�����

5(68/76�)25�+)&V��6285&(6��'20,1$17�5(*,216��75(1'6

$V�)LJXUH���FOHDUO\�VKRZV��+)&����HPLVVLRQV�DV�E\SURGXFW� IURP�+&)&����PDQXIDFWXUH�ZHUH� WKH�RQO\
VRXUFH�RI�+)&�HPLVVLRQV�XQWLO�WKH�HDUO\�µ��V��ZKHQ�+)&V�ZHUH�LQWURGXFHG�RQ�WKH�PDUNHW�DV�VXEVWLWXWH�IRU
&)&V�DQG�KDORQV��RI�ZKLFK�WKH�XVH�ZDV�SKDVHG�RXW�XQGHU�WKH�0RQWUHDO�3URWRFRO�IRU�WKH�SURWHFWLRQ�RI�WKH
R]RQH�OD\HU��$OWKRXJK�RQO\�JOREDO�SURGXFWLRQ�ILJXUHV�IRU�+)&����D�DUH�FXUUHQWO\�UHSRUWHG��HVWLPDWHV�RI
HPLVVLRQV�RI�RWKHU�+)&V�EDVHG�RQ�H[WUDSRODWLRQ�RI�UHSRUWHG�FRQVXPSWLRQ�E\�D�IHZ�FRXQWULHV�FOHDUO\�VKRZ
WKDW�WKHLU�FRQWULEXWLRQ�LQ�WHUPV�RI�&2��HT��LV�QRZ�RI�WKH�VDPH�RUGHU�DV�RI�WKH�+)&����D�HPLVVLRQV��%RWK
SURGXFWLRQ�DQG�XVH�RI�+)&V�LV�GRPLQDWHG�E\�LQGXVWULDOLVHG�FRXQWULHV��LQ�SDUWLFXODU�2(&'�FRXQWULHV��)LJ�
���
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)LJ������D��5HJLRQDO�WUHQGV�LQ�+)&����HPLVVLRQV�IURP�+&)&����SURGXFWLRQ���E��5HJLRQDO�WUHQGV�LQ�+)&����D�HPLVVLRQV���VRXUFH��('*$5������
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0WRQ�&2��HT

6)��2WKHU�XVH

6)��6HPLFRQGXFWRU�PDQXIDFWXULQJ

6)��0DJQHVLXP�SURGXFWLRQ

6)��(OHFWULFLW\�VHFWRU

+)&�2WKHU�XVH

+)&�IURP����D�XVH

+)&�IURP�+&)&����SURGXFWLRQ

3)&�2WKHU

3)&�6ROYHQW�XVH

3)&�6HPLFRQGXFWRU�PDQXIDFWXULQJ

3)&�$OXPLQLXP�SURGXFWLRQ

(/(&75,&,7<�6(&725

$/80,1,80�352'8&7,21

+&)&����352'8&7,21

)LJ�����*OREDO�WUHQG�LQ�)�JDV�HPLVVLRQV�����������SHU�VRXUFH�FDWHJRU\���VRXUFH��('*$5�����

5(68/76�)25�3)&V��6285&(6��'20,1$17�5(*,216��75(1'6

)LJXUH���VKRZV�WKH�WUHQG�LQ�JOREDO�HPLVVLRQV�RI�)�JDVHV�SHU�PDMRU�VRXUFH�FDWHJRU\��,W�FOHDUO\�VKRZV�WKDW
3)&�HPLVVLRQV�DUH�GRPLQDWHG�E\�HPLVVLRQV�DV�E\SURGXFW�IURP�SULPDU\�DOXPLQLXP�SURGXFWLRQ��+RZHYHU�
VLQFH�WKH�HDUO\�µ��V��VHPLFRQGXFWRU�PDQXIDFWXULQJ��µFKLSV¶��DQG�VSHFLDO�VROYHQW�DSSOLFDWLRQV�DUH�VWDUWLQJ
WR�JHW� DQ� LQFUHDVLQJ� VKDUH� LQ� JOREDO� 3)&� HPLVVLRQV�� ,Q� FRQWUDVW�� HPLVVLRQV� IURP� DOXPLQLXP�SURGXFWLRQ
�PDLQO\�&)� DQG�VRPH�&�)� SOXV�OLWWOH�&�)�� WHQG�WR�GHFUHDVH�±�HYHQ�ZLWK�LQFUHDVLQJ�SURGXFWLRQ�VWDWLVWLFV�
7KLV�LV�GXH�WR�WKH�IDFW�WKDW�PRGHUQ�VPHOWHU�WHFKQLTXHV�OLNH�3UHEDNH��LQ�SDUWLFXODU�WKH�3RLQW�)HHG�W\SH��KDYH
PXFK�ORZHU�HPLVVLRQ�IDFWRUV�IRU�3)&V�WKDQ�WKH�ROGHU�6|GHUEHUJ�W\SHV��)LJ����D���$�ODUJH�IUDFWLRQ�RI�WKH
6|GHUEHUJ� W\SH� VPHOWHUV� LV� ORFDWHG� LQ� WKH� FRXQWULHV� RI� WKH� IRUPHU� 8665�� $V� LOOXVWUDWHG� LQ� )LJXUH� ��E�
UHSODFHPHQW�RU�PRGHUQLVDWLRQ�RI�WKHVH�W\SH�ZRXOG�UHVXOW�LQ�D�VXEVWDQWLDO�UHGXFWLRQ�RI�3)&�HPLVVLRQV�IURP
WKLV�VRXUFH�
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)LJ������D��7UHQG�LQ�JOREDO�SURGXFWLRQ�RI�DOXPLQLXP�SHU�W\SH�RI�SURFHVV���E��7UHQG�LQ�JOREDO�HPLVVLRQV�RI&)� SHU�W\SH�RI�SURFHVV��VRXUFH��('*$5������
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)LJ������D��7UHQG�LQ�JOREDO�3)&�FRQVXPSWLRQ������������ �E��7UHQG� LQ�JOREDO�HPLVVLRQV�RI�3)&V����������� E\� VRXUFH� �H[FOXGLQJ� WKH� DOXPLQLXP� SURGXFWLRQ��� �F�� *OREDO� HPLVVLRQV� RI� 3)&V� ���������� E\FRPSRXQG��H[FOXGLQJ�DOXPLQLXP�SURGXFWLRQ�����VRXUFH��('*$5�����
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)LJXUH���D��VKRZV�JOREDO�FRQVXPSWLRQ�RI�3)&V�SHU�DSSOLFDWLRQ��WKDW�ERRVWHG�LQ�WKH�HDUO\�µ��V��.H\�XVHUV
DUH�WKH�VHPLFRQGXFWRU�PDQXIDFWXULQJ�LQGXVWU\��ZKLFK�LV�GRPLQDWHG�E\�WKH�86$�DQG�-DSDQ��DQG�VSHFLDOLVHG
VROYHQW�XVH��LQ�SDUWLFXODU�LQ�-DSDQ��7KLUG�ODUJHVW�FRQVXPSWLRQ�FDWHJRU\�LV�IRU�UHIULJHUDWLRQ��6LQFH�PRVW�RI
WKH�FRPSRXQGV�XVHG�LQ�VHPLFRQGXFWRU�PDQXIDFWXULQJ�DQG�DV�VROYHQW�LV�EHLQJ�HPLWWHG��WKHVH�DUH�E\�IDU�WKH
ODUJHVW�HPLVVLRQ�VRXUFHV�KHUH��)LJ����E���)LQDOO\��ZKHQ�WDNLQJ�D�FORVHU�ORRN�DW�WKH�VSHFLILF�3)&V�WKDW�DUH
HPLWWHG��WKUHH�FRPSRXQGV�GRPLQDWH�KHUH��&)�� &�)� DQG�&�)����)LJ����F����WKH�ILUVW�WZR�PDLQO\�IURP�FKLS
SURGXFWLRQ��WKH�ODWWHU�IURP�VROYHQW�XVH�
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0WRQ�&2��HT

3)&�$OXPLQLXP�SURGXFWLRQ

3)&�6HPLFRQGXFWRU�PDQXIDFWXULQJ

3)&�6ROYHQW�XVH

3)&�2WKHU

+)&�IURP�+&)&����SURGXFWLRQ

+)&�IURP����D�XVH

+)&�2WKHU�XVH

6)��(OHFWULFLW\�VHFWRU

6)��0DJQHVLXP�SURGXFWLRQ

6)��6HPLFRQGXFWRU�PDQXIDFWXULQJ

6)��2WKHU�XVH
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+&)&����352'8&7,21

$/80,1,80�352'8&7,21
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0$*1(6,80�352'8&7,21

27+(5�6)��86(

)LJ�����*OREDO�WUHQG�LQ�)�JDV�HPLVVLRQV�����������RI�LQGLYLGXDO�VRXUFH�FDWHJRULHV���VRXUFH��('*$5�����

5(68/76�)25�6)�� 6285&(6��'20,1$17�5(*,216��75(1'6

)LJXUH���VKRZV�WKH�WUHQG�LQ�JOREDO�HPLVVLRQV�RI�)�JDVHV�SHU�PDMRU�VRXUFH�FDWHJRU\�LQ�DQRWKHU�IDVKLRQ�WKDQ
)LJ�����,W�FOHDUO\�VKRZV�WKDW�6)� HPLVVLRQV�IURP�WKH�HOHFWULFLW\�VHFWRU�DUH�EHFRPLQJ�WKH�ODUJHVW�VRXUFH�RI�)�
JDVHV� RI� DOO� VRXUFHV� FRQVLGHUHG� KHUH�� RYHUWDNLQJ� DOXPLQLXP� SURGXFWLRQ¶V� QXPEHU� RQH� SRVLWLRQ� DURXQG
������ +)&���� HPLVVLRQV� DV� E\SURGXFW� IURP� +&)&���� PDQXIDFWXUH� IROORZ� WKH� 6)� IURP� HOHFWULFLW\
DSSOLFDWLRQV�FORVHO\�EXW�WHQG�WR�JURZWK�OHVV�VWURQJO\�VLQFH�DURXQG������
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1XPEHU���DQG���RI�WKH�ODUJHVW�VRXUFHV�LQ�)LJ����DUH�6)� HPLVVLRQV�IURP�PDJQHVLXP�SURGXFWLRQ�DQG�µRWKHU
6)� XVH¶��+RZHYHU��LQ������WKHLU�SRVLWLRQV�DUH�WDNHQ�RYHU�E\�+)&�HPLVVLRQV�DVVRFLDWHG�ZLWK�+)&�XVDJH�
7KHVH�6)� VRXUFH� FDWHJRULHV� DUH� DOVR� SUHVHQWHG� LQ�)LJ�� ����ZKHUH� ERWK� FRQVXPSWLRQ� DQG� HPLVVLRQV� DUH
SUHVHQWHG�DW�WKH�JOREDO�OHYHO��%DVHG�RQ�VDOHV�VWDWLVWLFV��DERXW�����RI�6)� HPLVVLRQV�LQ�WKH�µ��V�VWHPV�IURP
HOHFWULFDO�HTXLSPHQW�� HLWKHU� WKH�PDQXIDFWXUH�RU� WKH�XVDJH��7KLV� LQFOXGHV� D� VLJQLILFDQW�DPRXQW��ZKLFK� LV
DOORFDWHG� WR� WKLV� VHFWRU�� EXW� WKDW� LV� TXHVWLRQHG� LQ� WKH� OLWHUDWXUH� ZKHWKHU� WKLV� LV� UHVROG� WR� RWKHU� XVH
FDWHJRULHV��H�J��WKH�PDJQHVLXP�SURGXFWLRQ�VHFWRU�
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	Fig. 4. Trend in global HFC emissions per compound. (Source: EDGAR 3.0)
	RESULTS FOR HFCs: SOURCES, DOMINANT REGIONS, TRENDS
	As Figure 4 clearly shows, HFC-23 emissions as byproduct from HCFC-22 manufacture were the only source of HFC emissions until the early ‘90s, when HFCs were introduced on the market as substitute for CFCs and halons, of which the use was phased out under the Montreal Protocol for the protection of the ozone layer. Although only global production figures for HFC-134a are currently reported, estimates of emissions of other HFCs based on extrapolation of reported consumption by a few countries clearly show that their contribution in terms of CO2-eq. is now of the same order as of the HFC-134a emissions. Both production and use of HFCs is dominated by industrialised countries, in particular OECD countries (Fig. 5).
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	Figure 8(a) shows global consumption of PFCs per application, that boosted in the early ‘90s. Key users are the semiconductor manufacturing industry, which is dominated by the USA and Japan, and specialised solvent use, in particular in Japan. Third largest consumption category is for refrigeration. Since most of the compounds used in semiconductor manufacturing and as solvent is being emitted, these are by far the largest emission sources here (Fig. 8(b). Finally, when taking a closer look at the specific PFCs that are emitted, three compounds dominate here: CF4, C2F6 and C6F14 (Fig. 8(c)), the first two mainly from chip production, the latter from solvent use.
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