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0 Executive Summary

This assessment report aims to give a concise and accessible picture of the current availability of 
DOWHUQDWLYHV�WR�KLJK�JOREDO�ZDUPLQJ�SRWHQWLDO��*:3��K\GURÁXRURFDUERQV��+)&V��LQ�WKHLU�PDLQ�XVHV��
ZLWK� HODERUDWLRQ�RI� WKHLU� HIÀFDF\�� FRVW�HIIHFWLYHQHVV�� VDIHW\�� HQYLURQPHQWDO� LPSDFWV� DQG� WHFKQLFDO�
performance, as well as their applicability at high ambient temperatures, with the goal of better 
informing decision making about the future of HFCs in a fast-evolving market and regulatory 
context. 
7KLV�UHSRUW�EXLOGV�RQ�WKH�ÀQGLQJV�RI�WKH�&KDWKDP�+RXVH�,QVWLWXWH�IRU�*RYHUQDQFH�	�6XVWDLQDEOH�
Development (IGSD) Workshop and Report (Andersen, Brack, and Depledge, 2014) and the IGSD 
3ULPHU�RQ�+\GURÁXRURFDUERQV� �=DHONH�DQG�%RUJIRUG�3DUQHOO��������DQG� LV�D�FRQWLQXRXV�ZRUN� LQ�
progress, which will be updated frequently; corrections and additions are welcome.2 
A wide choice of alternatives to HFCs are now available, with more under development, but many 
RI�WKHVH�DUH�YHU\�QHZ��1RW�VXUSULVLQJO\��PDQ\�$UWLFOH���3DUWLHV��$��3DUWLHV��KDYH�H[SUHVVHG�FRQFHUQV�
over factors such as availability, cost-effectiveness, safety, applicability in high-ambient-temperature 
environments, and maintenance requirements particularly because, in many cases, these countries 
DUH�MXVW�EHJLQQLQJ�WKH�SURFHVV�RI�SKDVLQJ�RXW�K\GURFKORURÁXRURFDUERQV��+&)&V��
This report summarises: 1) the latest state of knowledge of the availability and characteristics of 
current alternatives to HFCs in the key sectors, 2) a discussion of barriers to their uptake and how 
WKH�EDUULHUV�FDQ�EH�RYHUFRPH�����WKH�FUXFLDO�LVVXH�RI�WKH�HQHUJ\�HIÀFLHQF\�RI�+)&�XVLQJ�V\VWHPV�DQG�
WKHLU�DOWHUQDWLYHV�DQG����WKH�SRWHQWLDO�IRU�DFFHVVLQJ�ÀQDQFLDO�VXSSRUW�IRU�WKH�UHSODFHPHQW�RI�+)&V�
The objective is to provide information that will allow decision makers, and particularly ozone 
RIÀFHUV��WR�WDFNOH�WKH�JURZLQJ�JOREDO�WKUHDW�WR�WKH�(DUWK·V��DWPRVSKHUH��
The Montreal Protocol on Substances that Deplete the Ozone Layer (Montreal Protocol) has 
organizations in place to assess science, environmental effects, and technology; to educate the public 
DQG�SROLF\�PDNHUV��WR�EXLOG�UHJXODWRU\�FDSDFLW\�DQG�WUDLQ�VHUYLFH�WHFKQLFLDQV��DQG�WR�VHOHFW��ÀQDQFH��
and implement next-generation alternatives to most remaining uses of HCFCs and HFCs. 
The case studies presented in the report show that high-GWP HFCs can be and are being 
VXFFHVVIXOO\�UHSODFHG�LQ�D�ZLGH�UDQJH�RI�XVHV�LQ�ERWK�$��DQG�QRQ�$��3DUWLHV��*LYHQ�WKH�SURJUHVV�
RI� WKH� LQWURGXFWLRQ� RI� HQHUJ\�HIÀFLHQW� ORZHU�*:3�+)&� DOWHUQDWLYHV� DQG� WKH� JUDGXDO� VSUHDG� RI�
national and regional regulations and voluntary industry commitments, more and more countries 
committed to mitigating climate change will need to address the question of how to phase down the 
use of HFCs, regardless of whether the Montreal Protocol is amended to control HFCs. 
2SSRUWXQLWLHV�H[LVW�IRU�ERWK�$��DQG�QRQ�$��3DUWLHV�WR�UHGXFH�KLJK�*:3�+)&V�XVHG�WR�PDQXIDFWXUH�
QHZ� UHIULJHUDWLRQ�� DLU� FRQGLWLRQLQJ�� ÀUH� SURWHFWLRQ�� DHURVRO�� DQG� PLVFHOODQHRXV� SURGXFWV� DW� WKH�
same time as HCFCs are phased out. Once the production of new products depending on high-
*:3�+)&V�LV�KDOWHG��XVH�FDQ�EH�OLPLWHG�WR�VHUYLFLQJ�H[LVWLQJ�HTXLSPHQW��7KH�FRVW�RI�UHWURÀWWLQJ�RU�
replacing existing equipment may be too high to be cost-effective in the short term, although energy 
savings and increased reliability can offset enough cost to make replacement of obsolete equipment 
worthwhile.
7KH�UHSRUW�ÀQGV�WKDW�LQ�SURGXFW�PDQXIDFWXULQJ��WHFKQRORJ\�LV�DOUHDG\�DYDLODEOH�WR�SKDVH�GRZQ�KLJK�
GWP HFCs in most applications in the foam, domestic, commercial and industrial refrigeration, and 
solvents sectors. 
Many technologies exist to replace high-GWP alternatives in stationary air conditioning, especially 
in the commercial and industrial sector. However, domestic air conditioning may present challenges 
WKDW� UHTXLUH� LPPHGLDWH� DWWHQWLRQ�� ,W� LV� H[SHFWHG� WKDW� $�� SDUWLHV� ZLOO� ZDQW� WR� GHPRQVWUDWH� WKH�

2 Contact Dr. Nancy Sherman, Director of Technical Assessment (nsherman@IGSD.org). 
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IHDVLELOLW\�DQG�DVFHUWDLQ�ORFDO�FRVWV�RI�QHZ�K\GURÁXRURROHÀQV��+)2V��DQG�EOHQGV��DQG��LQ�WKH�FDVH�RI�
ÁDPPDEOH�VROXWLRQV��$��FRXQWULHV�ZRXOG�QHHG�WR�ÀUVW�VHW�QHZ�VWDQGDUGV�DQG�WUDLQ�WHFKQLFLDQV��HYHQ�
for small air conditioning charges. Some countries, including China, India, Indonesia, and Japan, 
DUH�FKDPSLRQLQJ�WKH�VDIH�XVH�RI�ÁDPPDEOH�K\GURFDUERQ��+&������DQG�+)&����UHIULJHUDQWV�LQ�URRP�
DLU�FRQGLWLRQHUV��$�&V���

����6SHFLÀF�DOWHUQDWLYHV�WR�KLJK�*:3�+)&V�VXLWDEOH�IRU�$��3DUWLHV�

$��3DUWLHV³LI�DGHTXDWHO\�ÀQDQFHG�IRU�WKH�DGGHG�ÀUVW�FRVW��WUDLQLQJ�DQG�VDIHW\�UHTXLUHPHQWV��DQG��
in some cases, the ongoing added cost of servicing)—have a wide choice of immediately available 
technologies that can eliminate, with few exceptions, high-GWP HFCs in MACs, domestic and 
FRPPHUFLDO�UHIULJHUDWLRQ��EXLOGLQJ�DLU�FRQGLWLRQLQJ�FKLOOHUV��DQG�WKHUPDO�LQVXODWLQJ�IRDP��$��3DUWLHV�
ZLOO�ZDQW�WR�LPSOHPHQW�QH[W�JHQHUDWLRQ�FKRLFHV�WKDW�DFKLHYH�KLJK�HQHUJ\�HIÀFLHQF\�DQG�UHOLDELOLW\�
at local ambient temperatures.
$��3DUWLHV�FDQ�EH�PDUNHW�OHDGHUV�LQ�WKH�VDIH�XVH�RI�ÁDPPDEOH�VROXWLRQV�E\�VHWWLQJ�DSSURSULDWH�VDIHW\�
VWDQGDUGV�DQG�SURSHUO\�WUDLQLQJ�WHFKQLFLDQV��ZKLOH�QRQ�$��3DUWLHV�PD\�EH�IROORZHUV�EHFDXVH�H[LVWLQJ�
VWDQGDUGV�SURKLELWLQJ� DOO� ÁDPPDEOH� UHIULJHUDQWV� DUH� HQWUHQFKHG� LQ� VWDQGDUGV� RUJDQL]DWLRQV�ZKHUH�
change comes only slowly (though clearly, appropriate safety standards are needed in every market).
$��3DUWLHV�� LQFOXGLQJ�&KLQD�DQG� ,QGLD��ZLWK� WKH�DELOLW\� WR� WUDLQ�DQG�HQIRUFH� VDIH�SUDFWLFHV� LQ� WKH�
PDQXIDFWXUH��LQVWDOODWLRQ��VHUYLFH�DQG�GLVSRVDO�RI�URRP�DLU�$�&V�XVLQJ�ÁDPPDEOH�UHIULJHUDQWV��DQG�
with the technical and administrative ability to put safety regulations in place rapidly, can move 
TXLFNO\�WR�UHSODFH�URRP�$�&V�FRQWDLQLQJ�+&)&����DQG�+)&����$�ZLWK�URRP�$�&V�PDQXIDFWXUHG�
ZLWK� +&������ +)&����� DQG� +)&�+)2� EOHQGV�� %HFDXVH� +&����� DQG� +)&���� UHIULJHUDQWV� DUH�
ÁDPPDEOH��LQVWDOODWLRQ�VKRXOG�RQO\�RFFXU�LQ�FDVHV�ZKHUH�WKH�FKDUJH�LV�ODUJH�HQRXJK�WR�FRRO�WKH�URRP�
on the hottest days, but small enough to be safe if discharged into the occupied room.
7KH�YDVW�PDMRULW\�RI�$��3DUWLHV�GR�QRW�PDQXIDFWXUH�+&)&V�RU�+)&V�RU�SURGXFWV�FRQWDLQLQJ�WKHVH�
substances. For these Parties, high-GWP HFCs are mostly contained in new imported equipment 
or are used for servicing new and existing equipment. The opportunity exists to import only 
HQHUJ\�HIÀFLHQW� ORZ�*:3�SURGXFWV�� WKHUHE\�DYRLGLQJ� WKH� LQIUDVWUXFWXUH�DQG� WUDLQLQJ� WKDW�ZRXOG�
otherwise be necessary to support already obsolete high-GWP HFC technology. Actions such as 
prior informed consent, environmental trade barriers and strong customs controls and regulations 
PD\�EH�QHFHVVDU\�WR�SUHYHQW�WKH�GXPSLQJ�LQ�$��3DUWLHV�RI�REVROHWH�KLJK�*:3�+)&�SURGXFWV�WKDW�
require expensive new infrastructure.
$��3DUWLHV�FDQ�PDNH�D�VHFRQG�WUDQVLWLRQ�DQG�UHSODFH�+)&����D�LQ�WKH�PDQXIDFWXUH�RI�QHZ�0$&6�
with HFO-1234yf, the cost of which is marginal when compared with the cost of the car, or can wait 
IRU�+)&����D�RU�FDUERQ�GLR[LGH��&22��V\VWHPV�WR�EH�FRPPHUFLDOL]HG�DQG�SURYHQ�HQHUJ\�HIÀFLHQW�DQG�
reliable. Because HFO-1234yf systems can be recharged at service with HFC-134a, the full life-cycle 
FOLPDWH�EHQHÀWV�DUH�RQO\�UHDOL]HG�LI�YHKLFOH�RZQHUV��VHUYLFH�WHFKQLFLDQV��DQG�JRYHUQPHQW�DXWKRULWLHV�
insist that the systems be recharged only with HFO-1234yf. It is not currently technically feasible to 
UHWURÀW�DXWRPRELOHV�ZLWK�+)&����D�V\VWHPV�WR�XVH�+)2�����\I�

����6SHFLÀF�DOWHUQDWLYHV�WR�KLJK�*:3�+)&V�VXLWDEOH�IRU�QRQ�$��3DUWLHV�

1RQ�$�� 3DUWLHV³ZLWK� WKH� DGYDQWDJHV� RI� HDVLO\�DYDLODEOH� ÀQDQFLQJ� DQG� ZHOO�WUDLQHG�� HTXLSSHG�
and disciplined service sectors—have a wide choice of immediately available technology that can 
eliminate, with few exceptions, high-GWP HFCs in motor vehicle air conditioning (MACs), domestic 
and commercial refrigeration, building air conditioning chillers, and thermal insulating foam. The 
(XURSHDQ�8QLRQ��(8��+)&�SKDVH�GRZQ�VFKHGXOH�LV�LQGLFDWLYH�RI�WKH�UHGXFWLRQV�DOO�QRQ�$��UHJLRQV�
can take.
Although the additional cost of HFO-1234yf vehicle air conditioning is small compared to the cost 
of new automobiles, it may be fair and reasonable to provide incentives such as rebates or sales tax 
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reductions at the time of purchase or to secure agreements from chemical suppliers and automobile 
PDQXIDFWXUHV�WR�SURYLGH�H[WHQGHG�ZDUUDQWLHV�IRU�$�&�VHUYLFH��

0.3 Flexible manufacturing facilities allow rapid future transition

5RRP�$�&�PDQXIDFWXUHUV�LQ�ERWK�$��DQG�QRQ�$��3DUWLHV�FDQ�GHVLJQ�WKHLU�IDFLOLWLHV�WR�VDIHO\�XVH�D�
wide range of possible future refrigerants by anticipating that next-generation refrigerants will be 
HLWKHU�PRUH�ÁDPPDEOH�DQG�RU�UHTXLUH�KLJKHU�RSHUDWLQJ�SUHVVXUHV�WKDQ�+&)&�����)RU�H[DPSOH��URRP�
$�&�PDQXIDFWXUHUV�LQ�$��3DUWLHV�WKDW�FKRRVH�WR�FRQYHUW�LQLWLDOO\�IURP�+&)&����WR�+)&����$��GXH�
to strict Montreal Protocol compliance needs, and then later make a second transition to lower-GWP 
RSWLRQV��FDQ�LQVLVW�WKDW�WKH�0XOWLODWHUDO�)XQG��0/)��ÀQDQFH�DSSOLDQFH�ÀOOLQJ�IDFLOLWLHV�DQG�UHIULJHUDQW�
storage areas to be suitable for all of the foreseeable technical options. Chemical manufacturers and 
safety authorities can cooperate with OzonAction, the MLF and Montreal Protocol implementing 
agencies to specify the factory designs. 

0.4 Stringent environmental screening and safety precautions

3DUWLHV�ZLOO� ZDQW� WR� FKRRVH� WHFKQRORJ\� WKDW� KDV� VDWLVÀHG� VWULQJHQW� HQYLURQPHQWDO� VFUHHQLQJ� IRU�
toxicity and acceptable atmospheric fate and will want to implement appropriate safety precautions 
IRU� ÁDPPDEOH� DQG�RU� WR[LF� VXEVWDQFHV�� ,W� ZLOO� EH� SUXGHQW� WR� FKHFN� WKH� WHFKQRORJLHV� OLVWHG� DV�
DFFHSWDEOH�E\�WKH�86�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��(3$��6LJQLÀFDQW�1HZ�$OWHUQDWLYHV�3ROLF\�
Program (SNAP) and the EU’s Registration, Evaluation, Authorisation and Restriction of Chemicals 
�5($&+��UHJXODWLRQ��,W�ZLOO�EH�SUXGHQW�WR�LPSOHPHQW�RQO\�WHFKQRORJ\�SURYHQ�VDIH��HQHUJ\�HIÀFLHQW��
and affordable in case studies and reports of demonstration projects published by reputable 
independent organizations such as the Climate and Clean Air Coalition (CCAC) to Reduce Short-
lived Climate Pollutants, the MLF and its implementing and bilateral agencies, UNEP, and the 
Montreal Protocol Technology and Economic Assessment Panel (TEAP) and its Technical Options 
Committees (TOCs). Parties and companies may consider contacting the experts listed on the case 
studies to ask if superior alternatives have emerged and to request advice on suppliers, installations, 
and service. 

����%HVW�SURRI�RI�WHFKQLFDO�DQG�HFRQRPLF�IHDVLELOLW\�DQG�PDUNHW�DFFHSWDQFH

Some of the best technical and economic information on alternatives and substitutes to high-GWP 
HFCs will come from projects undertaken for Parties by the MLF and its implementing and bilateral 
agencies where the actual costs, including those for refrigerant and foam blowing substances, will be 
transparently listed and where experience with the new technology will be faithfully and honestly 
shared through the networks. 

0.6 Financial solutions

With additional funding to expeditiously restructure the HCFC phase-out to enable a leapfrogging 
RI�KLJK�*:3�+)&V��$��3DUWLHV�FRXOG�KDYH�ZLGHU�FKRLFHV�LQ�IRDPV��UHIULJHUDWLRQ��DLU�FRQGLWLRQLQJ��
and other uses. National, regional, and international regulations, industry leadership, voluntary 
agreements, and technical innovation are driving change. The research and development pipeline is 
full and new alternatives are rapidly being commercialized. 
+RZHYHU�� FRVWV� EH\RQG� WKRVH� QRUPDOO\� ÀQDQFHG� E\� WKH�0/)�ZRXOG� EH� LQFXUUHG�� DQG� WKHUHIRUH��
additional funds will be necessary to build capacity, to train technicians to maintain and service 
SURGXFWV� WKDW�FRQWDLQ�ÁDPPDEOH�DOWHUQDWLYHV�� WR� VHW�QHZ�VWDQGDUGV� WR�DOORZ�IRU� WKH� LQWURGXFWLRQ�
of new technology, to cover the operational costs of the new technologies (HFOs and blends), and 
to strengthen networks linking chemical companies, appliance manufacturers, technicians, and 
end-users. It will also be necessary to demonstrate and report the performance of next-generation 
WHFKQRORJ\�ZKHQ�DSSOLHG�WR�$��3DUWLHV��SDUWLFXODUO\�LQ�ORFDWLRQV�ZLWK�ORQJ�VHDVRQV�RI�KLJK�DPELHQW�
temperatures. 
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7KH�VLPSOHVW�VROXWLRQ�WR�ÀQDQFLQJ�¶DJUHHG�LQFUHPHQWDO�FRVWV·�LV�UHSOHQLVKPHQW�RI�WKH�0/)�WR�WDNH�RQ�
1) the added cost of leapfrogging high-GWP HFCs in the phase-out of HCFCs; 2) the added cost of 
a second transition from HFCs in applications like MACs that already use HFCs; and 3) the added 
FRVW�RI�D�WZR�VWDJH�WUDQVLWLRQ��ÀUVW�IURP�+&)&V�WR�+)&V�DQG�WKHQ�IURP�+)&V�WR�QH[W�JHQHUDWLRQ�
technology in applications where implementing HFCs is too far along to turn back. Parties could 
GHFLGH�WR�PDNH�ÀQDQFLQJ�DYDLODEOH�LPPHGLDWHO\�IRU�$��3DUWLHV�FKRRVLQJ�WR�JR�EH\RQG�FRPSOLDQFH��
�$�VHFRQG�VROXWLRQ�LV�WR�HVWDEOLVK�DQ�H[SDQGHG�VRXUFH�RI�ÀQDQFLQJ�IURP�QRQ�$��FRQWULEXWLRQV�DV�
JUDQWV��SURYLGHG�WKH�0/)�([HFXWLYH�&RPPLWWHH�ZHOFRPHV�DQG�DSSURYHV�WKLV�FR�ÀQDQFLQJ�DQG�HDVHV�
DQ\� DGPLQLVWUDWLYH� UHTXLUHPHQWV� WKDW� ZRXOG� SUHYHQW�$�� 3DUWLHV� DQG� HQWHUSULVHV� IURP� DGRSWLQJ�
PHDVXUHV�MXVWLÀHG�E\�WKH�FOLPDWH��FOHDQ�DLU��DQG�QDWXUDO�UHVRXUFH�EHQHÀWV�RI�KLJKHU�HQHUJ\�HIÀFLHQF\�
$�WKLUG�VROXWLRQ�LV�IRU�$��3DUWLHV�WR�VHSDUDWHO\�VHHN�ÀQDQFLQJ�IURP�VRXUFHV�RWKHU�WKDQ�WKH�0/)�IRU�
WKH�+)&�SKDVH�GRZQ�DQG�HQHUJ\�HIÀFLHQF\�LPSURYHPHQWV�DQG�WR�FRRUGLQDWH�WKDW�IXQGLQJ�ZLWK�WKH�
HCFC phase-out schedule. However, WKH�QDWLRQDO�R]RQH�XQLWV�LQ�PRVW�$��3DUWLHV�DUH�DFFXVWRPHG�WR�
KDYLQJ�D�¶RQH�VWRS�ZLQGRZ·�IRU�LQWHUQDWLRQDO�ÀQDQFLQJ�WKDW�UHODWHV�WR�R]RQH�GHSOHWLRQ��DQG�DUH�QRW�
ZHOO�SUHSDUHG��JLYHQ��LQ�JHQHUDO��WKHLU�ODFN�RI�NQRZOHGJH�RI�RWKHU�ÀQDQFLQJ�LQVWLWXWLRQ�RU�PHFKDQLVPV��
WR�DFFHVV�IXQGV�IURP�WKH�LQWHUQDWLRQDO�ÀQDQFLDO�LQVWLWXWLRQV�RU�IXQGV�WKDW�VXSSRUW�HQHUJ\�HIÀFLHQF\�
LQYHVWPHQWV�DQG�FOHDQ�HQHUJ\�SURMHFWV��ZKLFK�DUH�GHVFULEHG�LQ�WKH�IXOO�UHSRUW��6RPH�$��SDUWLHV�KDYH�
VKRZQ�D�SUHIHUHQFH�WR�XVH�JRYHUQPHQW�DQG�SULYDWH�VHFWRU�ÀQDQFH�DW�WKH�QDWLRQDO�OHYHO�IRU�WKH�QRQ�
HOLJLEOH�SRUWLRQ�RI�0RQWUHDO�3URWRFRO�SURMHFWV��UDWKHU�WKDQ�VHHN�FR�ÀQDQFH�IURP�LQWHUQDWLRQDO�FOLPDWH�
and aid organizations.
Unlike the ozone-depleting substance (ODS) phase-out, where transition costs were mostly in 
the manufacturing sector, products such as MACs built with the current choice of HFO-1234yf 
refrigerant, will increase the cost of new air-conditioned cars and the cost of service over the lifetime 
of the vehicle. It should also be borne in mind that some technologies are already cost effective for 
0/)�ÀQDQFH��ZKLOH�RWKHU�WHFKQRORJLHV�KDYH�QRW�\HW�DFKLHYHG�HFRQRPLHV�RI�VFDOH�RU�FRPSHWLWLYH�FRVW�
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1  Introduction

Before 1930, air conditioning was rare, and refrigeration was accomplished using naturally harvested 
DQG�LFH�PDQXIDFWXUHG�ZLWK�UHIULJHUDQWV�WKDW�ZHUH�DOO�ÁDPPDEOH��WR[LF�RU�ERWK��$IWHU�WKH�LQYHQWLRQ�RI�
FKORURÁXRURFDUERQV��&)&V��LQ�������PRVW�UHIULJHUDWLRQ�DQG�DLU�FRQGLWLRQLQJ�DSSOLFDWLRQV�WUDQVLWLRQHG�
IURP�WR[LF�DQG�ÁDPPDEOH�UHIULJHUDQWV�WR�&)&V�DQG�+&)&V��ZLWK�VRPH�FRQWLQXLQJ�XVH�RI�DPPRQLD�
for food processing, cold storage, ice making and ice rinks. 
$IWHU�WKH�HQWU\�LQWR�IRUFH�RI�WKH������0RQWUHDO�3URWRFRO��DSSUR[LPDWHO\����SHU�FHQW�RI�WKH�SURGXFWV�
that would have been made with or containing ODSs transitioned to not-in-kind (NIK) options, 
including natural refrigerants (primarily hydrocarbons, ammonia, and CO2���ZLWK�DERXW����SHU�FHQW�
FKRRVLQJ�ÁXRURFDUERQ��+)&��VXEVWLWXWHV��7RGD\��QRQ�$��3DUWLHV�WKDW�SUHYLRXVO\�FKRVH�WR�WUDQVLWLRQ�
from ODSs to HFC refrigerants are transitioning to HFOs, natural refrigerants, and NIK alternatives 
(e.g. electromagnetic refrigeration, non-refrigerated (natural) food preservation, and landscaping 
and architecture that provides comfort without air conditioning).3 
During the industrial revolution until the 1940s, asbestos was the predominant insulation material 
IRU�ERWK�LQGXVWULDO�DQG�UHVLGHQWLDO�LQVXODWLRQ��,Q�WKH�����V�DQG�����V��PLQHUDO�ZRRO�RYHUWRRN�DVEHVWRV�
in sales and, in the 1970s, the rediscovery of the harmful health effects of asbestos and an increased 
FRQFHUQ� RYHU� HQHUJ\� VFDUFLW\� VKLIWHG� VDOHV� WR� RWKHU� IRUPV� RI� LQVXODWLRQ�� LQFOXGLQJ�ÀEUHJODVV� DQG�
foam, which was invented in 1948 but previously had been too expensive to compete.4 Now there is 
a shift to safe natural insulation and to foam made with natural foam-blowing agents such as CO2 
and hydrocarbons.
HFCs are manufactured chemicals used as substitutes for ODSs in applications such as refrigeration 
DQG�DLU�FRQGLWLRQLQJ��IRDPV��VROYHQWV��ÀUH�SURWHFWLRQ�DQG�DHURVRO�SURGXFWV��7KH�FXUUHQW�SKDVH�RXW�RI�
ODSs under the Montreal Protocol, together with the growing global demand for air conditioning 
and refrigeration, especially in emerging economies, is accelerating the production, use and 
emissions for HFCs. Unlike the CFCs and HCFCs which they often replace, HFCs do not deplete 
the ozone layer, but some are very powerful greenhouse gases (GHGs), trapping up to thousands 
of times more heat in the atmosphere per unit of mass than CO2. Their rapid rate of increase has the 
SRWHQWLDO�WR�FRQWULEXWH�VLJQLÀFDQWO\�WR�FOLPDWH�FKDQJH�
The Vienna Convention and its Montreal Protocol control the production and consumption of ozone-de-
pleting substances (except N2O)�, while the United Nations Framework Convention on Climate 
Change (UNFCCC) and its Kyoto Protocol control emissions of GHGs including ozone-depleting 
N2O.6  Once produced, emissions of ODSs are not controlled by the Montreal Protocol or the Kyoto 
Protocol. Each treaty is responsible for accounting and reporting of their controlled substances. Over 
the last few years, proposals have been put forward for HFC production and consumption to be 
controlled under the Montreal Protocol as a complement to HFC emission controls and GHG report-
ing under the Kyoto Protocol.
The Montreal Protocol is widely acknowledged to be the world’s most effective environmental treaty. 
Under its controls, 98 per cent of the production and consumption of ODSs have been phased out. The 
R]RQH�OD\HU�LV�SURMHFWHG�WR�UHFRYHU�WR�LWV�SUH�$QWDUFWLF�R]RQH�KROH�VWDWH�RYHU�WKH�QH[W����RU�VR�\HDUV�DQG�
WR�LWV�SUH�LQGXVWULDO�VWDWH�LQ�DERXW�����\HDUV�7 At the same time, the Montreal Protocol has also made 
3 Andersen, S. O., M. L. Halberstadt, & N. Borgford-Parnell (2013) Stratospheric Ozone, Global Warming, and the Principle of 
Unintended Consequences—An Ongoing Science and Policy Success Story, JOURNAL OF THE AIR & WASTE MANAGEMENT ASSOCIATION 
(AWMA), Critical Review.
4 Bozsaky, D. (2010) The historical development of thermal insulation materials, PERIODICA POLYTECHNICA ARCHITECTURE 41(2):49-
����GRL����������SS�DU������������See also Dow Chemical, Building Insulation: The Historical Pursuit of Survival, Comfort, and 
(IÀFLHQF\��KWWS���ZZZ�GRZFRQVWUXFWLRQFKHPLFDOV�FRP�QD�HQ�IHDWXUH�LQIR�IDVW�IDFWV�����KWP�
��6XEVWDQFHV�FRQWUROOHG�E\�WKH�0RQWUHDO�3URWRFRO�LQFOXGH�&)&V��KDORQV��+&)&V��PHWK\O�FKORURIRUP��K\GUREURPRÁXRURFDUERQV�
(HBFCs), bromochloromethane, and methyl bromide.
6 Substances controlled by the Kyoto Protocol include carbon dioxide (CO2��DQG�ÀYH�QRQ�&22 greenhouse gases: HFCs, N2O, 
methane (CH4���VXOSKXU�KH[DÁXRULGH��6)6��DQG�SHUÁXRURFDUERQV��3)&V��
7 Velders G. J. M, Ravishankara A. R., Miller M. K., Molina M. J., Alcamo J., Daniel J. S., Fahey D. W., Montzka S. A., & 
Reimann S. (2012) 3UHVHUYLQJ�0RQWUHDO�3URWRFRO�&OLPDWH�%HQHÀWV�E\�/LPLWLQJ�+)&V��6&,��������������
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a major contribution to slowing the rate of global warming because almost all ODSs, including CFCs 
and HCFCs, are powerful GHGs, typically far more powerful even than HFCs. For example, replacing 
&)&�����,3&&�$VVHVVPHQW�5HSRUW��$5���*:3100-yr = 10,200)8�ZLWK�LWV�W\SLFDO�VXEVWLWXWH�+)&����D��$5��
GWP100-yr = 1,300) reduces the warming impact from refrigerant emissions by almost 800 per cent. 
Unfortunately, the rapidly increasing scale of new HFC refrigerant and foam-blowing demand may 
FDQFHO�WKH�RYHUDOO�FOLPDWH�EHQHÀWV�RI�WKH�&)&�DQG�+&)&�SKDVH�RXWV�DQG�FDVWV�D�VLJQLÀFDQW�VKDGRZ�
over the Montreal Protocol’s climate protection success story. Meanwhile, effective action to tackle 
climate change is becoming ever more urgent as accumulated GHGs in the atmosphere increase 
global temperature rise beyond the internationally agreed target of two degrees Celsius.

7KH� FOLPDWH� EHQHÀWV� RI� WKH�0RQWUHDO� 3URWRFRO� FRXOG� EH� VLJQLÀFDQWO\� RIIVHW� E\� SURMHFWHG�
emissions of HFCs used to replace ODSs

The Montreal Protocol and its amendments and adjustments have made large contributions 
toward reducing global greenhouse gas emissions. In 2010, the decrease of annual ODS emissions 
under the Montreal Protocol is estimated to be about 10 gigatonnes of avoided CO2-equivalent 
HPLVVLRQV�SHU�\HDU��ZKLFK�LV�DERXW�ÀYH�WLPHV�ODUJHU�WKDQ�WKH�DQQXDO�HPLVVLRQV�UHGXFWLRQ�WDUJHW�
IRU�WKH�ÀUVW�FRPPLWPHQW�SHULRG���������������RI�WKH�.\RWR�3URWRFRO��IURP�WKH�([HFXWLYH�6XPPDU\�
of the 6FLHQWLÀF�$VVHVVPHQW�RI�2]RQH�'HSOHWLRQ������).
�� 7KH� VXP� RI� WKH� K\GURÁXRURFDUERQV� �+)&V�� FXUUHQWO\� XVHG� DV� 2'6� UHSODFHPHQWV�PDNHV�

D� VPDOO� FRQWULEXWLRQ� RI� DERXW� ���� JLJDWRQQHV� &22-equivalent emissions per year. These 
HPLVVLRQV�DUH� FXUUHQWO\�JURZLQJ�DW�D� UDWH�RI�DERXW���� �� ���SHUFHQW�SHU�\HDU� LQ�GHYHORSHG�
countries where refrigeration and air conditioning is expanding in use and 7 percent per year 
in developed countries where ownership is already high. Without controls, HFC emissions 
are projected to continue to grow.

�� If the current mix of these substances is unchanged, increasing demand could result in HFC 
emissions of up to 8.8 gigatonnes CO2�HTXLYDOHQW�SHU�\HDU�E\�������QHDUO\�DV�KLJK�DV� WKH�
SHDN�HPLVVLRQ�RI�&)&V�RI�DERXW�����JLJDWRQQHV�&22-equivalent per year in the late 1980s 
�7KLV�LV�HTXLYDOHQW�WR�DERXW����SHUFHQW�RI�WKH�IRVVLO�IXHO�DQG�FHPHQW�HPLVVLRQV�RI�&22 in the 
late 1980s).

�� Replacements of the current mix of high-Global Warming Potential (GWP) HFCs with low-
GWP compounds or not-in-kind technologies would essentially avoid these CO2-equivalent 
emissions. 

*GWP-weighted emissions, also known as CO2�HTXLYDOHQW�HPLVVLRQV��DUH�GHÀQHG�DV�WKH�DPRXQW�
of gas emitted multiplied by its 100-year Global Warming Potential (GWP). 
Source: 0RQWUHDO�3URWRFRO�6FLHQWLÀF�$VVHVVPHQW�3DQHO������ (Assessment for Decision-Makers), WMO 
*OREDO�2]RQH�5HVHDUFK�DQG�0RQLWRULQJ�3URMHFW³5HSRUW�1R���������6HSWHPEHU�������*HQHYD��

To date, HFCs account for less than 1 per cent of the total contribution to global warming. However, 
SURGXFWLRQ�DQG�HPLVVLRQV�RI�+)&V�DUH�ULVLQJ�QDWLRQDOO\�DQG�JOREDOO\�DW�D�UDWH�RI�XS�WR���������SHU�
FHQW� SHU� \HDU��ZKLFK�ZRXOG� EH� D� VHULRXV� QHZ� FOLPDWH� WKUHDW� LI� XQDEDWHG�� DGGLQJ�XS� WR� ����&� RI�
warming by 2100.9�+)&V�DQG�RWKHU�ÁXRULQDWHG�*+*V��ZKLFK� LQFOXGH�VXOSKXU�KH[DÁXRULGH��6)6) 
8 This paper uses the latest estimates of global warming potential (GWP) from the Intergovernmental Panel on Climate 
&KDQJH�)LIWK�$VVHVVPHQW�5HSRUW³LQGLFDWHG�DV�¶$5�µ�LQ�WKH�WH[W��*:3�LV�D�PHDVXUH�RI�FOLPDWH�IRUFLQJ�RYHU�D�VSHFLÀHG�WLPH�
period relative to the reference chemical carbon dioxide, which is assigned the value of 1.
9�;X�<���'��=DHONH��*��-��0��9HOGHUV��	�9��5DPDQDWKDQ��������7KH�5ROH�RI�+)&V�LQ�0LWLJDWLQJ���VW�&HQWXU\�&OLPDWH�&KDQJH, ATMOS. 
CHEM. PHYS. 13: 6083-89; see also Hare B., M. Scheaffer, M. Rocha, J. Rogelj, N. Hokne, K. Blok, K. van der Leun, & N. Harrision 
(2012) CLOSING THE 2020 EMISSIONS GAP: ISSUES, OPTIONS AND STRATEGIES, Climate Analytics; and Ramanathan V. & Y. Xu (2010) The 
Copenhagen Accord for Limiting Global Warming: Criteria, Constraints, and Available Avenues, PROC. NAT’L ACAD. SCI. USA 107: 
����²����WKH�5DPDQDWKDQ�DQG�;X�VWXG\�ZDV�WKH�ÀUVW�WR�PRGHO�WKH�FOLPDWH�EHQHÀW�RI�+)&�PLWLJDWLRQ�LQ�FRPELQDWLRQ�ZLWK�
SLCPs, CO2 and other long-lived greenhouse gases).
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DQG�SHUÁXRURFDUERQV��3)&V���DUH�DOUHDG\�WKH�IDVWHVW�JURZLQJ�FOLPDWH�SROOXWDQWV�LQ�PDQ\�FRXQWULHV��
including Australia, China, the EU, India and the US.10 Without fast action, HFC forcing will increase 
DV�PXFK�DV�WKLUW\�IROG�E\�������IURP�D�IRUFLQJ�RI�������:�P��WR�DV�PXFK�DV������:�P��11 
7KH�VLJQLÀFDQW�HQYLURQPHQWDO� LPSDFW�RI� ULVLQJ�+)&�HPLVVLRQV� UHVXOWLQJ� IURP� WKH�2'6�SKDVH�RXW�
and high rates of growth in air conditioning and refrigeration products has prompted calls for the 
introduction of production and consumption controls for these substances under the Montreal 
Protocol, even though they are not ODSs. Emissions of HFCs presently fall only under the purview 
of the 1992 UNFCCC and are explicitly listed under its 1997 Kyoto Protocol. They are not, however, 
VXEMHFW�WR�DQ\�VSHFLÀF�UHTXLUHPHQWV�XQGHU�WKH�FOLPDWH�UHJLPH�DQG�DUH�XQOLNHO\�WR�EH�LQ�WKH�QHDU�IXWXUH�
$�*OREDO�5HVSRQVH�WR�+)&V�7KURXJK�)DLU�DQG�(IIHFWLYH�&OLPDWH�DQG�2]RQH�3ROLFLHV��a paper published 
by Chatham House in July 2014, provides a comprehensive overview of the topics and arguments 
around this issue.12 One of the key questions to address is the immediate and near-future availability 
RI� VXEVWLWXWHV� IRU�+)&V³QRW� MXVW� WKH� H[LVWHQFH� RI� VXEVWLWXWHV�� EXW� WKHLU� HIÀFDF\�� SULFH� DQG� FRVW�
effectiveness, safety, environmental impacts, technical performance and applicability at high 
ambient temperatures. 
3DUWLFLSDQWV�DW�WKH�&KDWKDP�+RXVH�ZRUNVKRS�LQ�$SULO������DQG�WKH�&KDWKDP�+RXVH���,*6'�VLGH�
event during the July 2014 meeting of the Montreal Protocol Open-Ended Working Group (OEWG) 
discussed a series of steps necessary to simultaneously implement an HCFC phase-out and an HFC 
SKDVH�GRZQ�LQ�$��3DUWLHV�13 including:

�� ,PPHGLDWH�0/)�ÀQDQFLQJ�RI�LQWHJUDWHG�+&)&�SKDVH�RXW�DQG�+)&�SKDVH�GRZQ�PDQDJHPHQW�
plans;

�� 2SHQQHVV�WR�DOORZLQJ�HVVHQWLDO�XVH�H[HPSWLRQV��(8(V��RU�RWKHU�ÁH[LELOLW\�PHFKDQLVPV�IRU�WKH�
temporary use of HCFCs in order to avoid high-GWP HFCs; 

�� 0/)�DQG�ELODWHUDO�GHPRQVWUDWLRQ�SURMHFWV�WR�FRQÀUP�WKH�WHFKQLFDO�SHUIRUPDQFH�DQG�FRVW�RI�
alternatives;

�� A fresh look at, and appropriate restructuring of, MLF guidelines to restore the original 
SKLORVRSK\�RI�IXOO�ÀQDQFLQJ�RI�DJUHHG�LQFUHPHQWDO�FRVWV��LQFOXGLQJ�SULFHV�RI�DQ\�DOWHUQDWLYHV�
protected by process and application patents; and

�� $�FRPPLWPHQW�E\�QRQ�$��3DUWLHV�WR�ÀQDQFH�ZKDWHYHU�FRVWV�DUH�QHFHVVDU\�WR�DFFRPSOLVK�WKH�$��
+&)&�SKDVH�RXW�DQG�+)&�SKDVH�GRZQ��LQFOXGLQJ�DQ�LQFUHDVH�LQ�WKH�������������UHSOHQLVKPHQW�
RI�WKH�0/)�WR�ÀQDQFH�LQFUHDVHG�HQHUJ\�HIÀFLHQF\�DQG�WKH�DYRLGDQFH�RI�+)&V�

A key issue underlying all of these steps, however, is the availability of alternatives to HFCs. The 
Montreal Protocol TEAP has produced reports on alternatives to high-GWP ODS alternatives since 
1999, including a TEAP Task Force and a joint workshop with the Intergovernmental Panel on 
&OLPDWH�&KDQJH� �,3&&�� LQ������DQG�D�6SHFLDO�5HSRUW�ZLWK� WKH� ,3&&�LQ�������7KHVH�UHSRUWV�KDYH�
generated considerable discussion among the Parties and affected industries. In addition, many 
industry associations, as well as regional and national governments, have undertaken comprehensive 
assessments of technical alternatives to high-GWP HFCs. The result is a large volume of material, 
often written in technical language and relatively inaccessible to the non-technical reader. 

10�7KH�('*$5�GDWDEDVH�SUHVHQWV�GHWDLOHG�+)&�HPLVVLRQV�IURP�DYDLODEOH�VRXUFHV��KWWS���HGJDU�MUF�HF�HXURSD�HX�RYHUYLHZ�
php?v=42FT2010.
11 Velders G. J. M, A. R. Ravishankara, M. K. Miller, M. J. Molina, J. Alcamo, J. S. Daniel, D. W. Fahey, S. A. Montzka, & S. 
Reimann (2012) 3UHVHUYLQJ�0RQWUHDO�3URWRFRO�&OLPDWH�%HQHÀWV�E\�/LPLWLQJ�+)&V��6&,��������������
12 Andersen, S. O., D. Brack, & J. Depledge (2014), $�*OREDO�5HVSRQVH� WR�+)&V�7KURXJK�)DLU�DQG�(IIHFWLYH�&OLPDWH�DQG�2]RQH�
Policies (Chatham House).
13�8QGHU�WKH�0RQWUHDO�3URWRFRO�� ¶$UWLFOH���3DUWLHV·�DUH�3DUWLHV�WR�WKH�3URWRFRO�WKDW� LQ�������ZKHQ�WKH�3URWRFRO�ZDV�VLJQHG��
ZHUH�OLVWHG�DV�¶GHYHORSLQJ·�E\�WKH�8QLWHG�1DWLRQV�DQG�FRQVXPHG�OHVV�WKDQ�����NLORJUDPV�RI�&)&�SHU�FDSLWD��6LQFH�������WKH�
3DUWLHV�WR�WKH�0RQWUHDO�3URWRFRO�KDYH�OLVWHG�VRPH�DGGLWLRQDO�3DUWLHV�XQGHU�$UWLFOH����&RXQWULHV�GHÀQHG�LQ������DV�QRQ�$UWLFOH�
��3DUWLHV�LQFOXGH�GHYHORSHG�FRXQWULHV��DQG�GHYHORSLQJ�FRXQWULHV�FRQVXPLQJ�PRUH�WKDQ�����NLORJUDPV�RI�&)&�SHU�FDSLWD��
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This paper aims to give a concise and accessible picture of the current availability of alternatives to 
high-GWP HFCs in their main uses, with the goal of better informing the debate over the future of 
+)&V��7KH�SDSHU�FRQVROLGDWHV��XSGDWHV��DQG�VKDUSHQV�WKH�ÀQGLQJV�RI�HDUOLHU�DVVHVVPHQWV��6HYHUDO�
FDVH�VWXGLHV�DUH�LQFOXGHG�WKDW�GHVFULEH�KRZ�VHOHFW�$��DQG�QRQ�$��3DUWLHV�DUH�DOUHDG\�VXFFHVVIXOO\�
DYRLGLQJ�DQG�RU�SKDVLQJ�GRZQ�KLJK�*:3�+)&V�
The report builds on the excellent work of the TEAP and its TOCs and task forces, as well as on 
assessments developed in support of MLF HCFC phase-out projects, and voluntary and regulatory 
initiatives and bilateral agreements in Australia, California, China, Denmark, the EU, India, the 
US, and elsewhere. Some of the information comes from publically available reports of the MLF’s 
,PSOHPHQWLQJ�$JHQFLHV��PDQ\�RI�ZKLFK�DOVR�KDYH�UHVSRQVLELOLW\�DQG�H[SHUWLVH�LQ�HQHUJ\�HIÀFLHQF\�
and climate protection. In addition to assessment documents, we have relied on the most recent 
information from technical conferences, including workshops organised over the last several years 
RQ�WKH�VLGHOLQHV�RI�WKH�2(:*�DQG�PHHWLQJV�RI�WKH�3DUWLHV��023V���$QQH[���OLVWV�WKH�HLJKW�UHFHQW�
assessments that have proved most valuable to this report; footnotes document the sources of the 
ÀQGLQJV�RQ�WHFKQLFDO�DQG�HFRQRPLF�IHDVLELOLW\�
This paper is a continuous work in progress; we aim to update it over time to add the latest 
information on emerging technologies. Corrections and additions should be sent to Dr Nancy 
Sherman, Director of Technical Assessment, IGSD (nsherman@IGSD.org). 

2 Regional and National Approaches to Phasing Down HFCs

Although effective international controls do not yet apply to HFC production, consumption or 
emissions, a number of countries and regions have already adopted domestic commitments and 
UHJXODWLRQV�WR�UHGXFH�WKH�SURGXFWLRQ��XVH�DQG�RU�HPLVVLRQV�RI�+)&V��DQG�PDQ\�LQGXVWU\�DVVRFLDWLRQV�
and corporations are implementing voluntary policies to avoid and eliminate these chemicals.
In Spring 2014, for example, the new EU Fluorinated Gases (F-Gas) Regulation entered into force, 
DQG�ZLOO�DSSO\�IXOO\�IURP���-DQXDU\�������7KLV�UHSODFHG�WKH������UHJXODWLRQ��ZKLFK�WDUJHWHG�RQO\�
containment, including the control of leaks, proper servicing of equipment, and recovery of the 
gases at the end of the equipment’s life. The new regulation will phase down 79 per cent of GWP-
weighted HFC use by 2030, from the baseline 2009 - 12 levels, with interim reduction steps starting 
LQ� ������ 7KH�XVH� RI�+)&V�ZLWK� D�*:3�JUHDWHU� WKDQ� ����ZLOO� EH� EDQQHG� LQ� QHZ� HTXLSPHQW� LQ� D�
number of sectors, including commercial refrigeration (with some exceptions) and foams. From 
2020, very high-GWP HFCs will no longer be allowed to service and maintain certain refrigeration 
equipment. The regulation also stipulates that importers and producers within the EU will have to 
provide evidence that HFC-23, produced as a by-product in the production of HCFC-22, is either 
destroyed or recovered for subsequent use. 
In addition, the EU Directive on MACs (the MAC Directive), adopted in 2006, prohibits the use of 
)�JDVHV�ZLWK�D�*:3�RI�PRUH�WKDQ�����LQ�¶QHZ�W\SHV·�RI�DXWRPRELOHV�VROG�LQ�WKH�(8�IURP������DQG�
in all new automobiles sold in the EU from 2017.14�7DNHQ�WRJHWKHU��(8�SROLFLHV�RQ�ÁXRULQDWHG�JDVHV�
�LQFOXGLQJ�+)&V��DUH�SURMHFWHG�WR�UHGXFH�����*W�&22�HT�HPLVVLRQV�E\�������DQG�PRUH�WKDQ���*W�&22-
HT�E\�������FRPSDUHG�ZLWK�D�EXVLQHVV�DV�XVXDO��%$8��VFHQDULR��
The limits set in the EU regulation as presented in Table 2.1 illustrate currently feasible GWP targets 
with timetables that were negotiated with industry and established by law. For example, the table 
VKRZV�WKDW�RQO\�UHIULJHUDQWV�ZLWK�*:3�����DUH�DOORZHG�IRU�WKH�PDQXIDFWXUH�RI�UHIULJHUDWRUV�DQG�
IUHH]HUV�E\�������IRU�PRWRU�YHKLFOHV�E\�������DHURVRO�SURGXFWV�E\�������H[WUXGHG�SRO\VW\UHQH�IRDP�
by 2020, stationary commercial refrigeration by 2022 (with exceptions) and most foam products by 
������5RRP�$�&�UHIULJHUDQWV�ZLOO�KDYH�D�*:3�OLPLW�RI�OHVV�WKDQ�����E\�������
14�8QGHU�(8�UHJXODWLRQV��¶QHZ�W\SH·�YHKLFOHV�JHQHUDOO\�KDYH�D�QHZ�¶SODWIRUP·�RU�DUH�RWKHUZLVH�VLJQLÀFDQWO\�UHGHVLJQHG��&RVWV�
RI�HQYLURQPHQWDO�FRPSOLDQFH�DUH�ORZHU�ZKHQ�VLJQLÀFDQW�WHFKQRORJ\�XSJUDGHV�DUH�V\QFKURQL]HG��
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7DEOH������(8�*:3�7LPHOLQHV�

*:3���� *:3���� *:3����� No GWP limit

Household refrigerators and freezers ����

Motor vehicle air conditioning 2017

Convenience technical aerosol products 2018

Extruded polystyrene 2020

Stationary commercial refrigeration 2022* 2020

Room air conditioning ����

Foam products** ����

([HPSWHG�IRDP�0',�DQG�RWKHU�HVVHQWLDO�
medical and technical aerosol products

No deadlines

* The GWP limit for commercial refrigeration is only for rack systems >40kW with exceptions for low-
WHPSHUDWXUH�UHIULJHUDWLRQ�DQG�IRU�+)&�ZLWK�*:3��������IRU�WKH�SULPDU\�ORRS�RI�FDVFDGH�V\VWHPV��


�6RPH�IRDP�SURGXFWV�DUH�FXUUHQWO\�LQGHÀQLWHO\�H[HPSW�

In the US, the Climate Action Plan announced by President Barack Obama in June 2013 set out a 
number of measures to address HFCs. It is estimated that eliminating certain HFCs could provide 
23 per cent of the emissions reductions needed to achieve the US 2020 GHG reduction goal of 17 
SHU� FHQW�EHORZ������HPLVVLRQV��� The Action Plan includes the use of the EPA SNAP regulation, 
established to evaluate and regulate alternatives and substitutes to ODSs. The SNAP programme 
publishes lists of acceptable and unacceptable substitutes; new rules are expanding the list of low-
*:3�DOWHUQDWLYHV��ZKLOH�RWKHU�UXOHV�DUH�UHYRNLQJ�DSSURYDO�RI�VSHFLÀF�+)&V�IRU�SDUWLFXODU�HQG�XVHV��
changing the listing from acceptable to unacceptable. 
In addition, the US Corporate Average Fuel Economy (CAFE) standards encourage automobile 
manufacturers and importers to replace HFC-134a in MACs by allowing companies to earn credits 
WRZDUG�IXHO�HIÀFLHQF\�VWDQGDUGV�E\�UHSODFLQJ�+)&����D�ZLWK�ORZ�*:3�DOWHUQDWLYHV�LQ�0$&V��7KH�
EPA also runs the GreenChill partnership with food retailers to reduce refrigerant emissions and 
their impact on the ozone layer and climate change. In addition, the US government is aiming to 
purchase cleaner alternatives to HFCs whenever feasible and to transition over time to equipment 
that uses safer and more sustainable alternatives.
Regulations banning use, prohibiting venting, and taxing HFCs or promoting alternatives to 
HFCs are also in place in many other countries, including Austria, Belize, Burkina Faso, Canada, 
Colombia, Denmark, Egypt, France, Germany, Italy, Macedonia, Montenegro, Netherlands, New 
=HDODQG��1RUZD\��3RODQG��6HUELD��6ORYHQLD��6ZHGHQ��6ZLW]HUODQG��8QLWHG�.LQJGRP��DQG�<HPHQ�16 
For example:

�� $XVWULD�� EDQ� RQ� DOPRVW� DOO� +)&� XVHV� LQ� QHZ� HTXLSPHQW�� ÀVFDO� LQFHQWLYHV� IRU� +)&�IUHH�
alternatives.

�� Canada: federal and provincial regulations prohibit the release of HFCs from refrigeration 
and air conditioning equipment. The regulations are supported by a Refrigeration Code of 
Practice that outlines best practices to minimize and eliminate emissions in the cooling sectors. 

�� Bianco N., F. Litz, K. Meek, & R. Gasper (2013), CAN THE U.S. GET THERE FROM HERE?: USING EXISTING FEDERAL LAWS AND STATE 
ACTION TO REDUCE GREENHOUSE GAS EMISSIONS��:RUOG�5HVRXUFHV�,QVWLWXWH���²��
16 United States (2014) SUBMISSIONS BY PARTIES ON THE IMPLEMENTATION OF DECISION XIX/6��81(3�2]/�3UR�:*������,1)���
$GG���� ��� -XQH�� KWWS���FRQI�PRQWUHDO�SURWRFRO�RUJ�PHHWLQJ�RHZJ�RHZJ����SUHVHVVLRQ�%DFNJURXQG���'RFXPHQWV���
DUH���DYDLODEOH���LQ���(QJOLVK���RQO\�2(:*����,1)��$GG��SGI�
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$�QHZ�JRYHUQPHQW�LQGXVWU\�FRQVXOWDWLRQ�ZLOO� VRRQ�EHJLQ�RQ�KRZ�EHVW� WR� VWUHQJWKHQ�+)&�
management and phase-down of production and consumption.

�� 'HQPDUN��EDQ�RQ�DOPRVW�DOO�+)&�XVHV��FRQWDLQPHQW��OHDN�HPLVVLRQ�SUHYHQWLRQ���WD[�RQ�+)&V��
promotion of HFC-free alternatives.

�� Japan: phase-down of HFCs, promotion of low-GWP equipment and products, improved 
FRQWDLQPHQW�LQ�FRPPHUFLDO�HTXLSPHQW��DQG�UHJLVWUDWLRQ�DQG�DSSURYDO�RI�ÀOOHUV�DQG�UHF\FOHUV�

�� 1RUZD\��WD[�UHIXQG�VFKHPH�IRU�+)&V�
�� 6HUELD��LPSRUW�DQG�H[SRUW�OLFHQVLQJ�DQG�UHSRUWLQJ�IRU�+)&V��*:3�!������EDQ�RQ�VDOH�RI�FHUWDLQ�
HTXLSPHQW�SURGXFWV�WKDW�UHO\�RQ�)�JDVHV��FRQWDLQPHQW�DQG�PDQGDWRU\�JDV�UHFRYHU\��UHFRUG�
keeping.

�� Switzerland: ban on many HFC uses; emission reduction measures for remaining HFC uses; 
disincentives for new uses of HFCs; promotion of HFC-free alternatives; reports on HFC 
imports.

Recent years have also seen an increasing trend of major companies and industry associations 
adopting voluntary commitments to environmentally sustainable sourcing and behaviour. In 
2010, for example, the Consumer Goods Forum (CGF), a global industry network of more than 400 
retailers, manufacturers and service providers, adopted a commitment for its member companies 
WR�VWDUW��E\�������SKDVLQJ�RXW�+)&V�LQ�UHIULJHUDWLRQ��7KH�&*)�DOVR�DJUHHG�WR�ZRUN�RQ�SXEOLF�SROLF\�
and regulatory barriers, in particular in the US, to facilitate the collection of performance metrics 
DQG�PHWKRGRORJLHV�WR�FUHDWH� ¶RQH�VRXUFH�RI�WUXWK·�IRU�+)&�IUHH�WHFKQRORJLHV��DQG�WR�GHPRQVWUDWH�
progress among its member companies, with the aim of encouraging others.17 

There are many examples of individual companies—including AEON, Carrefour, Coca-Cola, Danfoss, 
Heineken, Nestlé, and Unilever—adopting commitments not to use HFCs in new equipment and to 
phase out the use of HFCs in existing equipment. On 16 September 2014 (International Ozone Day), 
a dozen US and multinational companies made a variety of pledges to phase down and replace 
HFCs and to commercialize alternatives and substitutes. 

In September 2014, at the UN Secretary-General Ban Ki moon’s Climate Summit, many countries and 
companies announced further pledges to reduce use and emissions of HFCs and 33 state partners 
of the CCAC were joined by numerous companies and organizations including the California 
Air Resources Board (ARB), the World Meteorological Organization, and Refrigerants Naturally! 
LQ� SOHGJLQJ� WR� ¶SURPRWH� SXEOLF� SURFXUHPHQW� RI� FOLPDWH�IULHQGO\� ORZ�JOREDO� *:3� DOWHUQDWLYHV�
whenever feasible and gradually transition to equipment that uses more sustainable alternatives to 
high-HFCs.’18

The broader international arena is also seeing increasing support for the accelerated reduction 
RI�+)&V��$W�WKH�¶5LR�����·�81�&RQIHUHQFH�RQ�6XVWDLQDEOH�'HYHORSPHQW��PRUH�WKDQ�RQH�KXQGUHG�
heads of state adopted the conference declaration, 7KH� )XWXUH�:H�:DQW, recognizing the climate 
threat from HFCs and calling for the gradual phase-down of their production and consumption; 

17�&RQVXPHU�*RRGV�)RUXP��5HIULJHUDWLRQ��KWWS���VXVWDLQDELOLW\�P\FJIRUXP�FRP�UHIULJHUDWLRQ�KWPO��ODVW�YLVLWHG���1RYHPEHU�
2014); and�5HIULJHUDQWV��1DWXUDOO\���KWWS���ZZZ�UHIULJHUDQWVQDWXUDOO\�FRP���ODVW�YLVLWHG���1RYHPEHU�������
18 CCAC, UN Climate Summit commitments to reduce short-lived climate pollutants, and their impacts��KWWS���ZZZ�XQHS�RUJ�
FFDF�(YHQWV�81&OLPDWH6XPPLW�����$FWLRQ6WDWHPHQW6XSSRUW�WDELG��������'HIDXOW�DVS[� �ODVW� YLVLWHG� �� 1RYHPEHU�
�������7KH�IXOO�WH[W�RI�WKH�SOHGJH�VWDWHV��¶:H��WKH�VXSSRUWHUV�RI�WKLV�-RLQW�6WDWHPHQW��VXSSRUW�DQ�DPHQGPHQW�WR�SKDVH�GRZQ�
WKH�SURGXFWLRQ�DQG�FRQVXPSWLRQ�RI�K\GURÁXRURFDUERQV��+)&��XQGHU�WKH�0RQWUHDO�3URWRFRO��ZKLOH�HPLVVLRQV�DFFRXQWLQJ�DQG�
reporting remains under the United Nations Framework Convention on Climate Change (UNFCCC) and we will work with 
others to begin formal negotiations in 2014. We will take action to promote public procurement of climate-friendly low-global 
warming potential (GWP) alternatives whenever feasible and gradually transition to equipment that uses more sustainable 
alternatives to high-GWP HFCs. We welcome complementary private sector-led efforts, including a Global Cold Food Chain 
&RXQFLO� WR�UHGXFH�WKH�XVH�DQG�HPLVVLRQV�RI�KLJK�*:3�+)&V�DQG�HQKDQFH�HQHUJ\�HIÀFLHQF\�LQ�WKH�FROG�IRRG�FKDLQ�ZKLOH�
minimizing food spoilage, and a Global Refrigerant Management Initiative on HFCs in servicing with a goal of reducing 
JOREDO�HPLVVLRQV�E\���������SHUFHQW�ZLWKLQ����\HDUV�·
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the UN General Assembly adopted the declaration by resolution in September 2012.19 At the G20 
6W�3HWHUVEXUJ�/HDGHUV·�6XPPLW�LQ�������PHPEHU�FRXQWULHV�DJUHHG�WR�XVH�¶«WKH�H[SHUWLVH�DQG�WKH�
institutions of the Montreal Protocol to phase down the production and consumption of HFCs, based 
RQ�WKH�H[DPLQDWLRQ�RI�HFRQRPLFDOO\�YLDEOH�DQG�WHFKQLFDOO\�IHDVLEOH�DOWHUQDWLYHV·�DQG�WR�¶FRQWLQXH�WR�
include HFCs within the scope of UNFCCC and its Kyoto Protocol for accounting and reporting of 
emissions.’20 
There are also recent bilateral agreements between the US and China and the US and India that 
support action on HFCs using the institutions of the Montreal Protocol while simultaneously 
cooperating on technology that can avoid and replace HFCs. 
The combined effect of these diplomatic, market, and regulatory measures is to encourage the rapid 
development and commercialization of alternatives to HFCs, and to reduce or close off consumer 
PDUNHWV�WR�+)&V�DQG�+)&�FRQWDLQLQJ�HTXLSPHQW³D�PDWWHU�RI�VLJQLÀFDQFH�WR�PDMRU�H[SRUWHUV�RI�
this technology even if HFC use is not controlled in the countries where equipment made with or 
containing HFCs is manufactured.
Environmental and technical non-governmental organizations (NGOs) are actively supporting 
the HFC phase-down with catalogues, case studies, and policy advice. For example, Chatham 
House has published a guide to HFC amendment and regulatory design;21 the Environmental 
Investigations Agency (EIA) with Shecco has produced a comprehensive catalogue of natural 
refrigerant alternatives;22 the CEEW, IGSD, NRDC and The Energy and Resources Institute (TERI) 
have published the business case for an HFC phase-down in India;23 UNEP and the European 
&RPPLVVLRQ��'*�&OLPDWH�$FWLRQ��KDYH�SXEOLVKHG�D�JXLGH�WR�UHPRYLQJ�$��3DUW\�EDUULHUV�WR�ORZ�
GWP refrigerants;24 and The Climate and Clean Air Coalition (CCAC) has published case studies 
of low-GWP HC, CO2, and HFO alternatives in Commercial Refrigeration.��  Furthermore, TEAP 
and its TOCs are receiving increasingly clear instructions to better assess sustainable alternatives to 
2'6V�WKDW�KDYH�ORZHU�*:3�DQG�KLJKHU�HQHUJ\�HIÀFLHQF\�

3 Available Alternatives

This section summarises recent information on the availability of alternatives to high-GWP HFCs in 
large consumption sectors.
TEAP reports are the starting point for any assessment of alternatives to ODSs and HFCs. It is 
expected that all assessments of alternatives to high-GWP HFCs will come to similar conclusions, 
SDUWLFXODUO\� EHFDXVH� WKHUH� LV� VLJQLÀFDQW� RYHUODS� LQ� WKH� PHPEHUVKLS� RI� WKH� DVVHVVPHQW� WHDPV��
However, it is increasingly important to catalogue and assess the latest information directly from 
the marketplace on a real-time basis. Furthermore, when TEAP started its work in 1988, most of 

19 United Nations (2012) RESOLUTION ADOPTED BY THE GENERAL ASSEMBLY: THE FUTURE WE WANT, $�UHV/66����� �¶����� :H�
recognize that the phase-out of ozone-depleting substances is resulting in a rapid increase in the use and release of high 
JOREDO�ZDUPLQJ�SRWHQWLDO�K\GURÁXRURFDUERQV�WR�WKH�HQYLURQPHQW��:H�VXSSRUW�D�JUDGXDO�SKDVH�GRZQ�LQ�WKH�FRQVXPSWLRQ�
DQG�SURGXFWLRQ�RI�K\GURÁXRURFDUERQV�·��
20 G-20 (2013) LEADERS’ DECLARATION, para. 101.
21 Andersen, S. O., D. Brack, & J. Depledge (2014), $�*OREDO�5HVSRQVH� WR�+)&V�7KURXJK�)DLU�DQG�(IIHFWLYH�&OLPDWH�DQG�2]RQH�
Policies (Chatham House).
22 EIA (Environmental Investigation Agency) & Shecco (2014) PUTTING THE FREEZE ON HFCS: A GLOBAL DIGEST OF AVAILABLE 
CLIMATE-FRIENDLY REFRIGERATION AND AIR-CONDITIONING TECHNOLOGIES, Washington DC & London, July.
23 Stephen O. A., P. S. Chidambaram, B. Deol, D. Doniger, A. Ghosh, A. Jaiswal, R. Palakshappa, J. Schmidt, & G. Sethi (2013) 
COOLING INDIA WITH LESS WARMING: THE BUSINESS CASE FOR PHASING DOWN HFCS IN ROOM AND VEHICLE AIR CONDITIONING, Council 
on Energy, Environment & Water (CEEW), the Institute for Governance & Sustainable Development (IGSD), the Natural 
Resources Defense Council (NRDC), and The Energy and Resources Institute (TERI) in cooperation with the Confederation 
of Indian Industry (CII).
24 UNEP & EC (2010) BARRIERS TO THE USE OF LOW-GWP REFRIGERATION IN DEVELOPING COUNTRIES & OPPORTUNITIES TO OVERCOME 
THESE, ISBN 978-92-807-3124-8.
�� CCAC (2014) LOW-GWP ALTERNATIVES IN COMMERCIAL REFRIGERATION: PROPANE, CO2 AND HFO CASE STUDIES, UNEP publication 
DIT-1666PA.
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the new technology was invented aQG�ÀUVW� LPSOHPHQWHG� LQ�QRQ�$��3DUWLHV��EXW�QRZ�WKH�FHQWUHV�
RI� HQJLQHHULQJ� H[FHOOHQFH� DUH� LQFUHDVLQJO\� ORFDWHG� LQ�$��3DUWLHV�� ,Q� DGGLWLRQ��$��3DUWLHV� DUH� OHVV�
encumbered by obsolete and out-dated standards, regulations and investments in already built 
V\VWHPV�WKDW�WHQG�WR�VORZ�WKH�LQWURGXFWLRQ�RI�QHZ�WHFKQRORJ\��ZKLFK�DOORZV�$��3DUWLHV�WR�EH�ÀUVW�WR�
innovate and implies an increasing need for South-South and South-North cooperation.

Moreover, TEAP has not been instructed to elaborate options to avoid ODSs and HFCs in areas such 
as architectural design that minimizes heating and cooling, insulating materials that are not foam, 
absorption refrigeration and air conditioning systems, district heating and cooling, and cooling 
V\VWHPV�EDVHG�RQ�FROG�VHDZDWHU�WR�UHSODFH�+&)&��DQG�+)&�EDVHG�$�&V��)RU�H[DPSOH��WKH�0DOGLYHV�
DQG�&RORPELD�DUH�ERWK�XQGHUWDNLQJ�GLVWULFW�FRROLQJ�SURMHFWV�FR�ÀQDQFHG�E\�WKH�0/)�� WKH�SULYDWH�
sector and the CCAC.26

Taken together, available TEAP and other comprehensive assessments provide detailed information 
RQ� PRVW� DOWHUQDWLYHV�� ZLWK� VRPH� H[FHSWLRQV�� LQFOXGLQJ� WKDW� +)&����D� �$5�� *:3100-yr = 138) is 
JHQHUDOO\�QHJOHFWHG�IRU�0$&V��PHWK\O�IRUPDWH�DQG�PHWK\ODO��ERWK�$5��*:3100-yr = ~0) are generally 
QHJOHFWHG�IRU�IRDP��DQG�WKH�PDUNHW�SHQHWUDWLRQ�RI�+)&����LQ�URRP�$�&V�LV�JHQHUDOO\�XQGHUHVWLPDWHG�
(QHUJ\�HIÀFLHQW��ORZ�*:3�DOWHUQDWLYHV�WKDW�DUH�PRUH�FRVWO\�RIWHQ�VWUXJJOH�WR�FRPSHWH�ZLWK�EXVLQHVV�
as-usual HFC choices. However, national, regional, and international regulations and voluntary 
LQGXVWU\�DQG�FRQVXPHU�OHDGHUVKLS�SOD\�D�FULWLFDO�UROH�LQ�WKH�GHYHORSPHQW�RI�HQHUJ\�HIÀFLHQW��ORZ�
GWP alternatives by banning some chemicals and setting standards for others that create effective 
market incentives. This is illustrated by the 1987 Montreal Protocol, which started with a modest 
DPELWLRQ�RI�MXVW����SHU�FHQW�UHGXFWLRQ�LQ�&)&V�E\�-XO\�������DQG����SHU�FHQW�E\�-XO\������DQG�D�IUHH]H�
in halons three years after the Protocol’s entry into force. The Protocol was then strengthened with 
amendments that added controlled substances and adjustments that accelerated the phase-out as 
new technology was developed and commercialized in response to the Protocol’s schedules and 
ambitious country and industry goals.

3.1 Foams 
0RVW�+&)&� FRQVXPSWLRQ� LQ�$�� 3DUWLHV� LV� IRU� WKH�PDQXIDFWXULQJ� RI� IRDP�� UHIULJHUDWLRQ�� DQG� DLU�
conditioning products and the servicing of refrigeration and air conditioning equipment, with 
only a small fraction of total consumption for other HCFC consumption sectors including solvents, 
DHURVROV��DQG�ÀUH�SURWHFWLRQ��+&)&V�DUH�XVHG�DV�IRDP�EORZLQJ�RU�H[SDQVLRQ�DJHQWV��ZKLFK�UHGXFH�
density and increase thermal and acoustical insulating properties of polymeric foam. HFCs used in 
WKH�IRDP�VHFWRU�LQFOXGH�+)&����ID�DQG�+)&����PIF��IUHTXHQWO\�EOHQGHG�ZLWK�VPDOO�TXDQWLWLHV�RI�
+)&����HD�WR�UHGXFH�ÁDPPDELOLW\��H�J�����SHU�FHQW�+)&����PIF�DQG����SHU�FHQW�+)&����HD�27. These 
HFCs used in foam-blowing typically have higher GWPs than the chemicals they are replacing, 
such as HCFC-141b. 
$OWHUQDWLYHV�DUH�DYDLODEOH� WKDW�ZRXOG�DOORZ�$��3DUWLHV� WR� OHDSIURJ�KLJK�*:3�+)&V� LQ� IRDP�DQG�
HQDEOH�GHYHORSHG�FRXQWULHV�WR�SKDVH�GRZQ�+)&�IRDPV��)RUWXQDWHO\��ODUJH�HQWHUSULVHV�LQ�$��3DUWLHV�
KDYH�FR�ÀQDQFHG�WKH�KLJK�FRVW�RI�VDIHW\�V\VWHPV�WR�WDNH�DGYDQWDJH�RI�WKH�ORZHU�RSHUDWLQJ�FRVW�RI�
K\GURFDUERQ�WHFKQRORJ\�²�EXW�XQIRUWXQDWHO\��VPDOO��DQG�PHGLXP�VL]HG�HQWHUSULVHV��60(V�� LQ�$��
3DUWLHV�ZHUH�QRW��DQG�DUH�QRW��DOZD\V�RIIHUHG�DGHTXDWH�ÀQDQFLQJ�IRU�VDIHW\�V\VWHPV�WKDW�WDNH�ORQJHU�
to pay back from savings due to lower foam chemical component costs.
7RGD\��D�ZLGH�VHOHFWLRQ�RI�ERWK�ÁDPPDEOH�DQG�QRQ�ÁDPPDEOH�RSWLRQV�DUH�DYDLODEOH��DQG�RWKHUV�DUH�
currently being commercialized with low or even negligible GWP for most foam applications, with 

26 The CCAC was founded by the governments of Bangladesh, Canada, Ghana, Mexico, Sweden and the US, along with 
WKH�8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH��81(3���,W�FXUUHQWO\�KDV����JRYHUQPHQW�SDUWQHUV�DQG����QRQ�VWDWH�SDUWQHUV�
�VFLHQWLÀF�� WUDGH�� DQG� HQYLURQPHQWDO� RUJDQL]DWLRQV�� LQFOXGLQJ� ,*6'��� 6HH� PRUH� DW�� KWWS���ZZZ�XQHS�RUJ�FFDF�$ERXW�
+LVWRU\�WDELG��������'HIDXOW�DVS[�VWKDVK�&Q�/=S�V�GSXI��
27 NOVEXPANSTM� +)&� ���PIF�+)&� ���HD����������� KWWS���ZZZ�LQYHQWHF�GHKRQ�FRP�HQ�FKHPLFDOV�H[SDQVLRQ�GHV�
PRXVVHV����QRYH[SDQV�KIF����PIF�KIF����HD����������KWPO��ODVW�YLVLWHG���1RYHPEHU�������
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the exceptions of some spray foam and some applications by SMEs. Safe use, competitive costs, and 
DYDLODELOLW\�WR�$��FRXQWULHV�UHPDLQ�DV�EDUULHUV�WR�EH�RYHUFRPH�
A5 Parties
The phase-out of HCFC use in the foam sector is a priority of the MLF because the most commonly 
used chemical, HCFC-141b, has a relatively high ozone-depleting potential (ODP), cost of conversion 
is relatively low, and several feasible alternative technologies are widely available. 
,Q� RUGHU� WR� IDFLOLWDWH� DOWHUQDWLYH� VHOHFWLRQ�E\�$��3DUWLHV�� WKH�0/)�KDV� LQYHVWHG�86����PLOOLRQ� WR�
¶GHPRQVWUDWH�QHZ�DQG�DGMXVWHG�WHFKQRORJLHV�LQ�$��FRXQWULHV·��81(3�������28�7KH�ÀQDO�UHSRUWV�RQ�
GHPRQVWUDWLRQ�SURMHFWV�SUHVHQWHG�E\�GLIIHUHQW�0/)�LPSOHPHQWLQJ�DJHQFLHV�LGHQWLÀHG�EDUULHUV�WKDW�
QHHG�WR�EH�RYHUFRPH�IRU�WHFKQRORJLHV�WR�EH�XVHG�E\�$��FRXQWULHV��
As a result of the efforts of the MLF and foam systems suppliers, outstanding progress has been made 
in phasing out HCFCs while moving away from high-GWP HFCs, mainly in sectors where HFCs 
ZHUH�H[SHQVLYH�DQG�SHUIRUPHG�SRRUO\�LQ�HQHUJ\�HIÀFLHQF\��+RZHYHU��VRPH�IRDP�LQYHVWPHQW�H[SHUWV�
SRLQW�WR�D�ODFN�RI�DGHTXDWH�ÀQDQFLQJ�DQG�WHFKQLFDO�SURÀFLHQF\�WR�PDLQWDLQ�HTXLSPHQW�DQG�V\VWHPV�
IRU�WKH�VDIH�LQWURGXFWLRQ�RI�ÁDPPDEOH�DOWHUQDWLYHV�E\�60(V��)XUWKHUPRUH��LW�KDV�EHHQ�UHSRUWHG�WKDW�
SMEs often cannot afford co-funding beyond the agreed eligible incremental costs paid by the MLF, 
which do not cover the full costs of transition. In some cases it may cost less to relocate SMEs away 
from inner-city neighbourhoods where safety measures are too expensive to implement.
Current chemicals used in foam manufacturing in A5 Parties 
%HIRUH�WKH�GLVFRYHU\�RI�VWUDWRVSKHULF�R]RQH�GHSOHWLRQ��ÁXRURFDUERQV�ZHUH�ZLGHO\�XVHG�WR�SURGXFH�
IRDP�EHFDXVH�WKH\�DUH�ORZ�FRVW��QRQ�ÁDPPDEOH��DFKLHYH�KLJK�LQVXODWLQJ�YDOXH��DQG�SURGXFH�D�ULJLG�
physical structure. HCFCs were used as a transition substance to facilitate the CFC phase-out and 
in limited cases where they were technically needed. The consumption of HCFCs in the foam sector 
varies depending on the application. HCFC-141b and HCFC-22 are used in applications including 
polyurethane (PU) rigid foam (appliance thermal insulation) and PU integral skin foam, which 
has a low-density foamed core surrounded by a high-density skin and is used for shoe soles and 
structural applications, including automotive interiors and furniture parts. HCFC-141b is also used 
LQ�38�ERDUG��38�VSUD\�IRDP��DQG�38�LQ�VLWX�EORFN�DQG�SKHQROLF�IRDP��+&)&����E�DQG�+&)&����
are used to make extruded polystyrene (XPS) foam board.
Alternatives
7KHUH�DUH�VHYHUDO�]HUR�2'3�DOWHUQDWLYHV�DYDLODEOH��LQFOXGLQJ�+)&V�LQFOXGLQJ�DV�+)&����ID��+)&�
���PIF����FD��+)&����D��DQG�+)&����D��%OHQGV�RI�ROHÀQV�DQG�QRQ�ÁXRULQDWHG�VROXWLRQV�DUH�EHLQJ�
tested in all applications. In some cases, cost is the motivation to use blends. In other cases, blends 
SHUIRUP�EHWWHU�WKDQ�DQ\�VLQJOH�VROXWLRQ�E\�LWVHOI��+RZHYHU��H[FHSW�IRU�+)&����D��+)&�IRDP�EORZLQJ�
agents have higher GWPs than the chemicals they are replacing, such as HCFC-141b. 

28 UNEP Multilateral Fund Secretariat (2014) OVERVIEW OF APPROVED HCFC DEMONSTRATION PROJECTS AND OPTIONS FOR ADDITIONAL 
PROJECTS TO DEMONSTRATE CLIMATE-FRIENDLY AND ENERGY-EFFICIENT ALTERNATIVE TECHNOLOGIES TO HCFCS� �'HFLVLRQ� ������ �D����
81(3�2]/�3UR�([&RP�������
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MarkHW�SHQHWUDWLRQ��ÁDPPDEOH�VROXWLRQV
7KH� ÁDPPDEOH� VROXWLRQV� LQ� WKH� IRDP� VHFWRU� DUH� K\GURFDUERQV� �F\FOR�SHQWDQH�� Q�SHQWDQH�� LVR�
pentane, butane and iso-butane), methyl formate, and methylal. The MLF and large companies 
RIWHQ�FR�ÀQDQFH�VDIHW\�V\VWHPV�DOORZLQJ�WKH�XVH�RI�WKHVH�UHSODFHPHQWV��ZLWK�WKH�FRPSDQ\·V�FRVWV�
UHFRYHUHG� WKURXJK� ORZHU� LQJUHGLHQW� FRVWV�� $� VXFFHVVIXO� WUDQVLWLRQ� RI� 60(V� UHTXLUHV� VXIÀFLHQW�
ÀQDQFLQJ� WR� DFKLHYH� FRVW�HIIHFWLYHQHVV� DQG� VDIH� KDQGOLQJ�� 2QH� 0/)� GHPRQVWUDWLRQ� SURMHFW� LQ�
Egypt shows ways to decrease the costs of hydrocarbon introduction by offering HC preblends or 
practicing direct HC injection.29

Each alternative must be selected to match the application. For example, foam made with methyl 
formate has suitable technical performance in many applications, but low-density rigid PU foam 
�ORZHU�WKDQ����NJ�P3) made with methyl formate has stability issues that can cause shrinkage (lack 
of dimensional stability). System houses typically counter this shrinkage by co-blowing low density 
PU foam with HFCs, which reduces the GWP advantage of methyl formate in this use. Therefore, 
FR�EORZLQJ�ZLWK�+)2V�LV�FXUUHQWO\�EHLQJ�LQYHVWLJDWHG�LQ�D�81'3�SURMHFW��7KLV�NLQG�RI�¶GHYLO�LQ�WKH�
details’ is why the HCFC phase-out and potential HFC phase-down need expert technical guidance 
such as that provided by TEAP, MLF, implementing agencies, and technical partners.
/DUJHU�FRPSDQLHV�FDQ�SD\�IRU�DQG�VDIHO\�KDQGOH�ÁDPPDEOH�EORZLQJ�H[SDQVLRQ�DJHQWV��&RQYHUVLRQ�
to hydrocarbon alternatives (cyclo-pentane) has occurred in foam insulating products, with success 
LQ�WKH�GRPHVWLF�UHIULJHUDWRU�IUHH]HU�PDQXIDFWXULQJ�VHFWRU�
,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�IRDP�¶V\VWHP�KRXVHV·�KDYH�EHHQ�UHVSRQVLEOH�IRU�WKH�VXFFHVVIXO�LQFUHDVH�
LQ�PDUNHW�SHQHWUDWLRQ�RI�ÁDPPDEOH�DOWHUQDWLYHV�E\�DFWLQJ�DV� WKH� LQIRUPDWLRQ�GLVVHPLQDWLRQ�DQG�
WHFKQLFDO�DVVLVWDQFH�¶FHQWUHV·�WR�GRZQVWUHDP�FRPSDQLHV��KHOSLQJ�WR�DFKLHYH�KLJKHU�SHQHWUDWLRQ�RI�
DOWHUQDWLYH�WHFKQRORJ\�LQ�WKH�SRO\XUHWKDQH�IRDP�VHFWRU��6\VWHP�KRXVHV�DUH�DEOH�WR�KDQGOH�ÁDPPDEOH�
alternatives safely in a pure form and then develop and distribute fully formulated systems to 
downstream users, reducing safety risks. Examples are the role of the system houses in the market 
penetration of methyl-formate-based systems and methylal. The use of pre-blended hydrocarbons 
is also being considered in a few countries, including China and Mexico.
Methyl formate-based systems were introduced and commercialized by Foam Supplies Inc., and 
this process is patented in major markets, with other patents pending. Methyl formate has been 
OLFHQVHG� WR� WKH� IROORZLQJ� HQWHUSULVHV��$XVWUDOLD�8UHWKDQH� 6\VWHPV� �$VLD� DQG� WKH� 3DFLÀF��� %ULWLVK�
Oxygen Corporation (selected European Countries), Purcom Quimica South America, Expanded 
Incorporation (India), and Resichem (South Africa). Foam Supplies Inc. has agreed to non-exclusive 
licensing to foam system houses that participate in MLF-funded HCFC phase-out projects. Foam is 
manufactured using methyl formate-based systems in Australia, Brazil, Cameroon, Canada, China, 
Commonwealth of Independent States (CIS) countries, Colombia, Dominican Republic, Ecuador, 
(J\SW��(O�6DOYDGRU��,QGLD��,QGRQHVLD��-DPDLFD��0H[LFR��1HZ�=HDODQG��1LJHULD��3KLOLSSLQHV��5XVVLDQ�
Federation, Singapore, South Africa, South Korea, Turkey, Trinidad and Tobago, the US, and Vietnam 
�)RDP�6XSSOLHV�²�)6,��������
Twelve countries with ongoing projects introducing methyl formate are funded by the MLF, 
ZLWK�HVWLPDWHG�SKDVH�RXW�RI�DERXW�������07�+&)&V��81(3�������30 In these countries, hundreds 
of downstream users of local system houses have selected methyl formate technology. Safety 
precautions, especially for SMEs, include the use of pre-blended ingredients formulated at system 
KRXVHV��XVH�RI�FRUURVLRQ�UHVLVWDQW�FRPSRQHQWV�WKDW�FRPH�LQ�FRQWDFW�ZLWK�SXUH�PHWK\O�IRUPDWH��DQG�
or requirements that methyl formate blends be less prone to corrosion (UNDP 2010).31

29 United Nations Development Programme (UNDP) (2010) METHYL FORMATE AS BLOWING AGENT IN THE MANUFACTURE OF 
POLYURETHANE FOAM SYSTEMS AN ASSESSMENT FOR THE APPLICATION IN MLF PROJECTS�� KWWS���ZZZ�XQGS�RUJ�FRQWHQW�GDP�
DSODZV�SXEOLFDWLRQ�HQ�SXEOLFDWLRQV�HQYLURQPHQW�HQHUJ\�ZZZ�HH�OLEUDU\�R]RQH�'HPR���SURMHFWV�81'3���
0HWK\O���)RUPDWH���3URMHFW�SGI�
30 Ibid.
31 United Nations Development Programme (UNDP) (2010) METHYL FORMATE AS BLOWING AGENT IN THE MANUFACTURE OF 
POLYURETHANE FOAM SYSTEMS AN ASSESSMENT FOR THE APPLICATION IN MLF PROJECTS.
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UNDP has reported the use of methyl formate in Brazil by a few clients of system houses that opted 
IRU�PHWK\ODO��,Q�0H[LFR��RQH�V\VWHP�KRXVH�LV�XVLQJ�LW�IRU�VKRH�VROHV��=DGUR��DQG�RWKHUV�DUH�XVLQJ�LW�LQ�
some applications in minor quantities. It is UNDP’s understanding that the use of methylal outside 
Brazil and Mexico is very limited.32 

%OHQGV�RI�ROHÀQV�DQG�QRQ�ÁXRULQDWHG�VROXWLRQV�DUH�EHLQJ�ZLGHO\�WHVWHG�LQ�DOO�FDWHJRULHV�WR�RSWLPL]H�
FRVW�DQG�RU�SHUIRUPDQFH��H�J��WKHUPDO�SHUIRUPDQFH��SK\VLFDO�SURSHUWLHV�RI�IRDPV�HWF����,W�LV�H[SHFWHG�
WKDW�WKLV�PD\�SURYLGH�DQ�RSSRUWXQLW\�IRU�XVH�RI�ORZ�*:3�VROXWLRQV�DW�D�ORZHU�FRVW�WKDQ�QHDW�ROHÀQV�
RU�ÁDPPDEOH�SURGXFWV�DORQH�
Where such system houses do not exist, SMEs may not be able to tackle technology conversion to 
ÁDPPDEOH�VROXWLRQV�GXH�WR�VDIHW\�LVVXHV��ÁDPPDELOLW\���,Q�VSUD\�IRDP�DSSOLFDWLRQV��ÁDPPDELOLW\�
barriers have yet to be overcome, particularly for SMEs. Already, some countries have postponed 
conversion of the foam sector (UNEP 2014).33 

,Q�VXPPDU\��ÁDPPDEOH�DQG�QRQ�ÁDPPDEOH�RSWLRQV��LQFOXGLQJ�EOHQGV��DUH��RU�ZLOO�VRRQ�EH�DYDLODEOH�
ZLWK�$5��*:3100-yr OHVV�WKDQ����RU�HYHQ�QHJOLJLEOH�IRU�PRVW�DSSOLFDWLRQV��ZLWK�WKH�H[FHSWLRQV�RI�VRPH�
spray foam and some applications by SMEs. 

The market penetration of existing and emerging alternatives to HFC foam will accelerate once 
barriers are resolved, including the availability of information on how to access the new technologies, 
information on availability and costs of the foam-blowing agent and its components in the local 
market, options and fair pricing of licenses and associated technology transfer fees, and information 
DQG�WHFKQLFDO�DVVLVWDQFH�RQ�KRZ�WR�VDIHO\�KDQGOH�ÁDPPDEOH�EORZLQJ�DJHQWV�DQG�RWKHU�IRDP�FKHPLFDO�
ingredients, including blends (UNEP 2014).34 

2QFH�WKHVH�EDUULHUV�DUH�UHPRYHG��LW�LV�OLNHO\�WKDW�$��3DUWLHV�ZLOO�VWLOO�LQVLVW�WKDW�QHZ�DQG�HPHUJLQJ�
WHFKQRORJLHV�EH�DGMXVWHG�WR�WKHLU�VSHFLÀF�FLUFXPVWDQFHV��,Q�WKHVH�FLUFXPVWDQFHV��EOHQGV�VXFK�DV�ROHÀQV�
with more water or some methyl formate might be very helpful to support conversion. It usually 
takes at least two to three years to prepare and implement a demonstration project. Therefore, MLF 
ÀQDQFLQJ�IRU�HOLPLQDWLRQ�RI�+&)&V�YLD�+&)&�3KDVH�RXW�0DQDJHPHQW�3ODQV��+303V��ZLOO�QHHG�WR�
EH�SURYLGHG�VLPXOWDQHRXVO\�ZLWK�ÀQDQFLQJ�IURP�RWKHU�VRXUFHV�IRU�IDVW�DFWLRQ�WR�UHGXFH�+)&�XVDJH�
in the foam sector, including incremental operating and capital costs and the cost of safety, over 
and above what currently is covered by MLF. Now that larger companies are converting, SMEs will 
UHTXLUH�DVVLVWDQFH��DV�WKH\�DUH�XQDEOH�RU�XQZLOOLQJ�WR�FR�ÀQDQFH�WKH�VDIH�LQWURGXFWLRQ�RI�KLJKHU�FRVW�
emerging technologies, such as HFOs.

0DUNHW�SHQHWUDWLRQ��QRQ�ÁDPPDEOH�VROXWLRQV
CO2�DQG�VHYHUDO�QRQ�ÁDPPDEOH�QH[W�JHQHUDWLRQ�DOWHUQDWLYHV�DUH�UHSODFHPHQWV�IRU�KLJK�*:3�+)&V��
For example, the use of CO2-based formulations in XPS foam and integral skin applications are 
most cost-effective in medium- and large-scale applications (UNEP 2014).�� However, in other 
thermal-insulation foam applications, many limitations associated with CO2 usage are found (high 
thermal conductivity, high density and poor aging, licensing constraints). Where CO2 is used in the 
supercritical state, the main limitations can be overcome (UNEP 2014).36

1H[W�JHQHUDWLRQ�QRQ�ÁDPPDEOH�VROXWLRQV�DUH�LQ�GLIIHUHQW�VWDJHV�RI�GHYHORSPHQW�DQG�PDUNHWLQJ�E\�
major international chemical companies. These blowing or expansion agents include HFO-1233zd 
�$5��*:3100-yr�  ��� DQG�RWKHU�+)2V�DQG�+)2�PL[WXUHV�� LQFOXGLQJ�+)2�����]H�(�� �$5��*:3100-

yr� ����� +)2�����P]]� �$5�� *:3100-yr =2) and HFO-1233zd (previously Arkema’s undisclosed 

32�3HUVRQDO�FRPPXQLFDWLRQ�81'3�038�6HSW������
33 UNEP (2014) OVERVIEW OF APPROVED HCFC DEMONSTRATION PROJECTS AND OPTIONS FOR ADDITIONAL PROJECTS TO DEMONSTRATE 
CLIMATE-FRIENDLY AND ENERGY-EFFICIENT ALTERNATIVE TECHNOLOGIES TO HCFCS� �'HFLVLRQ� ������ �D���� 81(3�2]/�3UR�
([&RP�������
34 Ibid.
�� Ibid.
36 Ibid.
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chemistry called AFA-L1). HFO-1233zd is commercialized for foam in domestic appliances by 
Festivo (Finland), Haier (China), Medea (China), and Whirlpool (Mexico and US) and commercial 
appliances by Okamura (Japan) and Porkka (Finland).37 These next generation HFOs will be available 
LQ������RU�ODWHU��DOEHLW�DW�UHODWLYHO\�KLJK�FRVWV�
$V�ROHÀQV�EHFRPH�FRPPHUFLDOO\�DYDLODEOH��EOHQGV�RI�ROHÀQV�DQG�QRQ�ÁXRULQDWHG�VROXWLRQV�ZLOO�EH�
RSWLPL]HG�IRU�XVH�LQ�$��3DUWLHV��%OHQGLQJ�ZLOO�WHPSHU�ROHÀQ�FRVWV�ZKLOH�VWLOO�SURYLGLQJ�QHFHVVDU\�
SHUIRUPDQFH�FKDUDFWHULVWLFV��)RU�H[DPSOH��WHVWLQJ�RI�SHQWDQH�ROHÀQ�EOHQGV�E\�PDMRU�IRDP�V\VWHP�
houses and appliance manufacturers is well under way. The MLF has provided technical assistance 
to some local system houses in India, Malaysia, and Saudi Arabia to develop and introduce HFO 
IRUPXODWLRQV��IRU�LQVWDQFH��+)2�����]G�LV�EHLQJ�GHYHORSHG�WHVWHG�LQ�0DOD\VLD�
The option of blending HFOs and HCOs (oxygenated hydrocarbons such as methyl formate and 
PHWK\ODO��WR�FRXQWHU�WKH�ÁDPPDELOLW\�RU�VWDELOLW\�RI�WKH�ODWWHU�LQ�ORZ�GHQVLW\�DSSOLFDWLRQV�LV�DOUHDG\�
SUDFWLFHG� LQ� VRPH�DSSOLFDWLRQV�ZLWK�+)&�+&2�EOHQGV��7KLV� FKHPLFDO� IRUPXODWLRQ� VWUDWHJ\�PD\�
SURGXFH�VXSHULRU�SK\VLFDO�SURSHUWLHV��SURFHVVLQJ�DQG�ORZ�ÁDPPDELOLW\�RI�+)2V��FRPELQHG�ZLWK�WKH�
cost-effectiveness of HCOs. 

Successful results of MLF-funded and other demonstration projects at the company level are 
LPSRUWDQW� LQ�RUGHU� WR� UDLVH� WKH� FRQÀGHQFH�RI� RWKHU�XVHUV��*OREDO�+)2�DYDLODELOLW\� DQG� FRVWV� DUH�
uncertain, but costs are expected to be high. 

3.2 Motor vehicle air conditioning 

Current technology

Most four-wheel automobiles manufactured worldwide have air conditioning as standard equipment 
DQG��XQWLO�WKH�WUDQVLWLRQ�EHJDQ�LQ�������DOO�XVHG�+)&����D��$5��*:3100-yr = 1300) and CFC-12 before 
WKDW��$5��*:3100-yr = 10,200). MACs consume between 3 to 20 per cent of motor fuel, depending on 
the length and severity of the cooling season; level of outdoor air pollution and improved sense of 
security that cause windows to be closed; automobile exterior and interior colours and glass area; 
drive cycle; and congestion. About one third to one half of national global GWP-weighted HFC 
emissions are from MACs (depending on the mix of HFC products in the market and the practices 
used in servicing). 

Next generation technology

7KHUH� DUH� DW� OHDVW� IRXU� ORZ�*:3� DOWHUQDWLYHV� WR� +)&����D� �+)2�����\I�� +)&����D�� 0H[LFKHP�
AC6, and CO2), but only HFO-1234yf systems have so far been commercialized. Research and 
development for CO2� 0$&V� ZDV� XQGHUWDNHQ� IURP� DERXW� ����� DQG� IRU� +)&����D� 0$&V� IURP�
about 2002 until 2009, when global automakers selected HFO-1234yf. HFO-1234yf is suitable for 
FRPPHUFLDOL]DWLRQ�LQ�$��3DUWLHV��GHSHQGLQJ�RQ�FRVW�DQG�DFFHVV��ZKLFK�KLQJHV�VRPHZKDW�RQ�ZKHWKHU�
WKH�¶DSSOLFDWLRQ�SDWHQW·�JLYLQJ�PRQRSRO\�SULFLQJ�SRZHU�WR�+RQH\ZHOO�ZLOO�EH�DOORZHG�LQ�YDULRXV�
PDUNHWV��$W� FXUUHQW�+)2�����\I� SULFLQJ�� ORZHU� FRVW�+)&����D� LV� WKH� DYDLODEOH� VHFRQG� FKRLFH� WR�
phase down HFC-134a in MACs. Higher introductory pricing of HFO-1234yf might be overcome 
E\�WKH�SXUFKDVLQJ�FORXW�RI�ODUJH�DXWRPRELOH�FRPSDQLHV��RU�E\�FRPSHWLWLRQ�IURP�+)&����D�RU�$&��
systems. Once commercialized, CO2 might also compete on cost and environmental performance. 

+)2�����\I�
The transition to HFO-1234yf in the EU has begun in response to the MAC F-Gas Directive capping 
0$&�UHIULJHUDQW�*:3�DW�����E\������IRU�DOO�QHZ�FDUV��LQ�WKH�86�LQ�UHVSRQVH�WR�FUHGLWV�WRZDUG�IXHO�
HIÀFLHQF\�VWDQGDUGV�DQG�D�SURSRVDO�WR�UHPRYH�+)&����D�IURP�WKH�OLVW�RI�0$&�UHIULJHUDQWV�XQGHU�
US EPA rules for approved uses of F-gases; and in Japan in response to their HFC-134a phase-
down, which is likely to be harmonized with the EU and US schedules. HFO-1234yf is a slightly 

37 Personal communication with Honeywell.
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ÁDPPDEOH� �$6+5$(�$�/�� UHIULJHUDQW� DSSURYHG�E\� WKH�86�61$3�3URJUDPPH�� WKH�(8�5($&+��
SURJUDPPH��DQG�TXDOLÀHG�E\�WKH�,QWHUQDWLRQDO�6WDQGDUGV�2UJDQLVDWLRQ��,62��DQG�6$(�,QWHUQDWLRQDO�
for design, safety, and service standards. The atmospheric degradation of emissions of HFO-1234yf 
SURGXFHV�ÀYH�WLPHV�PRUH�WULÁXRURDFHWLF�DFLG��7)$��WKDQ�WKH�+)&����D�LW�UHSODFHV��ZKLFK��DW�FXUUHQW�
projections, is not considered a threat to ecosystems (Henne et al, 2012).38

The incremental capital cost of manufacturing HFO-1234yf systems includes refrigerant charging 
VWDWLRQV�GHVLJQHG�IRU�VOLJKWO\�ÁDPPDEOH�JDVHV�DQG�WKH�LQFUHPHQWDO�SHU�YHKLFOH�FRVW�RI�RQH�DGGLWLRQDO�
component (external heat exchanger), upgraded evaporator, new unique valves and the more 
H[SHQVLYH�UHIULJHUDQW��7KH�LQFUHPHQWDO�FRPSRQHQW�FRVW�SHU�YHKLFOH�LV�DERXW�86���������IRU�YHKLFOHV�
ZLWK� VPDOO� ����� J�� FKDUJH� DQG� 86���� �� ���� IRU� YHKLFOHV� ZLWK� ODUJHU� ����NJ�� FKDUJH�� ,QFUHPHQWDO�
ownership costs for fuel will be unchanged, but life-cycle service costs are expected to be similar or 
slightly higher, depending on the price of HFO-1234yf for service, leak rate, service procedures and 
accidents. Note that by the time the newest vehicles with HFO-1234yf need servicing (4 - 9 years from 
manufacture), the cost of the refrigerant may have fallen due to economies of scale and competition.
+RQH\ZHOO�KROGV�D�GLVSXWHG�¶DSSOLFDWLRQ�SDWHQW·�IRU�WKH�XVH�RI�+)2�����\I�LQ�0$&V��DQG�$UNHPD��
Asahi, Daikin, DuPont, Honeywell, Mexichem, and Solvay hold patents for the process of making 
HFO-1234yf. This HFO is currently manufactured in Jiangsu Province, China, and Chiba, Japan, 
with additional plants under construction in France, Japan, and the US.
CO�

7KH� FDU� PDQXIDFWXUHU� 'DLPOHU� KDV� FRQVLGHUHG� +)2�����\I� WRR� ÁDPPDEOH� DQG� KDV� SOHGJHG� WR�
commercialize CO2 systems, presumably by 2017, to correspond with the ban on HFC-134a in all 
new cars sold in the EU. CO2� LV�D�QRQ�ÁDPPDEOH�KLJK�SUHVVXUH�UHIULJHUDQW� WKDW�VDWLVÀHV�86�(3$�
SNAP and EU REACH. SAE International standards are being developed. CO2 systems also may 
need to satisfy international and national high-pressure gas standards originally developed to avoid 
boiler explosions.
The incremental vehicle costs of CO2 systems include more expensive components designed for 
higher pressures, which would be partly offset by the low cost of the refrigerant. The incremental 
FRVW�SHU�YHKLFOH�LV�XQNQRZQ��EXW�H[SHFWHG�WR�EH�VLJQLÀFDQWO\�KLJKHU�WKDQ�IRU�+)2�����\I�V\VWHPV��
The incremental ownership cost is also expected to be higher, particularly when operating in 
locations with high ambient temperature and cooling degree-days, with more expensive component 
replacement cost and more frequent servicing due to higher operating pressures.
The 1991 patent issued to the Norwegian Gustaf Lorentzen for the modern thermodynamic 
transcritical CO2 cycle, which is the basis for CO2 MACs, has expired. Existing patents for less 
VLJQLÀFDQW�FRPSRQHQWV�DUH�QRW�H[SHFWHG�WR�LQFUHDVH�WKH�FRVW�RI�&22 systems.
+)&����D
+)&����D�LV�D�ÁDPPDEOH�UHIULJHUDQW�WKDW�VDWLVÀHV�86�(3$�61$3�ZKHQ�XVHG�LQ�D�VHFRQGDU\�ORRS�
system or with other designs to prevent the refrigerant from leaking into passenger-occupied 
VSDFHV��+)&����D�LV�DSSURYHG�XQGHU�(8�5($&+��EXW�6$(�VWDQGDUGV�DUH�QRW�\HW�FRPSOHWHG��8QOLNH�
+)&����D��+)2�����\I��DQG�$&���GHVFULEHG�EHORZ���+)&����D�GRHV�QRW�DWPRVSKHULFDOO\�GHJUDGH�
into TFA.
7KH� LQFUHPHQWDO� SHU�YHKLFOH� FRVWV� RI� +)&����D� V\VWHPV� LQFOXGH� DGGLWLRQDO� FRPSRQHQWV� �KHDW�
exchanger, coolant pump, and additional controls), which are partly offset by the lower cost of the 
UHIULJHUDQW��7KH�LQFUHPHQWDO�FRVW�SHU�YHKLFOH�LV�OLNHO\�OHVV�WKDQ�86��������SHU�YHKLFOH�UHJDUGOHVV�RI�WKH�
size of the refrigerant charge. The incremental ownership cost will be much lower than HFO-1234yf 
V\VWHPV�GXH�WR�IXHO�VDYLQJV��ORZ�UHIULJHUDQW�FRVW��KLJKHU�V\VWHP�HQHUJ\�HIÀFLHQF\��DQG�WKH�SRWHQWLDO�
ability to use energy produced from deceleration for a portion of cooling.
38 Henne S., D. E. Shallcross, S. Reimann, P. Xiao, D. Brunner, S. O’Doherty, & B. Buchmann (2012) )XWXUH�(PLVVLRQV� DQG�
$WPRVSKHULF�)DWH�RI�+)&�����\I�IURP�0RELOH�$LU�&RQGLWLRQLQJ�LQ�(XURSe, ENVIRON. SCI. TECHNOL.�����������������
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Manufacturing� SDWHQWV� IRU� +)&����D� KDYH� H[SLUHG� DQG� H[LVWLQJ� VHFRQGDU\�ORRS� SDWHQWV� E\�
FRPSDQLHV�DQG�LQGLYLGXDOV�DUH�QRW�H[SHFWHG�WR�LQFUHDVH�WKH�FRVW�RI�+)&����D�V\VWHPV�
Mexichem ‘AC6’ 39

$&�� �5����$�� LV� D�PLOGO\� ÁDPPDEOH� SURSULHWDU\� UHIULJHUDQW� EOHQG� RI�&2���+)&����D�� DQG�+)2�����]H�
(6 per cent/9 per cent/85 per cent by weight, respectively; yielding an AR5 GWP���\U�RI�a�����SURSRVHG�E\�
Mexichem.
7KH� DGYDQWDJH� FRPSDUHG� WR� +)2�����\I� LV� ORZHU� ÁDPPDELOLW\� DQG� SRWHQWLDOO\� KLJKHU� FRROLQJ�
capacity,40� EXW� LW� KDV� VLJQLÀFDQW� JOLGH��$&�� KDV� QRW� \HW� VDWLVÀHG�86� (3$� 61$3� RU� (8�5($&+��
and SAE standards are not yet completed. However, favourable results in the SAE Cooperative 
Research Programme have resulted in a decision to move from phase I evaluation, which validated 
that AC6 has comparable cooling capacity and life-cycle climate performance (LCCP) and reduced 
ÁDPPDELOLW\� FRPSDUHG� WR� +)2�����\I�� WR� SKDVH� ,,� HYDOXDWLRQ� RI� VHOHFWLYH� OHDNDJH�� FRPSUHVVRU�
durability, materials compatibility, and manufacturing and service issues.41 
The production of TFA from the atmospheric degradation of emissions of AC6 depends on the 
leakage rate of the portion of the blend that is HFC-134a. The incremental manufacturing and 
ownership cost of AC6 systems will depend on the cost of the new and recycled refrigerant, with 
all other costs comparable to HFO-1234yf systems. Ownership costs may be prohibitively high if 
refrigerant ingredients differentially leak from operating systems, causing a loss of cooling capacity 
RU�HQHUJ\�HIÀFLHQF\�
The price of newly manufactured AC6 likely will be less than HFO-1234yf, but the cost of refrigerant 
recovery and reuse may be higher if the blend cannot be accurately reformulated in service facilities 
and instead must be returned to the manufacturer for reprocessing.
Hydrocarbons
+\GURFDUERQV� �+&V��� ZKLFK� DUH� KLJKO\� ÁDPPDEOH� UHIULJHUDQWV�� DUH� FRQVLGHUHG� E\� PRVW� VDIHW\�
DXWKRULWLHV�DQG�YHKLFOH�PDQXIDFWXUHUV�WR�EH�WRR�ÁDPPDEOH�WR�XVH�LQ�0$&V�DQG�DUH�QRW�DSSURYHG�
for MACs by US EPA SNAP, but satisfy EU REACH. SAE International is not developing standards 
for hydrocarbons. 
,Q�PDQ\�QRQ�$��3DUWLHV��UHWURÀWWLQJ�0$&V�WR�XWLOL]H�+&V�LV�LOOHJDO�RU�GLVFRXUDJHG��KRZHYHU��LQ�VRPH�
MXULVGLFWLRQV��QRWDEO\�LQ�VRPH�$XVWUDOLDQ�VWDWHV��LW�LV�OHJDO�WR�UHWURÀW�&)&��+)&��DQG�+)2�0$&V�WR�
K\GURFDUERQV��ZKLFK�LV�LPPHGLDWHO\�OHVV�H[SHQVLYH�WKDQ�XVLQJ�QRQ�ÁDPPDEOH��RU�OHVV�ÁDPPDEOH��
refrigerants.42

7HFKQLFDO�DQG�HFRQRPLF�IHDVLELOLW\�RI�UHGXFLQJ�0$&�+)&�HPLVVLRQV
3URSHUO\� FKDUJHG�0$&V� DUH�PRUH� HQHUJ\� HIÀFLHQW� DQG� KDYH� ORQJHU� HTXLSPHQW� OLIH� WKDQ� XQGHU�
charged systems. Leak tightness depends on design, quality of parts, care during manufacture 
of components and factory assembly of systems, and service and end-of life practices. The best- 
and worst-in-class estimated emissions of new vehicles sold in the US in 2012 (the latest year with 
FRPSOHWH�UHSRUWLQJ��UDQJHG�IURP�����WR������JUDPV�SHU�\HDU�IRU�SDVVHQJHU�FDUV��ZLWK�VLPLODU�UDQJHV�
of estimated emissions for sport utility vehicles, vans, and trucks.43 Best service practices and quality 

39 Corporate sponsors of the SAE International MAC Refrigerant Blend Cooperative Research Programme (MRB CRP) 
include: Behr, Bosch, Chrysler, Cinetic, Filling, Daimler, Denso, Doowon, General Motors, Halla, Visteon Climate Control, 
Hyundai, Jaguar Land Rover, Mexichem, Nissan, PSA, Renault, SAIC Motors, Sanden, Schrader International, TEXA, and 
Volvo Cars
40 SAE International (2012) DEVELOPMENT AND EVALUATION OF AC5 AND AC6 REFRIGERANTS FOR MAC APPLICATIONS: A WHITE PAPER 
PRODUCED BY THE SAE MRB COOPERATIVE RESEARCH PROGRAMME.
41 Peral-Antúnez, E. (2012) MAC REFRIGERANT BLEND COOPERATIVE RESEARCH PROGRAMME: UPDATE, 31 October, SAE 
International (12TMSS-0022). 
42 The government of Germany makes the case for CO2 MACs in: Hoffmann, G. & W. Plehn (2010) NATURAL REFRIGERANTS 
FOR MOBILE AIR CONDITIONING IN PASSENGER CARS A CONTRIBUTION TO CLIMATE PROTECTION, German Federal Environment Agency 
�XPZHOWEXQGHVDPW���KWWS���ZZZ�XPZHOWEXQGHVDPW�GH�VLWHV�GHIDXOW�ÀOHV�PHGLHQ�SXEOLNDWLRQ�ORQJ������SGI�
43 Minnesota (2008) MOBILE AIR CONDITIONER LEAKAGE RATES; DISCLOSURE, MN Stat § 216H.12 (2013) 
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UHSODFHPHQW�SDUWV�FDQ�UHGXFH�YHKLFOH�VHUYLFH�DQG�HQG�RI�OLIH�HPLVVLRQV�E\�DW�OHDVW����SHU�FHQW�44 The 
cost of improved MAC design and components is less than the added cost to vehicle owners for the 
more frequent repair and reduced mileage from under-charged MACs. 

44 SAE International (2007) REDUCING REFRIGERANT EMISSIONS AT SERVICE AND VEHICLE END OF LIFE. IMPROVED MOBILE AIR CONDITIONING 
(I-MAC) COOPERATIVE RESEARCH PROJECT�����-XQH��KWWS���ZZZ�HSD�JRY�FSG�PDF�6HUYLFH���7HDP���)LQDO���5HSRUW�SGI�
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3.3 Domestic room air conditioning 

7KH�XVH�RI�URRP�$�&V�LV�LQFUHDVLQJ�UDSLGO\�LQ�PDQ\�$��3DUWLHV�EHFDXVH�RI�LQFUHDVLQJ�HOHFWULÀFDWLRQ��
changes in family structures, higher disposable incomes and long seasons with high ambient 
temperatures where air conditioning is needed (cooling season). Market potential in these countries 
is very high because to date only small proportions of the growing populations own room air 
FRQGLWLRQLQJ�V\VWHPV��,Q�,QGLD�� IRU�H[DPSOH��PDUNHW�SHQHWUDWLRQ�RI�URRP�$�&V�LV� OHVV�WKDQ���SHU�
FHQW��ZLWK�RZQHUVKLS�H[SHFWHG�WR�JURZ���������SHU�FHQW�SHU�DQQXP��GHSHQGLQJ�PRVWO\�RQ�LQFUHDVHV�
in incomes and availability of electricity.�� In many Indian cities, air conditioning accounts for 40 
- 60 per cent of peak electricity demand during the long, hot cooling season.46 Furthermore, air 
FRQGLWLRQLQJ�HQHUJ\�HIÀFLHQF\�JDLQV�WKDW�FDQ�EH�FDSWXUHG�LQ�WKH�+&)&�SKDVH�RXW�FDQ�DYRLG�XS�WR�
100 new power plants in India and proportional avoided power plants in other hot regions with 
H[SDQGLQJ�$�&�XVH�47�7KH�DQQXDO�FRQVXPSWLRQ�RI�+&)&����ZLWKLQ�$��3DUWLHV�LQ������ZDV�DURXQG�
��������PHWULF�WRQQHV��RI�ZKLFK�VRPH����SHU�FHQW�ZDV�IRU�VPDOO�VL]HG�$�&V�48 
World-wide, climate change is estimated to drive heating energy demand down by 34 per cent and 
air conditioning energy demand up by 72 per cent by 2100 under current projections, increasing the 
LPSRUWDQFH�RI�HIÀFLHQF\�IRU�WKLV�VHFWRU�HYHQ�PRUH�LQ�PDQ\�DUHDV�ZKHUH�GHPDQG�JURZWK�LV�DOUHDG\�
KLJK�� ¶$W� WKH� UHJLRQDO� VFDOH� FRQVLGHUDEOH� LPSDFWV� FDQ�EH� VHHQ��SDUWLFXODUO\� LQ� 6RXWK�$VLD��ZKHUH�
HQHUJ\�GHPDQG�IRU�UHVLGHQWLDO�DLU�FRQGLWLRQLQJ�FRXOG�LQFUHDVH�E\�DURXQG����SHU�FHQW�GXH�WR�FOLPDWH�
change, compared with the situation without climate change.’49

7KH� HQHUJ\� HIÀFLHQF\�RI� URRP�$�&V� LQ�$��3DUWLHV� LV� FXUUHQWO\� ORZ� FRPSDUHG� WR� WKDW� LQ�QRQ�$��
3DUWLHV�WKDW�KDYH�LPSOHPHQWHG�LQFHQWLYHV�WR�LQFUHDVH�HIÀFLHQF\��+RZHYHU��LQ�������&KLQD�ODXQFKHG�
D�ODEHOOLQJ�SURJUDPPH�IRU�HQHUJ\�HIÀFLHQF\��ZKLFK�FODVVLÀHV�DSSOLDQFHV�LQ�ÀYH�JUDGHV��JLYLQJ�PRUH�
LQIRUPDWLRQ� WR� FRQVXPHUV�� 7KH� HQHUJ\� HIÀFLHQF\� RI� &KLQHVH�$�&V� LV� H[SHFWHG� WR� LQFUHDVH�PRUH�
UDSLGO\�WKDQ�LQ�WKH�SDVW��7KH�DYHUDJH�HQHUJ\�HIÀFLHQF\�RI�$�&V�LQ�VWRFN�ZLOO�EH�LPSURYHG�WKURXJK�
WKH� UHSODFHPHQW�RI�ROG�$�&V�ZLWK�QHZHU�DQG�PRUH�HIÀFLHQW�RQHV��:H�H[SHFW� WKDW����SHU� FHQW�RI�
H[LVWLQJ�$�&V�ZLOO�EH�UHSODFHG�ZKHQ�VLJQLÀFDQWO\�PRUH�HQHUJ\�HIÀFLHQW�SURGXFWV�DUH�DYDLODEOH��DQG�
the remaining 60 per cent after product failure.�� Similar information-based programmes have also 
EHHQ�ODXQFKHG�LQ�,QGLD�DQG�LQ�VRPH�RWKHU�$��3DUWLHV�
The climate impact of all refrigeration and air conditioning usage is a combination of 1) direct refrigerant 
GHG emissions from equipment leaks and servicing; 2) indirect emissions from power plants that 
generate the electricity; and, 3) embodied carbon emissions from the production, service, and recycling 
at the end of product life. LCCP is an analytical technique that accounts for all three categories of heat-
WUDSSLQJ�HPLVVLRQV��,QGLUHFW�HPLVVLRQV�IURP�KLJK�/&&3�URRP�$�&V�DFFRXQW�IRU�PRUH�WKDQ����SHU�FHQW�
of the total carbon footprint in leak-tight systems supplied with electricity from coal or diesel and 
less than 1 per cent of the total carbon footprint in systems supplied with electricity from low-carbon 
sources, including hydroelectric, nuclear, photovoltaic, and wind. Of course, the carbon-intensity 
RI�HOHFWULFLW\�YDULHV�ZLGHO\�GHSHQGLQJ�RQ�WKH�JHQHUDWLRQ�PL[�DQG�HQHUJ\�HIÀFLHQF\�RI�WKH�IRVVLO�IXHO�

�� Price Waterhouse Coopers (2012) ANALYSIS OF IMPACT OF SUPER EFFICIENCY ON AIR-CONDITIONING MANUFACTURERS /SUPPLIERS IN INDIA; 
Chaturvedi V., J. Eom, L. Clarke, P. R. Shukla (2014) Long term building energy demand for India: Disaggregating end use energy 
services in an integrated assessment modelling framework, ENERGY POLICY 64:226-242; and Stephen O. A., P. S. Chidambaram, B. 
Deol, D. Doniger, A. Ghosh, A. Jaiswal, R. Palakshappa, J. Schmidt, & G. Sethi (2013) COOLING INDIA WITH LESS WARMING: THE 
BUSINESS CASE FOR PHASING DOWN HFCS IN ROOM AND VEHICLE  AIR CONDITIONING, Council on Energy, Environment & Water 
(CEEW), the Institute for Governance & Sustainable Development (IGSD), the Natural Resources Defense Council (NRDC), 
and The Energy and Resources Institute (TERI) in cooperation with the Confederation of Indian Industry (CII).
46�0DKDUDVKWUD�(OHFWULFLW\�5HJXODWRU\�&RPPLVVLRQ��0(5&��	�WKH�,QGLDQ�%XUHDX�RI�(QHUJ\�(IÀFLHQF\��%((��
47 Phadke, A. A., N. Abhyankar, & N. Shah (2014) AVOIDING 100 NEW POWER PLANTS BY INCREASING EFFICIENCY OF ROOM AIR 
CONDITIONING IN INDIA: OPPORTUNITIES AND CHALLENGES��-XQH�������KWWS���HHWG�OEO�JRY�SXEOLFDWLRQV�DYRLGLQJ�����QHZ�SRZHU�
plants-by-incr.
48 Colbourne D. (2011) HYDROCARBON REFRIGERANTS FOR ROOM AIR CONDITIONERS��KWWS���ZZZ�IDLUFRQGLWLRQLQJ�RUJ�ZS�FRQWHQW�
XSORDGV���������+&�UHIULJHUDQWV�IUR�URRP�$&V�'�&ROERXUQH�SGI
49 Morna I., & D. P. van Vuuren (2009) Modeling global residential sector energy demand for heating and air conditioning in the context 
of climate change, ENERGY POLICY���������������
�� Satoru K. (2007) ENERGY EFFICIENCY OF AIR CONDITIONERS IN DEVELOPING COUNTRIES AND THE ROLE OF CDM��2(8'�,($�
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power plants. The portion of carbon footprint from refrigerant emissions depends on equipment leak 
rates, service practices and equipment, and the effectiveness of refrigerant recycling programs. ��

7KHUH�DUH�ÀYH�GHVLJQV�RI�URRP�$�&V�
�� Portable room A/Cs are freestanding self-contained appliances on wheels that exhaust hot air 
WKURXJK�D�ÁH[LEOH�WXEH�RXW�RI�WKH�ZLQGRZ�RU�LQWR�DQRWKHU�URRP�

�� Window room A/Cs are self-contained appliances designed to be installed inside a window, 
with the hot air exhaust system facing outside and the cool air return system facing inside.

�� Through-the-wall room A/Cs are self-contained appliances designed to be installed through a 
wall inside a chassis sleeve.

�� Ductless mini-split room A/Cs have a condenser unit that installs outdoors and is connected by 
UHIULJHUDQW�WXELQJ�WR�RQH�RU�PRUH�FRPSDFW�ZDOO�PRXQWDEOH�HYDSRUDWRU�EORZHU�XQLWV�WKDW�DUH�
placed strategically inside the space(s) that are cooled.

�� Central A/Cs have a condenser unit that installs outdoors and is connected by refrigerant 
WXELQJ� WR� D� VLQJOH� HYDSRUDWRU�EORZHU� XQLW� WKDW� GLVWULEXWHV� FROG� DLU� WR� RQH� RU�PRUH� URRPV�
through ductwork. 

3RUWDEOH�URRP�$�&V�DUH�YHU\�LQHIÀFLHQW��ZLQGRZ�DQG�WKURXJK�WKH�ZDOO�URRP�$�&V�KDYH�PHGLXP�
HIÀFLHQF\��DQG�GXFWOHVV�PLQL�VSOLW�DQG�FHQWUDO�$�&V�DUH�WKH�PRVW�HIÀFLHQW��'XFWOHVV�PLQL�VSOLW�V\VWHPV�
XVH�IDU�OHVV�HQHUJ\�WKDQ�FHQWUDO�$�&V�E\�FRROLQJ�RQO\�RFFXSLHG�URRPV��&HQWUDO�$�&V�GRPLQDWHV�WKH�
market in the US and Canada while China, India, Brazil, Japan and the EU are all large consumers of 
URRP�$�&V�LQ�YDU\LQJ�IRUPV��DYHUDJH�FDSDFLW\�IRU�URRP�$�&V�LQ�D�VDPSOH�RI�FRXQWULHV�UDQJHG�IURP�
3.33 kW in China to 6.64 kW in the UAE (1 - 2 tonnes, in a range where alternatives using HC-290 or 
HFC-32 are often workable).��

&XUUHQWO\��D�PXOWLWXGH�RI�URRP�$�&�EUDQGV�DUH�FRPPHUFLDOO\�DYDLODEOH��LQFOXGLQJ�HTXLSPHQW�ZLWK�
+&)&�����+)&����$��+)&�����DQG�+&�����DQG�ZLWK�GLIIHUHQW�HQHUJ\�HIÀFLHQF\�UDWLQJV��%HFDXVH�
of the Montreal Protocol’s requirements to phase out HCFC-22, there has been a steady conversion 
WRZDUGV�+)&����$��D�FODVV�$��UHIULJHUDQW�ZLWK�DQ�$5��*:3�RI�������ZKLFK�LV�KLJKHU�WKDQ�WKH�$5��
1760 GWP of the HCFC-22 that countries are replacing. Manufacturers are investing in alternatives 
WR�KLJK�*:3�FKHPLFDOV�DQG�DVVHVVLQJ�WKH�QH[W�JHQHUDWLRQ�UHIULJHUDQWV�LQFOXGLQJ�+)2V�DQG�+)2�
+)&�EOHQGV��+)&�����DQG�+&������SURSDQH���VHHNLQJ�VROXWLRQV�WKDW�DUH�HQHUJ\�HIÀFLHQW�DQG�VDIH�LQ�
manufacture, installation, operation, and disposal at the end of product life.
7HFKQRORJ\� SLRQHHU�*RGUHM� KDV� GHYHORSHG�+&����� URRP�$�&V� WKDW� DUH� XS� WR� ��� SHU� FHQW�PRUH�
HIÀFLHQW�WKDQ�WKH�PLQLPXP�UHTXLUHPHQWV�IRU�WKH���6WDU�HQHUJ\�HIÀFLHQF\�UDWLQJ�VHW�E\�WKH�,QGLDQ�
%XUHDX�RI�(QHUJ\�(IÀFLHQF\� �%((��� HYHQ�ZLWKRXW� WKH�XVH�RI� LQYHUWHUV� WKDW� OLNHO\�ZLOO�SURYLGH�DQ�
additional 10 per cent or more improvement.�� The Daikin Urusara 7, which uses HFC-32 refrigerant, 
KDV�DFKLHYHG�WKH������ZRUOG·V�KLJKHVW�HQHUJ\�HIÀFLHQF\�IRU�ZDOO�PRXQWHG�URRP�$�&V�DQG�LV�WKH�ÀUVW�
WR�UHFHLYH�WKH�$XVWUDOLDQ���6WDU�6XSHU�(IÀFLHQF\�UDWLQJ���

7($3�KDV�UHSRUWHG�WR�3DUWLHV�WKDW�ERWK�+)&����DQG�+&�����EDVHG�VPDOO�VHOI�FRQWDLQHG�$�&�V�DQG�
PLQL�VSOLW�$�&V�DUH�HFRQRPLFDOO\�YLable, with little to no additional costs anticipated. ��

���)RU�WKH�UDQJH�RI�HOHFWULFLW\�FDUERQ�LQWHQVLW\�LQ�,QGLD�VHH��KWWS���FHHZ�LQ�SGI�&((:�)LQDO�5RRP�$&�3DSHU�����-XO���SGI
�� Shah N., P. Waide, & A. Phadke (2014) COOLING THE PLANET: OPPORTUNITIES FOR DEPLOYMENT OF SUPEREFFICIENT ROOM AIR 
CONDITIONERS, LBL working paper.
��� 5DMDGK\DNVKD� '�� �������� 'HYHORSPHQW� DQG� +DQGOLQJ� RI� +\GURFDUERQ� $LU�&RQGLWLRQHUV� ²� 7KH� *RGUHM� ([SHULHQFH��
presentation at Bangkok Technology Conference, 29 June 2013 held in conjunction with the Montreal Protocol Open-Ended 
Working Group (OEWG).
���)RU�UHVLGHQWLDO�ZDOO�PRXQWHG�URRP�DLU�FRQGLWLRQHUV�LQ�WKH�����N:�WR�����N:�FODVV��DV�RI�-XQH�������7KH�8UXVDUD���DFKLHYHV�
FRHIÀFLHQWV�RI�SHUIRUPDQFH��&23V��RI�����WR�����LQ�FRROLQJ�RSHUDWLRQ��See Japan for Sustainability (JAB) (2012) Daikin’s Air 
&RQGLWLRQHU�:LQV�0(7,�0LQLVWHU·V�3UL]H�IRU�(QHUJ\�&RQVHUYDWLRQ�LQ�������KWWS���ZZZ�MDSDQIV�RUJ�HQ�QHZV�DUFKLYHV�QHZVB
id032779.html. 
�� UNEP (2014) REPORT OF THE TECHNOLOGY AND ECONOMIC ASSESSMENT PANEL��'HFLVLRQ�;[Y���7DVN�)RUFH�5HSRUW��$GGLWLRQDO�
,QIRUPDWLRQ�WR�$OWHUQDWLYHV�RQ�2'6��)LQDO�5HSRUW�����SDJHV��������KWWS���FRQI�PRQWUHDO�SURWRFRO�RUJ�PHHWLQJ�PRS�FRS���
PRS���SUHVHVVLRQ�%DFNJURXQG���'RFXPHQWV���DUH���DYDLODEOH���LQ���(QJOLVK���R��7($3B7DVN���)RUFH���
;;9��2FWREHU�����SGI��ODVW�DFFHVVHG����2FWREHU��������
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)RU�D�ÁDPPDEOH�UHIULJHUDQW�LQ�URRP�$�&V�WR�EH�VDIH��WKH�URRP�PXVW�EH�ODUJH�HQRXJK�WR�DOORZ�WKH�
FKDUJH�WR�OHDN�RXW�ZLWKRXW�DFFLGHQW��VDIHO\�EHORZ�WKH�ORZHU�ÁDPPDEOH�OLPLW�/)/���)RU�D�URRP�$�&�
to be effective for comfort, the charge must be large enough to cool the room in whatever climate it 
is in (and depending on room size, shading, insulation, humidity, uses, etc.). So the room has to be 
small enough to cool and large enough to reliably dilute any accidental leakage that may occur. Thus, 
ÁDPPDEOH� UHIULJHUDQWV� DUH�PRVW� VXLWDEOH� IRU�PLOG� FOLPDWHV�DQG�ZHOO�LQVXODWHG�DQG� VKDGHG� VPDOO�
rooms. Flammable refrigerants are less suitable are poorly insulated spaces in very hot climates. 
A variety of HCFC-22 replacement options are available. In almost every case, the low-GWP options 
FDQ�H[FHHG�WKH�HQHUJ\�HIÀFLHQF\�SHUIRUPDQFH�WKDW�LV�FXUUHQWO\�DYDLODEOH�LQ�WKH�PDUNHWSODFH�
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3.4 Commercial air conditioning

7KLV�VHFWLRQ�FODVVLÀHV�FRmmercial air conditioning products according to compressor size in three 
major categories:

�� Reciprocating and scroll compressors (smaller tonnage applications, where higher pressure 
refrigerants are required due to size and weight constraints).

�� Air- and water-cooled screw compressors (medium tonnage applications, where medium-
pressure refrigerants are feasible and preferred).

�� Water-cooled centrifugal compressors (large tonnage applications, where medium and low-
pressure refrigerants are feasible and preferred).

High-pressure commercial air conditioning systems have the advantage of smaller equipment 
size and weight for comparable cooling capacity, but the disadvantages are that high-pressure 
UHIULJHUDQWV�KDYH�UHODWLYHO\�KLJKHU�*:3�DQG�UHIULJHUDQW�OHDN�UDWHV��DV�ZHOO�DV�ORZHU�HQHUJ\�HIÀFLHQF\��
)XUWKHUPRUH��DV�SUHVVXUH�JRHV�XS��ÁDPPDELOLW\�EHFRPHV�PRUH�RI�D�SUREOHP�
$V�DSSOLFDWLRQV�LQFUHDVH�LQ�WRQQDJH��HTXLSPHQW�WHQGV�WRZDUG�ORZHU�SUHVVXUH�PRUH�HIÀFLHQW�VROXWLRQV��
OLNH�+)&����D�DQG�+&)&������,Q�JHQHUDO��ODUJHU�FDSDFLW\�V\VWHPV�GHPDQG�WKH�PRVW�HIÀFLHQW�VROXWLRQV�
available in the marketplace, and the applications are less sensitive to weight and size. 

Next generation technology

Low GWP HFO solutions are generally available for medium- and low-pressure systems. These 
+)2V�FDQ�EH�EOHQGHG�ZLWK�PRGHUDWH�*:3�+)&V� WR�FUHDWH�HQHUJ\�HIÀFLHQW�UHIULJHUDQWV� IRU�KLJK�
pressure systems that are dramatically lower in GWP than refrigerants currently in the marketplace. 
7KH�+)2V�WKDW�DUH�EHLQJ�FRQVLGHUHG�IRU�FRPPHUFLDO�DLU�FRQGLWLRQLQJ�XVH�DUH�HLWKHU�QRQ�ÁDPPDEOH�
RU�YHU\�ORZ�RQ�WKH�¶VOLJKWO\�ÁDPPDEOH·�VFDOH��
Flammability standards and codes are a major obstacle to the market acceptance of next generation 
refrigerants. The solutions will be to update the design, manufacture, installation and service of 
HTXLSPHQW�WR�DFFRPPRGDWH�WKH�KLJKHU�ULVN�DVVRFLDWHG�ZLWK�ÁDPPDELOLW\��DQG�WR�FKDQJH�VWDQGDUGV�
DQG�FRGHV�WR�DOORZ�WKH�VDIH�XVH�RI�ÁDPPDEOH�UHIULJHUDQWV��/RZ�*:3�+)2V�DQG�ORZHU�*:3�+)2�
+)&� EOHQGV� KDYH� EHHQ� IRXQG� JHQHUDOO\� WR� KDYH� ORZ� RU� VOLJKW� ÁDPPDELOLW\�� 7KLV� ÁDPPDELOLW\�
has been characterized by the American Society of Heating, Refrigeration, and Air Conditioning 
(QJLQHHUV� �$6+5$(�� DV� �/� YHUVXV� &ODVV� �� RU� &ODVV� �� ÁDPPDEOH� UHIULJHUDQWV��. Currently, class 
�/�ÁDPPDEOH� UHIULJHUDQWV�DUH� UHFRJQL]HG�DV�KDYLQJ�XQLTXH�ÁDPPDELOLW\�SURSHUWLHV� WKDW� DUH� OHVV�
KD]DUGRXV�DQG�DUH�DSSURSULDWHO\�EHLQJ�ZULWWHQ�LQWR�WKH�YDULRXV�FRGHV�DQG�VWDQGDUGV�ZLWK�PRGLÀHG�
safety requirements.

The various codes and standards are quite extensive; the key ones include:

�� ISO 13043: 2011—Road vehicles—Refrigerant systems used in MAC—Safety requirements. 
ISO 13043 is a relatively new ISO standard that was developed by the global automotive 
industry stakeholders to incorporate safety requirements for HFO-1234yf (A2L refrigerant) 
and CO2.

�� ,62� ������ ����� 5HIULJHUDWLQJ� V\VWHPV� DQG� KHDW� SXPSV³6DIHW\� DQG� HQYLURQPHQWDO�
UHTXLUHPHQWV³3DUW� ��� 'HÀQLWLRQV�� FODVVLÀFDWLRQ� DQG� VHOHFWLRQ� FULWHULD�� ,62� ����� UHFHQWO\�
integrated A2L refrigerants within this standard.

�� ,62�����������5HIULJHUDQWV³'HVLJQDWLRQ�DQG�6DIHW\�&ODVVLÀFDWLRQV��7KH������YHUVLRQ�RI�,62�
817 incorporated 2L refrigerants.

���&HUWDLQO\� WKH� ,62���������� LV��QR�ÁDPH�SURSDJDWLRQ� �&ODVV����� ORZHU�ÁDPPDELOLW\� �&ODVV��/���ÁDPPDEOH� �&ODVV�����DQG�
KLJKHU�ÁDPPDELOLW\��&ODVV�����
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�� ,(8�������������$6+5$(�����(1�����DUH�DOO�FXUUHQWO\�LQ�SURFHVV�RI�LQFRUSRUDWLQJ�$�/V�LQWR�WKH�
respective standards. The International Mechanical Code (IMC0 is also targeted to be updated 
as international experts complete these codes.

For larger equipment, solutions are already making their way into the marketplace.
5HFLSURFDWLQJ�DQG�VFUROO�FRPSUHVVRUV��VPDOOHU�WRQQDJH�DLU�FRQGLWLRQLQJ�
&XUUHQWO\��VPDOO�WRQQDJH�UHFLSURFDWLQJ�DQG�VFUROO�FRPSUHVVRU�$�&V�XVH�+)&����$��$5��*:3100-yr 
 �������$OWHUQDWLYHV� LQFOXGH�+)&���� �$5��*:3100-yr = 677), or blends of HFC-32 and HFOs that 
DFKLHYH�ERWK�ORZHU�ÁDPPDELOLW\�WKDQ�+)&����DQG�ORZHU�*:3������������3XUH�+)&����DQG�+)&�
���+)2�EOHQGV�DFKLHYH�ERWK�KLJKHU�FRROLQJ�FDSDFLW\�DQG�KLJKHU�HQHUJ\�HIÀFLHQF\�WKDQ�+)&����$�
at high ambient operating conditions.
$LU��DQG�ZDWHU�FRROHG�VFUHZ�FRPSUHVVRUV��PHGLXP�WRQQDJH�$�&V�
6FUHZ� FRPSUHVVRUV� WRGD\� XVH� SULPDULO\� +)&����D� �$5�� *:3100-yr = 1300) for commercial air 
FRQGLWLRQLQJ� DSSOLFDWLRQV��+)&�+)2� UHIULJHUDQW� EOHQGV�ZLOO� EH� DYDLODEOH� LQ� WKH� QHDU� IXWXUH� IRU�
PHGLXP� WRQQDJH� DLU� DQG�ZDWHU�FRROHG� VFUHZ� FRPSUHVVRUV� WKDW� DUH� QRQ�ÁDPPDEOH�� RIIHU� DOPRVW�
QR� ORVV� LQ�FDSDFLW\�DQG�HIÀFLHQF\��DQG�KDYH�D�*:3�WKDW� LV� OHVV� WKDQ�KDOI� WKDW�RI�+)&����D��/RZ�
*:3� UHIULJHUDQWV� �*:3� ������ ZLOO� WDNH� ORQJHU� WR� LPSOHPHQW� GXH� WR� FKLOOHU� UHGHVLJQ� DQG� FRGH�
changes needed to accommodate 2L refrigerants. The medium-pressure HFO solutions available 
�+)2�����\I��$5��*:3100-yr �����+)2�����]H��$5��*:3100-yr �����DUH�DOO�VOLJKWO\�ÁDPPDEOH��1RQ�
ÁDPPDEOH��+)2�+)&�EOHQGV�DUH�DOVR�EHLQJ�GHYHORSHG�
2QH�VROXWLRQ� LQ� WKLV�PDUNHW�VHJPHQW�PD\�EH�D� WZR�VWHS� WUDQVLWLRQ�� WKH�ÀUVW� VWHS�EHLQJ� WR�D�QRQ�
ÁDPPDEOH��PRGHUDWH�*:3�VROXWLRQ��+)&�+)2�EOHQG���DQG�WKHQ�D�VHFRQG�VWHS�WR�WKH�ORQJ�WHUP�
VROXWLRQ�XVLQJ�ORZ�ÁDPPDELOLW\���/��+)2V��
:DWHU�FRROHG�FHQWULIXJDO�DQG�VFUHZ�FRPSUHVVRUV��ODUJH�WRQQDJH�$�&V�
Water-cooled centrifugal chillers currently offer the highest energy performance using both HFC-
���D��$5��*:3100-yr  �������DQG�+&)&������$5��*:3100-yr = 79, ODP = 0.012). 
+)2�����]G� �$5�� *:3100-yr �� ������� DQG� +)2�����P]]� �$5�� *:3100-yr  ��� DUH� QRQ�ÁDPPDEOH�
UHIULJHUDQWV� DOUHDG\� DYDLODEOH� LQ� VRPH�PDUNHWV� WKDW� DFKLHYH� FRPSDUDEOH� HQHUJ\� HIÀFLHQF\� ��� ����
SHU�FHQW��LQ�V\VWHPV�GHVLJQHG�IRU�ORZ�SUHVVXUH�+&)&�����DQG�FDQ�DFKLHYH�EHWWHU�HQHUJ\�HIÀFLHQF\�
performance than HFC options currently available on the market. 
Replacements for medium pressure HFC-134a for centrifugal chillers may follow the same two-step 
transition as described above for screw compressors.
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���� 'RPHVWLF��LQGXVWULDO��DQG�FRPPHUFLDO�UHIULJHUDWLRQ�

Domestic and small-sized refrigerators and freezers
Substantial progress has been made in converting from HCFCs in the manufacture of domestic 
and small-sized commercial refrigerators and freezers, with most companies converting from CFC-
12 refrigerant to zero-ODP alternatives, such as HFC-134a and isobutene (HC-600a). Refrigerant 
FRQYHUVLRQ� WR� D� ]HUR�2'3� DOWHUQDWLYH� KDV� RFFXUUHG� JOREDOO\�� ZLWK� VLJQLÀFDQW� JDLQV� LQ� HQHUJ\�
HIÀFLHQF\�ZKHUH�HQHUJ\�HIÀFLHQF\�VWDQGDUGV��SURGXFW�HQHUJ\�ODEHOOLQJ��DQG�LQFHQWLYHV�KDYH�EHHQ�
LQ�SODFH��&RPSDQLHV�WKDW�KDYH�VZLWFKHG�WR�DOWHUQDWLYHV�VXFK�DV�+)&����D��$5��*:3100-yr = 1300) 
DUH�OHDYLQJ�D�VHUYLFH�WDLO�DQG�DQ�LQYHQWRU\�RI�¶EDQNHG·�UHIULJHUDQW�LQ�ROG�DSSOLDQFHV�WKDW�ZLOO�QHHG�WR�
EH�GHDOW�ZLWK�LQ�WKH�IXWXUH��DV�UHIULJHUDWRUV�FDQ�ODVW����\HDUV�RU�ORQJHU��)RU�WKHVH�UHDVRQV��ÀQDQFLQJ�
a conversion to technologies where both refrigerant and energy usage have a small climate impact 
would be an investment in long-term environmental sustainability.
The opportunity exists to immediately transition from HFC-134a to HC-600a (GWP100-yr = ~3). Many 
FRXQWULHV�KDYH�PDGH�WKLV�WUDQVLWLRQ�RU�DUH�JRLQJ�LQ�WKLV�GLUHFWLRQ��%LDVHV�DJDLQVW�XVLQJ�ÁDPPDEOH�
refrigerants as an alternative in the domestic refrigeration sector are no longer relevant, especially 
EHFDXVH�WKH�FKDUJHV�DUH�ORZ��EHORZ����J��
For beverage vending machines, the global transition is well underway under the leadership of 
Refrigerants Naturally!, with Coca-Cola, PepsiCo, and Red Bull purchasing only CO2 equipment in 
all global markets; with infrastructure and training in place in most markets; and with equipment 
prices based on economy of scale and competitive supply. Unilever is implementing HC-600a 
globally for stand-alone frozen food display cases.
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Commercial and industrial refrigeration 
Substantial progress has been made in the transition from HCFCs in the industrial and commercial 
refrigeration sector, where companies have converted from HCFC-22 to several different 
DOWHUQDWLYHV��0DQ\�FRPSDQLHV� LQ�QRQ�$��DQG�$��3DUWLHV�KDYH� VZLWFKHG� WR�QRQ�+)&�DOWHUQDWLYHV�
LQ� WKH�PDQXIDFWXULQJ�RI�FRPPHUFLDO� UHIULJHUDWLRQ�SURGXFWV�� LQ�SXUVXLW�RI�EHWWHU�HQHUJ\�HIÀFLHQF\�
performance, lower equipment and operating costs or environmental leadership. In the process, 
these companies have also reduced gas leakage, which reduces electricity use as well as direct 
refrigerant emissions.
A large number of companies that manufacture commercial and industrial refrigeration equipment 
LQ�$��3DUWLHV�KDYH�QRW�\HW�FRQYHUWHG�DZD\� IURP�+&)&V��7KH�NH\�SDUDPHWHUV�RI� WKH�0/)�3ROLF\�
)UDPHZRUN� SULRULWL]H� KLJKHU� 2'3� �+&)&����E�� IRDP� ÀUVW�� PDQXIDFWXULQJ� VHFWRU� FRQYHUVLRQV�
second and servicing last, with MLF investment in refrigeration and air conditioning manufacturing 
DOORZHG�RQO\�LQ�FDVH�RI�GHPRQVWUDWHG�FRPSOLDQFH�QHHG��7KH�PDMRULW\�RI�WKH�+&)&V�QRZ�XVHG�LQ�$��
Parties is HCFC-22 for manufacture and servicing of commercial and industrial refrigeration and 
room air conditioning.
In commercial and industrial refrigeration, several zero-ODP alternatives are available and in use to 
replace HCFC-22, including HFCs, hydrocarbons, ammonia and CO2. The commercial refrigeration 
sub-sector is comprised of stand-alone equipment, condensing units and centralized systems. 
Transport and large size industrial refrigeration equipment are also covered in this section.
&XUUHQWO\�XVHG�+)&�UHIULJHUDQW�FKRLFHV
Many of the HFC-based refrigerants in use in this sector have high GWPs, including HFC-134a, 
5����$��5����$��5����'��5����&��DQG�5����)��6HYHUDO�RWKHU�KLJK�*:3�EOHQGV�WKDW�FRQWDLQ�WKH�2'6�
HCFC-22 are not considered in this report because they are already controlled under the Montreal 
Protocol. 
+)&����D��$5��*:3100-yr  �������LV�D�VLQJOH�FRPSRQHQW�ÁXLG�ZLGHO\�XVHG�LQ�FROG�VWRUDJH�DQG�SURFHVV�
refrigeration, chillers, supermarkets, centralized rack systems and self-contained equipment. R-404A 
�$5��*:3100-yr  �������LV�D�EOHQG�RI�+)&V�����SHU�FHQW�+)&���������SHU�FHQW�+)&����D����SHU�FHQW�
HFC-134a) and is used in supermarkets, centralized systems, cold storage, process refrigeration, 
chillers, and road transport. Both have high GWPs. They are available for use in medium- and low-
WHPSHUDWXUH�DSSOLFDWLRQV��*LYHQ�WKH�WHFKQRORJ\�PDWXULW\��KLJK�HIÀFLHQF\��FRQYHQLHQFH�RI�XVDJH��DQG�
cost-effective availability, they are commonly used in many countries.
Climate-friendly refrigerants
Some currently used refrigerants are relatively climate-friendly. For example, CO2 (R-744) is a single 
component manufactured substance that can be used in a variety of different types of systems, 
including stand-alone equipment, centralized systems, transport refrigeration and large-size 
refrigeration. It offers an immediate transition opportunity in large- and medium-size supermarket 
systems, as well as for process refrigeration and cold storage application.�� In order to perform well 
in tropical countries, CO2�EDVHG�V\VWHPV�PD\�QHHG�WR�EH�UHGHVLJQHG�RU�PRGLÀHG�WR�HQVXUH�WKDW�WKHLU�
condensing circuit operates well below critical temperatures. 
HCs are manufactured substances offering the potential for relatively straightforward transition 
uses. This category includes three main pure refrigerants, propane (HC-290), propene (HC-1270) 
and isobutene (HC-600a). HC blends also have been used since the phase-out of CFC-12. HC-290 
and HC-1270 are used in stand-alone, transport refrigeration, and some large supermarket systems 
(use in this setting may be limited due to charge restrictions). HC-600a is used in stand-alone 
equipment. HCs are used commercially worldwide. Usage is limited in occupied spaces due to 
maximum allowable charge.

�� Brodribb P. & M. McCann (2014) A STUDY INTO HFC CONSUMPTION IN AUSTRALIA. Canberra.



$OWHUQDWLYHV�WR�+LJK�*:3�+\GURÁXRURFDUERQ

34

Ammonia (R-717) is used worldwide in medium to large size systems. It offers an immediate 
opportunity to transition in process refrigeration and cold storage systems.�� Ammonia is a good 
choice as long as it can be safely handled and the equipment can be well maintained, especially in 
SRSXODWHG�DUHDV��,W�LV�D�FRVW�HIIHFWLYH�DQG�HIÀFLHQW�VROXWLRQ³HVSHFLDOO\�ZKHQ�ZDVWH�KHDW�FDQ�EH�XVHG�
with ammonia-based absorption chillers.
Conversions towards low-GWP selections such as HC-, ammonia- and CO2 -based technologies 
in the industrial and commercial refrigeration sector have also increased. The current focus is on 
subsectors with high leak rates, such as supermarkets (see Section 7.1).
It is important that prioritization of conversion follows the path towards optimum solutions 
DFFRXQWLQJ� IXOO\� IRU� HQHUJ\� HIÀFLHQF\�� FOLPDWH� LPSDFW�� FRPSHWLWLYH� FRVWV�� DQG� VDIHW\� LQ� XVH� DQG�
servicing.
Emerging alternatives
The refrigeration industry is developing and evaluating different options to reduce net CO2 and 
CO2�HT�HPLVVLRQV��EDVHG�RQ�/&&3���(QHUJ\�HIÀFLHQF\�LV�RQH�RI�WKH�FULWHULD�H[DPLQHG�LQ�VHOHFWLQJ�
alternative solutions. Some chemical producers have invested in a new fourth generation HFOs. 
%OHQGV�DUH�DOVR�EHLQJ�FRPPHUFLDOL]HG�WR�DFKLHYH�WKH�EHVW�FRPSURPLVH�UHJDUGLQJ�ÁDPPDELOLW\��*:3�
DQG�HQHUJ\�SHUIRUPDQFH��7KH�IDFW�LV�WKDW�QR�VLQJOH�UHIULJHUDQW�VROXWLRQ�ÀWV�DOO�DSSOLFDWLRQV��

�� Brodribb P. & M. McCann (2014) A STUDY INTO HFC CONSUMPTION IN AUSTRALIA. Canberra.
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���� 6ROYHQW��ÀUH�SURWHFWLRQ��PHGLFDO��DQG�PLVFHOODQHRXV�+)&�XVHV�

Although the largest current and projected uses of HFCs are in foam blowing, refrigeration, and air 
conditioning, opportunities also exist to reduce HFC use and emissions in other applications.
Solvents
Except for China, where consumption of HCFC-141b is relatively high, there is limited use of 
+&)&����E�DQG�+&)&����FD�FE�2'6�VROYHQWV�E\�$��DQG�QRQ�$��3DUWLHV��7KH�0/)�DSSURYHG�D�
GHPRQVWUDWLRQ�SURMHFW�LQ�&KLQD�IRU�LWV�FRQYHUVLRQ�IURP�+&)&����E�EDVHG�WHFKQRORJ\�WR�LVR�SDUDIÀQ�
and siloxane (KC-6) technology for cleaning in the manufacture of medical devices.��

,W�LV�VWDQGDUG�SUDFWLFH�LQ�WKH�UHWURÀW�RI�DLU�FRQGLWLRQLQJ�DQG�UHIULJHUDWLRQ�HTXLSPHQW�WR�ÁXVK�IURP�WKH�
system any lubricant incompatible with the replacement refrigerant. It is also a common practice to 
ÁXVK�FRQWDPLQDWLRQ�IURP�V\VWHPV�WKDW�KDYH�RYHUKHDWHG�RU�H[SHULHQFHG�FRPSUHVVRU�GLVLQWHJUDWLRQ��
7KH�FKDOOHQJH�LV�WR�ÀQG�D�ÁXVKLQJ�VROYHQW�WKDW�UHPRYHV�WKH�FRQWDPLQDWLRQ�DQG�LV�VDIH�IRU�KHDOWK��
R]RQH�DQG� FOLPDWH��7KH�SUREOHP� LV� WKDW�+)&����ID� DQG�RWKHU�+)&V�KDYH�EHHQ� UHSODFHPHQWV� IRU�
KLVWRULF�ÁXVKLQJ�VROYHQWV�VXFK�DV�&)&�����&)&������DQG�+&)&����E��1HZ�WHFKQRORJ\�LV�HPHUJLQJ��
but is not yet mature.
The choice of ozone-safe, zero- and low-GWP alternatives to ODS solvents includes: aqueous; 
hydrocarbons (with surfactants); organic solvents; and halogenated solvents including trichloroethene 
�7&(���WHWUDFKORURHWKHQH��3&(���K\GURÁXRURROHÀQV��+)2V���K\GURFKORURÁXRURROHÀQV��+&)2���DQG�
FKORURÁXRURROLÀQV� �&)2��� 7KH�ÁXRULQDWHG� VROYHQWV��ZLWK�PHGLXP� WR� KLJK�*:3V�� DUH�+)&V� DQG�
HFEs.
+)&V�KDYH�JHQHUDOO\�EHHQ�DYRLGHG�DV�DOWHUQDWLYHV�WR�2'6�VROYHQWV�LQ�QRQ�$��3DUWLHV�DQG�WKXV�FDQ�
EH�UHSODFHG�LQ�$��3DUWLHV�
)LUH�SURWHFWLRQ
+)&V� DUH� QRW� FRPPRQO\� DOWHUQDWLYHV� WR� KDORQV� LQ� VSHFLÀF� XVHV�� EXW� WKH� TXDOLÀFDWLRQ� E\� VDIHW\�
DXWKRULWLHV�RI�FOLPDWH�VDIH�ÀUH�SURWHFWLRQ�DJHQWV�LV�ORQJ�DQG�DSSOLFDWLRQ�VSHFLÀF��
0HGLFDO�+)&�XVHV
The Medical Technical Options Committee (MTOC) has determined that HFC metered-dose 
inhalers (MDIs) will remain an essential therapy for the foreseeable future to treat the growing 
incidence of asthma and chronic obstructive pulmonary disease (COPD), and that completely 
avoiding high-GWP alternatives in this sector is not yet technically or economically feasible. By 
DERXW�������DYRLGLQJ�KLJK�*:3�DOWHUQDWLYHV�VXFK�DV�+)&�0',V�PLJKW�EHFRPH�PRUH�WHFKQLFDOO\�DQG�
economically feasible. In many regions, growth in HFC use in MDIs has been reduced by the use 
RI�GU\�SRZGHU�LQKDOHUV��'3,V���7KXV��LQ�VRPH�QRQ�$��3DUWLHV��+)&�XVH�FDQ�EH�SKDVHG�GRZQ�QRZ�
in some categories of drugs, depending on how successfully HFC MDIs have already been avoided 
DQG�RQ�WKH�FLUFXPVWDQFHV�RI�KHDOWK��UHJXODWRU\�IUDPHZRUNV��DQG�ÀQDQFH�
Only a minuscule amount of HFCs are used in medical sterilization, where a wide variety of 
alternatives are available. Medical sprays to chill or freeze tissue or to test tooth sensitivity to cold 
are commercialized using HFO-1234yf.
Technical aerosol products and miscellaneous uses
HFCs will have limited necessity in non-medical aerosol products and as miscellaneous uses, and 
HFO alternatives are emerging. For example, already HFO-1234ye is commercialized for aerosol 
WLUH�LQÁDWRUV��ZKHUH�ÁDPPDEOH�SURSHOODQWV�DUH�QRW�VDIH��DQG�LQ�GXVWHUV�DQG�VDIHW\�KRUQV�WKDW�PLJKW�
EH�KD]DUGRXV�LI�XVHG�LQ�FRQÀQHG�VSDFHV�ZLWK�VRXUFHV�RI�LJQLWLRQ��3DUW\�VWUHDPHUV�EDQQHG�DV�XQVDIH�
��� &RQYHUVLRQ� IURP� +&)&����E� EDVHG� WHFKQRORJ\� WR� LVR�SDUDIÀQ� DQG� VLOR[DQH� �.&���� WHFKQRORJ\� IRU� FOHDQLQJ� LQ� WKH�
PDQXIDFWXUH�RI�PHGLFDO�GHYLFHV�DW�=KHMLDQJ�.LQGO\�0HGLFDO�'HYLFHV�&R��/WG���LPSOHPHQWHG�E\�-DSDQ�81'3��81(3�2]/�
3UR�([&RP��������
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and frivolous by some regulations are marketed in Europe propelled by HFO-1234ze. Aerosol 
products that chill electronics during testing are also marketed with HFO-1234ze propellant. Note 
WKDW�WKHUH�LV�OLWWOH�FDSLWDO�FRVW�RI�FRQYHUWLQJ�IURP�QRQ�ÁDPPDEOH�+)&V�WR�QRQ�ÁDPPDEOH�+)2V��EXW�
the manufacturing costs remain higher as long as the HFOs cost more than the HFCs. However, the 
HFO propellant is often a small portion of the retail cost of the product.

4 Overcoming Barriers to Alternatives

Even where alternatives to HFCs are readily available, a number of barriers to their introduction 
typically need to be overcome.60 This section reviews a range of key issues.

4.1 Safety, training and environmental regulations

7KH� ÁDPPDEility of HFC alternatives is often an issue when safety regulations have not been 
updated in line with technological progress. In general, such barriers have been removed for the 
XVH�RI�VOLJKWO\�RU�PLOGO\�ÁDPPDEOH�UHIULJHUDQWV��+)2�����\I�DQG�+)&����D��UHVSHFWLYHO\��LQ�0$&V��
ZLWK�PLOGO\�ÁDPPDEOH�+)&����DXWKRUL]HG�IRU�URRP�$�&V�LQ�-DSDQ�DQG�VRPH�RWKHU�FRXQWULHV��DQG�
ZLWK�(8�VWDQGDUGV�EHLQJ�ÀQDOL]HG�IRU�ÁDPPDEOH�+)&����DQG�+&�����UHIULJHUDQWV��+RZHYHU��WKH�86�
(3$�KDV�QRW�\HW�DXWKRUL]HG�WKH�XVH�RI�HLWKHU�+)&����RU�+&�����IRU�URRP�$�&�XQGHU�61$3��DQG�LQ�
PDQ\�ORFDO�MXULVGLFWLRQV��ÁDPPDEOH�UHIULJHUDQWV�DUH�HLWKHU�EDQQHG�RU�GLVFRXUDJHG�LQ�EXLOGLQJ�FRGHV�
7KH�QHZ�+)2�UHIULJHUDQWV� DUH� HLWKHU�QRQ�ÁDPPDEOH�RU�KDYH� ORZ�ÁDPPDELOLW\��5HIULJHUDQWV� OLNH�
+)2�����]H�DUH�FRQVLGHUHG�¶VOLJKWO\�ÁDPPDEOH·�RU�¶ORZHU�ÁDPPDELOLW\·�XQGHU�FXUUHQW�VWDQGDUGV��
yet they cannot be ignited at room temperature.61 Several options are being tested that blend 
HFC-32 with HFOs with the goal of achieving the operating pressure of HFC-410A, with a lower 
ÁDPPDELOLW\�DQG�*:3�WKDQ�+)&����
:KHUH�ÁDPPDEOH�UHIULJHUDQWV�DUH�DOORZHG��EXW�UHJXODWLRQV�IRU�VDIH�XVH�KDYH�QRW�EHHQ�HQDFWHG��WKHUH�
can be a risk of accidents in manufacture, installation, service or use. Responsible manufacturers of 
URRP�$�&V�ZLWK�ÁDPPDEOH�UHIULJHUDQWV�UHFRJQL]H�WKH�LPSRUWDQFH�RI�VDIHW\�VWDQGDUGV�LQ�DVVXULQJ�
the commercialization and market penetration of their products. A lack of suitable training and 
HTXLSSLQJ�RI�VHUYLFH�WHFKQLFLDQV�IRU�WKH�VDIH�XVH�RI�ÁDPPDEOH�UHIULJHUDQWV��DORQJ�ZLWK�LQDGHTXDWH�
service infrastructure, can also be a barrier. 

4.2 Intellectual property

From the earliest days of the Montreal Protocol, concern was expressed that intellectual property (IP) 
RZQHUV�ZRXOG�H[WUDFW�PRQRSRO\�SURÀWV�IURP�WKH�VDOH�RI�DOWHUQDWLYHV�WR�2'6V��DQG�WKDW�SDWHQWV�IRU�
new HCFCs and HFCs would render countries dependent on foreign sources and a small number 
of multinational companies. At the same time, there was an expectation among inventors of new 
technologies that they should be rewarded for their investment and should be able to recover the 
costs of research, development, toxicity testing, application testing and commercialization.
Where such IP concerns were raised, agreeable solutions were usually found. Once the Montreal 
Protocol’s control schedules were in place, more options were developed—in particular, not-in-
kind alternatives—than had originally been expected. In almost all applications, there has been a 
high level of competition in the supply of alternatives. Even where the holders of patents claimed 
exclusive rights, there have been few reported problems in MLF projects—either because other 
alternatives were available or because the MLF paid the surcharge or licensing fees.
There is continuing concern that IP issues will limit the choices and increase the cost of the HCFC 
SKDVH�RXW��+LJKHU�WUDQVLWLRQ�FRVWV�LPSDFW�$��3DUWLHV�LI�WKH�0/)�VKLIWV�DOO�RU�SDUW�RI�WKH�,3�EXUGHQ�
60 UNEP OzonAction (2010). Barriers to the Use of Low-GWP Refrigerants in Developing Countries and Opportunities to 
2YHUFRPH�7KHVH���KWWS���ZZZ�XQHS�IU�R]RQDFWLRQ�LQIRUPDWLRQ�PPFÀOHV������H�5HSRUW�ORZ�*:3EDUULHUV�SGI�
61�7KHUH�LV�VRPH�HYLGHQFH�LQGLFDWLQJ�WKDW�D�VXEVWDQFH�FDQ�EHFRPH�PRUH�ÁDPPDEOH�ZLWK�LQFUHDVLQJ�KXPLGLW\�OHYHOV�
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WR�WKH�FRPSDQLHV�PDNLQJ�WKH�WUDQVLWLRQ�RU�WR�WKH�$��SDUW\�LWVHOI��,Q�WXUQ��DGGHG�,3�FRVWV�PLJKW�EH�
SDVVHG�RQ�WR�WKH�FXVWRPHUV�RI�WKH�QHZ�R]RQH��DQG�RU�FOLPDWH�VDIH�SURGXFWV��
Higher transition costs can be avoided by donation of patented technology in the interest of future 
generations, by competition with technology without IP, by the MLF or large companies making 
WKH�WUDQVLWLRQ�QHJRWLDWLQJ�FRPSHWLWLYH�SULFHV��ZLWK�MRLQW�YHQWXUHV�LQ�$��3DUWLHV�WR�SURGXFH�SDWHQWHG�
substances, and by litigation or regulation preventing monopolists from charging excessive prices. 
In the case of HCFC phase-out in foam sectors, there is a wide choice and competitive pricing of 
low-GWP technology for large enterprises, but SMEs may face monopoly supply issues when they 
GHSHQG�RQ�SURGXFWV�WKDW�DUH�VXSSOLHG�E\�MXVW�RQH�FRPSDQ\��,QWHUHVWHG�EXVLQHVVHV�FRPSDQLHV�PD\�
wish to monitor the situation as new products come to the market.

4.3 High-ambient-temperature environments

Countries experiencing long, hot and often humid seasons have been particularly concerned that 
DOWHUQDWLYHV� WR�+)&V�SURYLGH� FRROLQJ� FDSDFLW\�� HQHUJ\� HIÀFLHQF\�� DQG� V\VWHP�GXUDELOLW\� HTXDO� WR�
or better than high-GWP HCFCs and HFCs. This assessment makes a special effort to highlight 
performance at high ambient temperatures and suggests further efforts in research and testing to 
meet the needs of high-ambient-temperature markets. 
Air conditioning and refrigeration equipment historically had its largest markets in developed 
countries, with smaller markets in developing countries. In developed countries, more expensive 
equipment was marketed in locations with high ambient temperatures to achieve adequate cooling 
FDSDFLW\��EXW�HYHQ�LQ�KRW�GHYHORSHG�FRXQWU\�FOLPDWHV��HQHUJ\�HIÀFLHQF\�ZDV�D�VHFRQGDU\�FRQFHUQ�
before energy prices and environmental concerns led to better designs. 
CFCs, HCFCs and HFCs can and have been designed to operate at high cooling capacity and 
UHOLDELOLW\�LQ�KRW�FOLPDWHV��EXW�HQHUJ\�HIÀFLHQF\�KDV�EHHQ�ORZ�LQ�PDUNHWV�ZLWKRXW�HQHUJ\�HIÀFLHQF\�
VWDQGDUGV�� HQHUJ\� FRQVXPSWLRQ� ODEHOOLQJ�� KLJK� FRQVXPHU� DZDUHQHVV� DQG� DYDLODEOH� ÀQDQFLQJ� WR�
pay the higher initial prices of equipment, even when energy savings pay back the initial cost. 
Some manufacturers have considered high-ambient-temperature markets too small for specialized 
SURGXFWV�� DQG� HQHUJ\�HIÀFLHQF\� WHVWLQJ� LV� QRW� XVXDOO\� FRQGXFWHG� IRU� KLJK� WHPSHUDWXUHV�� )RU�
H[DPSOH�� ,62�������ZKLFK� LV� WKH� UHIHUHQFH�GRFXPHQW� IRU� URRP�$�&�HQHUJ\�HIÀFLHQF\� WHVWLQJ� LQ�
PDQ\�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV��VSHFLÀHV�WHVWLQJ�DW�����&������)���ZKLFK�LV�ZHOO�EHORZ�
KRW�FOLPDWH�WHPSHUDWXUHV�DQG�PDNHV�DSSOLDQFHV�DSSHDU�PRUH�HQHUJ\�HIÀFLHQW�ZKHQ�WKH\�DFWXDOO\�
underestimate energy use by 20 - 30 per cent.62

,W� LV�HVVHQWLDO� WKDW�DGGLWLRQDO�HQHUJ\�HIÀFLHQF\�WHVWLQJ�EH�FRQGXFWHG�DW� WKH�DPELHQW� WHPSHUDWXUHV�
EHFDXVH� UHIULJHUDWLRQ� DQG� DLU� FRQGLWLRQLQJ� HTXLSPHQW� RSWLPL]HG� WR� EH� HIÀFLHQW� LQ� WHPSHUDWH�
FOLPDWHV�PD\�EH�LQHIÀFLHQW�DW�KLJKHU�WHPSHUDWXUHV��,I�WKH�WHVWLQJ�LV�RQO\�DW�ORZHU�WHPSHUDWXUHV�RU�
if the energy rating is for temperate climates, then a perverse incentive exists for manufacturers to 
select refrigerants and design that excels in the test but disappoints customers in hot climates and 
unnecessarily damages climate.
(QYLURQPHQWDO�DQG�HQHUJ\�DXWKRULWLHV�DQG�FRQVXPHUV� LQ�VRPH�$��3DUWLHV�DUH�GHPDQGLQJ�KLJKHU�
HQHUJ\�HIÀFLHQF\��DQG�QHZ�WHVW�VWDQGDUGV�DQG�GHVLJQV�DUH�LQFUHDVLQJO\�KHOSLQJ�VKDSH�WKH�PDUNHW��
)RU� H[DPSOH�� LQ� ,QGLD�� WKH�%XUHDX�RI�(QHUJ\�(IÀFLHQF\� �%((�³ZRUNLQJ�ZLWK� WKH� ,QGLDQ�6RFLHW\�
of Heating Refrigeration and Air Conditioner Engineers (ISHRAE) and the Refrigeration and Air-
Conditioning Manufacturing Association (RAMA)—are revising test standards and test temperatures. 
)RU�EXLOGLQJ�FKLOOHUV��WKH\�LQFOXGH�D�����&������)��WHVW�SRLQW�DV�ZHOO�DV�D�WHVW�IRU�UHOLDELOLW\�DW�KLJK�
temperature.63�$OWKRXJK�WKLV�LV�DQ�LPSURYHPHQW�RYHU�WKH�SUHYLRXV�KLJK�WHPSHUDWXUH�WHVW�SRLQW�����&�
62 Goldstein, D. (2014) UPDATING INDIA’S AC TEST PROCEDURES TO BETTER REFLECT INDIAN CLIMATIC CONDITIONS, Natural Resources 
Defense Council, San Francisco.
63 Diddi, S. (2014) ,QGLD�$&�(IÀFLHQF\�3ROLF\�2SSRUWXQLWLHV�	�&XUUHQW�$FWLYLWLHV, presentation at Workshop on Space Cooling 
(IÀFLHQF\�(QKDQFHPHQW�DQG�'HPDQG�5HVSRQVH��������-XQH�������'HOKL��,QGLD��KWWS���EHHLQGLD�LQ�GRFXPHQWV�3UHVHQWDWLRQV�
'D\��0U���6DXUDEK���'LGGL���6SDFH���&RROLQJ���,QGLD�SGI�
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GRHV�QRW�UHÁHFW the actual ambient air temperature or the even higher temperature of refrigeration 
and air conditioning condensers operating in direct sunlight or in stagnant air, where heat from the 
condenser is not dissipated.
Other efforts are under way within the United Arab Emirates Ministry of Environment and Water 
and the Emirates Authority for Standardisation and Metrology (ESMA). In addition, the Air 
Conditioning, Heating and Refrigeration Institute (AHRI), the UNEP and the American Society 
of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) Falcon Chapter organized 
in October 2014 the latest in a series of meetings of industry stakeholders to guide development, 
commercialization, and selection of alternatives to HCFC and high-GWP HFC refrigerants and 
associated technology for high-ambient temperature countries.64

7KH�QHJOHFW�RI�UHOLDEOH�HQHUJ\�HIÀFLHQF\�WHVWLQJ�LV�QRW�D�WHFKQLFDOO\�YDOLG�UHDVRQ�WR�GHOD\�WKH�SKDVH�
down of high-GWP refrigerants, as next generation options to replace HFCs show improved cooling 
FDSDFLW\�DQG�HQHUJ\�HIÀFLHQF\�UHODWLYH�WR�+)&����$�DW�KLJK�DPELHQW�FRQGLWLRQV���

4.4  Refrigeration and air conditioning service and equipment end-of-life
0RVW�$��3DUWLHV�GR�QRW�SURGXFH�+)&�VXEVWDQFHV�RU�HTXLSPHQW�FRQWDLQLQJ�+)&V�66 The implications of 
QRW�SURGXFLQJ�+)&V�DQG�RU�SURGXFWV�FRQWDLQLQJ�+)&V�DUH�����WKDW�WKH�+)&�SKDVH�GRZQ�E\�WKHVH�$��
Parties could be relatively simple if those Parties introduce and implement the actions outlined below:

��� ,QWURGXFH�DQG�LPSOHPHQW�VDIHW\�VWDQGDUGV�DQG�EHVW�SUDFWLFHV�WR�VDIHO\�XVH����ÁDPPDEOH�DQG�
WR[LF�QDWXUDO�UHIULJHUDQWV�����ÁDPPDEOH�ORZHU�*:3�+)&�DQG�+)2�UHIULJHUDQWV�DQG�EOHQGV��
DQG����OHVV��RU�QRQ�ÁDPPDEOH�+)2V�

��� ,QFHQWLYL]H�WKH�LPSRUW�RI�ORZ�*:3�SURGXFWV�ZLWK�KLJK�HQHUJ\�HIÀFLHQF\�DQG�DGHTXDWH�VDIHW\�
3. Avoid the purchase of imported products depending on high-GWP HFCs and implement best 

service and disposal practices to minimize the use and emissions of HFCs. 
4. Consider the ownership, service and disposal implications of each new chemical substance 

allowed in imported products.
,Q�DGGLWLRQ��QRW�SURGXFLQJ�+)&V�DQG�RU�SURGXFWV�FRQWDLQLQJ�+)&V�ZRXOG�DOORZ�0/)�ÀQDQFLQJ�
to strengthen capacity building, technician training, service infrastructure, safety standards, and 
enforcement. 
%HFDXVH�PDQ\�$��3DUWLHV�ZLOO�IDFH�VLPLODU�VLWXDWLRQV��WKHUH�ZLOO�EH�JUHDW�DGYDQWDJHV�LQ�GHYHORSLQJ�
DQG�VKDULQJ�LQIRUPDWLRQ�RQ�WHFKQLFDO�SHUIRUPDQFH��SDUWLFXODUO\�HQHUJ\�HIÀFLHQF\���WUDLQLQJ��VDIHW\�
standards, and refrigerant management during servicing and at the end of product life.
$��3DUWLHV�WKDW�RQO\�LPSRUW�UHIULJHUDWLRQ�DQG�DLU�FRQGLWLRQLQJ�HTXLSPHQW�FDQ�DFW�TXLFNO\�WR�DYRLG�²�
through the introduction of safety standards and regulations—the infrastructure and ownership costs 
RI�URRP�$�&V�ZLWK�UHIULJHUDQWV�WKDW�DUH�DOUHDG\�REVROHWH��$Q\�SDUW\�FDQ�SURKLELW�WKH�PDQXIDFWXUH�
and import of products containing an unwanted HFC and any party can request multinational 
companies to seek prior informed request before marketing high GWP HFC products.67 
64 7KH� VHDUFK� FRQWLQXHV�� &OLPDWH� &RQWURO� ���� 2FWREHU� ������ KWWS���ZZZ�FOLPDWHFRQWUROPH�FRP�HQ���������WKH�VHDUFK�
FRQWLQXHV��
�� Praveen, S. S. (2013) $�&RPSDULVRQ�RI�DQ�5���DQG�DQ�5���D�$LU�&RQGLWLRQHU�2SHUDWLQJ�$W�+LJK�$PELHQW�7HPSHUDWXUH, presentation 
DW� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$GYDQFHG�5HVHDUFK� LQ�0HFKDQLFDO�(QJLQHHULQJ�� ��� -XQH�������&KHQQDL��KWWS���ZZZ�
LUQHWH[SORUH�DF�LQ�,51HW([SORUHB3URFHHGLQJV�&KHQQDL�$50(B��-XQH����&KHQQDL�$50(B��-XQH����&KHQQDLB'RF����
14.pdf (last accessed Oct. 24, 2014).
66 Products that contain HFCs include refrigeration, air conditioning HTXLSPHQW��VSHFLDOW\�ÀUH�SURWHFWLRQ�HTXLSPHQW��PHWHUHG�
dose inhalers, and technical aerosol products.
67�7KDLODQG�EHFDPH�WKH�ÀUVW�$��SDUW\�WR�XVH�DQ�HQYLURQPHQWDO�WUDGH�EDUULHU�ZKHQ�WKH\�EDQQHG�WKH�PDQXIDFWXUH�DQG�LPSRUW�RI�
refrigerators containing CFC-12 refrigerant and CFC-11 insulating foam in order to protect domestic manufacturers of ozone-
safe refrigerators from unfair competition from foreign companies dumping CFC technology in their export markets. The 
Industry Cooperative for Ozone Layer Protection (ICOLP) and the Japan Industrial Conference for Ozone Layer Protection 
(JICOP), in cooperation with the US Environmental Protection Agency (US EPA), Japan Ministry of Economy, Trade and 
,QGXVWU\��0(7,���-DSDQ�0LQLVWU\�RI�WKH�(QYLURQPHQW��02(���DQG�81(3��RUJDQL]HG�WKH�¶9LHWQDP�3OHGJH·�E\�PXOWLQDWLRQDO�
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$�� 3DUWLHV� LPSRUWLQJ� DXWRPRELOHV� Fannot avoid HFC-134a, which was implemented with few 
H[FHSWLRQV� ZRUOGZLGH� E\� ����� DQG� LQ� ,QGLD� DQG� &KLQD�PRUH� WKDQ� D� GHFDGH� DJR�� EXW� WKH\� FDQ�
orchestrate the transition to HFO-1234yf by setting schedules for when import of new and used 
vehicles with HFC-134a will be prohibited.68 Automobile dealers selling new vehicles with next-
generation MACs could be required to own the proper equipment for service and to always properly 
service and recharge these systems.

$��3DUWLHV�ZLWK�VXSHUPDUNHWV�RZQHG�E\�PXOWLQDWLRQDO�FRPSDQLHV�FRXOG�QHJRWLDWH�UDSLG�WUDQVLWLRQ�
to new technology and cooperate locally to building the training and infrastructure necessary to 
PDNH�ÀQDQFLDO�LQYHVWPHQWV�FRVW�HIIHFWLYH�IRU�ORFDO�VXSHUPDUNHWV�DQG�UHWDLO�JURFHU\�60(V��LQFOXGLQJ�
those that will be funded by the MLF. Supermarkets around the world already are phasing out 
HFCs and transitioning to alternatives, which often results in savings associated with increased 
HQHUJ\�HIÀFLHQF\��VHH�IXUWKHU�LQ�6HFWLRQ������
0RVW�$�� 3DUWLHV� KDYH� DOUHDG\� VKLIWHG� WR�+&����D� UHVLGHQWLDO� UHIULJHUDWRUV� DQG� IUHH]HUV� DQG�ZLOO�
be able to apply the same service practices to plug-in commercial refrigeration equipment using 
ÁDPPDEOH�K\GURFDUERQ�UHIULJHUDQWV��+RZHYHU��QHZ�WUDLQLQJ�DQG�LQIUDVWUXFWXUH�ZLOO�EH�UHTXLUHG�IRU�
each of the other new technologies replacing HFCs.

7DEOH�����1HZ�UHIULJHUDQWV�WR�UHSODFH�KLJK�*:3�+)&V�LQ�$��3DUWLHV

Refrigerant 0$&6 Room air 
conditioning

Building air 
conditioning

Domestic 
Refrigerators

Small commercial 
refrigeration

HC HC-290 HC-600a
Lower GWP HFC HFC-32 HFC-32
CO2 CO2

HFO

+)&�+)2�EOHQGV

HFO-
1234yf

+)2�+)&�
blends

Various +)2�+)&�EOHQGV

Note: The above list is illustrative and could change depending upon new product technologies 
DYDLODEOH�LQ�WKH�PDUNHW��7KH�WDEOH�FDSWXUHV�WKH�¶ELJJHU�SLFWXUH·�RQ�WHFKQRORJ\�RSWLRQV�
7UDLQLQJ�DQG�LQIUDVWUXFWXUH�LV�QHHGHG�IURP�WKH�WLPH�WKH�ÀUVW�SURGXFWV�ZLWK�ORZ�*:3�UHIULJHUDQWV�
are introduced, including training in the safe installation, operation, and service of products with 
natural refrigeraQWV��ORZ�*:3�+)&��+)2��DQG�+)&�+)2�EOHQGV�

��� (QHUJ\�(IÀFLHQF\

The phase-out of CFCs under the Montreal Protocol catalysed substantial improvements in air 
FRQGLWLRQLQJ�DQG�UHIULJHUDQW�HQHUJ\�HIÀFLHQF\�DV�WKH�UHVXOW�RI�UHSODFLQJ�ROG�SURGXFWV�DQG�HTXLSPHQW�
ZLWK�D�QHZ�JHQHUDWLRQ�RI�KLJKHU�HIÀFLHQF\�PDFKLQHV�69�&RPSDUDEOH�HQHUJ\�HIÀFLHQF\�LPSURYHPHQWV�

companies to avoid increasing dependence on ODSs and technology cooperation for environmentally superior solutions. 
Andersen, S. O. & K. M. Sarma (2002) PROTECTING THE OZONE LAYER: THE UNITED NATIONS HISTORY, Earthscan Press, London 
�2IÀFLDO�SXEOLFDWLRQ�RI�WKH�8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH���see also Andersen, S. O., K. M. Sarma & K. N. Taddonio 
(2007) TECHNOLOGY TRANSFER FOR THE OZONE LAYER: LESSONS FOR CLIMATE CHANGE��(DUWKVFDQ�3UHVV��/RQGRQ��2IÀFLDO�SXEOLFDWLRQ�
of the Global Environment Facility (GEF) and the United Nations Environment Programme). 
68�,Q������WKH�(8�ZLOO�EDQ�WKH�VDOH�RI�YHKLFOHV�ZLWK�DLU�FRQGLWLRQLQJ�UHIULJHUDQWV�ZLWK�D�*:3!�����7KH�86�(3$�KDV�SURSRVHG�
a ban beginning in 2022.
69 US EPA (2002) BUILDING OWNERS SAVE MONEY, SAVE THE EARTH, REPLACE YOUR CFC AIR CONDITIONING CHILLER, EPA-430-F-02-026: 
KWWS���ZZZ�HSD�JRY�R]RQH�WLWOH������FKLOOHU�B���SGI�� 7RGHVFR�� *�� ������� &KLOOHUV� �� /LJKWLQJ� �� 7(6�� :K\� &)&� &KLOOHU�
Replacement Can Be Energy-Savings Windfall, ASHRAE JOURNAL, pp18-27; Global Environment Facility (GEF) (2009) India: 
&KLOOHU�(QHUJ\�(IÀFLHQF\�3URMHFW��3URJUDPPDWLF�)UDPHZRUN�IRU�(QHUJ\�(IÀFLHQF\�LQ�,QGLD��3URMHFW�,'�3������������SDJHV��
KWWSV���ZZZ�WKHJHI�RUJ�JHI�VLWHV�WKHJHI�RUJ�ÀOHV�UHSRVLWRU\�������������,'�������,QGLD����&RXQFLO���OHWWHU�SGI��
and Andersen, S. O. & E. T. Morehouse (1997) The Ozone Challenge: Industry and Government Learned to Work Together to Protect 
Environment, ASHRAE JOURNAL.
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are documented for projects demonstrating alternatives to high-GWP HFCs. For example, the 
&&$&�KDV�UHSRUWHG�RYHU����SHU�FHQW�LPSURYHPHQW�LQ�HQHUJ\�HIÀFLHQF\�LQ�FRPPHUFLDO�IRRG�VWRUHV�
using cascade and secondary loop low-GWP systems.70�$Q� DOPRVW� ��� SHU� FHQW� LPSURYHPHQW� LQ�
retail refrigerated low-GWP beverage display cases has been reported by Coca-Cola Company 
and PepsiCo, and both Tesco and Unilever have reported typically 10 per cent improvements for 
refrigerated and frozen food cabinets using natural refrigerants.71

&DXWLRQ� LV� QHFHVVDU\� ZKHQ� FRPSDULQJ� WKH� HQHUJ\�HIÀFLHQF\� FODLPV� RI� UHIULJHUDWLRQ� DQG� DLU�
FRQGLWLRQLQJ�DOWHUQDWLYHV�EHFDXVH�����WKH�HQHUJ\�HIÀFLHQF\�RI�WKH�QHZ�V\VWHP�RSWLPL]HG�IRU�KLJKHVW�
SRVVLEOH�HQHUJ\�HIÀFLHQF\�PD\�EH�FRPSDUHG�DJDLQVW�DQ�ROG�V\VWHP�WKDW�ZDV�QRW�DV�HQHUJ\�HIÀFLHQW��
��� WKH� QHZ� V\VWHP� ZDV� WHVWHG� DW� WKH� WHPSHUDWXUHV� ZKHUH� LW� KDG� WKH� JUHDWHVW� HQHUJ\�HIÀFLHQF\�
DGYDQWDJH�� RU� ��� WKH� HQHUJ\�HIÀFLHQF\� FODLP� PLJKW� EH� XQWHVWHG�� XQYHULÀHG�� ELDVHG�� RU� HYHQ�
IDEULFDWHG��7KH�YDOLGLW\�RI�HQHUJ\�HIÀFLHQF\�FODLPV� LV�VWUHQJWKHQHG�E\�WUXVWHG�WKLUG�SDUW\� WHVWLQJ�
XVLQJ�UHVSHFWHG�HQHUJ\�HIÀFLHQF\�WHVW�PHWKRGV�DQG�E\�SURRI�RI�FRPSOLDQFH�ZLWK�HQHUJ\�HIÀFLHQF\�
VWDQGDUGV�DQG�SURGXFW�HQHUJ\�HIÀFLHQF\� ODEHOOLQJ� LQ�JRYHUQPHQW�SURJUDPPHV��)RU�H[DPSOH�� WKH�
LCCP comparisons of MAC systems are based on SAE International test standards using an LCCP 
model that was developed by international consensus and is hosted by the US EPA.72

7KH�&&$&�LV�DQ� LQGHSHQGHQW�VRXUFH�RI�GHWDLOHG� LQIRUPDWLRQ�RQ�HQHUJ\�HIÀFLHQF\�DQG�UHWXUQ�RQ�
investment (ROI) for low-GWP alternatives in commercial refrigeration, including propane, CO2 
and HFOs, reported by the supermarket companies pioneering the new technology. In evaluating 
technical choices, it is important to consider whether the source have a vested interest or bias. 

These case studies are particularly valuable in highlighting advantages of particular technology 
LQ�ERWK�WHPSHUDWH�DQG�KLJK�DPELHQW�FRQGLWLRQV��LQFOXGLQJ�WKH�HQHUJ\�DQG�ÀQDQFLDO�DGYDQWDJHV�RI�
recovering and reusing the heat from evaporators to heat occupied spaces in buildings or for process 
heating. In some of the case studies, the companies demonstrating the new technologies in their 
supermarkets also indicate which of the new technologies will be implemented throughout their 
JOREDO�HQWHUSULVHV�DQG�VSHFLÀFDOO\�LQ�VWRUHV�RSHUDWLQJ�LQ�KLJK�DPELHQW�WHPSHUDWXUHV�73 The CCAC 
plans to publish additional case studies on alternatives to high-GWP HFCs for other sectors. 

7KH� HQHUJ\� HIÀFLHQF\�RI� UHIULJHUDWLRQ� DQG�DLU� FRQGLWLRQLQJ� HTXLSPHQW�GHSHQGV�RQ� WKH� FKRLFH� RI�
refrigerant, design, components, and controls, and also depends on the ambient temperature 
where heat is rejected, as well as the temperature of the space that is cooled. Each refrigerant has 
WKHRUHWLFDO�HQHUJ\�HIÀFLHQF\, which is based on its chemical properties, SRWHQWLDO�HQHUJ\�HIÀFLHQF\, which 
is measured using laboratory test equipment, and SURGXFW�HQHUJ\�HIÀFLHQF\, which is measured in test 
FKDPEHUV�DQG�LV�WKH�EDVLV�IRU�HQHUJ\�HIÀFLHQF\�UDWLQJV�WKDW�JXLGH�FRQVXPHU�FKRLFH�
The least-cost choice of HFC technology to phase out HCFCs, which is based on refrigerants such as 
+)&����$�DQG�+)&����D��GRHV�QRW�DFKLHYH�WKH�OHYHO�RI�KLJK�HQHUJ\�HIÀFLHQF\�WKDW�LV�LQ�WKH�LQWHUHVW�
of owners of refrigeration and air conditioning in the future. Natural refrigerants and low-GWP 
+)&V�DUH�DOWHUQDWLYHV�WKDW�FDQ�DFKLHYH�HTXDO�RU�HYHQ�VXEVWDQWLDOO\�KLJKHU�HQHUJ\�HIÀFLHQF\�WKDQ�WKH�
HCFC or high-GWP HFC technology that is replaced. This requires, however, market incentives 

70 UNEP & CCAC (2014) LOW-GWP ALTERNATIVES IN COMMERCIAL REFRIGERATION: PROPANE, CO2 AND HFO CASE STUDIES, Publication 
QXPEHU�',7�����3$��KWWS���ZZZ�XQHS�RUJ�FFDF�SRUWDOV�������GRFV�/RZ�*:3B$OWHUQDWLYHVBLQB&RPPHUFLDOB5HIULJHUD�
WLRQ�&DVHB6WXGLHV�)LQDO�SGI�
71 Consumer Goods Forum (2009) SUCCESS STORIES ABOUT HFC-FREE REFRIGERATION AND ENERGY EFFICIENCY: BARRIERS AND 
SOLUTIONS��KWWS���ZZZ�GRFVWRF�FRP�GRFV�����������&RQVXPHU�*RRGV�)RUXP�5HIULJHUDWLRQ�6XFFHVV�6WRULHV��%���'�
72 US EPA, Comparing the Climate Impacts of Mobile Air Conditioners��KWWS���ZZZ�HSD�JRY�FSG�PDF�FRPSDUH�KWP (last visited 
3 November 2014); see also Papasavva, S. & S. O. Andersen (2010) GREEN-MAC-LCCP©: Life-Cycle Climate Performance 
Metric for Mobile Air Conditioning Technology Choice, Environmental Progress & Sustainable Energy, AMERICAN INSTITUTE OF 
CHEMICAL ENGINEERING; Papasavva, S., W. R. Hill, & S. O. Andersen (2010), GREEN-MAC-LCCP: a tool for assessing the life cycle 
climate performance of MAC systems., ENVIRON SCIENCE AND TECHNOLOGY�����������������GRL����������HV������J��and Papasavva, 
S., W. R. Hill, & R. Monforte (2010) COMPARISON OF GREEN-MAC-LCCP© BASED INDIRECT CO2-EQ. EMISSIONS FROM MACS AND 
VEHICLE MEASURED DATA��6$(�7HFKQLFDO�3DSHU���������������GRL����������������������
73 CCAC (2014) LOW-GWP ALTERNATIVES IN COMMERCIAL REFRIGERATION: PROPANE, CO2 AND HFO CASE STUDIES, UNEP publication 
DIT-1666PA.
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WKDW�WDNH�LQWR�DFFRXQW�WKH�VRFLDO�EHQHÀWV�RI�HQHUJ\�HIÀFLHQcy, including climate, health, and net life-
cycle ownership costs including avoided investment in power plants.
Recent regulation and voluntary HFC phase-downs by industry have fostered a large number of 
VWXGLHV�RI�WKH�ZLGH�FKRLFH�DQG�HQHUJ\�HIÀFLHQF\�RI�ORZ�*:3�QDWXUDO�UHIULJHUDQWV��+)&V��DQG�+)2V��
The most ambitious projects include:

�� $+5,�LV�VFUHHQLQJ�DQG�FKDUDFWHUL]LQJ�SRWHQWLDO�UHIULJHUDQWV�IRU�ORZ�2'3��*:3��ÁDPPDELOLW\��
WR[LFLW\�DQG�KLJK�HQHUJ\�HIÀFLHQF\��LQFOXGLQJ�HIÀFLHQF\�DW�KLJK�DPELHQW�WHPSHUDWXUHV�74 At the 
Obama HFC Summit on 16 September 2014, the air conditioning and refrigeration industry 
SOHGJHG�86��� ELOOLRQ� RYHU� WKH� QH[W� GHFDGH� WR� UHVHDUFK� DQG� GHYHORS� QHZ� UHIULJHUDQWV� DQG�
equipment to accomplish the HFC phase-down.��

�� The Alliance for Responsible Atmospheric Policy (ARAP), AHRI, and the CCAC organized the 
*OREDO�)RRG�&KDLQ�&RXQFLO��*)&&��¶«WR�UHGXFH�JUHHQKRXVH�JDV�HPLVVLRQV�LQ�WKH�SURFHVVLQJ��
transportation, storage and retail display of cold food and to stimulate demand for climate-
friendly technology.’76 

�� The US Department of Energy, with university and industry partners, has created the Super-
(IÀFLHQW� (TXLSPHQW� DQG� $SSOLDQFH� 'HSOR\PHQW� ,QLWLDWLYH� �6($'�� DQG� WKH� 5HVHDUFK� DQG�
Development Roadmap for Next-Generation Low-Global Warming Potential Refrigerants to 
guide the way forward to progressively more sustainable technology.77

�� ,QWHUQDWLRQDO� DQG� QDWLRQDO� 1*2V� DQG� QDWLRQDO� JRYHUQPHQWV� DUH� WHVWLQJ� HQHUJ\� HIÀFLHQF\�
DQG�SXEOLVKLQJ�WKH�UHVXOWV�IRU�XVH�LQ�VDWLVI\LQJ�HQHUJ\�HIÀFLHQF\�VWDQGDUGV��HQHUJ\�HIÀFLHQF\�
labelling requirements, and other methods of educating and incentivizing wise choices. 

)RU� PRVW� DSSOLFDWLRQV�� ORZ�*:3� DOWHUQDWLYHV� DFKLHYH� KLJKHU� HQHUJ\� HIÀFLHQF\� WKDQ� WKH� +)&V�
replaced. Natural and low-GWP HFC refrigerants show improved cooling capacity and energy 
HIÀFLHQF\� UHODWLYH� WR� +)&����$� DW� KLJK� DPELHQW� FRQGLWLRQV�� 6HFRQGDU\�ORRS� DQG� WZR�SKDVH�
VHFRQGDU\�ORRS� UHIULJHUDWLRQ� DFKLHYHV� KLJKHU� HQHUJ\� HIÀFLHQF\� XVLQJ� ORZ�*:3� UHIULJHUDQWV� LQ�
systems with lower refrigerant system charge and lower leak rates.78 Natural refrigerants achieve 
KLJKHU�HQHUJ\�HIÀFLHQF\�DW�QRUPDO�DPELHQW�WHPSHUDWXUHV��EXW�DUH�VRPHWLPHV�OHVV�HIÀFLHQW�WKDQ�+)2�
and lower-GWP HFCs at high ambient temperatures.79

1HZ�ORZ�*:3�WHFKQRORJ\�LV�QRW�SUHVHQWO\�IHDVLEOH�IRU�PRVW�FRPSDQLHV�LQ�$��3DUWLHV�EXW�LV�H[SHFWHG�
to be feasible once new technology, training and servicing parts are commercially available locally, 
SURYLGHG� WKDW� DGHTXDWH� DQG� HIÀFLHQW� ÀQDQFLQJ� LV� DYDLODEOH�� :LWK� WHFKQRORJLFDO� DQG� ÀQDQFLDO�
assistance, it will be feasible to leapfrog high-GWP refrigerants in the phase-out of HCFCs and to 
select refrigerants and associated equipment that deliver superior LCCP. Proper investment analysis 
ZLOO� FRQVLGHU� HQHUJ\� HIÀFLHQF\� WR� EH� D� FR�EHQHÀW� ZLWK� UHGXFHG� RZQHUVKLS� FRVWV� DQG� LQFUHDVHG�
property value, in addition to the value of avoided investment in power plants and cleaner air from 
less power generation.
0DLQ�EDUULHUV�WR�HQHUJ\�HIÀFLHQW�SURGXFWV�LQ�$��3DUWLHV
%DUULHUV� WR� WUDQVLWLRQLQJ� WR� HQHUJ\�HIÀFLHQW� SURGXFWV� ZLOO� YDU\� DPRQJ� FRXQWULHV� GXH� WR� WKH�
VLJQLÀFDQW�GLIIHUHQFHV� LQ�ÀQDQFLDO�DQG�SROLWLFDO� VLWXDWLRQV��%DUULHUV�DW� WKH�GRPHVWLF� OHYHO�� VXFK�DV�

74 AHRI, Low-GWP Alternative Refrigerants Evaluation Programme��KWWS���ZZZ�DUL�RUJ�VLWH�����5HVRXUFHV�5HVHDUFK�$+5,�
Low-GWP-Alternative-Refrigerants-Evaluation.
���$LU�&RQGLWLRQLQJ� _�+HDWLQJ� _�5HIULJHUDWLQJ�1HZV��+9$&� ,QGXVWU\� /D\V�2XW�5HIULJHUDWLRQ� 3ODQ� ���� 6HSWHPEHU� ������
KWWS���ZZZ�DFKUQHZV�FRP�DUWLFOHV�SULQW��������KYDF�LQGXVWU\�OD\V�RXW�UHIULJHUDQW�SODQ�
76 Alliance for Responsible Atmospheric Policy (2014) 5HIULJHUDWLRQ�,QGXVWU\�/HDGHUV�2UJDQL]H�*OREDO�)RRG�&ROG�&KDLQ�&RXQFLO, 
PR Newswire (23 September 2014).
77 US DOE (2011) RESEARCH AND DEVELOPMENT ROADMAP FOR NEXT-GENERATION; Shah, N., P. Waide, & A. Phadke (2013) COOLING 
THE PLANET: OPPORTUNITIES FOR DEPLOYMENT OF SUPER-EFFICIENT ROOM AIR CONDITIONERS, Navigant Consulting, DOE DE-AC02-
��&+������
78 DelVentura, R., C. L. Evans, & I. Richter (2007) SECONDARY LOOP SYSTEMS FOR THE SUPERMARKET INDUSTRY, Bohn.
79 Mikhailov, A. & H. Ole Matthiesen (2013) 6\VWHP�(IÀFLHQF\�IRU�1DWXUDO�5HIULJHUDQWV, ASHRAE JOURNAL.
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ORZ�HOHFWULFLW\�SULFLQJ�DQG�VSOLW�LQFHQWLYHV��DUH�GLIÀFXOW�WR�RYHUFRPH��2WKHU�EDUULHUV��VXFK�DV�WKRVH�
OLQNHG� WR� ÀQDQFH�� LQIRUPDWLRQ� DQG� WHFKQRORJ\�� FDQ� EH� RYHUFRPH� WR� DFKLHYH� WKH� GHVLUHG�PDUNHW�
WUDQVIRUPDWLRQ�WR�HQHUJ\�HIÀFLHQW�SURGXFWV�DQG�WKH�FR�EHQHÀWV�RI�FOLPDWH�SURWHFWLRQ��FOHDQ�DLU��DQG�
avoided investment in power plants that would otherwise be necessary to provide the extra power 
UHTXLUHG�E\�LQHIÀFLHQW�DSSOLDQFHV�
Barriers include:80

�� Policy: low price of energy (net of subsidy and non-payment), no due consideration at the 
ÀVFDO�SROLF\�OHYHO�IRU�HQHUJ\�HIÀFLHQW�WHFKQRORJLHV�

�� )LQDQFH��QR�LQFHQWLYH�WR�PDQXIDFWXUHUV�WR�LQYHVW�LQ�HQHUJ\�HIÀFLHQF\��SULFH�VHQVLWLYLW\�RI�WKH�
appliance market.

�� Business and management: market demand uncertainty; lack of resources amongst SMEs 
WR�GHYHORS�DQG�PDUNHW�HQHUJ\�HIÀFLHQW�SURGXFWV��UHOXFWDQFH�WR�LQYHVW�LQ�5	'�GXH�WR�ODFN�RI�
resources.

�� Information: lack of awareness amongst consumers and policy-makers about residential 
VHFWRU�HQHUJ\�XVH�DQG�HQHUJ\�HIÀFLHQF\�SRWHQWLDO��ODFN�RI�LQIRUPDWLRQ�DERXW�WKH�SUHFLVH�HQHUJ\�
VDYLQJ�SRWHQWLDO�IURP�HQHUJ\�HIÀFLHQF\�

�� Technology: limited access to state-of-art technology; lack of adequately equipped and staffed 
LQGHSHQGHQW�WHVW�ODEV�IRU�HQHUJ\�HIÀFLHQF\�WHVWLQJ�

�� &RPPRQ�SUDFWLFH�� ODFN�RI�FRQÀGHQFH�LQ�WKH�QHZ�HTXLSPHQW�� LQHUWLDO�EHKDYLRXU�WR�PDLQWDLQ�
status quo of energy-using equipment.

Finance from the Global Environment Facility has been available to developing countries to remove 
EDUULHUV�WR�WKH�LQWURGXFWLRQ�RI�HQHUJ\�HIÀFLHQF\�SURGXFWV�DQG�PDUNHW�WUDQVIRUPDWLRQ��7KH�IXQGLQJ�
KDV� EHHQ� GLUHFWHG� WRZDUG� FDSDFLW\�EXLOGLQJ� IRU� JRYHUQPHQW� RIÀFLDOV� �L�H�� UHJXODWRU\� RIÀFLDOV���
importers and distributors, technology transfer and labelling programmes. Global Environment 
Facility (GEF) implementing agencies, such as the UNDP, UNEP and the World Bank, have a large 
SRUWIROLR�RI�VXFK�SURMHFWV�WKDW�DUH�PRVWO\�ÀQDQFHG�E\�JRYHUQPHQWV�DQG�WKH�SULYDWH�VHFWRU�81

,W�LV�FOHDU�IURP�WKH�UHVXOWV�RI�WKRVH�SURMHFWV�WKDW�IXQGV�DUH�HVVHQWLDO�WR�$��3DUWLHV�IRU�WKH�UHPRYDO�RI�
EDUULHUV�DQG�WKH�VPRRWK�WUDQVLWLRQ�WR�D�PDUNHW�RI�PRUH�HQHUJ\�HIÀFLHQW�HTXLSPHQW��)RU�$��3DUWLHV�
WKDW�DUH�PDQXIDFWXUHUV�RI�HTXLSPHQW�VXFK�DV�$�&V��EDUULHUV�DUH�PRVW�OLNHO\�WR�EH�RI�WKH�ÀQDQFLDO��
business and management type.

6 Availability of Funding82 

7KH� VLPSOHVW� VROXWLRQ� WR� ÀQDQFLQJ� DQ� +)&� SKDVH�GRZQ� DQG� LQFUHDVH� LQ� HQHUJ\� HIÀFLHQF\� LV�
replenishment of the MLF to expand its funding window83 to take on 1) the added cost of leapfrogging 
high-GWP HFCs in the phase-out of HCFCs, 2) the added cost of a second transition from HFCs in 
DSSOLFDWLRQV�OLNH�0$&V�WKDW�DOUHDG\�XVH�+)&V��DQG����WKH�DGGHG�FRVW�RI�D�WZR�VWDJH�WUDQVLWLRQ�ÀUVW�
from HCFCs to HFCs and then from HFCs to next-generation technology in applications where 
implementing HFCs is too far along to turn back.84�3DUWLHV�FRXOG�GHFLGH�WR�PDNH�ÀQDQFLQJ�DYDLODEOH�
LPPHGLDWHO\�IRU�$��3DUWLHV�FKRRVLQJ�WR�JR�EH\RQG�FRPSOLDQFH��

80 Koizumi, S. (2007) ENERGY EFFICIENCY OF AIR CONDITIONERS IN DEVELOPING COUNTRIES AND THE ROLE OF CDM��2(8'�,($�
81 GEF Secretariat, Personal Communication, October 2014.
82�7KLV�VHFWLRQ�LV�D�VXPPDU\�RI�D�PRUH�GHWDLOHG�DVVHVVPHQW�RI�ÀQDQFH�RSSRUWXQLWLHV�EHLQJ�GHYHORSHG�E\�6WHYHQ�*RUPDQ�DQG�
his associates with substantial contributions from the participants in this report.
83�6HH�WKH�GHÀQLWLRQ�RI�¶IXQGLQJ�ZLQGRZV·�LQ�WKH�DQQH[�WR�WKLV�UHSRUW��
84�)RU�D�GLVFXVVLRQ�RI�¶IXQGLQJ�ZLQGRZV·�XQGHU�HQYLURQPHQWDO�DJUHHPHQWV�see UNFCCC (2011) WORKSTREAM III: OPERATIONAL 
MODALITIES SUB-WORKSTREAM III.2: MANAGING FINANCE BACKGROUND NOTE: THEMATIC WINDOWS��7&���:6,,,����KWWSV���XQIFFF�LQW�
ÀOHV�FDQFXQBDJUHHPHQWV�JUHHQBFOLPDWHBIXQG�DSSOLFDWLRQ�SGI�WF�BZV�B�B�������SGI��
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$� VHFRQG� VROXWLRQ� LV� IRU� DQ� H[SDQGHG� IXQGLQJ� ZLQGRZ� IURP� QRQ�$�� FRQWULEXWLRQV� DV� JUDQWV��
SURYLGHG�WKH�0/)�([HFXWLYH�&RPPLWWHH�ZHOFRPHV�WKLV�FR�ÀQDQFLQJ�DQG�HDV\�DQ\�DGPLQLVWUDWLYH�
EDUULHU�WKDW�SUHYHQW�$��3DUWLHV�DQG�HQWHUSULVHV�WR�HPEUDFH�WKH�FOLPDWH��FOHDQ�DLU��DQG�QDWXUDO�UHVRXUFH�
EHQHÀWV�RI�KLJKHU�HQHUJ\�HIÀFLHQF\�
$�WKLUG�VROXWLRQ�LV�IRU�$��3DUWLHV�WR�VHSDUDWHO\�VHHN�ÀQDQFH�IURP�VRXUFHV�RWKHU�WKDQ�WKH�0/)�IRU�WKH�
+)&�SKDVH�GRZQ�DQG�HQHUJ\�HIÀFLHQF\�DQG�WR�VRPHKRZ�FRRUGLQDWH�WKDW�IXQGLQJ�ZLWK�WKH�+&)&�
phase-out schedule. Unfortunately, the Montreal Protocol institutions and management structure in 
PRVW�$��3DUWLHV�DUH�DFFXVWRPHG�WR�KDYLQJ�D�¶RQH�VWRS�IXQGLQJ�ZLQGRZ·�IRU�LQWHUQDWLRQDO�ÀQDQFLQJ�
that relates to ozone depletion, and are not well prepared (given their lack of knowledge of other 
ÀQDQFLQJ�LQVWLWXWLRQ�RU�PHFKDQLVPV��WR�DFFHVV�IXQGV�IURP�WKH�LQWHUQDWLRQDO�ÀQDQFLDO�LQVWLWXWLRQV�RU�
IXQGV�WKDW�VXSSRUW�HQHUJ\�HIÀFLHQF\�LQYHVWPHQWV�DQG�FOHDQ�HQHUJ\�SURMHFWV��ZKLFK�DUH�GHVFULEHG�
EHORZ��6RPH�$��3DUWLHV�ZRXOG�SUHIHU�WR�SUHIHU�WR�XVH�JRYHUQPHQW�DQG�SULYDWH�VHFWRU�ÀQDQFH�DW�WKH�
QDWLRQDO�OHYHO�IRU�WKH�QRQ�HOLJLEOH�SRUWLRQ�RI�0RQWUHDO�3URWRFRO�SURMHFWV��UDWKHU�WKDQ�VHHN�FR�ÀQDQFH�
from international climate and aid organizations.

6.1 The Multilateral Fund

7KH�DYDLODELOLW\�RI�ÀQDQFH�WR�VXSSRUW�$��3DUWLHV�LQ�WKHLU�HIIRUWV�WR�UHSODFH�+)&V�LV�DQ�HVVHQWLDO�HOHPHQW�
of the success of the Montreal Protocol. As HFCs are not controlled substances under the Protocol, 
the MLF cannot directly support HFC phase-down activities. In 2010, however, in accordance with 
023�'HFLVLRQ�;,;����WKH�0/)�([HFXWLYH�&RPPLWWHH�DJUHHG�WR�DZDUG�D�IXQGLQJ�SUHPLXP�RI�XS�WR�
���SHU�FHQW�IRU�SURMHFWV�FRQYHUWLQJ�+&)&�XVHV�WR�ORZ�*:3�DOWHUQDWLYHV��WKHUHE\�KHOSLQJ�WR�DYRLG�$��
Parties opting for high-GWP HFCs.
Given that the Montreal Protocol will pay the agreed incremental costs of HCFC phase-out, it 
is highly cost-effective to leapfrog high-GWP HFCs in the phase-out of HCFCs with technology 
GHVLJQHG�IRU�KLJK�HQHUJ\�HIÀFLHQF\�XVLQJ�D� ORZ�*:3�UHIULJHUDQW��� The leapfrogging of HFCs in 
the HCFC phase-out and the phase-down of production and consumption of HFCs in existing uses 
under the Montreal protocol are cost-effective because: 1) the incremental costs per tonne CO2-eq is 
lower than many other mitigation options; 2) the technology is now or will soon be commercially 
available at high economies of scale; 3) climate performance metrics and assessments are in place to 
guide technology choice; 4) regional networks, national ozone units and the implementing agencies 
DUH�UHDG\�DQG�DEOH�WR�DVVLVW�����WKH�0/)�SD\V�WKH�DJUHHG�LQFUHPHQWDO�FRVW��ZKLFK�DOORZV�DYDLODEOH�
ÀQDQFLQJ�WR�VXSSRUW�PRUH�LQYHVWPHQW�SURMHFWV��DQG����VRPH�$��FRXQWULHV�KDYH�EHJXQ�WR�SLORW�FDUERQ�
trading and taxation policies which could increase the effective cost of high-GWP HFCs.
The Montreal Protocol has four implementing agencies: UNDP, UNEP, United Nations Industrial 
Development Organization (UNIDO) and the World Bank. These implementing agencies increase 
the cost-effectiveness and stakeholder satisfaction of investment through information, management, 
performance contracting, economies of scale, and direct involvement. With full information, the best 
technology is selected, duplication of effort is avoided, economies of scale are achieved faster and 
lessons from investment are shared. For example, a choice of underperforming technology is not 
repeated and the best technology is rewarded by replication.
1RQ�$��3DUWLHV�WR�WKH�0RQWUHDO�3URWRFRO�FDQ�DOORFDWH�XS�WR����SHU�FHQW�RI�WKHLU�FRQWULEXWLRQ�WR�WKH�
Multilateral Fund to support bilateral projects, which could be supplemented with additional 
funding from their aid agencies. 
2QH�ZD\�IRUZDUG�ZRXOG�EH�WR�UHSOHQLVK�WKH�0/)�DQG�JLYH�LW�D�PDQGDWH�WR�EH�WKH�ÀQDQFLDO�PHFKDQLVP�
to leapfrog high-GWP HFCs at the same time that HCFCs are being phased-out. The MLF, instructed 
E\�WKH�3DUWLHV�WR�WKH�3URWRFRO��FRXOG�RSHQ�D�¶RQH�VWRS�ZLQGRZ·�ZKHUH�FRPSDQLHV�DQG�3DUWLHV�WKDW�
need to change technologies, policies or processes to comply with the Protocol are also eligible to 

�� Highly cost-effective may, however, imply some period of time to recoup initial transition costs for manufacturers and 
reasonable costs of capital.
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EH�ÀQDQFHG�IRU�+)&�SKDVH�GRZQ�DQG�KLJK�HQHUJ\�HIÀFLHQF\��7KLV�VROXWLRQ�FDQ�LQFRUSRUDWH�VLPSOH�
PHWULFV�IRU�TXDQWLI\LQJ�WKH�FR�EHQHÀWV�DQG�GHYHORS�VLPSOH�VWUDWHJLHV�WR�FXW�WKURXJK�LQVWLWXWLRQDO�
EDUULHUV�LQ�RUGHU�WR�SRRO�IXQGV�SUHYLRXVO\�GHGLFDWHG�WR�RQH�FR�EHQHÀW�RU�WKH�RWKHU�86

7KH�0/)�FRXOG�DOVR�EH�UHSOHQLVKHG�WR�PDNH�¶VHFRQG·�WUDQVLWLRQV�LQ�FDVHV�ZKHUH�+)&V�KDYH�DOUHDG\�
replaced ODSs, such as in automobile air conditioning, metered-dose inhalers (MDIs), and early 
transitions from HCFC-22 to HFC-410A and HFC-134a.
MLF replenishment, earmarked to phase down high-GWP HFCs, would position the MLF to 
facilitate the dialogue with other climate funds based on reduced GHG emissions so that Montreal 
3URWRFRO� 3DUWLHV� FRXOG� VHFXUH� FRPSOHPHQWDU\� IXQGLQJ� PRUH� VXFFHVVIXOO\� WKDQ� LI� $�� 3DUWLHV�
negotiated individually. For example, a project to transition from ozone-depleting HCFC-22 to HC-
����LQ�URRP�DLU�FRQGLWLRQLQJ�ZRXOG�EH�ÀQDQFHG�IRU�SURWHFWLQJ�WKH�R]RQH�OD\HU��EXW�FXUUHQWO\�PD\�
VWUXJJOH�WR�ÀQG�WKH�DGGLWLRQDO�IXQGV�WR�DFKLHYH�KLJK�HIÀFLHQF\��GHVSLWH�WKH�FR�EHQHÀWV�RI�FOHDQ�DLU�
and improved health, reduced investment in power plants, reduced energy imports (with capital 
spending at home instead), and reduced ownership costs, which improve the standard of living and 
next-generation prosperity.

6.2 Other funding sources

7KHUH�DUH�RWKHU�IXQGV�WKDW�FRXOG�EH�XVHG�WR�ÀQDQFH�OHDSIURJJLQJ�KLJK�*:3�+)&V��LQFOXGLQJ�WKH�
Climate Investment Funds (CIFs), the GEF, The World Bank, Regional Development Banks, the 
Green Climate Fund (GCF) and other sources. The CIFs and the GEF are global-scale sources of 
FRQFHVVLRQDO� VXSSRUW� WKDW� IXQG� FOLPDWH� EHQHÀWV� DQG� FDQ� SDUWQHU�ZLWK� WKH�0XOWLODWHUDO� )XQG� RQ�
projects. 
However, accessing any of these funds requires detailed knowledge of differing requirements; 
project cycles and internal requirements of each fund differ widely and can hinder timely access 
WR� ÀQDQFH��0RUHRYHU�� WKH�&,)V�PD\� ODFN� WKH� ÀQDQFLDO� DQG�PDQDJHPHQW� ÁH[LELOLW\� WR�PDNH� QHZ�
commitments in the short term without instructions from their donors to make HFC phase-down a 
higher priority.
7KH�:RUOG�%DQN�DQG�RWKHU�LQWHUQDWLRQDO�ÀQDQFLDO�LQVWLWXWLRQV�DORQJ�ZLWK�WKHLU�ELODWHUDO�SDUWQHUV�DUH�
D�SULPDU\�FKDQQHO�IRU�VXSSRUW�IRU�HQHUJ\�HIÀFLHQF\�LQYHVWPHQWV�DQG�RIWHQ�KDYH�GHGLFDWHG�IXQGV�IRU�
VSHFLÀF�W\SHV�RI�FOHDQ�HQHUJ\�SURMHFWV��ZKLFK�PD\�DOVR�EH�GHÀQHG�E\�JHRJUDSKLF�RU�RWKHU�HOLJLELOLW\�
requirements). Funding often needs to be channelled through government recipients, although the 
International Finance Corporation is one of several sources for direct support of private enterprises. 
,)&�ÀQDQFLQJ�PLJKW� EH� SDUWLFXODUO\� DSSURSULDWH� IRU� ÀQDQFLQJ� WKDW� FDQ� EH� HDVLO\� UHSDLG� WKURXJK�
energy savings.
7KH�:RUOG� %DQN� LV� WKH� WUXVWHH� IRU� ÀIWHHQ� FDUERQ� ÀQDQFH� LQLWLDWLYHV�� 7KH� &DUERQ� )LQDQFH� 8QLW87 
VXSSRUWV�PRUH� WKDQ�����SURMHFWV� WKURXJK� WKH�SXUFKDVH�RI�DERXW�����PLOOLRQ� WRQQHV�\HDU�RI�&22-
equivalent emissions. Pursuant to Article 12 of the Kyoto Protocol and the Clean Development 
0HFKDQLVP��&'0��PRGDOLWLHV�DQG�SURFHGXUHV��FHUWLÀHG�HPLVVLRQ�UHGXFWLRQV��&(5V��DUH�H[SHFWHG�WR�
EH�DYDLODEOH�IRU�+)&�SKDVH�GRZQ��ZLWK�DYHUDJH�SD\PHQW�RI��½�0W&22e in 2014.
&OLPDWH�,QYHVWPHQW�)XQGV��&,)V�
The CIFs provide 48 developing and middle-income countries with resources to mitigate and manage 
the challenges of climate change and reduce their GHG emissions. Fourteen contributor countries 
KDYH�SOHGJHG�D�WRWDO�RI�86���ELOOLRQ�WR�WKH�&,)V��ZKLFK�LV�H[SHFWHG�WR�OHYHUDJH�DQ�DGGLWLRQDO�86����
ELOOLRQ� IURP�RWKHU�VRXUFHV��7KH�&,)V�DOORFDWHV�ÀQDQFLQJ� WKURXJK�IRXU� IXQGLQJ�ZLQGRZV�� WKUHH�RI�
86 Ghosh, A. (2010) HARNESSING THE POWER SHIFT: GOVERNANCE OPTIONS FOR INTERNATIONAL CLIMATE FINANCING, Oxfam Research 
5HSRUW��2FWREHU��2[IRUG��2[IDP�,QWHUQDWLRQDO���²���
87 The World Bank (2010) BEYOND THE SUM OF ITS PARTS COMBINING FINANCIAL INSTRUMENTS FOR IMPACT AND EFFICIENCY, ISSUES 
%5,()�����7DEOH����KWWS���ZZZ�ZGV�ZRUOGEDQN�RUJ�H[WHUQDO�GHIDXOW�:'6&RQWHQW6HUYHU�:'63�,%�����������������
����B���������������5HQGHUHG�3')�������%5,�%R[������%��38%/,&��SGI�
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ZKLFK�FRXOG�EH�LPSRUWDQW�LQ�ÀQDQFLQJ�FOLPDWH�EHQHÀWV�LQ�DQ�+&)&�SKDVH�RXW�
7KH�86�����ELOOLRQ�&OHDQ�7HFKQRORJ\�)XQG��&7)��SURYLGHV�SDUWLFLSDWLQJ�PLGGOH�LQFRPH�FRXQWULHV�
(including India) with highly concessional resources to scale up the demonstration, deployment, and 
WUDQVIHU�RI�ORZ�FDUERQ�WHFKQRORJLHV�LQ�UHQHZDEOH�HQHUJ\��HQHUJ\�HIÀFLHQF\��DQG�VXVWDLQDEOH�WUDQVSRUW��
However, funds are currently limited and some approved projects are pending, conditional on the 
availability of additional donor commitments.
7KH�86�����ELOOLRQ�3LORW�3URJUDPPH�IRU�&OLPDWH�5HVLOLHQFH��33&5��LV�KHOSLQJ�GHYHORSLQJ�FRXQWULHV�
integrate climate resilience into development planning and offers additional funding to support 
public and private sector investments for implementation. These funds primarily target the most 
vulnerable countries that do not emit large amounts of GHGs.
7KH�86�����PLOOLRQ�6FDOLQJ�8S�5HQHZDEOH�(QHUJ\�LQ�/RZ�,QFRPH�&RXQWULHV�3URJUDPPH��65(3��
stimulates energy access and economic growth by working with governments in relatively poorer 
countries to build renewable energy markets, attract private investment, and target renewable 
energy technologies that allow for the generation and productive use of energy in households, 
businesses, and community services.
*OREDO�(QYLURQPHQW�)DFLOLW\�
The GEF has been the largest provider of grants and limited non-grant instruments to address 
climate change for the past 20 years. It also has been a secondary source of funding for Montreal 
Protocol projects in former Soviet republics not eligible for support under the MLF. Funding is 
GHÀQHG� E\� WKH� ¶LQFUHPHQWDO� FRVWV·� LQFXUUHG� WR� DFKLHYH� D� JOREDO� EHQHÀW�� IRU� FRVW�HIIHFWLYH� HQHUJ\�
HIÀFLHQF\�LQYHVWPHQWV�� WKLV�W\SLFDOO\�PHDQV�WKH�FRVWV�RI�UHPRYLQJ�PDUNHW�EDUULHUV� LQFOXGLQJ�ODFN�
of awareness, demonstrations of new technology, quality assurance, and technical assistance for 
policy reforms. Support is provided as grants and limited non-grant instruments, primarily but not 
H[FOXVLYHO\�WKURXJK�JRYHUQPHQW�UHFLSLHQWV��2YHU�WKH�����²�����SHULRG��86�����PLOOLRQ�SHU�\HDU�KDV�
EHHQ�DOORFDWHG�WR�WKLV�DUHD³86�����ELOOLRQ�VLQFH�WKH�LQFHSWLRQ�RI�WKH�*()��7KH�VL]H�RI�*()�JUDQWV�IRU�
SURMHFWV�UDQJH�W\SLFDOO\�IURP�86���²����PLOOLRQ��DOWKRXJK�VPDOOHU�SURMHFWV�FDQ�EH�VXSSRUWHG�WKURXJK�
VSHFLÀF�ZLQGRZV�RU�LQGLUHFWO\�WKURXJK�FOHDQ�HQHUJ\�ÀQDQFLQJ�SURJUDPPHV�88 
7KH�*UHHQ�&OLPDWH�)XQG��*&)�
The Green Climate Fund is a new source of climate investment under the UN Framework Convention 
on Climate Change, currently mobilizing resources and expected to begin making commitments in 
the near future. 
Regional development banks 
The regional development banks—the Asian Development Bank (ADB), Inter-American 
Development Bank (IADB), Caribbean Development Bank (CDB), African Development Bank 
(AfDB) and the European Bank for Reconstruction and Development (EBRD)—are important 
SRWHQWLDO�VRXUFHV�RI�FR�IXQGLQJ�IRU�$��SDUW\�+&)&�SKDVH�RXWV�DQG��ZLWK�IDFLOLWDWLRQ�E\�D�GLDORJXH�
LQLWLDWHG�E\�WKH�0/)��FRXOG�H[SDQG�WKHLU�HIIRUWV�WR�WDFNOH�+)&V��5HJLRQDO�JURXSLQJV�RI�$��3DUWLHV�
FRXOG�XQGHUWDNH�MRLQW�SURMHFWV�WKDW�EULQJ�WRJHWKHU�SXEOLF�DQG�SULYDWH�VRXUFHV�RI�ÀQDQFH�WR�VXSSRUW�
SURMHFW�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ��)RU�H[DPSOH��$��3DUWLHV�WKDW�GR�QRW�SURGXFH�UHIULJHUDQWV��
$�&V��RU�UHIULJHUDWLRQ�HTXLSPHQW�FRXOG�EH�ÀQDQFHG�WR�MRLQWO\�GHYHORS�����PRGHO�OHJLVODWLRQ�EDQQLQJ�
WKH�LPSRUW�RI�SURGXFWV�PDGH�ZLWK�+&)&V�DQG�+)&V�����VWUHQJWKHQHG�LQFHQWLYHV�IRU�HQHUJ\�HIÀFLHQF\�
VXFK�DV�HQHUJ\�HIÀFLHQF\�VWDQGDUGV�DQG� ODEHOOLQJ�����DSSURSULDWH�VDIHW\�VWDQGDUGV� IRU�ÁDPPDEOH�
and toxic refrigerant alternatives, and 4) public education on the importance of appliances with low 
life-cycle carbon footprints. 

88 The World Bank (2010) BEYOND THE SUM OF ITS PARTS COMBINING FINANCIAL INSTRUMENTS FOR IMPACT AND EFFICIENCY, ISSUES 
%5,()�����7DEOH����KWWS���ZZZ�ZGV�ZRUOGEDQN�RUJ�H[WHUQDO�GHIDXOW�:'6&RQWHQW6HUYHU�:'63�,%�����������������
����B���������������5HQGHUHG�3')�������%5,�%R[������%��38%/,&��SGI�
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Other sources
3ULYDWH�VHFWRU�VXSSRUW�FDQ�ÀQDQFH�SURMHFWV�SDUWLFXODUO\�ZKHUH�WKHUH�LV�DQ�RSSRUWXQLW\�WR�LQFUHDVH�
market share for products, including continuing provision of parts and labour. The private sector 
participates in every aspect of the refrigeration and air conditioning sector, including design of 
refrigeration and air conditioning equipment, development of HCFC alternatives and substitutes, 
helping to design minimum standards for safety, health and environmental protection, and setting 
FRVWV� RI� UHIULJHUDQWV� DQG� HTXLSPHQW�� 7KHUH� LV� D� SRWHQWLDO� IRU� SULYDWH� VHFWRU� ÀQDQFLDO� VXSSRUW�� LQ�
DGGLWLRQ�WR�WKH�DOUHDG\�H[LVWLQJ�FR�ÀQDQFH�IRU�WKH�0/)�([HFXWLYH�&RPPLWWHH·V�¶QRW�DJUHHG·�HOLJLEOH�
incremental and non-eligible incremental costs.
National governmental organizations provide funding assistance for environmental protection 
PHDVXUHV�RQ�D�ELODWHUDO�DQG�UHJLRQDO�EDVLV�RXWVLGH�WKH�0/)�� ,Q�DGGLWLRQ�WR� WKH�SULYDWH�VHFWRU��$��
QDWLRQDO�JRYHUQPHQWV�DUH�DQ�LPSRUWDQW�VRXUFH�RI�FR�ÀQDQFH�IRU�0/)�FRVWV�QRW�DJUHHG�XSRQ�RU�QRQ�
HOLJLEOH�XQGHU�WKH�0/)��DQG�RWKHU�SURMHFWV��HVSHFLDOO\�WKH�RQHV�ZKHUH�FR�ÀQDQFH�LV�D�UHTXLUHPHQW��
such as for GEF projects. 
2XW�RI�WKH�ER[�DSSURDFKHV�WR�ÀQDQFLQJ�DQ�+)&�SKDVH�GRZQ�PLJKW�LQFOXGH�4XDQWLW\�3HUIRUPDQFH�
,QVWUXPHQWV� �43,V�� WKDW�DOORZ�SULYDWH� LQYHVWRUV� WR�ÀQDQFH� WKH�XSJUDGH� WR�KLJK�HQHUJ\�HIÀFLHQF\��
to be repaid annually on the basis of actual reductions in energy use and emissions.89 In effect, 
public and private investors would be paid the amount of money saved in power plant construction 
and operation plus the value of improved health and savings in health-care expenses (public and 
private). 
In addition, a group of like-minded Parties and corporate and NGO partners such as those 
participating in the CCAC, could organize coordinated or bilateral support for Montreal Protocol-
related activities for the adoption of low-GWP alternatives to HCFCs and HFCs. 
)XQGLQJ�PDQDJHPHQW�DQG�FRRUGLQDWLRQ�EDUULHUV�
Despite the availability of co-funding opportunities, certain barriers inhibit implementation. Positive 
changes would include: 
)XQGLQJ�IRU�SUHSDUDWLRQ�RI�SURMHFWV�ZLWK�FOLPDWH�EHQHÀWV��VXFK�DV�HQHUJ\�HIÀFLHQF\�JDLQV�VDYLQJV��
,QVWUXFWLRQ�WR�WKH�0XOWLODWHUDO�)XQG�E\�3DUWLHV�WR�ÀQDQFH�ORZ�*:3�WHFKQRORJ\�DQG�UHZDUG�HQHUJ\�
HIÀFLHQF\�UDWKHU�WKDQ�VXEWUDFWLQJ�HQHUJ\�VDYLQJV�IURP�WKH�OHYHO�RI�LQFUHPHQWDO�FRVW�VXSSRUW��ZKLFK�
creates a disincentive.
Synchronization of MLF project cycles with other funds such as the GEF and CIFs and a more 
VWUHDPOLQHG�DSSURDFK�WR�ÀQDQFLQJ�WKH�SKDVH�RXW�RI�+&)&V�DQG�SKDVH�GRZQ�RI�+)&V��
Simplifying the performance guarantee payments and management structure.
The Multilateral Fund provides eligible incremental costs when the Montreal Protocol control 
PHDVXUHV�HVWDEOLVK�D�UHGXFWLRQ�LQ�FRQVXPSWLRQ��7KHUHIRUH�� LW� LV�GLIÀFXOW�IRU�WKH�0/)�WR�IXQG�DQ\�
JURZWK�WKDW�KDSSHQHG�EHIRUH�WKH�ÀUVW�FRQWURO�PHDVXUHV��7KH�FRQVHTXHQFH�LV�WKDW�ORZHU�IXQGLQJ�WR�
$��FRXQWULHV��LQFUHDVHV�WKH�FR�IXQGLQJ�UHTXLUHG�DW�FRXQWU\�OHYHO�WR�GHDO�ZLWK�VXFK�JURZWK�
'HVSLWH�WKH�GLIÀFXOWLHV�LQ�UDLVLQJ�DGGLWLRQDO�IXQGV�PDLQO\�IURP�WKH�SULYDWH�VHFWRU��FR�IXQGLQJ has 
DOUHDG\�EHHQ�WKH�REYLRXV�URXWH�IRU�PRVW�ODUJH�FRQVXPSWLRQ�$��3DUWLHV�WR�WDNH�LQ�WKHLU�+&)&�SKDVH�
RXW��1HYHUWKHOHVV��DW�IRXU�UHJLRQDO�ZRUNVKRSV�RQ�FR�ÀQDQFLQJ�RSWLRQV�KHOG�E\�81(3�LQ������DQG�
������1DWLRQDO�2]RQH�2IÀFHUV�PDGH�LW�FOHDU�WKDW�WKHLU�WUDGLWLRQDO�UROHV�IRFXV�RQ�LPSOHPHQWLQJ�WKH�
Montreal Protocol and they currently lack the necessary capacity to approach donors to acquire co-
ÀQDQFLQJ�IRU�FOLPDWH�FR�EHQHÀWV�

89 Ghosh, A., B. Müller, W. Pizer, & G. Wagnere (2012) MOBILIZING THE PRIVATE SECTOR QUANTITY-PERFORMANCE INSTRUMENTS FOR 
PUBLIC CLIMATE FUNDS, OXFORD ENERGY AND ENVIRONMENT BRIEF, The Oxford Institute for Energy Studies, University of Oxford.
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7 Case Studies

This section summarises a number of cases where high-GWP HFCs have been successfully phased 
out.

7.1 Case Study: Supermarket refrigeration

In every year since 2009, the Environmental Investigation Agency (EIA) has conducted surveys 
of HFC usage in supermarkets across the EU. The results show a steady move away from HFC-
EDVHG� UHIULJHUDWLRQ� V\VWHPV�DQG� WRZDUGV� WKH� VR�FDOOHG� ¶QDWXUDO� UHIULJHUDQWV·�� LQFOXGLQJ�SULPDULO\�
ammonia, CO2 and hydrocarbons.90 
The United Kingdom (UK) has seen the most rapid shift to natural refrigerants, with a 24 per cent 
increase from 2012 to 2013 in the number of HFC-free or hybrid technology systems, bringing the 
total number of systems to 428. Developments include:

�� Tesco continues to roll out natural refrigeration systems and to encourage best practices in 
refrigeration systems throughout its supply chain via the online Tesco Knowledge Hub, which 
enables supermarket suppliers to share best practices. 

�� Waitrose is aiming to operate totally HFC-free by 2021, with about one-third of its 280 stores 
running on natural refrigerants by 2013.

�� Marks & Spencer continues to roll out hybrid systems, increasing the number of stores running 
on this technology to 76 (from 42 in 2012) of its 798 UK stores, as well as developing various 
other systems that use ammonia, hydrocarbons or CO2. 

�� Other supermarkets, such as Lidl, are taking more time to transition to HFC-free solutions for 
all cooling applications. However, even this retailer is moving away from HFCs in its frozen 
food systems, with half of all freezer units running on hydrocarbons.

$FURVV� (XURSH�� ���� VWRUHV� XVH� K\EULG� FRROLQJ� WHFKQRORJ\� V\VWHPV�� ZLWK� ERWK� +)&� DQG� QDWXUDO�
refrigerants working together for a lower carbon footprint, while over 1,000 additional stores are 
using at least one HFC-free technology.91 Developments include:

�� )URP������WR�������5R\DO�$KROG�LQFUHDVHG�WKH�QXPEHU�RI�K\EULG�+)&�&22 stores it operates 
by about 30 per cent, reaching a total of well over 200 stores in the Netherlands and Belgium 
²�RYHU�D�TXDUWHU�RI�LWV�HVWDWH��

�� Coop Schweiz increased the number of its stores running on 100 per cent CO2 systems by 
around 30 per cent, reaching about 200 stores in total, also a quarter of its entire estate; the 
company plans to replace all refrigerants in its stores with CO2 during the next ten years. 

�� 'HOKDL]H�*URXS�DOPRVW�UHDFKHG�LWV�VWDWHG�WDUJHW�IRU�������ZKLFK�ZDV�WR�UROO�RXW�D�IXUWKHU����
stores using hybrid technology, reaching a total of 40. 

In addition to this, many supermarkets have pledged to install only HFC-free systems in all new and 
refurbished stores, including Aldi Sud (only in Germany), Coop Norge, Coop Sverige, Coop Schweiz, 
,&$��0LJURV�� 6DLQVEXU\·V��7HVFR� �RQO\� LQ� ODUJHU�%ULWLVK� VWRUHV��� DQG�:DLWURVH��7KHVH�ÀJXUHV�GR�QRW�
include details of the thousands of stores using stand-alone hydrocarbon frozen food display cases.92 
90 EIA (2013) CHILLING FACTS V, KWWS���HLD�LQWHUQDWLRQDO�RUJ�FKLOOLQJ�IDFWV�Y��6HH�DOVR�WKH�&&$&�FDVH�VWXGLHV��KWWS���ZZZ�
XQHS�RUJ�FFDF�SRUWDOV�������GRFV�/RZ�*:3B$OWHUQDWLYHVBLQB&RPPHUFLDOB5HIULJHUDWLRQ�&DVHB6WXGLHV�)LQDO�SGI�
91�+\EULG�VXSHUPDUNHW�UHIULJHUDWLRQ�W\SLFDOO\�XVHV�D�ÁDPPDEOH�DQG�RU�WR[LF�QDWXUDO�UHIULJHUDQW�DORQJ�ZLWK�D�QRQ�ÁDPPDEOH�
HFC refrigerant either in a cascade relationship or with a secondary loop. The cascade system achieves medium temperature 
UHIULJHUDWLRQ�ZLWK�WKH�ÀUVW�UHIULJHUDQW�DQG�WKHQ�FRQWLQXHV�WR�UHIULJHUDWH�ZLWK�D�VHFRQG�UHIULJHUDQW�WR�DFKLHYH�FROG�WHPSHUDWXUHV��
A secondary loop system cools with a natural refrigerant and uses an HFC to circulate the cold to the refrigerated cases. The 
natural refrigerant is typically hydrocarbon, ammonia, or CO2.
92� 7KLV� UHSRUW� XVHV� ¶VWDQG�DORQH·� WR� GHVFULEH� VPDOO� UHIULJHUDWRUV� DQG� IUHH]HUV� XVHG� LQ� ERWK� UHVLGHQWLDO� DQG� FRPPHUFLDO�
applications that are manufactured with all components contained within the appliance. Stand-alone appliances are also 
FDOOHG�¶SOXJ�DQG�SOD\·�DQG�¶IUHH�VWDQGLQJ�·
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Some of the retailers surveyed are relying quite heavily on CO2�+)&�K\EULGV� LQ� WKHLU� WUDQVLWLRQ�
plans. And while many supermarkets are using hydrocarbons in their freezer units, they are not yet 
XVLQJ�QRQ�ÁXRULQDWHG�DOWHUQDWLYHV�LQ�WKHLU�FKLOOHG�IRRG�LQWHJUDOV�DQG�PDQ\�KDYH�KLJKOLJKWHG�D�QHHG�
for further technical developments in this area.
The major sources of HFC emissions from supermarkets are leakage from their refrigeration 
systems. In Europe, annual HFC emissions from the retail sector are expected to reach 17.6 MtCO2eq 
LQ�������HTXLYDOHQW�WR�WKH�DQQXDO�&22 HPLVVLRQV�RI�DOPRVW�VL[�FRDO�ÀUHG�SRZHU�VWDWLRQV�93 Despite 
containment measures, absolute emissions (in CO2-equivalent terms) from leaking refrigerant 
gases are still higher than the total emissions associated with energy use from the systems. A range 
of options is available to reduce leakage rates, including using leakage detection systems, hand-
held detectors (which are usually more precise), revising system design to minimise pipework, 
switching from direct to indirect systems, reducing average refrigerant charge, and using sealed 
units. Replacing high-GWP with low-GWP HFCs can be an interim solution; Marks & Spencer, for 
example, has now almost completed its programme to replace HFC-404A used in its refrigeration 
systems with HFC-407.
Refrigeration accounts for the bulk of a supermarket’s total electricity consumption and is estimated 
WR� UHSUHVHQW� DERXW� �²�� SHU� FHQW� RI� WKH� WRWDO� VDOHV� SULFH� RI� D� UHIULJHUDWHG� IRRG� RU� GULQN� LWHP�94 
([SHULHQFH�VXJJHVWV� WKDW�VZLWFKLQJ�WR�+)&�DOWHUQDWLYHV�RIWHQ�EULQJV�VLJQLÀFDQW�HQHUJ\�HIÀFLHQF\�
improvements. Examples include:��

�� Coop Schweiz: reductions in energy use of about 30 per cent after installing CO2 transcritical 
systems. 

�� Delhaize Group: cascade and transcritical CO2 systems use less energy than installations 
running on HFC-404A. 

�� $XFKDQ��+XQJDU\���HQHUJ\�VDYLQJV�RI����SHU�FHQW�ZLWK�K\EULG�&22-ammonia systems compared 
with previous HFC installations. 

�� Waitrose (UK): hydrocarbon water-cooled refrigeration system uses about 20 per cent less 
energy compared to its traditional HFC systems. 

�� AEON (Japan): energy savings of 10 - 30 per cent and an overall CO2� UHGXFWLRQ�RI� ���SHU�
cent in stores it has converted to CO2 since 2009. The retailer notes that its transcritical direct 
expansion CO2�V\VWHPV�SURYLGH�KLJK�UHOLDELOLW\�DQG�KLJK�HIÀFLHQF\�HYHQ�LQ�KRW�DQG�KXPLG�
climates.

�� 7HVFR��ZDWHU�FRROHG�K\GURFDUERQ�V\VWHPV�LQ�RQH�RI�LWV�7KDL�VWRUHV�KDYH�OHG�WR���SHU�FHQW�HQHUJ\�
savings. 

�� Pick ’n Pay (South Africa): hybrid cascade systems running on CO2 and ammonia in two of its 
supermarkets in Cape Town (medium ambient temperature) and Johannesburg (high ambient 
temperature) saw energy savings of 19 - 26 per cent.

7.2 Case Study: Methyl formate foam

/DUJH�VRSKLVWLFDWHG�FRPSDQLHV�FDQ�XVH�D�ZLGH�UDQJH�RI�KLJKO\�ÁDPPDEOH�IRDP�EORZLQJ�DJHQWV��EXW�
the costs of appropriate safety measures are too much for SMEs.
Methyl formate is an ozone-safe, negligible-GWP alternative to HCFCs in a wide range of foam 
DSSOLFDWLRQV��$V�D�SXUH� FKHPLFDO��PHWK\O� IRUPDWH� LV�KLJKO\�ÁDPPDEOH��EXW� LW� FDQ�EH�XVHG� VDIHO\�
93 Estimate based on full implementation of the containment and recovery measures in the pre-2014 EU F-Gas Regulation; 
Oko-Recherche et al. (2011) PREPARATORY STUDY FOR A REVIEW OF REGULATION (EU) NO 842/2006 ON CERTAIN FLUORINATED 
GREENHOUSE GASES, FINAL REPORT��$QQH[�9��SS�����²���DQG�$QQH[�9,��SS�����²����
94 Irrek (2013) POLICY OPTIONS FOR ECODESIGN AND LABELLING OF COMMERCIAL REFRIGERATION��KWWS���ZZZ�HFHHH�RUJ�HFRGHVLJQ�
SURGXFWV�FRPPHUFLDOBUHIULJHUDWRUVBIUHH]HUV�:XSSHUWDOBSUHVHQWDWLRQB��$SULO����
�� EIA (2013) CHILLING FACTS V, KWWS���HLD�LQWHUQDWLRQDO�RUJ�FKLOOLQJ�IDFWV�Y��SS����²����
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in a pre-blended form with other foam ingredients. UNDP recommends that foam system houses 
TXDOLÀHG�IRU�WKH�VDIH�XVH�RI�ÁDPPDEOH�LQJUHGLHQWV�SURGXFH�WKH�SUH�EOHQGHG�IRDP�PL[�WKDW�FDQ�WKHQ�
be safely used by SMEs and other downstream users (UNDP 2010).96 
$W�LWV���WK�PHHWLQJ��WKH�([HFXWLYH�&RPPLWWHH�RI�WKH�0/)�DSSURYHG�D�GHPRQVWUDWLRQ�SURMHFW�WKDW�JDYH�
UNDP the mandate to 1) assess the application of methyl-formate (MF) based systems (Ecomate™) 
in the manufacture of polyurethane foam, 2) compare the technical performance of the new systems 
with HCFC-141b-based systems, and 3) establish the feasibility of using methyl-formate-based 
systems in MLF projects.
A pilot project has been designed around Purcom Quimica, the largest independent foam technology 
system house in Brazil, which specializes in tailor-made polyurethane (PU) systems covering most 
38� DSSOLFDWLRQV�� 7KH�SURMHFW� DVVHVVHG� ��� DSSOLFDWLRQV� LQ�PRXOGHG�ÁH[LEOH� VODEVWRFN�� HODVWRPHUV��
integral skin and rigid foam sub-sectors. The application of PU foam in shoe-soles was assessed 
WKURXJK�D�SLORW�SURMHFW�H[HFXWHG�E\�4XLPLXUHWDQRV�=DGUR��D�V\VWHP�KRXVH�LQ�0H[LFR�WKDW�VSHFLDOL]HV�
in PU soles used in the manufacture of shoes (UNDP 2012).97

The successful projects in Mexico and Brazil were the prelude to rapid market penetration of the 
WHFKQRORJ\�LQ�WZHOYH�$��3DUWLHV�IXQGHG�E\�WKH�0/)��$FFRUGLQJ�WR�WKH�0/)�VHFUHWDULDW��LPSOHPHQWDWLRQ�
LQYROYHG�PRUH�WKDQ�ÀIWHHQ�ORFDO�IRDP�V\VWHP�KRXVHV�DQG�KXQGUHGV�RI�GRZQVWUHDP�XVHUV��ZLWK�D�
WRWDO�RI�������PHWULF�WRQQHV�RI�+&)&����E�SKDVHG�RXW�98

Methyl formate is not only the technology selected for a large number of applications in Latin 
American countries, but also has had penetration in countries in other regions. Currently, methyl 
formate systems are being commercialized in Australia, Brazil, Cameroon, Canada, China, former 
Soviet countries, Colombia, Dominican Republic, Ecuador, Egypt, El Salvador, India, Indonesia, 
-DPDLFD��0H[LFR��1HZ�=HDODQG��1LJHULD��3KLOLSSLQHV��5XVVLDQ�)HGHUDWLRQ��6LQJDSRUH��6RXWK�$IULFD��
South Korea, Turkey, Trinidad and Tobago, the US, and Vietnam.99

In Brazil, methyl formate foam also is used in the manufacturing of houses for low-income families.100 
Houses have been built using this technology in Africa and South America (Angola, Mozambique, 
Paraguay and Uruguay). The technology also can be used to provide low-cost construction in 
countries where people have been displaced after natural disasters. The market penetration of 
methyl formate technology and the technical assistance that system houses such as Purcom have 
SURYLGHG�WR�$��3DUWLHV�DUH�SRVLWLYH�H[DPSOHV�RI�6RXWK�6RXWK�FRRSHUDWLRQ�WR�SURWHFW�WKH�R]RQH�OD\HU�
and mitigate climate change.

���� &DVH�6WXG\��(QHUJ\�HIÀFLHQW�+)&����URRP�$�&V

%HWZHHQ� ����� DQG� ������PDQXIDFWXUHUV� LQ�PRVW� QRQ�$�� 3DUWLHV� ZRUOGZLGH� VHOHFWHG�+)&����$��
ZKLFK�LV�D�������EOHQG�RI�+)&����DQG�+)&������WR�UHSODFH�+&)&����LQ�URRP�$�&V�EHFDXVH�+)&�
���$� LV�QRQ�ÁDPPDEOH��2WKHU� UHIULJHUDQWV�XVLQJ�+)&����� WR� UHGXFH�ÁDPPDELOLW\�DUH�+)&����&�
����SHU�FHQW�+)&��������SHU�FHQW�+)&���������SHU�FHQW�+)&����D��DQG�+)&���$�����SHU�FHQW�+)&�
��������SHU�FHQW�+)&����D����SHU�FHQW�+)&����D���+RZHYHU��'DLNLQ�DQG�RWKHU�-DSDQHVH�FRPSDQLHV�
UHJUHWWHG�WKH�FKRLFH�RI�+)&����$�EHFDXVH�LW�KDV�D�KLJK�*:3�DQG�ORZ�HQHUJ\�HIÀFLHQF\��(YHQ�DV�
-DSDQHVH�FRPSDQLHV�FRPPHUFLDOL]HG�+)&����$�HTXLSPHQW��WKH\�DLPHG�WR�ÀQG�ZD\V�WR�GHVLJQ�URRP�
$�&V�WR�VDIHO\�XVH�+)&�����ZKLFK�KDV�RQH�WKLUG�WKH�*:3��LV�FODVVLÀHG�DV�$�/��PLOGO\�ÁDPPDEOH���
XVHV�OHVV�UHIULJHUDQW�FKDUJH�WKDQ�+)&����$��DQG�DFKLHYHV�KLJKHU�HQHUJ\�HIÀFLHQF\�
96 UNDP (2010) METHYL FORMATE AS BLOWING AGENT IN THE MANUFACTURE OF POLYURETHANE FOAM SYSTEMS AN ASSESSMENT FOR THE 
APPLICATION IN MLF PROJECTS.
97 UNDP (2012) METHYL FORMATE AS BLOWING AGENT IN THE MANUFACTURE OF POLYURETHANE FOAM SYSTEMS AN ASSESSMENT FOR THE 
APPLICATION IN MLF PROJECTS.
98 UNEP (2014) OVERVIEW OF APPROVED HCFC DEMONSTRATION PROJECTS AND OPTIONS FOR ADDITIONAL PROJECTS TO DEMONSTRATE 
CLIMATE-FRIENDLY AND ENERGY-EFFICIENT ALTERNATIVE TECHNOLOGIES TO HCFCS� �'HFLVLRQ� ������ �D���� 81(3�2]/�3UR�
([&RP�������
99 Personal communication with FSI, September 2014.
100�ZZZ�FDVDPRGXODUÀVFKHU�FRP�EU�
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In 2009, a team of scientists led by Guus Velders published estimates that HFC emissions could 
increase to as much as 40 per cent of the growth in climate forcing from CO2 by mid-century as a 
FRQVHTXHQFH�RI�UDSLG�LQFUHDVHV�LQ�WKH�XVH�RI�URRP�DQG�YHKLFOH�DLU�FRQGLWLRQLQJ�LQ�$��3DUWLHV�101 In 
early 2010, members of the Executive Committee of the MLF and executives from UNDP became 
FRQFHUQHG�WKDW�WKH�+&)&�3KDVH�RXW�0DQDJHPHQW�3ODQV��+303V��RI�$UWLFOH���3DUWLHV�ZRXOG�PDNH�
WKH�VDPH�PLVWDNH�DV�QRQ�$��3DUWLHV�LQ�VHOHFWLQJ�+)&����$�
7KH�,QGRQHVLD�+303��LPSOHPHQWHG�E\�81'3��ZDV�WKH�ÀUVW�ZKHUH�WKH�0/)�([HFXWLYH�&RPPLWWHH�
requested a better solution to tackle the climate impact of the HFC-410A selection made by Panasonic 
Indonesia.102� ,Q�YLHZ�RI�WKDW��81'3��,QGRQHVLDQ�JRYHUQPHQW�RIÀFLDOV��DQG�WKH�-DSDQ�0LQLVWU\�IRU�
Economy, Trade and Industry (METI) agreed to cooperate in persuading the major manufacturers 
of air conditioning and refrigeration equipment in Japan to adopt more environmentally sound 
DOWHUQDWLYH�WHFKQRORJ\��SDUWLFXODUO\�IRU�WKH�FRQYHUVLRQ�RI�+&)&����EDVHG�URRP�$�&V�PDQXIDFWXUHG�
in Indonesia in joint ventures. They invited experts from Daikin, Panasonic, and IGSD to an 
organizing meeting in Tokyo in June 2011, where it was agreed that the Japanese room air conditioning 
LQGXVWU\�ZRXOG�FKDQJH�GLUHFWLRQ�DQG�FRPPHUFLDOL]H�+)&����IRU�URRP�$�&V�DQG�SRVVLEO\�IRU�RWKHU�
refrigeration and air conditioning applications.103

HFC-32 is a very old chemical with expired patents for manufacture, but Daikin had active patents 
RQ�WKH�DSSOLFDWLRQ�RI�+)&����WR�URRP�$�&V�DQG�RQ�VHYHUDO�NH\�FRPSRQHQWV��'DLNLQ�DSSUHFLDWHG�
the importance of HFC-32 technology in protecting against climate change, but realized that 
commercialization would only be successful if many companies chose the same technology. Daikin 
DOVR�UHDOL]HG�WKDW�FRPSDQLHV�LQ�$��3DUWLHV�PLJKW�QRW�EH�DEOH�WR�DIIRUG�,3�OLFHQVLQJ�IHHV��7KH�VROXWLRQ�
that emerged was a joint announcement in September 2011 that Daikin would shift to HFC-32 in all 
JOREDO�PDUNHWV�DQG�JUDQW�ZLWKRXW�FKDUJH�¶QRQ�DVVHUWLRQ�FRQWUDFWV·�WR�DOORZ�FRPSDQLHV�LQ�PRVW�$��
3DUWLHV�WR�XVH�'DLNLQ�SDWHQWV�LQ�WKH�PDQXIDFWXUH�RI�+)&����URRP�$�&V�IRU�VDOH�LQ�ERWK�$��3DUWLHV�
DQG� QRQ�$�� 3DUWLHV�� &RPSDQLHV�PDQXIDFWXULQJ�+)&���� URRP�$�&V� LQ� QRQ�$�� 3DUWLHV�PD\� XVH�
Daikin’s HFC-32 application patents without paying licensing fees if they provide an equal number 
of air conditioning application patents for Daikin to use without paying licensing fees.104

2Q����-XQH�������81'3�VXEPLWWHG�D�GRFXPHQW�LQ�UHVSRQVH�WR�0/)�'HFLVLRQ��������UHJDUGLQJ�WKH�
Indonesian HPMP) for consideration by the Executive Committee at its 64th meeting, including 
WKHVH�SOHGJHV�RQ�ORZHU�*:3��HQHUJ\�HIÀFiency, and environmental trade barriers as incentives:

'DLNLQ�DQG�3DQDVRQLF�ZLOO� LQWURGXFH�� VXSSRUW�DQG�SURPRWH�+)&���� WHFKQRORJ\� �*:3������DWPRVSKHULF�
OLIHWLPH�����\HDUV�DQG�HQHUJ\�HIÀFLHQF\�JDLQV�RI�XS�WR����SHU�FHQW�RYHU�RWKHU�DOWHUQDWLYHV��IRU�DLU�FRQGLWLRQLQJ�
DQG�UHIULJHUDWLRQ�DSSOLFDWLRQV�LQFOXGLQJ�URRP�$�&V�LQ�,QGRQHVLD�

Indonesian government would work closely with the industry to ensure appropriate regulations, standards 
and infrastructure for managing the safe use of this technology throughout the product lifecycle. The 
SURSRVHG�UHJXODWLRQV�FRXOG�LQFOXGH�UHVWULFWLQJ�LPSRUW�RI�SURGXFWV�VXEVWDQFHV�ZLWK�KLJK�*:3�

The simultaneous strategy of the HFC-32 partnership is to transform the entire global market to 
HFC-32 in applications where it has the lowest achievable carbon footprint, as measured by LCCP. 
It is noteworthy that with the cooperation of industry and government, Japan was able to revise its 
VDIHW\�VWDQGDUGV� WKDW�HQWLUHO\�SURKLELWHG�ÁDPPDEOH�UHIULJHUDQWV�PRUH�UDSLGO\� WKDQ�RWKHU�$��DQG�

101�7KH�9HOGHUV�SDSHU�HVWLPDWHG�WKDW�+)&V�FRXOG�FRQVWLWXWH�XS�WR����:P���LQ�������ZKLFK�ZRXOG�EH�D�PD[LPXP�RI����SHU�FHQW�
of CO2 forcing in the lowest CO2 scenario and 14 per cent of total forcing in the lowest forcing scenario. HFC forcing (.4Wm-
2) would be up to 40 per cent of the growth in CO2 forcing since 2000 (i.e. CO2�JRLQJ�IURP�����:P���LQ������WR������:P���LQ�
������DQG���:P���IURP�+)&V�EHLQJ����SHU�FHQW�RI�&22·V�����:P���JURZWK�RYHU�WKH�����������SHULRG��
102 UNDP, PROJECT PROPOSALS: INDONESIA, EXECUTIVE COMMITTEE OF THE MULTILATERAL FUND FOR THE IMPLEMENTATION OF THE 
MONTREAL PROTOCOL��6L[W\�IRXUWK�0HHWLQJ�0RQWUHDO��������-XO\�������81(3�2]/�3UR�([&RP����������-XQH�������KWWS���
ZZZ�PXOWLODWHUDOIXQG�RUJ�0HHWLQJVDQG'RFXPHQWV�FXUUHQWPHHWLQJ����(QJOLVK��������SGI�
103 Sadatani, S. (2011) ,QGRQHVLD�-DSDQ�+)&����3DUWQHUVKLS�7DUJHWV�5RRP�$LU�&RQGLWLRQHU�0DUNHW�����6HSWHPEHU��-$51�
104 Stanga, M. (2013) 8SGDWH�RQ�5���$LU�FRQGLWLRQLQJ�DQG�+HDW�3XPS�0DQXIDFWXULQJ�DQG�6DOHV, Workshop on the sidelines of the 
�����0RQWUHDO�3URWRFRO�2SHQ�(QGHG�:RUNLQJ�*URXS��2(:*������-XQH��������KWWS���ZZZ�XQHS�IU�EDQJNRNWHFKFRQIHUHQFH�
GRFV�,,,%�����0DUN���6WDQJD���'DLNLQ�SGI
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QRQ�$��3DUWLHV� KDYH� EHHQ� DEOH� WR�PRGLI\� EDUULHUV� WR�ÁDPPDEOH� UHIULJHUDQW� RU� LPSOHPHQW� VDIHW\�
standards where none had previously existed.

Successes to date include:

�� 1RYHPEHU�������'DLNLQ�ODXQFKHG�+)&����URRP�$�&V�LQ�WKH�-DSDQHVH�PDUNHW��ZKLFK�HDUQHG�
WKH�¶7RS�5XQQHU·�DZDUG�IRU�KLJKHVW�DYDLODEOH�HQHUJ\�HIÀFLHQF\���� 

�� 0DUFK�������,QGLD�EHFDPH�WKH�ÀUVW�GHYHORSLQJ�FRXQWU\�WR�PDQXIDFWXUH�DQG�PDUNHW�+)&����
URRP�$�&V��ZKLFK�ZHUH�SURGXFHG�LQ�D�'DLNLQ�IDFWRU\�ZLWK�D�FDSDFLW\�WR�SURGXFH�XS�WR�RQH�
million units per year.106

�� -XQH�������$OO�'DLNLQ�URRP�$�&V�VROG�LQ�-DSDQ�XVH�+)&��������PRGHOV��
�� $XWXPQ� ������ 'DLNLQ� LQWURGXFHG� +)&���� URRP� $�&V� LQ� (XURSH� ZLWK� VHDVRQDO� HQHUJ\�
HIÀFLHQF\�UDWLR��6((5��RI�XS�WR������DQG�VHDVRQDO�FRHIÀFLHQW�RI�SHUIRUPDQFH��6&23��RI�XS�WR�
�����$������PDNLQJ�WKHP�WKH�PRVW�HQHUJ\�HIÀFLHQW�LQ�WKH�(XURSHDQ�PDUNHW�

�� $V�RI�0D\�������'DLNLQ�JURXS�KDV�ODXQFKHG�+)&����URRP�$�&V�LQ�$OEDQLD��$XVWUDOLD��$XVWULD��
Belgium, Croatia, Czech Republic, Estonia, Lithuania, Romania, Slovakia, Slovenia, Germany, 
Denmark, Spain, Finland, France, Greece, India, Italy, Japan, The Netherlands, Norway, 
Poland, Portugal, Russia, UK, Sweden, Thailand, Ukraine, Montenegro.107

�� 7R� GDWH��'DLNLQ� KDV� VROG� ��������+)&���� URRP�$�&V� LQ� ,QGLD��ZLWK� ������� ORFDO� LQVWDOOHUV�
WUDLQHG�WR�LQVWDOO�+)&����URRP�$�&V�LQ�,QGLD

�� 7R� GDWH�� +)&���� URRP�$�&V�PDQXIDFWXUHG� DQG�RU�PDUNHWHG� LQ�$XVWUDOLD�� &KLQD�� (8� ����
countries), India, Japan; manufacturers include Daikin, Fujitsu General, Gree, Hitachi, Midea, 
Mitsubishi Electric, Panasonic and Toshiba.

�� ������)XMLWVX�*HQHUDO�ODXQFKHG�+)&����URRP�$�&V�LQ�,QGLD�
�� ������3DQDVRQLF�WR�ODXQFK�+)&����PDQXIDcture in Indonesia and Thailand.

7.4 � &DVH�6WXG\��+\GURFDUERQ������SURSDQH��URRP�$�&V�LQ�&KLQD

China is the largest global manufacturer of room air conditioning, with about half of its production 
sold in China and�KDOI�LQ�$VLD��(XURSH�DQG�1RUWK�$PHULFD��7KXV��URRP�$�&�PDQXIDFWXUHUV�LQ�&KLQD�
need to phase out HCFC-22 to satisfy the Montreal Protocol and at the same time satisfy the phase-
down in applications in 2002.108 

In bilateral cooperation with Germany and the MLF, and with UNIDO as the implementing agency, 
demonstration projects to convert from HCFC-22 to HC-290 (propane) have been or are under 
LPSOHPHQWDWLRQ�DW�*UHH�(OHFWULF�$SSOLDQFHV�,QF���*HUPDQ\��DQG�DW�0LGHD��0/)�81,'2��109 

��� Daikin, Press Release, :RUOG·V� )LUVW� &RPPHUFLDOL]DWLRQ� RI�Air Conditioning Equipment Using Next-Generation Refrigerant 
+)&�������6HSWHPEHU�������KWWS���ZZZ�GDLNLQ�FRP�SUHVV�������������LQGH[�KWPO�
106 Stephen O. A., P. S. Chidambaram, B. Deol, D. Doniger, A. Ghosh, A. Jaiswal, R. Palakshappa, J. Schmidt, & G. Sethi (2013) 
COOLING INDIA WITH LESS WARMING: THE BUSINESS CASE FOR PHASING DOWN HFCS IN ROOM AND VEHICLE AIR CONDITIONING, Council 
on Energy, Environment & Water (CEEW), the Institute for Governance & Sustainable Development (IGSD), the Natural 
Resources Defense Council (NRDC), and The Energy and Resources Institute (TERI) in cooperation with the Confederation 
of Indian Industry (CII).
107 Daikin, 6WDUW� RI� 8VH� RI� 5���� D� /RZ� *OREDO� :DUPLQJ� 3RWHQWLDO� 5HIULJHUDQW�� KWWS���ZZZ�GDLNLQ�FRP�FVU�HQYLURQPHQW�
SURGXFWLRQ����KWPO��DFFHVVHG����2FWREHU�������
108�'DQLVK�6WDWXWRU\�2UGHU��QR������WD[HV�PRVW�DSSOLFDWLRQV�RI�+)&V��3)&V��DQG�+)6 from 2002. There is a general ban on 
new products containing or using F-gases from 1 January 2006. HFC for mobile air conditioning is exempt from the tax, and 
+)&V�DUH�VWLOO�DOORZHG�IRU�FRROLQJ�HTXLSPHQW��ZLWK�UHIULJHUDQW�FKDUJHV�EHWZHHQ������NJ�WR����NJ�DQG�IRU�VHUYLFH�RI�DOO�H[LVWLQJ�
equipment. 
109 The demonstration sub-project for conversion from HCFC-22 to HC-290 (propane) at Midea Room Air-Conditioner 
Manufacturer Company was approved at the 61st�([HFXWLYH�&RPPLWWHH�PHHWLQJ��81(3�2]/�3UR�([&RP����;���
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The bilateral cooperation project with Germany was implemented by Deutsche Gesellschaft für 
,QWHUQDWLRQDOH� =XVDPPHQDUEeit (*,=��3URNOLPD� XQGHU� WKH� ,QWHUQDWLRQDO� &OLPDWH� ,QLWLDWLYH� RI�
the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety 
(Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit—BMU) and in cooperation 
ZLWK� WKH� &KLQHVH�0LQLVWU\� IRU� (QYLURQPHQWDO� 3URWHFWLRQ�)RUHLJQ� (FRQRPLF� &RRSHUDWLRQ� 2IÀFH�
�0(3�)(82��DQG�WKH�&KLQHVH�+RXVHKROG�(OHFWULFDO�$SSOLDQFHV�$VVRFLDWLRQ��&+($$���7KH�SURMHFW�
converted one production line of room air conditioning systems of the Chinese manufacturer Gree 
Electric Appliances Inc. to use�+&������*UHH�LV�WKH�ELJJHVW�PDQXIDFWXUHU�RI�URRP�$�&V�ZRUOGZLGH��
ZLWK����PLOOLRQ�XQLWV�PDQXIDFWXUHG�SHU�\HDU�110 Germany undertook a similar project with Godrej 
in India.111

6XFK� GHPRQVWUDWLRQ� SURMHFWV� DW� WKH� FRXQWU\� OHYHO� KDYH� EHHQ� FUXFLDO� WR�$�� FRXQWULHV� DQG�� LQ� WKH�
VSHFLÀF�FDVH�RI�&KLQD��FULWLFDO�WR�DVFHUWDLQ�WKH�IHDVLELOLW\�RI�SURSDQH��+&������XVH�LQ�WKH�URRP�DLU�
FRQGLWLRQLQJ�VXEVHFWRU��SDUWLFXODUO\�LQ�VPDOOHU�VSOLW�URRP�$�&V��7KH�URRP�$�&V�XVHG�DUH�VHOHFWHG�
LQ�VXFK�D�ZD\�WKDW�WKH�FRROLQJ�FDSDFLW\�LV�VXIÀFLHQW�WR�SURYLGH�FRPIRUW��EXW�WKH�UHIULJHUDQW�DPRXQW�
is small enough to be safe if it is released into the room. The results could also be applied for small, 
VHOI�FRQWDLQHG�$�&V��L�H��ZLQGRZ�RU�ZDOO�URRP�DLU�FRQGLWLRQLQJ���DFFRUGLQJ�WR�WKH�0/)�112

7KH�RULJLQDO�DPELWLRQ�RI�*,=��SUHYLRXVO\�*7=��ZDV� WR�GHVLJQ�DQG�PDQXIDFWXUH�URRP�$�&V�WKDW�
could be approved for sale in Germany and the EU, with the advantage that the EU F-Gas Regulation 
FRXOG�EH�FUDIWHG�WR�SKDVH�GRZQ�+)&����$�URRP�$�&V�LQ�(XURSH�RQ�D�VFKHGXOH�WKDW�DOORZHG�&KLQD�
and other Parties to shift production from HCFC-22 and HFC-410A appliances to HC-290. So far, 
China has been more agile than the EU in revising safety standards to allow for the safe use of 
hydrocarbon refrigerants, with the consequence that environmentally superior technology will be 
LPSOHPHQWHG�ÀUVW�LQ�&KLQD�DQG�RWKHU�$��3DUWLHV�DQG�WKHQ�WUDQVIHUUHG�6RXWK�1RUWK�WR�(XURSH�DQG�
North America. 
China’s room air conditioning sector is one of the largest and, in order to meet the 2013 HCFC 
IUHH]H�DQG�WKH����SHU�FHQW�+&)&�UHGXFWLRQ�LQ�������RYHU�������PHWULF�WRQQHV�RI�+&)&V�KDG�WR�EH�
phased out in this sub-sector, in addition to aggressive investment in HCFC foam phase-out. In 
addition, three compressor manufacturers are currently being converted to HC-290 technology. One 
demonstration project for the conversion of room air conditioning compressor manufacturing was 
ÀQDQFHG�E\�WKH�0/)�DQG�LPSOHPHQWHG�E\�81,'2�113

,Q�WKH�URRP�DLU�FRQGLWLRQLQJ�VHFWRU�SODQ�IRU�&KLQD��WKH�0/)�KDV�ÀQDQFHG�WKH�LQFUHPHQWDO�FRVWV�RI�
technical assistance to SMEs, product research and development of alternative HC-290 technologies, 
as well as safety standard development and outreach, among others. 
%HLQJ� WKH� ODUJHVW�SURGXFHU�RI� URRP�$�&V� LQ� WKH�ZRUOG��&KLQD�KDV�HPEUDFHG� WKH� FKDOOHQJHV�DQG�
KDV�EHHQ�ZRUNLQJ�WR�VHW�QHZ�VWDQGDUGV�IRU�WKH�XVH�RI�ÁDPPDEOH�UHIULJHUDQWV��:LWKRXW�WKLV�HIIRUW��
uncertainties would hinder market penetration in and outside China, as manufacturers could only 
H[SRUW�HTXLSPHQW�FRQWDLQLQJ�ÁDPPDEOH�UHIULJHUDQWV�RQFH�WKH�LPSRUWLQJ�FRXQWU\�KDV�WKH�VWDQGDUGV�
in place. 

110�*,=��CLIMATE-FRIENDLY ROOM AIR CONDITIONERS ON HYDROCARBON TECHNOLOGY AND NEW STANDARDS FOR NATURAL REFRIGERANTS IN 
CHINA��3URJUDPPH�3URNOLPD��'DJ�+DPPDUVNM|OG�:HJ������������(VFKERUQ��*HUPDQ\�
111 Stephen O. A., P. S. Chidambaram, B. Deol, D. Doniger, A. Ghosh, A. Jaiswal, R. Palakshappa, J. Schmidt, & G. Sethi (2013) 
COOLING INDIA WITH LESS WARMING: THE BUSINESS CASE FOR PHASING DOWN HFCS IN ROOM AND VEHICLE  AIR CONDITIONING, Council 
on Energy, Environment & Water (CEEW), the Institute for Governance & Sustainable Development (IGSD), the Natural 
Resources Defense Council (NRDC), and The Energy and Resources Institute (TERI) in cooperation with the Confederation 
of Indian Industry (CII).; see also Godrej Appliances (2013) Development and Handling Hydrocarbon Air Conditioners – The Godrej 
Experience��81)&&&�6LGH�(YHQW��%RQQ�����-XQH�������KWWS���HF�HXURSD�HX�FOLPD�HYHQWV�GRFV������UDMDGK\DVNDBHQ�SGI�
112 UNEP (1024) OVERVIEW OF APPROVED HCFC DEMONSTRATION PROJECTS AND OPTIONS FOR ADDITIONAL PROJECTS TO DEMONSTRATE 
CLIMATE-FRIENDLY AND ENERGY-EFFICIENT ALTERNATIVE TECHNOLOGIES TO HCFCS� �'HFLVLRQ� ������ �D��� 81(3�2]O�3UR�
([&RP�������
113 Ibid; and Conversion of room air-conditioning compressor manufacturing from HCFC-22 to propane at Guangdong 
0HL]KL�&R���&35�5()����'(0�������
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���� &DVH�6WXG\��'HQPDUN·V�+)&�SKDVH�GRZQ114

'HQPDUN�ZDV�DPRQJ�WKH�ÀUVW�FRXQWULHV�WR�UHJXODWH�KLJK�*:3�+)&V��ZLWK�WD[DWLRQ�RI�'..����SHU�
metric tonne of CO2�HT���DERXW�86����WRQQH��LPSOHPHQWHG�LQ�������LQFUHDVHG�WR�'..����WRQQH�LQ�
������DERXW�86����WRQQH���DQG�SURKLELWLRQ�RI�FHUWDLQ�DSSOLFDWLRQV�IURP��������� This conspicuous tax 
increased awareness of climate impacts and incentivized the development, commercialization, and 
market penetration of alternative technology, including natural refrigerants. The Danish regulation 
UHGXFHG�+)&�XVH�IURP�DURXQG�������WRQQHV�\HDU�LQ������WR�DURXQG�����WRQQHV�\HDU�LQ������
This impressive HFC phase-down was made possible by government-industry cooperation, 
LQFOXGLQJ� DSSUR[LPDWHO\� '..��� PLOOLRQ� �DERXW� 86����� PLOOLRQ�� LQ� JRYHUQPHQW� VXSSRUW� IRU�
GHPRQVWUDWLRQ�SURMHFWV�DQG�DGGLWLRQDO�IXQGLQJ�RI�DQ�¶+)&�)UHH�&HQWUH·�RIIHULQJ�XS�WR�ÀYH�KRXUV�
of engineering consultancy to industry and installers in support of implementing the alternative 
technology.
The lessons from the Danish experience are:

�� 8S�WR�����RI�DQQXDO�+)&�XVH�LV�DYRLGDEOH�ZLWK�DYDLODEOH�WHFKQRORJ\�DQG�EHVW�VHUYLFH�SUDFWLFHV��
8S�WR�����RI�XVH� LV�VR� IDU�ZLWKRXW�VXLWDEOH�DOWHUQDWLYHV� �LQ� WKH�FDVH�RI�'HQPDUN��H[HPSWHG�
refrigeration, allowed MDIs, technical aerosol products and miscellaneous uses).

�� Technology is readily available in Denmark and globally for:
²�� 'RPHVWLF�UHIULJHUDWRUV�DQG�IUHH]HUV��K\GURFDUERQV�
²�� %HYHUDJH�ERWWOH�FRROHUV��SOXJ�LQ�
²�� ,FH�PDNHUV��UHVWDXUDQW�DQG�KRWHO�SOXJ�LQ�DQG�ZLUHG�
²�� 6XSHUPDUNHW� UHIULJHUDWHG� GLVSOD\� FDELQHWV� �GLUHFW� H[SDQVLRQ� DQG� VHFRQGDU\�ORRS�

hydrocarbon and CO2)
²�� 9DFFLQH�FRROHUV��K\GURFDUERQ�QRZ�VSHFLÀHG�E\�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�
²�� &RPPHUFLDO�SOXJ�LQ�UHIULJHUDWHG�FDELQHWV��K\GURFDUERQV�
²�� /DUJH�VXSHUPDUNHWV�LQ�'HQPDUN�IDYRXULQJ�WUDQVFULWLFDO�&22 systems
²�� ,QGXVWULDO�UHIULJHUDWLRQ�DQG�DLU�FRQGLWLRQLQJ��VHFRQGDU\�ORRS�DPPRQLD�DQG�K\GURFDUERQV�
²�� +\GURFDUERQ�DQG�DPPRQLD�$�&V�LQ�PHGLXP��DQG�ODUJHU�VL]HV����������N:��DUH�H[SDQGLQJ�

in use in Denmark and with export to Germany, Norway, and UK, but may not be 
appropriate where professional installation and servicing cannot be guaranteed over the 
life of the equipment. 

6XSHUPDUNHW� WHFKQRORJLHV� WKDW� DUH� ��� SHU� FHQW� PRUH� HQHUJ\� HIÀFLHQW� WKDQ� KLJK�*:3� +)&V� LQ�
Denmark’s northern European climate.
Manufacturers of domestic refrigerators in Denmark report that the use of hydrocarbon refrigerants 
UHTXLUHV�VLJQLÀFDQW�LQYHVWPHQW�LQ�VDIHW\�DW�WKH�IDFWRU\��EXW�WKDW��LQ�JHQHUDO��QR�SULFH�GLIIHUHQFH�H[LVWV�
between HFC and hydrocarbon-based appliances.
Denmark had the advantage of highly capable and environmentally motivated businesses, 
including appliance and component manufacturers (Advansor, Danfoss, Derby, Elcold, Frigor, Gram 
Commercial, Knudsen Køling, Vestfrost), food processors (Carlsberg), and food retailers (Superkøl).
114 Sources and elaboration: Pedersen, P. H. (2012) LOW GWP ALTERNATIVES TO HFCS IN REFRIGERATION, Danish Environmental 
Protection Agency, May 2012; see also, Pedersen, I. & P. Henrik (1998) WAYS OF REDUCING CONSUMPTION AND EMISSION OF THE 
POTENT GREENHOUSE GASES (HFCS, PFCS AND SF6, The Nordic Council of Ministers, and updated in 2001 and 2006.
����'DQLVK�6WDWXWRU\�2UGHU��QR������WD[HV�PRVW�DSSOLFDWLRQV�RI�+)&V��3)&V��DQG�+)6 from 2002 and there is a general ban on 
new products containing or using F-gases from 1 January 2006. HFC for mobile air conditioning is exempt from the tax and 
+)&V�DUH�VWLOO�DOORZHG�IRU�FRROLQJ�HTXLSPHQW�ZLWK�UHIULJHUDQW�FKDUJHV�EHWZHHQ������NJ�WR����NJ�DQG�IRU�VHUYLFH�RI�DOO�H[LVWLQJ�
equipment. 
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2YHUDOO��WKH�JRYHUQPHQW��FRPSDQLHV��DQG�SXEOLF�LQ�'HQPDUN�DUH�SURXG�DQG�VDWLVÀHG�ZLWK�DQ�+)&�
phase-down that has been incentivized by taxes and regulation and that took advantage of technical 
FHQWUHV�RI�H[FHOOHQFH�DQG�JRYHUQPHQW�ÀQDQFLQJ��&RPSDQLHV�WKDW�VXSSOLHG�VROXWLRQV�WR�'HQPDUN�DUH�
SURÀWLQJ�IURP�VDOHV�ZRUOGZLGH��

���� &DVH�6WXG\��*RGUHM�	�%R\FH�+&�����URRP�$�&V�LQ�,QGLD

6DOHV� DQG� XVH� RI� URRP� $�&V� LQ� ,QGLD� DUH� UDSLGO\� JURZLQJ� DV� D� UHVXOW� RI� SRSXODWLRQ� JURZWK��
HOHFWULÀFDWLRQ�� LQFUHDVLQJ� LQFRPH�� DQG� WKH� ORQJ�� KRW� VHDVRQ��ZKHUH� WHPSHUDWXUHV� LQ�PRVW� RI� WKH�
FRXQWU\�W\SLFDOO\�H[FHHG����&������)��EHWZHHQ�$SULO�DQG�6HSWHPEHU�116 Air conditioning demand 
strains India’s electric grid and requires rapidly expanding electricity generation capacity and fuel 
use.117� )UHTXHQW� EURZQRXWV� DQG� EODFNRXWV� VKLIW� JHQHUDWLRQ� WR� OHVV� HIÀFLHQW� EDFNXS� JHQHUDWLRQ� DW�
KRWHOV�DQG�RIÀFH�EXLOGLQJV��ZKLFK�IXUWKHU�LQFUHDVHV�XUEDQ�QRLVH�DQG�GHWHULRUDWHV�ORFDO�DLU�TXDOLW\�118

,QGLD� KDV� EXVLQHVV� PRGHOV� IRU� WKH� JURZLQJ� VXSSO\� RI� URRP� $�&V�� LQFOXGLQJ� LPSRUWV�� WRWDO�
knockdown assembly from imported parts, total manufacture of parts and assembly, and hybrid 
production with some imported components and some components manufactured locally. Some 
URRP�$�&�PDQXIDFWXUHUV�LQ�,QGLD�DUH�IXOO\�GRPHVWLF��VRPH�DUH�MRLQW�YHQWXUHV�DQG�VRPH�DUH�IRUHLJQ�
RZQHG��/LNH�RWKHU�$��3DUWLHV��,QGLD�LV�SKDVLQJ�RXW�+&)&�����ZKLFK�LV�DQ�R]RQH�GHSOHWLQJ�*+*��
Until recently, most companies doing business in India planned to transition to HFC-410A, which 
KDV�D�KLJK�*:3�DQG�LV�D�EOHQG�RI�ÁDPPDEOH�+)&����UHQGHUHG�QRW�ÁDPPDEOH�E\�+)&������ZKLFK�
DOVR�UHGXFHV�HQHUJ\�HIÀFLHQF\�
Indian appliance manufacturer Godrej & Boyce welcomed the offer of the German development 
DJHQF\�*,=�� LQ� FROODERUDWLRQ�ZLWK� ,QGLD·V�0LQLVWU\� RI� (QYLURQPHQW� DQG� )RUHVWV·� 2]RQH�&HOO�� WR�
GHVLJQ��GHPRQVWUDWH�DQG�FRPPHUFLDOL]H�+&�����URRP�$�&V�DW�WKH�VDPH�WLPH�WKDW�*,=�FRRSHUDWHG�
in China on similar technology (see the China case study). Godrej choose HC-290 for its superior 
thermodynamic properties at high ambient temperatures compared to HFC-410A. HC-290 also is 
available, inexpensive, and unprotected by patents. 
*RGUHM��ZLWK�WKH�VXSSRUW�RI�*,=��GHVLJQHG������DQG�����WRQQH�5�����EDVHG�$�&V�WKDW�DFKLHYH�WKH�
KLJKHVW��)LYH�6WDU��HQHUJ\�HIÀFLHQF\�UDWLQJ�DZDUGHG�E\�,QGLD·V�%XUHDX�RI�(QHUJ\�(IÀFLHQF\��%((��
DQG�DUH�VROG�DW�SULFHV�FRPSDUDEOH�WR�URRP�$�&V�ZLWK�WKH�VDPH�HQHUJ\�UDWLQJ�EDVHG�RQ�+&)&�����
+)&����$�DQG�+)&�����*RGUHM�KDV�VROG�RYHU���������+&�����URRP�$�&V�PDQXIDFWXUHG�LQ�D�IDFLOLW\�
ZLWK�D�SURGXFWLRQ�FDSDFLW\�RI���������5�����EDVHG�$�&V�SHU�\HDU�119

+&�����LV�D�ÁDPPDEOH�UHIULJHUDQW�WKDW�VDWLVÀHV�(XURSHDQ�DQG�LQWHUQDWLRQDO�VDIHW\�VWDQGDUGV�IRU�����
WR�����WRQQH�FDSDFLW\�IRU�XVH�LQ�URRPV�VPDOO�HQRXJK�WR�EH�FRROHG�EXW�ODUJH�HQRXJK�WR�GLOXWH�WKH�VPDOO�
UHIULJHUDQW�FKDUJH�WR�D�FRQFHQWUDWLRQ�VDIHO\�EHORZ�LWV�ORZHU�ÁDPPDELOLW\�OLPLW�120 Godrej has a four-
part strategy for the safe use of HC-290: 1) designing the appliance and manufacturing facility to 
PLQLPL]H�ULVNV�����OLPLWLQJ�WKH�TXDQWLW\�RI�UHIULJHUDQW�FKDUJH�LQ�WKH�$�&�DFFRUGLQJ�WR�LQWHUQDWLRQDO�
VDIHW\�VWDQGDUGV�����LQVWDOOLQJ�WKH�$�&�XVLQJ�IDFWRU\�WUDLQHG�WHFKQLFLDQV��DQG����VDIHW\�SURFHGXUHV�
and training of service personnel. 

116 Andersen, S. O., P. S. Chidambaram, B. Deol, D. Doniger, A. Ghosh, A. Jaiswal, R. Palakshappa, J. Schmidt, & G. Sethi 
(2013) COOLING INDIA WITH LESS WARMING: THE BUSINESS CASE FOR PHASING DOWN HFCS IN ROOM AND VEHICLE Air Conditioners, 
published jointly by the Council on Energy, Environment & Water (CEEW), the Institute for Governance & Sustainable 
Development (IGSD), the Natural Resources Defense Council (NRDC), and The Energy and Resources Institute (TERI) in 
cooperation with the Confederation of Indian Industry (CII).
117 NRDC (2014) AIR CONDITIONERS WITH HYDROCARBON REFRIGERANT – SAVING ENERGY WHILE SAVING MONEY: A PROFILE OF PROPANE 
(HC-290) BASED ROOM AIR CONDITIONER BY GODREJ & BOYCE.
118 Phadke, A. A., N. Abhyankar, & N. Shah (2014) AVOIDING 100 NEW POWER PLANTS BY INCREASING EFFICIENCY OF ROOM AIR 
CONDITIONERS IN INDIA: OPPORTUNITIES AND CHALLENGES��-XQH�������KWWS���HHWG�OEO�JRY�SXEOLFDWLRQV�DYRLGLQJ�����QHZ�SRZHU�
plants-by-incr.
119 NRDC (2014) AIR CONDITIONERS WITH HYDROCARBON REFRIGERANT – SAVING ENERGY WHILE SAVING MONEY: A PROFILE OF PROPANE 
(HC-290) BASED ROOM AIR CONDITIONER BY GODREJ & BOYCE.
120�*,=��������PRODUCTION CONVERSION OF DOMESTIC REFRIGERATORS FROM HALOGENATED TO HYDROCARBON REFRIGERANTS, A GUIDELINE, 
KWWS���ZZZ�WKDL�JHUPDQ�FRRSHUDWLRQ�LQIR�GRZQORDG�����BSURGXFWLRQBFRQYHUVLRQ�SGI�
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*RGUHM�	�%R\FH�ZDV�WKH�ÀUVW�FRPSDQ\�LQ�,QGLD�DQG�DPRQJ�WKH�ÀUVW�LQ�WKH�ZRUOG�WR�XVH�K\GURFDUERQ�
refrigerant (HC-600) in the manufacture of domestic refrigerators.121 The company prides itself on 
environmental and social leadership, which continues to be demonstrated by the introduction of 
hydrocarbons in room air conditioning.

8 Conclusion

Rising HFC use consequent upon the success of the Montreal Protocol in phasing out ODSs and 
XSRQ�JURZLQJ�JOREDO�GHPDQG� IRU� UHIULJHUDWLRQ�DQG�DLU� FRQGLWLRQLQJ�SRVHV�D� VLJQLÀFDQW� WKUHDW� WR�
JOREDO�HIIRUWV�WR�FRPEDW�FOLPDWH�FKDQJH�DQG�WR�NHHS�JOREDO�WHPSHUDWXUH�ULVH�EHORZ����&��(YHQ�LQ�
the absence of a strong international framework to constrain HFC production and consumption, 
however, many governments and industries are making sustained efforts to reduce HFC use and to 
introduce new alternatives with lower or no climate impact.
A wide range of alternatives to high-GWP HFCs is now available, with more under development, 
but many of these are very new, and knowledge of their availability, cost-effectiveness, safety, 
applicability in high-ambient-temperature environments, maintenance requirements and other 
factors is often limited. Not surprisingly, therefore, many developing countries in particular have 
expressed concerns over the availability of alternatives to HFCs, and the feasibility of introducing 
them, particularly given that, in many cases, they are just beginning the process of phasing out 
HCFCs. 
This report summarises in an accessible form: 1) the latest state of knowledge of the availability 
and characteristics of current alternatives to HFCs in the key sectors, 2) a discussion of barriers to 
WKHLU�XSWDNH�DQG�KRZ�WKH\�FDQ�EH�RYHUFRPH�����WKH�FUXFLDO�LVVXH�RI�WKH�HQHUJ\�HIÀFLHQF\�RI�+)&�
XVLQJ� V\VWHPV�DQG� WKHLU� DOWHUQDWLYHV�� DQG���� WKH�SRWHQWLDO� IRU� DFFHVVLQJ�ÀQDQFLDO� VXSSRUW� IRU� WKH�
replacement of HFCs.
The case studies in Section 7 show that HFCs can be and are being successfully replaced in a wide 
range of uses in both developing and developed countries. Given this progress with the introduction 
of HFC alternatives, and the gradual spread of national and regional regulations and voluntary 
industry commitments, more and more countries will need to address the question of HFC phase-
down whether or not the Montreal Protocol is amended to include HFCs. 
HFC alternatives are available to tackle the growing threat to Earth’s climate. 

121 Godrej and Boyce developed the Indian HC-600 domestic refrigerator in cooperation with Dr. Radhey Agarwal who was 
then Dean and Professor at the India Institute of Technology (IIT) and Co-Chair of the TEAP Refrigeration, Air Conditioning, 
and Heat Pumps Technical Options Committee and Dr. Sukumar Devotta who was then Director of the National Environment 
Engineering Research Institute (NEERI) in Nagpur, India, and member of the TEAP RTOC. Now Dr. Agarwal is Senior 
Advisor and Coordinator of Sector Phase-out Plan Unit (SPPU), Ozone Cell, India. Dr. Devotta is advisor to various Indian 
government bodies including Ministry of Environment & Forests and Department of Science & Technology and other 
organizations. Dr. Devotta continues as a member of the TEAP RTOC.
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Annex 1: Acronyms 

$�&� DLU�FRQGLWLRQHU
ADB Asian Development Bank 
AfDB African Development Bank 
AHRI Air Conditioning, Heating and Refrigeration Institute
AOSIS Alliance of Small Island States
$��3DUWLHV� $UWLFOH���3DUWLHV�WR�WKH�0RQWUHDO�3URWRFRO��VHH�GHÀQLWLRQ�LQ�$QQH[���
$5��� )LIWK�$VVHVVPHQW�5HSRUW�RI�WKH�,3&&
ARAP Alliance for Responsible Atmospheric Policy
ARB Air Resource Board (California)
ASHRAE American Society of Heating, Refrigeration, and Air Conditioning Engineers
BAU business as usual
%((� %XUHDX�RI�(QHUJ\�(IÀFLHQF\��%((�
BMU German Federal Ministry for the Environment, Nature Conservation and Nuclear   
 Safety 
CAFE corporate average fuel economy
CCAC Climate and Clean Air Coalition to Reduce Short-lived Climate Pollutants
CDB Caribbean Development Bank 
CEDHA Center for Human Rights and Environment
CEEW Council on Energy, Environment & Water (India)
&)&� FKORURÁXRURFDUERQ
&)2� FKORURÁXRURROHÀQV
CHEAA Chinese Household Electrical Appliances Association
CIF Climate Investment Fund 
CIS Commonwealth of Independent States 
CO2  carbon dioxide
CO2-eq  carbon dioxide equivalent
COPD chronic obstructive pulmonary disease
CTF Clean Technology Fund
DOE Department of Energy (US)
EBRD European Bank for Reconstruction and Development 
EIA Environmental Investigation Agency
EPA Environmental Protection Agency (US)
ESMA Emirates Authority for Standardisation and Metrology 
EU European Union
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EUE essential-use exemptions 
FBRD )RUHLJQ�(FRQRPLF�&RRSHUDWLRQ�2IÀFH��&KLQD�
)�*DV� ÁXRULQDWHG�JDV
GCF The Green Climate Fund
GEF Global Environment Facility
GFCC Global Food Chain Council
GHG greenhouse gas
*,=� 'HXWVFKH�*HVHOOVFKDIW�I�U�,QWHUQDWLRQDOH�=XVDPPHQDUEHLW
Gt  gigatonne 
GWP global warming potential
HC hydrocarbon
+&)&� K\GURFKORURÁXRURFDUERQ
+&)2� K\GURFKORURÁXRURROHÀQ
HCO oxygenated hydrocarbons 
+)&� K\GURÁXRURFDUERQ
+)2� K\GURÁXRURROHÀQ
HPMP HCFC Phase-out Management Plan
IADB Inter-American Development Bank 
IGSD Institute for Governance & Sustainable Development 
IP intellectual property
IPCC Intergovernmental Panel on Climate Change
ISHRAE Indian Society of Heating Refrigeration and Air Conditioner Engineers 
ISO International Standards Organisation
LCCP Life-Cycle Climate Performance
MAC mobile air conditioning or air conditioner
MDI metered-dose inhaler
MEP Ministry for Environmental Protection (China)
METI Ministry of Economy, Trade & Industry (Japan)
MLF Multilateral Fund of the Montreal Protocol
MOP meeting of the Parties (to the Montreal Protocol)
MTOC Medical Technical Options Committee (of TEAP)
NGO non-governmental organization
NIK not-in-kind
NRDC Natural Resources Defense Council
ODP ozone-depletion potential
ODS ozone-depleting substance
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OEWG Open-Ended Working Group (Montreal Protocol)
PCE tetrachloroethene
3)&� SHUÁXRURFDUERQ
PPCR Pilot Programme for Climate Resilience
PPM parts per million
PU polyurethane 
43,� 4XDQWLW\�3HUIRUPDQFH��ÀQDQFH��,QVWUXPHQWV
RAMA Refrigeration and Air-Conditioning Manufacturer’s Association (India)
REACH  Registration, Evaluation, and Authorisation and Restriction of Chemicals (EU)
SAE  Society of Automotive Engineers International
6&23� VHDVRQDO�FRHIÀFLHQW�RI�SHUIRUPDQFH�
6($'� 6XSHU�HIÀFLHQW�(TXLSPHQW�DQG�$SSOLDQFH�'HSOR\PHQW�,QLWLDWLYH�
6((5� VHDVRQDO�HQHUJ\�HIÀFLHQF\�UDWLR�
SG Secretary General (of the United Nations)
SLCPs short-lived climate pollutants
SMEs small- and medium-sized enterprises
61$3� 6LJQLÀFDQW�1HZ�$OWHUQDWLYHV�3ROLF\�3URJUDPPH
SREP Scaling Up Renewable Energy in Low Income Countries Programme 
TCE trichloroethene
TEAP Technology and Economic Assessment Panel
TERI The Energy and Resources Institute
7)$�� WULÁXRURDFHWLF�DFLG
TOC Technical Options Committee, organized by sector under the Montreal Protocol
UK United Kingdom
UN United Nations
UNDP United Nations Development Programme
UNEP United Nations Environment Programme
UNFCCC United Nations Framework Convention on Climate Change
UNIDO United Nations Industrial Development Organization
US United States of America 
VOC volatile organic compounds 
WMO World Meteorological Organization
XPS extruded polystyrene 
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$QQH[����'HÀQLWLRQV

Agreed incremental costs—costs to Article 5 Parties of implementing alternatives to ozone-depleting 
substances that will be paid by the Multilateral Fund (MLF).
AR-5 GWP 100-yr—the global warming potential (GWP) of a substance over a 100-year interval 
relative to carbon dioxide (CO2), which has a GWP set to 1. GWP is measured by the amount of heat 
a substance traps in the atmosphere as a function of infrared radiation absorbed, the atmospheric 
lifetime of the substance, and its absorbing wavelength. 
Article 5 Parties (A5 Parties)—countries that qualify for assistance under the Montreal Protocol 
LQ� WHUPV� RI� H[WHQVLRQV� RI� GHDGOLQHV� DQG� ÀQDQFLDO� DLG� LQ� WUDQVLWLRQLQJ� WR� QRQ�R]RQH�GHSOHWLQJ�
substances, including the development of HCFC Phase-out Management Plans (HPMPs).
Cascade refrigeration systems—refrigeration systems that use two or more refrigerants, with the 
ÀUVW�V\VWHP�FRROLQJ�WR�PHGLXP��UHIULJHUDWHG��WHPSHUDWXUHV�DQG�WKH�VHFRQG�V\VWHP�FRROLQJ�IURP�WKH�
medium refrigerated temperatures to low (freezing) temperatures. Each refrigerant is selected to be 
PRVW�HQHUJ\�HIÀFLHQW�IRU�WKH�VSHFLÀF�WHPSHUDWXUH�UDQJH�RI�DPELHQW�DQG�FRQGLWLRQHG�VSDFH�
Direct (centralized) expansion refrigeration systems—centralized direct expansion (DX) systems 
mount compressors together and share suction and discharge refrigeration lines that run throughout 
the food store, feeding pressurized liquid refrigerant to cases and coolers where the refrigerant is 
expanded to cool the food. Markets typically have one system for medium temperature refrigeration 
�H�J��PHDW��ÀVK��SUHSDUHG�IRRGV��GDLU\��UHIULJHUDWHG�GULQNV��DQG�DQRWKHU�V\VWHP�IRU�ORZ�WHPSHUDWXUH�
refrigeration (frozen foods). 
Direct (distributed) expansion refrigeration systems—distributed DX systems use multiple smaller 
compressors and evaporators located closer to the display cases they cool, either on the roof or 
behind a wall. In some cases, the proximity of compressors and evaporators to cases and coolers 
requires less piping and smaller refrigerant charges than centralized DX systems, which can result 
in lower refrigerant emissions. 
European Commission (EC)—the executive institution of the European Union (EU), with 
responsibility for managing the EU, including proposing and implementing legislation and ensuring 
treaty compliance. 
Funding Window—See Window below.
+\GURFKORURÁXRURFDUERQV� �+&)&V�³FKHPLFDO� FRPSRXQGV� FRPSRVHG� RI� K\GURJHQ�� FKORULQH��
ÁXRULQH�DQG�FDUERQ�DWRPV��+&)&V�KDYH�R]RQH�GHSOHWLQJ�SURSHUWLHV�DQG�DOVR�DUH�*+*V��
+\GURÁXRURFDUERQV� �+)&V�³FKHPLFDO� FRPSRXQGV� WKDW� FRQWDLQ� K\GURJHQ�� ÁXRULQH� DQG� FDUERQ�
atoms. They do not deplete the stratospheric ozone layer, but trap heat and are considered GHGs.
+\GURÁXRURROHÀQV� �+)2V�³FKHPLFDO� FRPSRXQGV� FRPSRVHG� RI� K\GURJHQ�� ÁXRULQH�� DQG� FDUERQ�
DQG�GHULYHG�IURP�DONHQHV��ROHÀQV��
Montreal Protocol—the Montreal Protocol on Substances that Deplete the Ozone Layer, adopted in 
Montreal on 16 September 1987 and as subsequently adjusted and amended.
Multiplex direct expansion refrigeration—refers to display cases and cold store rooms that use direct 
expansion air-refrigerant coils that are connected by tubing to compressors in a remote machine 
room located in the back or on the roof of the store.
Non-Article 5 Parties (Non-A5 Parties)—countries subject to stringent control schedules for 
eliminating ozone-depleting substances under Article 5 of the Montreal Protocol.
6HFRQGDU\�ORRS�DLU� FRQGLWLRQLQJ� V\VWHPV³W\SLFDOO\�XVH� D� WR[LF� DQG�RU�ÁDPPDEOH� UHIULJHUDQW� WR�
FRRO�D�QRQ�WR[LF��QRQ�ÁDPPDEOH�KHDW�WUDQVIHU�ÁXLG�WKDW�LV�FLUFXODWHG�WR�RFFXSLHG�ORFDWLRQ�V��ZKHUH�
cooling is wanted. 
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6HFRQGDU\�ORRS�UHIULJHUDWLRQ�V\VWHPV³W\SLFDOO\�XVH�D�WR[LF�DQG�RU�ÁDPPDEOH�UHIULJHUDQW�WR�FRRO�D�
QRQ�WR[LF��QRQ�ÁDPPDEOH�KHDW�WUDQVIHU�ÁXLG�WKDW�LV�FLUFXODWHG�WR�PHGLXP�WHPSHUDWXUH�UHIULJHUDWHG�
display cases throughout the building. 
Stand-alone refrigerators and freezers—cooling units with all components mounted in the appliance.
Transcritical CO2 systems—Transcritical systems use CO2 as the primary refrigerant in equipment 
designs that evaporate CO2 in the subcritical region and reject heat in a gas cooler instead of a 
condenser at temperatures above the critical point. 
:LQGRZ�RU�)XQGLQJ�:LQGRZ³7KH�LGHD�RI�D�¶IXQGLQJ�ZLQGRZ·�LV�WR�RUJDQL]H�ÀQDQFLQJ�PDQDJHPHQW�
VXFK� WKDW� DSSOLFDQWV� FDQ� VLPSO\� DQG� HIÀFLHQWO\� DFFRPSOLVK� WKH� REMHFWLYH� RI� WKH� FRQYHQWLRQV� DQG�
SURWRFROV�� 8QGHU� WKH� 0RQWUHDO� 3URWRFRO� WKHUH� LV� RQH� ZLQGRZ�PDQDJHG� E\� WKH� 0/)� WR� ÀQDQFH�
compliance with the A5 control schedules for ODSs. A more comprehensive MLF window could 
RIIHU�ÀQDQFLQJ�WR�DYRLG�+)&V�LQ�WKH�SKDVH�RXW�RI�+&)&V��SKDVH�GRZQ�RI�+)&V�LQ�H[LVWLQJ�XVHV��
LQFUHDVHG�HQHUJ\�HIÀFLHQF\�RI�UHIULJHUDWLRQ��DLU�FRQGLWLRQLQJ��DQG�WKHUPDO�LQVXODWLQJ�IRDP��
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$QQH[����$YDLODELOLWLHV�DQG�SURSHUWLHV�RI�ORZ�*:3�$OWHUQDWLYHV�WR�
+&)&V�DQG�+)&V

HFCs were invented and commercialized as chemical substitutes for about 15 per cent of the 
RULJLQDO�XVHV�RI�2'6V�IRU�ZKLFK�QRQ�ÁXRURFDUERQ�DOWHUQDWLYHV�ZHUH�QRW�VHOHFWHG��+)&V�DUH�R]RQH�
safe chemicals that typically have GWPs far lower than the ODSs they replace, with the important 
exceptions of HFCs replacing HCFCs where HFC GWPs are comparable or higher. HFCs were used 
as transition substances in foam blowing, but are rapidly being replaced in existing foam uses and 
avoided by both non-A5 and A5 Parties in the phase-out of HCFC foams. HFCs were also used 
as substitutes for refrigerants, but are now being replaced by a combination of available natural 
refrigerants, HFOs, and low-GWP HFCs. Many new low-GWP refrigerants and refrigerant blends 
are being investigated.
1XPEHULQJ�VFKHPH�IRU�ÁXRULQDWHG�VXEVWDQFHV
,Q�&)&V�DQG�+&)&V��WKH�ÀUVW�¶&·�LV�IRU�FKORULQH��DWRPLF�V\PERO��&O��DQG�LQ�DOO�UHIULJHUDQWV��¶)·�LV�IRU�
ÁXRULQH��DWRPLF�V\PERO��)���¶+·�LV�IRU�K\GURJHQ��DWRPLF�V\PERO��+��DQG�WKH�ÀQDO�¶&·�LV�IRU�FDUERQ�
�DWRPLF�V\PERO��&���,W�FDQ�EH�XVHIXO�LQ�GHVFULELQJ�VRPH�VXEVWDQFHV�WR�VSHFLI\�ZKHUH�WKH�K\GURJHQ�
DQG�ÁXRULQH�LV�RQ�WKH�FDUERQV�DQG�WR�VSHFLI\�RSWLFDO�LVRPHUV�WKDW�H[LVW�ZKHQ�WKHUH�LV�D�GRXEOH�ERQG��
For example, C4H2F6 (CF3Ch=ChCF3) can be written as HFO-1336 to specify how many carbons, 
K\GURJHQV��ÁXRULQHV�DQG�GRXEOH�ERQGV��DV�+)2�����P]]�WR�DGG�VSHFLÀFDWLRQ�RI�ZKHUH�WKH�K\GURJHQ�
DQG�ÁXRULQH�LV�RQ�WKH�FDUERQV��DQG�DV�+)2�����P]]�=�WR�VSHFLI\�ZKLFK�RSWLPDO�LVRPHU�
)OXRULQDWHG�UHIULJHUDQWV

&KHPLFDO�SUHÀ[ &RPPRQ�QDPH $WRPV�LQ�PROHFXOH
H Cl F C

CFC &KORURÁXRURFDUERQ X X X
HCFC +\GURFKORURÁXRURFDUERQ X X X X
HFC +\GURÁXRURFDUERQ X X X
HC Hydrocarbon X X
HFO* +\GURÁXRURROHÀQ X X X


3URSHQH�LVRPHUV�FRQWDLQ�DQ�XQVDWXUDWHG��FDUERQ�FDUERQ�GRXEOH��ERQG��7KH�ÁXRULQDWHG�LVRPHUV�DOVR�FDQ�EH�
LGHQWLÀHG�ZLWK�WKH�SUHÀ[HV�5�RU�5HIULJHUDQW�DQG�DOVR�DV�+)2��K\GURÁXRURROHÀQ���+)$��K\GURÁXRURDONHQH���
RU�+)&��K\GURÁXRURFDUERQ���

All substances used as refrigerants are numbered according to an internationally accepted formula 
with the letter ‘R’ or ‘Refrigerant’ followed by a number based on chemical properties. Thus, CFC-
12 may also be written as R-12 or Refrigerant 12.1 HFO-1234yf can also be referred to as R-1234yf, 
Refrigerant-1234yf, HFA-1234yf, or HFC-1234yf.
Some blends of refrigerants contain only one group of chemicals and therefore can be designated 
within that group. For example, HFC-410A contains HFC-32 and HFC-125 and can be designated as 
HFC-410A. However, some blends of refrigerants contain a combination of HFCs, HCFCs, HFOs, 
HCs and even CO2 and therefore cannot be characterized in any one chemical group. For example, 
R-401A contains HCFC-22, HFC-152a, and HCFC-124, and therefore can only be accurately referred 
to as R-401A or Refrigerant-401A.

1� )RU� DQ� H[SODQDWLRQ� RI� GHFRGLQJ� WKH�QXPEHU� V\VWHP� IRU�&)&��+&)&�� DQG�+)2� UHIULJHUDQWV� VHH�� KWWS���ZZZ�HSD�JRY�
R]RQH�JHQLQIR�QXPEHUV�KWPO�SUHÀ[HV��)RU�DQ�H[SODQDWLRQ�RI�GHFRGLQJ�WKH�QXPEHU�V\VWHP�IRU�+)2�UHIULJHUDQWV�VHH��%URZQ��
J. S. (2009) +)2V��1HZ��/RZ�*OREDO�:DUPLQJ�3RWHQWLDO�5HIULJHUDQWV, ASHRAE JOURNAL��KWWSV���ZZZ�DVKUDH�RUJ�����GRF/LE�����
%URZQ�����²IHDWXUHRIZHHN�SGI�
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5HIULJHUDQW�EOHQGV�DUH�DVVLJQHG�QXPEHUV�VHULDOO\��ZLWK� WKH�ÀUVW�]HRWURSLF�EOHQG�QXPEHUHG�5�����
DQG�WKH�ÀUVW�D]HRWURSLF�EOHQG�QXPEHUHG�5������%OHQGV�WKDW�FRQWDLQ�WKH�VDPH�FRPSRQHQWV�EXW� LQ�
differing percentages are distinguished by capital letters. For example, R-401A contains 53 per cent 
+&)&��������SHU�FHQW�+)&����D��DQG����SHU�FHQW�+&)&������EXW�5����%�FRQWDLQV����SHU�FHQW�+&)&�
22, 11 per cent HFC-152a, and 28 per cent HCFC-124.
5HIULJHUDQW�EUDQG�QDPHV
Most chemical manufacturers and some chemical distributors use brand names for their products. 
The Montreal Protocol TEAP and OzonAction frequently publish lists of common trade names of 
ODSs, but there is no similar consolidated list available from UNEP for alternatives to HFCs.2 
,QGLFDWLYH�OLVW�RI�EUDQG�QDPHV�IRU�DOWHUQDWLYHV�WR�2'6V3

5HIULJHUDQW )RDP�EORZLQJ 6ROYHQW��ÀUH�SURWHFWLRQ��RWKHU

$PHULFDQ�3DFLÀF Halotron®
Ansul Fire Protection Inergen®
Arkema Forane® Forane®
Asahi Glass Chemical Amolea®

Asahiklin®

Asahiklin® Asahiklin®

Ausimont Meforex®
Calor Gas CARE®
DuPont Dymel®

Suva®

Opteon®

Formacel®

Dymel® Suva®

Opteon®

Dymel®

Vertrel®

Opteon®
Foam Supplies Inc. Ecomate®
Honeywell Solstice®
JSC ‘Halogen’ Khladon®
Mexichem Klea®
North America Fire Guard-
ian

NAF®

Pennsylvania Engineering Penngas®
Rhodia ISCEON® ISCEON®
Showa Denko EcoloAce®
Solvay Fluor Solkane®

Reclin®
SRF Floron®
3M CEA®, Novec®

* Fire extinguishing agents are blend of HCFCs, HFCs, PFCs, and other ingredients. 

2 6HH�2]RQ$FWLRQ��:HE��7UDGH�1DPHV�RI�&KHPLFDOV�&RQWDLQLQJ�2]RQH�'HSOHWLQJ�6XEVWDQFHV��KWWS���ZZZ�XQHS�RUJ�
ozonaction/InformationResources/Tradenames/tabid/54392/Default.aspx.
3 The authors of this assessment welcome corrections or additions to this tentative list of trade names.
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&KHPLFDO�QRPHQFODWXUH�LV�DQ�XQUHOLDEOH�LQGLFDWRU�RI�FOLPDWH�SHUIRUPDQFH
&KHPLFDO�QRPHQFODWXUH�LV�QRW�FRUUHODWHG�ZLWK�*:3�RU�HQHUJ\�HIÀFLHQF\�DQG�WKXV�LV�DQ�XQUHOLDEOH�
indicator of environmental performance, climate impact or sustainability. However, it is true that 
natural refrigerants and HFOs have far lower GWPs than CFCs, HCFCs and HFCs. 
,3&&�$5��/RZ�DQG�+LJK�����\HDU�*:3V��2'6V�DQG�$OWHUQDWLYHV

/RZHVW�*:3 +LJKHVW�*:3
CFCs  CFC-11 4,660  CFC-13 13,900
HCFCs HCFC-122 59 HCFC-142b 1,980
HFCs HFC-152a 138 HFC-23 12,400
HFOs HFO-1132a

HFO-1141

HFO-1225ye

HFO-1234yf

HFO-1234ze

HFO-1132a

HFO-1132a

HFO-1345zfc

<1

<1

<1

<1

<1

<1

<1

<1

 HFO-1136 2

HCs HC-600a* 3 HC-290** 3.3

US EPA is the source of GWP numbers for hydrocarbons because the IPCC does not list these 
VXEVWDQFHV��VHH��KWWS���ZZZ�HSD�JRY�R]RQH�GRZQORDGV�(3$B+)&B&RP5HI�SGI���
*HC-600a is isobutane
**HC-290 is propane

7KH�PHWULF�IRU�FOLPDWH�SURWHFWLRQ�LV�/LIH�&\FOH�&OLPDWH�3HUIRUPDQFH��/&&3�
/&&3�LV�DQ�HVWLPDWH�RI�WKH�FDUERQ�HTXLYDOHQW�OLIH�F\FOH�*+*�HPLVVLRQV�LQFOXGLQJ�����GLUHFW�FKHPLFDO�
*+*�HPLVVLRQV�����LQGLUHFW�&22�HQHUJ\�HPLVVLRQV��DQG����HPERGLHG�*+*�HPLVVLRQV�DVVRFLDWHG�ZLWK�
product manufacturing, marketing, installation, service and disposal at the end of useful product 
life.
2WKHU� FRQFHUQV� RI� UHIULJHUDQW� FKRLFH� LQFOXGH� ÁDPPDELOLW\�� WR[LFLW\�� DQG� HQYLURQPHQWDO� IDWH�� )RU�
H[DPSOH��+)2�����\I��EXW�QRW�RWKHU�+)2V��SURGXFHV�WULÁXRURDFHWLF�DFLG��7)$��DV�DQ�DWPRVSKHULF�
breakdown product, and HCs are volatile organic compounds (VOCs), which contribute to the 
formation of ozone and photochemical smog.
&RQWUROV�XQGHU�WKH�0RQWUHDO�DQG�.\RWR�3URWRFROV
3URGXFWLRQ�DQG�FRQVXPSWLRQ of ozone-depleting substances is controlled under the Montreal Protocol 
while emissions of HFCs are controlled under the Kyoto Protocol. ODSs produced and ‘banked’ in 
UHIULJHUDWLRQ��DLU�FRQGLWLRQLQJ��DQG�ÀUH�SURWHFWLRQ�HTXLSPHQW�RU�FRQWDLQHG�LQ�IRDP�DUH�QRW�FRQWUROOHG�
by either treaty. The Montreal Protocol currently allows non-emissive uses of ODSs as feedstocks 
and process agents. Carbon tetrachloride, CFC-113, HCFC-22, HCFC-225, Halon 1301,4 and methyl 
FKORURIRUP�DUH�UHSRUWHG�ZKHQ�XVHG�DV�IHHGVWRFNV�DQG�SURFHVV�DJHQWV��+)&�����WULÁXRURPHWKDQH�RU�
CHF3) is inadvertently produced as an unwanted by-product from the production of HCFC-22, which 
ZLOO�FRQWLQXH�WR�EH�XVHG�DV�D�IHHGVWRFN�LQ�WKH�PDQXIDFWXUH�RI�ÁXRURSRO\PHUV��SODVWLFV�DQG�+)&V�5

4 It has been reported to TEAP in 2009 that one plant in France and ten plants in China manufacture the pesticide Fipronil 
XVLQJ�KDORQ������SURGXFHG�LQ�WKRVH�FRXQWULHV�DV�D�IHHGVWRFN��R]RQH�XQHS�RUJ�����7HDSBSURJUHVVBUHSRUWB0D\�����&RUU�GRF�
5 IPCC (2009) HFC-23 EMISSIONS FROM HCFC-22 MANUFACTURE, WORKING GROUP III: MITIGATION OF CLIMATE CHANGE, Section 
���������KWWS���ZZZ�LSFF�FK�SXEOLFDWLRQVBDQGBGDWD�DU��ZJ��HQ�FK�V��������KWPO
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$�VPDOO�QXPEHU�RI�FRPSDQLHV� LQ�D�VPDOO�QXPEHU�RI�FRXQWULHV�SURGXFH�KLJK�*:3�+)&V�DQG�ÁXRURFDUERQ�
DOWHUQDWLYHV�WR�+)&V
Only China, India, Japan, the EU, and the US produce HFC-32, HFC-152a, HFC-134a, and HFC-125. 
Five or more companies have process patents to produce HFO-1234yf, and Honeywell claims an 
application patent for use in MACs. The process patents for HFC-32 and HFC-152a have expired 
and Daikin application patents for the use of HFC-32 in room A/Cs are available without charge to 
most companies manufacturing room A/Cs in most A5 Parties through ‘non- assertion contracts.’ 
No patents prevent the use of HFC-152a as a MAC refrigerant.
$WPRVSKHULF�PHDVXUHV�LQGLFDWH�WKDW�RQO\�DERXW�KDOI�RI�+)&�SURGXFWLRQ�LV�UHSRUWHG�WR�81�DXWKRULWLHV��
the table is indicative of the situation today.

6XEVWDQFH 3URFHVV�
SDWHQW

$SSOLFDWLRQ�
SDWHQW

&RXQWULHV�ZLWK�UHSRUWHG�PDQXIDFWXUH
$UJHQWLQD &KLQD EU ,QGLD -DSDQ .RUHD 0H[LFR 5XVVLD US

HCFC-22 No No Yes Yes Yes Yes Yes Yes Yes Yes Yes
HFC-23 NA NA Yes Yes Yes Yes Yes Yes Yes Yes Yes
HFC-32 Expired 

& Active
Yes Yes

???

Yes Yes Yes

HFC-125 Yes
HFC-143
HFC-152a No Yes Yes Yes
HFC-134a Yes Yes Yes Yes
HFO-1234yf Many Honeywell Yes Planned Yes
1RWHV�� 65)� ,QGLD� UHSRUWV� SURGXFWLRQ� RI� +)&����$� ������� EOHQG� RI� +)&���������� ���$� ��������� EOHQG� RI� +)&�
125/143a/134a), and 407C (20/40/40 blend of HFC-32/125/134a). This table presumes that sale of the blends requires 
production of the ingredients.

Hydrocarbons used as refrigerants are heavier than air. Ignitable blends with air are therefore 
formed in low areas. When larger refrigerant charges are used, appropriate gas sensors and air 
UHPRYDO�GHYLFHV�QHHG�WR�EH�LQVWDOOHG�DW�ÁRRU�OHYHO�
Hydrocarbons mix very well with mineral oils. The hygroscopic synthetic oils used with HFCs can 
be avoided, making construction and service of refrigeration systems much easier.
Isobutane (HC-600a) is the sustainable refrigerant-of-choice for residential refrigerators and freezers 
and small commercial stand-alone (plug-in) refrigerated and frozen food display cases sold in 
Europe and Asia and starting to penetrate North American and other markets. Over 40 million 
appliances are produced with isobutane annually worldwide. Isobutane refrigerators and freezers 
are quieter in operation than comparable HFC-134a units.
Propane (HC-290) is the sustainable refrigerant-of-choice for small room A/Cs and for stand-alone 
commercial refrigerators and freezers operating at high ambient temperature or with frequent 
restocking, which requires higher cooling capacity. 
Propene (HC-1270) or propylene is a hydrocarbon with one unsaturated carbon bond (double 
carbon bond) primarily used for foam blowing. 
Cyclopentane, cyclopentane/isopentane and cyclopentane/isobutane blends are globally the most 
frequently used blowing agents for foam in domestic refrigeration equipment.
$PPRQLD
$PPRQLD� �5������ LV� DQ� R]RQH�� DQG� FOLPDWH�VDIH� UHIULJHUDQW� �2'3 ��*:3 ��� VXLWDEOH� IRU� ODUJH�
UHIULJHUDWLRQ�V\VWHPV��$PPRQLD�UHIULJHUDWLRQ�V\VWHPV�DOVR�XVXDOO\�DFKLHYH�KLJKHU�HQHUJ\�HIÀFLHQF\�
WKDQ�+)&� UHIULJHUDWLRQ� V\VWHPV��$PPRQLD� LV� ÁDPPDEOH� DQG� WR[LF�� EXW� KDV� D� SXQJHQW� RGRXU� DW�
FRQFHQWUDWLRQV�IDU�EHORZ�WKH�ORZHU�ÁDPPDEOH�OLPLW�DQG�ORZHU�KHDOWK�HIIHFW�WKUHVKROG��VHOI��DOHUWLQJ��
self- evacuating). Gaseous ammonia is an alkaline gas that reacts very strongly with nitrogen oxides 



$OWHUQDWLYHV�WR�+LJK�*:3�+\GURÁXRURFDUERQ

66

DQG�VWURQJ�DFLGV��UHDFWV�ZLWK�ZDWHU�WR�SURGXFHV�OLTXLG�DPPRQLD�ZDWHU��DPPRQLXP�K\GUR[LGH���DQG�
reacts with CO2�WR�SURGXFH�DPPRQLXP�FDUERQDWH��%HFDXVH�RI�WR[LFLW\��DPPRQLD�LV�RQO\�XVHG�ZLWK�
indirect systems to avoid any public exposure. Recently ammonia has also been used as the higher 
temperature stage in CO2 cascade refrigeration systems.
&DUERQ�GLR[LGH
Carbon dioxide refrigerant (CO2�RU�5������LV�D�FRORXUOHVV�DQG�RGRXUOHVV�JDV�WKDW�LV�QRQ�ÁDPPDEOH��
toxic, and heavier than air. The net GHG contribution of CO2 XVHG�LQ�UHIULJHUDWLRQ�RU�ÀUH�ÀJKWLQJ�
V\VWHPV� LV� RQO\� IURP� WKH� VHSDUDWLRQ�� SXULÀFDWLRQ�� FRPSUHVVLRQ� DQG� WUDQVSRUW� RI�ZDVWH�&22 that 
otherwise would escape directly to the atmosphere. CO2 is safe in low concentrations, but can be 
harmful in higher concentrations. The maximum allowable concentration (MAC) for a workplace is 
5,000 ppm or 0.5 per cent. Immediate danger to health and life (IDHL) exists for CO2-concentration 
over 4 vol. per cent in air (40,000 ppm). Above 10 vol. per cent in air, CO2 is a neurotoxin that 
diminishes thinking and slows reaction times. It is immediately lethal above 30 vol. per cent.

&RPPRQ�1DPH 5HIULJHUDQW�
1DPH

/LIHWLPH�
�GD\V���$5��
H[FHSW�DV�
QRWHG�

*:3����\U��$5��H[FHSW�
DV�QRWHG��

ASHRAE 
6DIHW\�
*URXS

)ODPPDEOH

HCFC-22 R-22 4343.5 1760 A1 No
HCFC-123 R-123 474.5 79 %� No
HCFC-141b 3358.0 338 Not yet 

FODVVLÀHG�E\�
ASHRAE

HFC-32 R-32 1898.0 677 A2L Mildly
HFC-152a R-152a 547.5 138 A2L Mildly
HFO-1234yf R-1234yf 10.5 <1 A2L Slightly
HFO-1234ze R-1234ze 16.4 <1 A2L Slightly
HC-290 (Propane) R-290 12±3 3.3 (US EPA) A3 Highly
+&������%XWDQH� R-600 0 4.0 (US EPA) A3 Highly
HC-600a

(Isobutane)

R-600a 0 3.3 (US EPA) A3 Highly

Carbon Dioxide 
(CO2)

R-744 Varies depend-
ing on sink

1 (GWP reference 
chemical)

A1 Extinguishes 
Fire

Ammonia R-717 %� Highly
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the following assessments for further elaboration of technology. Authentic information on new 
technology is reported by OzonAction and featured at side events at the OEWG and MOP. These 
assessments, completed within the last few years, present the full range of perspectives and much 
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