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I GS h&sonis to promote just and sustainablesocietiesand to protect the environmentby advancingthe
understandingdevelopmentandimplementatiorof effective andaccountablesystemsf governancdor sustainable
development.

Beginning in 2005,6SDe mbar ked -aomt iao nfof acslti mat e mitigation campaig
reductions ofjreenhouse gammissionsand will limit temperaturéncreaseandother climataémpacts in the near term

The focusis primarily on strategies to reduce RG®, climate pollutantsaas acomplemento cuts in CQ, which is

responsible for more than half of all warmitigis essential toeeduce both na«€O; pollutants and C@ Neither alone

is sufficient to limit the increase in global temperatora safe level

I GS D 6 sactioh atategies include reducing emissions of dived climate pollutant black carbon, methane,
tropospheri@zone, and hydrofluorocarbofi$iey also include meases to promote energy efficiency of air conditioners
and other appliances, and measuresafature, reuse, argtore CQ after it is emitted, including biosequestration and
mineralizationstrategieghat turn carbon dioxidento stable forms for longerm storagevithout competing with food

supply.
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Fast action under the Montreal Protocol can limit growth of HFCs, prevent 100 to 200 billion tonnes
of COz-eq emissions by 2050, and avaid to 0.5°C of warming by 2100, with additional climate
benefits from parallel improvements in energy efficiency of air conditioners and other appliances.

1. Summary

T he | Fifth@\ésessment Reparbncludes that climatehange is unequivocal, significantly caused by human
activities, occurring faster than anticipated, with impacts that are more severe than predicted, and that urgent action is
required to reduce climate pollutaAtShis Primerdescribes how the Montreald®ocol can be used to quickly reduce

one category of climate pollutants, hydrofluorocarbons (HR@h further support from national and regional laws

and institutions.

HFCs are the fastest growing greenhouse gases in much of the world, increasatg af 4815% per yea?.HFCs

are factorymade gases that were once thought necessary to replacedepdeiing substances, but today are no
longer needed in most sectors, including air conditioning, refrigeration, and foam insulation. World leadeizagcog

the threat posed by the growth of HFCs in the outcome document of the Rio +20 Summit in 2012 and called for the
gradual phasedown of their production and consumphiamety-five countrieshave submitted formal proposals to
amend the Montreal Protocto phase down HFCsncluding acoalition of island Statedndia, the EU, the US,
Canada, and Mexic@and the 54 members of the Africa Grodje majority ofcountries including ChinaBrazil,

and Pakistararenow supporing the HFCamendment

A fastphaseoubf high-GWPHFCs under the Montreal Protocol by 2020 would prevent up to 200 billion tonnes (Gt)

of CO-equivalent (C@eq) emissions by 2050and avoid up t®.5 C warming by 2100,using a treaty that requires
developed countries to act firgiovides implementation assistance to developing coufitaed,has the experience

and expertise to ensure that reductions are fast, effective, and efficient. In addition, an HFC phasedown under the
Montreal Protocol would, as it has always been the icatbe past, catalyze significant energy efficiency gains in air
conditioning and refrigeration systems, in the range of 30 to 60%, and significantly reduesn8ions.In the

room air conditioning sector alori@jprovingenergy efficiency coulgrovide additionatlimatemitigation ofnearly

100 Gt CQ-eqby 2050,and save an amount of electricity equivalkentp to 2,500 mediursized power plants.

An HFC phasedown under the Montreal Protocol will provide a level playing field for producecsrsumers in
lieu of a patchwork of regional and national regulations. It also will build momentum for a successful climate
agreement under the UNFCCCDecembeR015 to go into effect in 2020.

2. HFC are used primarily as refrigerantsand to make insulatng foams

HFCs area group offactory made chemicals primarily produced for use in refrigeratiomgomiditioning, insulating
foams,andaerosolpropellans, with minor uses asolvents andor fire protection. HFCsveredeveloped in order to

replace chlasfluorocarbons (CFCdjhat have already been phased aud hydrochlorofluorocarbons (HCFG&pat

are currently being phased out under the Montreal Protocol in order to put the stratospheric ozone layer on a path to
recovery.HFCsarenow being used as ssftitutes for HCFCs. While they do not destroy the ozone layer, they are
very powerful greenhouse gases, trapping thousands cf i heat in the atmosphere per unit of mass thai? CO

HFC 134a ighe most abundant and fastest growing HE@Gas an atmospheric lifetime of 13.4 years and a GWP of
1,300

Fig. 1: Projected growth in HFCs and climateforcing from emissions
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HFCs were only commercialized irgtiearly 1990s, and sehile HFCshave causednly 1% of total global warming

to date production, consumption, and emissions of these fact@mgte gaseare growing at a rate of 116% per

year! which will cause a doubling every five to seven ye&tBC gowth is accelerating adFCs are used as
substitutes to replace ozone depleting substances (ODSs), and as the demand grows for the appliances that use these
refrigerants'? SeeFigure 1.HFCs and othefluorinatedgreenhousgases are the fastest growing climate pollutants

in many countries, including th¢.S, E.U., Australia, China, and Indi4.

3. High growth rates for HFCs will cause significantglobal warming

Atmospheric measurements confithe high growth rates of HFGsed as substitutes for OD8#\ccording to the
measurements, emissions of these HFC substitutes are now twice as high as those reported to the UNFCCC, implying
that developing countries (which are not required to report emissions to the UNFCCC) nowt &mrcoearly 50%

of global HFC emission$> SeeFigure 2.

Fig. 2: High HFC emissionsconfirmed by global measurements
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fiFigure [2] . HFC emissions derived from NOAA global observations (Blueonnected by solid lines-tdox result)

are compared to thprojections of Velders et a2009 (black dashed lines;-thox result), and those reported to the

UNFCCC (green lines and plusmbpols; data from http://unfccc.int/ghg_data/ghg_data_unfccc/items/4146.php) for
HFC-134a alone (left) and for the aggregatersaf other HFCs used as substitutes for ozide@eting substances (right

panel HFG1 25, 1 143a, 132, 1152a, 1 2BJaomaHFG28]n The diffdrénsenbétweerd i . e .
global emissions derived from NOAA atmospheric measurements (&sit) and those reported to the UNFCCC are
shown as Aunrepor t &&épheemMontzka, MatksMcRkarlaad] Stdphien @. anjdems@enjamin

R. Miller, David W. Fahey, Benjamib. Hall, Linhua Hu, Carolina Siso, & Jam®é. Elkins (2014)Recent Trends in

Global Emissions of Hydrochlorofluorocarbons and Hydrofluorocarbons: Reflecting on the 2007 Adjustments to the
Montreal Protoco| J PHYS. CHEM.

Without fast actionHFC forcing will increase as much as thifigid by 2050, from a forcing of 0.012 W#io as
much as 0.40 W/At6 Continued growh in HFCs will add up to 0.1°C dflobal average temperature risg mid-
century,which will increasaup tofive-fold to 0.5°Chy 2100

If left unchecked, by 205@&nnual HFC emissions could be equivalenti®®o of annual CQemissions under a
businessasusual (BAU) scenarioand up to 7% of annual C@emissions under the IP@Cstronges mitigation
scenariot® Such uncontrolled growth inHFCs would cancel much of the climateriefit achievable under an
aggressive C450 ppm mitigation scenari@in Figure 3, compareradiative forcing reduced from G@nitigation to
radiative forcing increased from HFC growth

In addition to direct emissns, by 2050, the unchecked growth of HFC production and use will also produce between
39-64 GtCQ-eq of HFCs trapped in millions of refrigeoas, air conditiorers, and other cooling equipment, as well

as inchemical stockpileandfoams, collectively knen a s i H E°Thede &liRCs bank§ will slowly emit their
stored HFCs over a few decades, further contributing to global warfhing.
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Fig. 3: By 2050 forcing fromHFCs could equal 20-25% of the growth of COz forcing since 2000
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fiClearly, the contributiorof HFCs to radiative forcing could be very significant in the future; by 2050, it could be as
much as a quarter of that due to €i@creases since 2000 if the upper range HFC scenario is compared to the median
of the SRES scenari®pecial Report on Emigsis Scenarios, establishing a baseline scenaddfernatively, the
contribution of HFCs to radiative forcing could be efifeh the radiative forcing due to GOncreases since 2000 if the
upper range HFC scenario is compared to the upper range of tB&S SRenari@ UNEP (2011)HFCs: A CRITICAL

LINK IN PROTECTINGCLIMATE AND THE OZONE LAYER I A UNEP SYNTHESISREPORT

4. Phasing down HFCs willprevent significant warming and climate impacts

A fastphasedown afiigh-GWPHFCs, as proposed by a growing coalition of natieeg$ection 9)hasthe potential
to prevent the equivalent of up to 8.8 Gt £J@r yearin emissions by 2058 The proposeghasedown will avoidip
to 0.5 C of warming by 2100 unde¢he high HFC growth scenario, and up to 0@%nderthe lowHFC growth
scenarid®® A more ambitious strategy of completegliminatingthe use of highGWP HFCs by2020 would avoid
emissions equivalent to betwe@h-146 Gt CQ by 205022 Eliminating the use of higgWP HFCsby 2020would
also avoid a additional amount equivalent to 50 Gt £39i 64 Gt) trapped in HFCs banki®r acombinedtotal of
up to 200 or more Gt CEeq?* SeeFigure4, far right bar Avoiding this warmingis essential for staying within the
long-term international goal of stabilizing global temperature tadeelow 2 C abovepre-industrial temperaturdsy
the endof-century.SeeFigureb.

Fig. 4: Climate protection from the Montreal Protocol and Kyoto Pratocol®
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Fig. 5: 215 Century warming that can be pevented bymitigating Short-Lived Climate Pollutants and CO2
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Figure[5] A [ Pdicts model simulated temperature change under various mitigation scenarios that inclkudadCO
SLCPs (BC, CH HFCs).BAU case (red solid line with spread) considers both high and low estimates of future HFC
growth.Note this uncertainty démperaturerojection related taHFC scenarioss around 0.18C at 2100 The vertical

bars next to the curve show the uncertainty ofpEnature projection at 2100 due to climate sensitivity uncertainty.

Y angyangXu, DurwoodZaelke,Guus J.MVelders, &VeerabhadraRamanathan (2013he role of HFCs imitigating

218 century climate chang@&TMos. CHEM. PHYS. 1360836089.

Fast mitigation of HFCs combined with mitigation of the other sheet climate pollutants (SLCP8) black carbon,
methane, and tropospheric ozanecan avoid 0.6°C dfuture warming by 2050, and up to 1.5°C by eaficentury,
with HFC mitigation contributing onthird of the avoided warming by emud-century?® SeeFigure5.

Fast action to phase dowti four SLCPsi wo ul d c ut wahmeng sinaen2005 byt50%vae2050 and BYy®
at 2 1Bagee on our high HFC growth scenarios, the contribution to the avoided warndib@Catlue to HFC
emission contriois about 40% of that dueto G® mi ssi o’ control . 0

Reducing HFCsand the other SLCPs can significargluce future climate impacts, includisigwing sealevel rise.
Research led by Professor Veerabhadran Ramanathan at Scripps Institution of Oceanography, University of
California, San Diego, calculatéhatcutting SLCPs can reduce the rate of-$eeel rise by almost 20% by 2050 and

nearly 25% by 2100; adding immediate and aggressiven@itipation can double the eraf-century reductions’
Combined SLCP and G@nitigation can reduce cumulative seael rise by 31% in 2108.Individual contributions

to avoided sedevel rise by 2100 from different mitigation actions &@% from CQ mitigationand 71% from SLCP
mitigation (13% from HFC ritigation, 17% from black carbon itigation, and 41% from methaneitigation).3° See

Figure 6.


http://www.atmos-chem-phys.net/13/6083/2013/acp-13-6083-2013.pdf
http://www.atmos-chem-phys.net/13/6083/2013/acp-13-6083-2013.pdf

Fig. 6: Avoided sealevel rise at 2100 due to aggressive G@nd SLCP _mitigation
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Figure[6] fiAvoided sedevel rise at 2100 due to aggressive mitigation of {iwgd CO2 andSLCPs. Such aggressive
actions can reduce the rise in sea levels by 35 cm (uncertainty range7i8 &n) from the projected séavel rise of

112 cm (49210 cm) under a business-usual scenario for emissions (Repmesgive Concentration Pathway (RCP)
6.0). The pie chart shows percentage contribution of each pollutant. Mitigation of the SLCP methane would lead to
reductions in tropospheric ozone, another SLCP, and hence the pie chart includes both. Asvadgngjlutant, CO2

plays a substantial roléblue section), but reduction in SLCPs (shown in darker colours) would lead to a larger degree
of avoided sea level. (Under a more intensive busiasssual RCP8.5 level, reductions in CO2 would increase the
share of CO2 miFtoinDaaid G Vdigtor, Duwwodd Z&élkes ¥eerabhadran Ramanathahuly 2015)

Soot and shoslived pollutants provide political opportunitiNATURE CLIMATE CHANGE (based orHu, A., Y. Xu, C.
Tebaldi, W. M. Washington, and V. Ramanathan (20#jgation of shortlived climate pollutants slows séewvel rise
NATURE CLIMATE CHANGE, 3, 1i 5.)

5. Phasing down HFCs will catalyzesnergy efficiency and significant COzreductions

In addition to the direct climate benefits from HFC mitigation, a global HFC phasedownateilyzeadditional
climate benefits through improvements in the energy efficiency of the refrigerators, air conditioners, and other
products and equipment that Ud€C refrigerants(Complementary measurésat encourage consumer choice of
energy efficient appliancesan speed thgains.) These efficiency gains will significantly reduce €énissions.
Depending on the application, generation m@rd fuel type, emissions from generating electricity account for
between 785% of totaklimateemissions attributable to products usiafrigerants’!

The phaseout of CFCs under the Montreal Protocol, which began in thd980d, catalyzed substantial
improvements in aiconditioning and refrigerant energy efficiedcyp to 60% in some subsectdtI heseefficiency
improvementsvere the esult of replacing old products and equipment with a new generation of higher efficiency
machines® When refrigeration and air conditioning manufacturers redesigned their systems to {ie&R@any

took the opportunity to improve the efficiency of the@signs’* For example, th&).S. EPA estimatel that CFGfree
chillers were up to 50% more energy efficient inth8&3° andthe Global Environment Facility estimated the chillers
wereover 30% more efficient in India than the Glb@sed machines they repldcé

Similar energy efficiency improvements are expected with an HFC phase@aga studies oecent demonstration
projects presentedby the Climate and Clean Air Coalitiomo Reduce Shottived Climate PollutantfCCAC)
calculatedenergy savings o15% to 30%, and carbon footprint reductianfs60% to 85%for refrigeration in
commercial food store¥

A number of ¢gpbal companies that amdready making théransitionaway from HFCs report significant gains in
energy efficiency. For example, the CaCala Company and PepsiCo have reported energy efficiency gains of up to
47% in their new C@and hydrocarboibased refrigeration equipment over baseline Hia€ed model® Global
supermarket chains Tesco and Unilever both report a 10% gain from new hydrelwaskdrcommercial refrigeration
equipment and freezer cabinetser HFC-models®®

Recentcalculations by scientists at Lawrence Berkeley National Laboraterirmthat, in the room air conditioning
sector,improving efficiency could avoig25 Gt of CO, emissions in 2030,3Gt in 2040, and-40 Gt in 2050, for
cumulative mitigation up to 8 Gt*° Room air conditioning is raimportant target for efficiency programs due to
rapidly expanding consumer cooling markets in emerging econpaniadditional 700 million ung will be added to

8
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the globalstockof air conditionersy 2030* The market for room air conditioning is growin@15% per yeain
many emerging economidsgcluding India, China, and Braziland straining often weak gri#&Ownership of room

air conditioners in Indiafor examplejs projected tancreaseo 73% in 2030 from 30% in 2020 Air conditioning
accouns for a significant percentage of peak enelmpd in hot climates, such a Dehli in India, where it represents
40-60% of peak electricity demarid.

According toLawrence Berkeley National Laboratory combined transition to le@WP refrigerants and higher
efficiency A/C could producenergysavings irpeak demandqual to 34-1,270 gigawatts (GW) of electricit§? This
would avoid (or free up for other uses) an amount of electricity equal to the production of beBfesd 6,587
mediumsized peakoad coal power plants by 203fndbetweer,090 and2,540 by 2050 Over the next 15 years,
the potential energy savings India alonefrom improving the energy efficiency of room air conditioning is the
equivalent olup to142 new mediurssized (500 MW) coal power plantéOther countriesvould also sesignificant
energy savingsSeeTable 1 These efficiency gains also would lower the cost of operatingittenditioning ease
pressure on overloaded electricity gridad save consumers morféy.

Table 1: 500-megawatt power plants avoided by 280 and 2050from combined transition for split room air
conditioners*®

NUMBER OF AVOIDED 500MW PEAK -

COUNTRY L oAD POWER PLANTS

2030 2050
Brazil 31-72 92-216
Chile 1-2 2-4
China 265-619 310720
Colombia 4-10 10-24
Egypt 6-14 20-46
India 61-142 219511
Indonesia 40-93 60-140
Mexico 4-9 11-26
Pakistan 3-6 1842
Saudi Arabia 4-9 5-12
Thailand 12-27 14-30
United Arab Emirates 2-4 2-6
Vietnam 13-30 1536
Global 680-1587 10902540

6. Energy efficient alternatives to HFCsexist in almost every sector

Low-GWP alternatives to higsWP HFCs are widely and increasingly availafdeeTable 2)°° Alternatives to

existing highGWP HFCs fall into two basic categories: Atuorinated substances with le@WP, and fluorinated
substances with lowto midrange GWs.T h e Mo nt r e aéchnBlagy dnd Econoriics Assessment Panel
(TEAPPuses t heGWRO® mt 6l oawf er to r ef r ovgeewhdr tes AvBOES r GWRs r cf
to refrigerants with GWPs of 1,000 ewer.>! For comparisorthe GWRgoyrof HFC-134a, one of the most commonly

used highGWP HFC refrigerants today, is3D0.52

In sectors where an alternative has been identified, the next steps will be to develop equipment, gain regulatory
approval, address any servicing needs, and determiaedifopin solution is availablé® TEAP cautions that

di fferences in energy ef f-GWR®naxry AGYIRdOdraaitéee e mmit m & ewh wo hu |
lowest overall impact on global warmid§jThe most comprehensive way to evaluate the clirmpact of any

proposed refrigerant is to use Life Cycle Climate Performance (LCCP) methodologg toc ul atogr doreadl e
climate emissions for a particular refrigerant and application. LCCP was developed by TEAP.SrePA and

includes direct andndirect climate emissions, energy embodied in product materiglisjate emissions during

chemical manufacturing, and eoétlife loss (typically refrigerant leakagé) SeeSection5 for a discussion of the

energy efficiency gains that will be catalyzedadsyHFC phasedown.



Commercially availableneh | uor i nated or finatural refrigerantso pri ma
hydrocarbons (e.g., propane asdbuteng with GWPs of less than four, and @®ith a GWP of one. Alternative

fluorinated substances include primarily the l&WP HFCs, also knowas fA HF Os 0, tl2Bdyfandl i ng HF
HFC1234z&° with IPCC Firth Assessment Report (ARBjlculating aGWPigoyr Of less than oné’ Another

alternative is HFE32, with a GWPyo0yr Of 677 according to the ARS8 There are other alternative methods and

processes that do not involving chemical refrigerdnts.e s e ar e-intké rnmdedd afitetr nat i ves.

In the mobile air conditioning sector, which represents up to half of HFC emissions onex ®@si®, available
low-GWP alternatives include HF€234yf, CQ, and HFG152a (AR5 GWRuyyr = <1, 1, andl38 respectively.®°
Currently, more than a dozen vehicle manufacturers in Europe, Japan, and North America have vehicles with the low
GWP refrigeant HFG1234yf in the global markét.Daimler, with support fronother German car manufacturers
announced in March 2013 that they are developing &G lowGWP alternative for vehicle agonditioning®? In

Norway, approximately 16% of new refrigeratadick and trailer systems were equipped with, cryogenic
refrigeration systems in 2011; use of these systems is exgeagdand further in the futufé.

In commercial refrigeration, globallyp to 65% ohew installations are usingw-GWP HFC alternates, including
CQO,, ammonia, and hydrocarbonghile in the domestic refrigeration sector, l&WWP hydrocarbon technology is
expected to reach about 75% of global production by 2086€eTable3 for examples of companies that have already
made the switcko low-GWP alternatives in the refrigeration sector.

In the room airconditioning sector, thousands of hydrocarbon units have been sold and new production lines are
coming on line each ye&tThe Indian manufactureGodrej and the Chinese manufacturéreg have developed
modelsof propane(HC-290) room air conditioner&® The Godrej models are up to%1lmore efficient than the
minimum requirements for the&ar energy efficiency rating set by the Indian Bureau of Energy Effici&tiina,

Japan, Indialndonesia, and other countries have projects underway using me@&vdeHFC32 with high levels

of operating efficiency® CO; air conditioningprototypes aralso availablé?

In the foam sector, loMBWP alternatives include hydrocarbons, f@ter, andfibrous material€® Hydrocarbons

and CQ/watermake u28% to76% of the global market farewpolyurethane foam products, while fibrous materials
comprise 59% of theew market for insulation in Western EuroffedFC-1233zdE) is a liquid blowing agenthat

has a GWRf about on€? and is up to 12% more energy efficient than leading hydrocarbon alternatives, according
to the companies making’it Companies are developiragiditionallow-GWP HFC alternativeand a number of
developing country Partigstend to adopt lowGWP alternatives for foam products as part of their HCFC phaseout
plans’

In all major sectorghe bestvailable lowGWP alternatives to higgWP HFCs demonstrate at least equal, and often
greater, energy efficiency than the HFCs theylaepd up to 30%greater’> A 2011 study for the European
Commission concluded that technically feasible and-efisttive lowGWP alternatives exist for all major HFC
subsectorg® This analysis, which was prepared in association with industry, reseatitbt@s, and other technical

experts, analyzed HFC alternatives available in 26 subsectors; all alternatives identified achieved at least equal energy
efficiency and more often resulted in energy savings compam@mhimercially availabléiFC-based equipent.’”

The TEAPalso concluded that lo WP alternatives ar@vailablethat achieve equal or superior energy efficiency in

a number of sectors stating, fi h y d r30% raorebenerngy efficieht ttemmo ni a
conventional higtGWP HF C sy Besteofireomair conditioning utilizing hydrocarboffrigeerants showed

energy improvements of up to 2084er HFC model$® Fluorinated refrigeranproducers also report high levels of

energy efficiency with use of their air conditioning products, particularly in hot clirfalesapan, an HFG2 room

air corditioner was awarded the 2012 Grand Prize for Excellence in Energy Efficiency and Conservation and the
presti gi ous dadsignatipnasRthenmost energy efficiembom air conditioning available8® In the

commercial refrigeration sector, supermarkatsimproving energy efficiency by 4% when they switch to low

GWP alternative®For exampl e, Sobeys, Canadads sec omdscriticalr gest f
systemused18% to 21% less energy than the hi@iP HFC equipment it replacéd.

Other notin-kind alternatives are available for some applications, such as district cooling, which relies on water
chilled in high efficiency central plants cool a large number of idings If powered by renewable sources of
energy, such as hydroelectric, wind, or solar, this type of cooling system can have virtudiliyate impact®
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Table 2: Indicative list of low-GWP alternatives to highGWP HFCs®®

APPLICATION CURRENT HIGH GWwWpss ALTERNATIVE GWP#
GWP
REFRIGERANT 87
Refri i HFC-134a 1,300 HC-600 (isobutene) ~3
eingeration HFC-152a 138 HC-290 (propane) <5
(Domestic)
HFO-1234yf <1
) ] HCFG22 1,760 HC-600 (isobutene) ~3
Refrigeration HFC-407C 1,774 | R-744 COy 1
(Commercialk .
Industria) HFC-134a 1,300 R-717 (anmonig 0
HFC-404a 3,943 HFCs and HFC blends <1-1,600
HFC-410A 1923 HC-290 (propane) <5
Air Conditioners | HCFG22 1,760 HFC-32 677
(Room) HFC-407C 1,774 | HFC/HFC blends ~350
emerging
HFC-134a 1,300 HFC-1233zd <1
Air Conditioners HCFG22 1,760 HFC-1234ze <1
(Commercia) HCFC-123 79 HFC/I—!FC blends 400500
emerging
HFC-1234yf <1
Mobile Air HFC-134a 1,300 HFC-1234yf <1
Conditioners HFC-152a 138
R-744 COy 1
HFC-227ea 3,220 HCs <5
HCFCG-142b 1,98® | COy/water 1
Foams HFC-245fa 1,030 HFC-1234ze <1
HCFG22 1,810 Methyl formate <25
HFC-134a 1,300 HFC-1336mzzZ 2

HFC alternatives arkurther elaborated irBuely Carvalho, Stephen O. Andersen, Duncan Brack, & Nancy J. Sherman
(2014)Alternatives to HighGWP Hydrofluorocarbon$GSD WORKING PAPER. (November 2014).

Energy efficient alternatives are important guatries with high ambient air temperatuvéth long andoften humid
seasongsincluding in countries currently choosingplacements foHCFCs, which are being phased out under the
Montreal Protocof® LBNL highlighted that energy efficiency can have an even greater impact than refrigerant
transition alone forsome countries, particularly those in higimbient temperature locations and countries with
increasing demand for air conditioniffgA studyfor the European Commissi@mows that, in countries with high
ambient air temperatures, almost 70% of sectamsently using HCFG can leapfrog past higBWP HFCs
refrigerantgirectly tolow-GWP alternatives with equal or better energy efficieidhe same study nat¢éhatother
low-GWP alternativesire in development and expectedoready to replace the remaigiuses by 202%.Recent
testsby the US Oak Ridge National Laboratatymonstratethat manylow-GWP alternatives perform with similar
cooling capacity and efficiendp high-ambient temperature conditioffsAn agreemento phasedlown HFCs under
theMontreal Protocol will accelerate development and deployment of additional clireatdly alternatives.

7. Business support is growingo phase down HFCsand many companies are already taking action

Business support is growing for phasing down HEQ$ie Consumer GooslForum, a global network of over 400
retailers, manufacturers, and service providers from over 70 countries, has pledged that its members will begin phasing
out HFCs by 20156 Other industry groups support redhg HFCs under the Montreal Pomtol, including the Air
Conditioning, Heating and Refrigeration Instittfethe European Fluorocarbon Technical Commitiéand
Refrigerants, Naturally? The Alliance for Responsible Atmospheric Policy, whose 48 members include Trane,
Whirlpool, SubZero,and Mitsubishi, also supports a global phasedown of-GigfP refrigerantst®® On 15 October

2015, 16 U.S. and multinational companies made a variety of pledges to plase and replace HFCs and to
commercialize alternative$§!
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Individual companies across thelue chain are developing and implementing alternative refrigerBufont
endorses the HFC phasedown under the Montreal Prgf8emid DuPont and Honeywell, both manufacturers of
HFCs, are actively developing lower GWP alternative refrigerants andskaeeal currently being commericizd,

103 35 discussed in Section 5 aboVée Climate and Clean Air Coalition has produced a series of case studies
demonstrating HFC alternatives developed and utilized by supermarket industry leaders, including ClarEefur

and Supermercad§?

On the retailer and poiaf-sale side, the companiesRefrigerants, Naturallylincluding CocaCola, PepsiCo, Red
Bull, and Unilever are taking action to eliminate the use of HFCs within their respective comp®iesaCola
began usingdFC-free insulation for neweverage vendinggquipment, which reduced direct HFC emissions by 75%,
identified a feasible natural refrigerant, and pledged to eliminate HFCs in all new equipment Ef P@psiCo, Red
Bull, Unilever, and Carrefour started installing a substargimountof natural refrigerant poirtf-sale equipment’
Individual companies in th€onsumer Goods Forunmcluding WatMart, Nestlé, Sobeys, Supervalu, and Tem@
purchasing alternative refrigerant equipmeonverting existing equipment, and improving efficiency while reducing
leakaget®® Whirlpool announced that it will convert all foam blowing agents in from the current2B& AR5
GWPio0yr = 858)9°to HFC-123zdE) (GWPi00yr = ~1)''%in the manufacture of refrigerators and freezers sold in North
Americg areportedreduction in GWP of 99.9%, by the end of 20¥4Table3 summarizes several of these measures.

Table 3: Examples ofcorporate reductions ofhigh-GWP HFCs

COMPANIES ACHIEVEMENTS & GOALS

240,000 HFGfree units
PepsiCé'? HFC-free equipment in 30 countries with 100% natural refrigerants in Turkey since 2009
Russia since 2011

1,000,000HFC-free unitsas ofJanuary2014

-cl;gfnggﬁ;%ma 100% HFGfree insulating‘ogm for new refrigeration equipment
100% HFGfree new cold drink equipment purchases by 2015
Red Bult* 457,000 EC&Coolers (more than 5_0% of all units) as of the end of 2013
Procurement 100% hydrocarbon since 2010
Unileveris 800,QOO H!:(a‘ree_ freezgrg, i”012 _ _
Working withtheir subsidianBe n & J e r r hydlrecarbodce creamfreezeysurt).S.
McDonald416 3,300 HFCfree meat freezers, frozen food storage, réast& salad refrigerated display cas

2012.Investing in ammonia industrial refrigerationtnS.

11,000 hydrocarbon ice cream freezers in Europe, Australia, Spain, Malaysia, Chile, anc
NestE? u.s.
NestE uses natural refrigerants in 90% of its industrial food processirigeration

130,000 hydrocarbon refrigerated beverage displays

Heinekeni™® Aiming for 50% reduction in carbon footprint of installed refrigerators by 2020

Sobey3!? ﬁ Natur al . Refrigerant erefligeratibnmysteris@re insatied i r
in all newfull-service stores

Whirlpooft20 HFC-1233zd(E) in alU.S.refrigerator and freezer manufacturing facilities by end of 2014

Equivalent to removing more than 400,000 cars from the road

8. National and regional policy support is growingto phase down HFCs

Supportto phase down HFJs alsogrowing at the national and regional lesx@eeFigure 7 and Table 4China, the

U.S., and the E.U., the top three global consumers of HFCs, have all announced new policies and regulations to control
and reduce HF@missiong?!In May 2014 the State Councibf Chinaannouncedhat they vould strengthertheir
management of HFC emissions and accedehat destruction and replacement of HFCs, as part aidtien plan to
implement the energy conservation and emisgdnction targetsf the12thfive-year plant?2Chi nadés act i on
expected to reducdFC emissions by0.28 Gt CO,-eq by 2015*23The E.U. HFC regulations(fiF-Gas Directive),

which received final approval on 14 April 2014 angnt intoeffect on 1 January 2015, will phase down HFCs by

7%, from the baseline 206092 levels,by 2030'%*In addition,as part of its regulatory regime to conti$iCs, the
European Directive on mobile aonditioning systemeequiresthe use ofefrigerantswith GWPs lessthan 150; new

type vehiclessold in theE.U. are covered as of 1 January 2013, and all vehsdibsin theE.U. will be covered by

20171
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Fig. 7: Map of countries with existing HFC regulations(dark green)

TheU.S.is addressing HFCat national and state levels June 2013, President Obaaraouncedlomestic action

onHFCs as part of hi€limate Action Plat*®®Bot h t he U. S. House ancdw8ehdteebavee
the establishment of aatdSotheskstpeceaRibomata gealuHFEFICs n
Pursuant t oCltihma tPe eAhetdi®&PA SRUechamewegulationin October 2014to expand the

list of acceptable substitutésr refrigerants, foam blowing agents, dime@ suppressantsy adding a number of low

GWP substitutea nder the ASignificant New Alternatiima@dertiCcol i cy
reduce the emission of HFE¥ In July 2015, the U.S. EPA issued a final rule banning and otheressdcting

various high GWP HFCs in specific usésln additionthe Sdurrently provides manufact
trucks theeappoct@dditthei t o wampd miansieonwi gthanCddar ds and cor
emnonfyCAEF standards by employing HFC alternative refrige
202016 vhicles.

In 2009 Californiapassade f r i ger aex p e e g a tl agtaoso reami BSHOR8 .nby2 014 Cal i for
passed a | aw that requires the California Air Resources:«
emi ssions of HFCs and d%heRB SledPesaSkey@P li Risa ndar aaibyr n 2p@itbsl & tce g
commB8aept e2ndbleSa | | imog ef drireerd u4Q@ % emi shiyd R&BRQi nni ndHFICs 2018
wi bl e regul ated accoradntdr@deo®Gasltsidfrmotrenwwiad eh acsapal so f or g
international agréem®OctobeonO®€lBi €l HF 8¥aniia oarnndi a nAdira Pfo
Mitigation PFd dimaaeol foult&gxkMP)HFES mi ti gati on.

The CCACis alsotargeting HFCs as part of its global effort to secale action to reduce SLCPE.Many CCAC state
partners alreadyaveexisting HFC policiesandsix are developing nation#dvel inventories of HFCs and identifying
policies and measures to avoid the growth olf@yVP HFCqBangladesh, Chile, Colombia, Ghana, Indonesia, and
Nigeria).1*8



Table 4 Select nationaland sub-national HFC regulations'3®

n D 5 » 2} g) g_ 2
g | 25| 2|8 |88 5 |%E|C¢
> co| 3 a c = 8] o Q@
Country/Region | & | &£ 213|258 & .% s<
s | EB| S| 5|88 |J| 25| 8RS
[} o0 h= o c o =] = o N &
3 | S58|2|2|238|58| 8% | g8
Slg 8| Y| E|g | 8%
o = [0 o
I ———
Africa
Burkina Faso X X
Egypt X
Europe and Central Asia
Austria X X
Belgiumt4© X
Denmark X X
Estonia X
Francé*! X* X X*
Germany X X
Italy X X
Macedonia X X X
Montenegro X X X X X
Netherlands X X X
Norway X X
Poland X X
Serbid?*? X X X
Slovenia X
Spairt*® X
Sweden X X X
Switzerland X X X
Turkey'*4 X X X X X X
United Kingdom X
Latin America and the Caribbean
Belize X X X
Chile!45 X X X
Colombia X X X
Paraguaif® X
North America
Canada X X X X
United States X X X X X X X
California X X X X
Mexico X
Island Countries
Australia X X X X X X
New Zealand X X X X X
Seychelle¥” X X
EastAsia
China“® X* X X
Indonesi&*® X
Japan X X X
South Kore#© X
West Asia
Yemen X X

* Proposed legislation.
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9. The Montreal Protocol hasthe experience and expertiséo phase down HFCs

At the international level, there is growing recognition that HFCs can be most effectively controlled through the
phasedown of theiproduction and consumptionnder the Montreal Protocol as a complement to controls on
emissionsinder the Kyoto Protocollhe Montreal Protocol has the experience and expertise to ensure a fast, effective,
and efficient phasedown of HFCs, which are in the same family of gases, have similar chemical praperéies

used in the same sectors as @fCsalready phased oaindthe HCFCs currently being phased .6%Because all

CFCs anHCFCs are also greenhouse gabesyeen 1990 and 2010 the Montreal Protocol reducegeg@@missions

nearly twenty times more than the 5 to 10 Gt>@Q reduction goal of the first commitmentripel of the Kyoto
Protocol.SeeFigure 412 Sophisticated statistical analysis confirms that the successful phaseout of CFCs and related
chemicals by the Montreal Protocalong with reductions of methar&pwed climate changendcontribuedto a

lower rate of global warming since the early 1998s

The Montreal Protocol has universaembershi@mnd providesrobust implementation of the principle &ddommon

but differentiated responsibilits 6*>* This includes having developed coyrrartiesindertake control measures first,
followed bytypical grace periodof 10to 19 years before developing country Pardiessubject to control measures

with funding for the agreed incrementaist of the developing country phaseptavided by thedevelopé country

Parties through the MtilateralFund (MLF)*®> The MLF has played a key role in achieving ceffective emissions
reductions. Between 1990 and 2010, the phaseout of CFCs and other fluorinated gases cost US$2.4 billion and
achieved an estimated 822 Gt CQe in emissions reductions, equivalent to less than US$0.01 per tonne of CO
reduced®® Since it was established in 1991, the MLF has provided morelt@u$3 billion in funding®®? At the

26th Meeting of the Parties of the Montreal Protocol, in 2014, the Parties agreed to a MLF replenishment of just over
US$500 million for 20162017158

The Montreal Protocol haan in-depth understanding of all sectors it finances, including detailed knowt#dge
technical optiond> The Montreal Protocol also supports institutional strengthening fdrldeveloping country
Parties'® The combination of these features has allowed all Parties to comply with the control measures; to date, the
Parties have phasedt 98% of nearly1l00 damaging chemicat&:

The orderly and transparent schedule for phasing out chemicals under the Montreal Protocol allows time for markets
to innovate and adjust, often resulting in significant cost and technical efficiéfclé® Montre& Protocol also
providesfiessential useandficritical us® exemptions that allow continued use of a chemical when environmentally
acceptablalternativesare not yet availabl&3

In sum, the Montreal Protocol can provide fast, effective, and efficienctieda of upstream production and
consumption of HFCs, while downstream emissimosild remain with the Kyoto Protocol, as would measurement
and reporting%

10. The consensus is growing to amend the Montreal Protoctd phase down HFCs

Recognizing the opportunity presented for fast and effective phasing down of HFCs through the Montreal Protocol,
starting in 2009 the Federated States of Micronesia proposed an amendment to phase d@WPhigiRCs, with
the U.S., Canada, and Mexico follmg with a similar amendment. Both proposals would red%80% of HFC
production and consumption and provide climate mitigation equivalembte tharl. 00Gt CO, emissionsy 205015

This could be achieveat avery low costBy one calculation, thetdta i ncr e ment al cost ithrough
11 billion, l.essonhan Orl1fApen [LCHELF] repl eni[siBfi0lbg peri o
1000 million f tRPrelinfinarg analysis by the TEBEBICulatéthat convertig manufacturing in

A/C and refrigeration sectorsto lowGWPF Cs by 2020 coul d c o sesultshirRaretuctiol 0. 34)
in climate terms of about 50% over the period 28230 and a reduction in climate terms of 80% in 2030 compared
to BAU.0'Y7

The EU expressed full support faan HFC amendment® and suggested combining a phasedown of HFCs in
developing countries with the existing phaseout of HCE&s April 2015, the North American group submitted
their newest proposal, dated 8 March 26%P®n 17 April 2015, India submitted its own proposal to phase down
high-GWP HFCs under the Montreal Protocol, reversing several years of oppéSitim30 April 2015, the EU
submitted a proposal on behalf of its 28 member Statest the same time, the Federated States of Micronesia, the
first country to submit a proposal in 2009, submitted a revised proposal along with sevdpactfiersland States

as cesponsord Kiribati, Marshall Islands, Mauritius, Palatine Philippines,Samoaand Solomon Island<3,



Fig. 8: Projected emission reductions from HFC amendment ipposals
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The proposed amendments to the Montreal Prot@relhave the potentialo decrease th@rojected annuaHFC
emissions of 5.5 to 8.8t COz-eq/yr in 2050 to less than ~0G COz-eq/yr. The above graphic, based on Veldetrsl.
(2009) is indicative of the emissions reductions expected from a phasedown -@WigHHFCs under the Montreal
Protocol.Prepared by Dr. Guus Velders, based on Vs|dér J. M.et al. (2009) The large contribution of projected
HFC emissions to future climate forciffgRoc. NATA .. AcAD. Sci. U.S.A. 106:1094910954174

Totalmitigation could be the equivalent of up to 200C&k if an HFC phaseout were completed by 2(&8eSection
3, above. An HFC amendmenibuld substantially eliminate the global warming caused by one of timeasiyoto
Protocol greenhouse gases aighificantly improve the chances of staying below #iC guardrail, providing up to
6-10% of the needed mitigatioBeeFigure 5.Support forthe addressing higgWP HFCs has grown rapidly:

2009

10July2009 n L& Aquila, I|Italggnithed | ftallaetr st-wéof HCH@sani@Eatealt ed p h
under the MontredProtocol is leading to a rapid increase in the use of HFCs, many of which are very potent
GHGsand committed to Awork with our paarctaohevedundeo ensur
the appropritdate framewor k. o

November 2009 39 countries signed thBeclaration on HighGWP alternatives to ODSEDzone Depleting
SubstancesggncouraginghePar t i es t o the Montreal P r-downdhepoobuctioro i
and consumption of higb WP al t ernatives, 060 including HFCs, an
practitcable. o

ur gel
d At

2010

By the end of 2010108 Parties to the Montreal Protocol signedBhagkok Declarationgalling for the use of low
GWP aternatives to CFCs and HCFE&S.

2012

17 February 2012 the United States, Mexico, Canada, Ghana, and Bangladesh, alortfenitiN Environment
Programmdaunched the CCA@o catalyze major reductions in SLC®#&h an initial focus orblack carbon,
methaneandHFCs'"®

19May 2012 t he | eaders of the G8 i n Camp Dasratapiestdteddce, agr e
short term pollutants chiefly methane, black carbon, and hydrofluorocarkibfis.

22 June 2012at the conclusion of the Rio + 2IN Conference on Sustainable Developmerdre than one hundred
heads of State adopted the conference declaratef-uture We Wantecognizing the climate threat from HFCs
and calling for the gradual phasedown of their production and consumption; tlehital Assembly adopted
the declaration by resolution on 11 September 28712.
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2013

19 April 2013, China agreed to completely phasat HCFCs over the next 17 years, which is expected to cut the
equivalent of 8Gt of CO; at a total cost of $385 million, or about $0.05 per tofih€heMo nt r e a | Prot oc«
HCFC phaseout will eliminate HCFC production from emissive usédsweloped country Parties by 2030 and
in developing country Parties by 2Q4hdthis agreemenwill give China the opportunity to choose l&WP
alternatives in lieu of HFCs to ensure that the climate berseéitsealized®?

Through May 2013 112 Parties joined the even stronBati Declarationon Transitioning to Low Global Warming
Potential Alternativeso Ozone Depleting Substancés

15 May 2013 the Arctic Council countries, including the Russian Federation, isee&iruna Declarationin which
theyfiUrgethe Parties to the Montreal Protocol on Substances that Deplete the Ozone Layer to takesaction as
as possible, complementary to the UNFCCC, to pdase the production and consumption of
hydrofluorocarbons, which contri®ute to the warming ¢

8 June 2013China Bresident Xi Jinping and.S.President Barck Obama agreedfowor k t oget her and
countries to use the expertise and institutions of the Montreal Protocol to phase down the consumption and
production of hydr®fluorocarbons (HFCs). o0

25 June 2013President Obama announced @lgnate Action Planwhich indudes phasing down HFCs under the
Montreal Protocol, as well as taking action in the U.S. to control H¥Cs.

26 June 2013at the midyear OperEnded Working Group meeting of the Montreal Protocol in Bangkok, the Parties
established a formal Discussion Gpatio discuss the management of HFCs under the Prdfdcol.

28 June 2013he BASIC countries (Brazil, Southfrica, India, and China) noted in theloint Statementhat they
would fiwork multilaterally to find an agreed wayo to

fiMinistersemphasized that HFCs are greenhouse gases covered under the UNFCCC and its Kyoto Protocol
and shall accordingly be addressed in accordance with its principles and provisions. They agreed to work
multilaterally to find an agreed way forward on this issué®

10 July 2013 theU.S-China Climate Change Working Groagreed to work together famplement the agreement
on hydrofluorocarbons (HFCs) reached by President Obama and President Xi at their meeting on June 8, 2013,
in Sunnylan®#%s, California.o

12 July 2013 fourteen Pacific small island developing states (SIDS) called for action under the Montreal Protocol to
phase down HFCs. In tHéadi Outcome Documeuf the Pacific SIDS Regional Preparatory Meeting for the
Third International Conference on Smalldshd Devel oping States, these four
Montreal Protocol be utilized to undertake the gradual phasedown of production and consumption of HFCs called
for in the Rio + 20 outcome documefihe Future We Want'§®

3 September 2013the 33 State partners of the CCAC and the Euro@anrmmi ssi on agreed to Aw
phasedown in the production and consTm@t Coal iotff i AHF&ss
partners also agreed t o i adliongtef rd oenmedsltyi cHFaQ parl a aecr hneast itvo
and to fAwork with international standar dfsiendlytHFG ni zat i c
alterrn®tives. o

6 September 20130n the margins of the G20 Summit in St. Petersburg, Chiressdent Xi Jinping antll.S.
President Barack Obama agreed to open formal negotiations on the amendment to phase down HFCs under the
Montreal Protocol:

fiwe reaffirm our announcement on June 8, 2013 that the United States and China agreed to work together
and with other countries through multilateral approaches that include using the expertise and institutions of
the Montreal Protocol to phase down the production and consumption of HFCs, while continuing to include
HFCs within the scope of UNFCCC and itydfo Protocol provisions for accounting and reporting of
emissions. We emphasize the importance of the Montreal Protocol, including as a next step through the
establishment of an opesnded contact group to consider all relevant issues, including finaacidl
technology support to Article 5 developing countries, cost effectiveness, safety of substitutes, environmental
benefits, and an amendment. We reiterate our firm commitment to work together and with other countries to
agree on a multilateral solution'®

6 September 2013 t he | eaders of the worldds twenty | argest ec
observer States, expressed their support in the St. PeteGlufy L e a d e r s for iritiativels that aré i o n
complementary to efforts dier the UNFCCC, including using the expertise and institutions of the Montreal
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Protocol to phase down the production and consumption of HFCs, while retaining HFCs within the scope of the
UNFCCC and its Kyoto Protocol for accounting and reporting of enmissio

fiwe are committed to support the full implementation of the agreed outcomes under the United Nations
Framework Convention on Climate Change (UNFCCC) an
complementary initiatives, through multilateral approashthat include using the expertise and the
institutions of the Montreal Protocol to phase down the production and consumption of hydrofluorocarbons
(HFCs), based on the examination of economically viable and technically feasible alternatives. We will
confnue to include HFCs within the scope of UNFCCC and its Kyoto Protocol for accounting and reporting

of emissiong?!®?

16 September 2013Ministers representing BASIC countries agreed that HFCs should be dealt with through relevant
multilateral fora guided bthe principles and provisions of the UNFCCC:

fiMinisters agreed that hydrofluorocarbons (HFC) should be dealt with through relevant multilateral fora,
guided by the principles and provisions of UNFCCC and its Kyoto Protocol. The availability of safe and
technically and economically viable alternatives and the provision of additional financial resources by
developed countries should also be taken into acodttht.

27 September 2013 Indian Prime Minister Manmohan Singh and U.S. President Barack Obama agreed
immediately convene discussions of phasing down HFCs under the Montreal Protocol, leaving accounting and
reporting of emissions in the UNFCCC

fiThe two leaders agreed to immediately convene the-ldda Task Force on hydrofluorocarbons (HFCs)

to discss, inter alia, multilateral approaches that include using the expertise and the institutions of the
Montreal Protocol to phase down the consumption and production of HFCs, based on econeraibkdly

and technically feasible alternatives, and include KBR@thin the scope of the United Nations Framework
Convention on Climate Change (UNFCCC) and its Kyoto Protocol for accounting and reporting of
emissioné .0'%°

The U.S:India climate cooperation also will include a focus on improving the efficiency abatlitioning in
India, which has the potential to avoid as many as 120 large power plants by 2030

fiSpace Cooling Efficiency Collaboratioidemand for space cooling primarily for air conditionersi
constitutes a large portion of peak electricity demamdéhidia. Air conditioners could add as much as 140

GW to peak load by 2030 and management of the peak contribution is critical for maintaining supply security
and avoiding load shedding. The new tlrglia Collaboration on Smart and Efficient Air Conditing and

Space Cooling is intended to advance policies and innovation to drive mass deployment and rapid uptake of
high-efficiency cooling equipment and technologies to capture significant energy savings, potentially
avoiding the need to build as many a$® 12ge power plant®1°®

SeeSection 4 for a further discussion of benefits of stgfécient room air conditioning.

21 to 25 October 2013at the 2% Meeting of the Parties to the Montreal Protocol, in Bangkok, countries continued
to make progress on an international agreement to phase down HFCs under the Montreal Protocol. Significantly,

the Africa Group, including South Africa, announced its supfod r Aif or mal negotiati on:
amendment process. o0 Jordan also demonstrated support
Al ogi cal and wel |l understood. 06 Delegates reconvened

time with a broader mandate that included consideration of thelbigt agreements to phase down HFCs made

in preceding months. The formal Group met several times and proposed several ways forward for action on HFCs,
including holding extra working meetings 2014 to consider the amendment proposals. Brazil and China
continued to engage constructively as well, and both played an important role in writing a detailed request to the
Pr ot oTeahrolégy and Economic Assessment Panel (TEAP) to conduct addittsearch on HFCs and

their alternatives?” India, along with several other countries, expressed concern over whether technology was
available and whether developed countries would be willing to pay for the transitieneétopingcountries as
required bythe Montreal ProtocolThese and other concerns will be addressed in 2014 as the Amendment
negotiations move forward.
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19 November 20134 the 21st.U.-Japan summiin Tokyo, the E.U.and Japan emphasized fhgportance othe
HFC phasedown under theavitreal Protocol:

f{T]hey underlined the contribution of international cooperative initiatives to the additional mitigation effort

to narrow the existing gap between emission reduction pledges and what is needed according to science. In
particular, they gstessed the need for rapid progress on the phasedown of HFCs and for its close
consideration as one of the issues to be addressed in the context of the Montreal Bt$tocol.

5 December 2013U.S. and China reaffirmed the agreememtsiFCsby Presidents Obama aRdesidenii Jinping
from JuneB, 2013 and September 6, 2013:

fiToday, both countries reaffirmed the agreements reached by leaders regarding phasing down the
production and consumption of the highly potent greenhouse gas hydrofidooos (HFCs) using the
expertise and institutions of the Montreal Protocol and to take next steps in the process, including the
establishment of an opemded contact group in the Montreal Protoct¥?

2014

11 February 2014 f ol | owi ng P rSat visit avithtPreditlent Obamadtleed\thite House emphasized
thatiFrance is also an i mportant partner in the globa
hydrofluorocarbons (HFCs) using the iPhstitutions and

19 February 2014 the North American Leaders agreed in tleint Statemenb "intensify our efforts to promote
an amendment to the Montreal Protocol to phase down production and consumption ofddimaggng
hydrofluoroc®rbons (HFCs). o0

March 2014, U.S. Secretary of State John Kerry instructed Chiefs of Mission and all other State Department staff to
make climate change a priority across all platforhesnestically and internationallincluding efforts to enhance
the Montreal Protocothe Major EEonomies Forum, Clean Energy Ministerial, and@@AC, as well as efforts
to conclude a new climate agreement applicable to all countries by 2015 to take effect3t 2020.

26 March 2014 the leaders of the E.U. and the U.S. issuédiat Statemerdaffirming their commitment tphasing
down HFCs through the Montreal Protocol , and their ¢
use and #missions. 0

31 March 2014 the leaders of the E.U. and China issuddiat Statemerdnnouncing thattey fAwi | | cooper &
taking domestic action to avoid or reduce the consumption of HFCs and to work together to promote a global
phassd own of the%®¥e substances. 0

5 June 2014the leaders of the G7 countries reaffirmed their commitment to phase dow@WBHHFCs under the
Montreal Protocol:

fiwe will work together and with others to phase down the production and consumption of
hydrofluorocarbons (HFC) under the Montreal Protocol. We will also continue to take action to promote the
rapid deployment of climefriendly and safe alternatives in motor vehicle-aimditioning and we will
promote public procurement of climafigendly HFC alternativeg?®

10 July 2014 U.S. and China reaffirmed their commitment to phase down the production and consumption of
HFCs206

14 to 18 July at the 3% meeting of the Opeended Working Group (OEWG 34) of the Parties to the Montreal
Protoco| the majority of countries expressed support for starting a formal contact group to negotiate the terms for
the HFC phasedown. Some fi@s continued their opposition, including several Gulf States, so parties launched
a discussion group to addréssues raised by the reluctant parffésThe same issues were addressed during a
two-day HFC management seminar organized by the Montreabd@oSecretariat on 112 July 2014 the
seminar wasittended by more than 400 country delegates, scientific, technical, and legal experts, and industry
and environmental observers.

16 and 17 July at theWorking Group meeting of the CCAC in Pafisance, the CCAC announced its plan to launch
fla campaign with key countries and | eading i-ndustri
General 6s Climate Summf in New York in September

23 September 2014on the occasion of the UN Secret&dye ner al 6 s CI33 state patneS of thenCGAC
issued a Joint Statement supporting the phase down of the production and consumption of HFCs under the
Montreal Protocof!® The state partners were joined by numerous organizations and companigmdndhe
California Air Resources Board, the World Meteorological Organization, the-Colz&Company, Danfross, and
the member companies of Refrigerants Naturay!
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30 September 2014india's Prime Minister Narendra Modi and U.S. President Barack Obgread on the need to
take urgent action to reduce consumption and productions of HFCs under the Montreal Protocol.

17 to 21 November 2014at the 26th Meeting of the Parties to the Montreal Protocol, in Paris, countries continued to
make progress in &ir negotiations to phase down pretian and consumption of HFGs particular, China and
India indicated their willingness to consider how to move forward to discuss the HFC phasedown. In addition to
the regular Opeiended Working Group meetinB3-17 July 2015 the Parties agreed to hold an exdrdinary
threeday OEWGon 2224 April, with a backio-back tweday workshop on HFC management issues, with
emphasis on the challenges of high ambient countries and on energy effiéfdiuy.Partiesalso agreed to
replenish the Multilateral Fund with $507.5 million over the next three y&ars.

2015

25 January 2015India's Prime Minister Narendra Modi and U.S. President Barack Obama &graakle "concrete
progr es stotuhHFGs uyderahe Montre@totocol?®

6 March 2015 at the conclusion ahe 15th Session of the African Ministerial Conference on the Environiment
Cairo, Ministers and delegates frdih countries of Africaurged all member States to use the Montreal Protocol
to phase down the pduction and use diFCs and requested all to work toward$i@ntact group to begin
formal negotiations this yed&t®

In April 2015, Canada, Mexico and.B. submitted their newest proposal to phase down HFCs under the Montreal
Protocol?’” The proposal wdd reduce cumulative HFC emissions between 2019 and 2050 by between 90 and
111.5 Gt CQ, which is equal to roughly two years of emissions of all anthropogenic greenhouse gases at current

emi ssi off® |l evel s. 0

17 April 2015, India submitted a proposal fthase down higl6WP HFCs under the Montreal ProtoéHl. The
proposal calls for the continued fiuse of HBuWaf and bl
HCFCs wherever lovWP/zereGWP al t er nati ves ar e-year grace pindabefora bl e, 0
developing countries begin phasing down HRSs.

20 April 2015, Senegal and Zimbabwe, on behalf of B#emembers of the African Group, submitted a Conference
Room Paper requesting the establishment of a contact group at™tt@pa&ended Working Group meeting
( OEWG 36) consider prbppsalsd to anfetite Montreal Protocol, including those that have been
submitted for considerat?®on by the Meeting of the Par

24 April 2015, & the conclusion of the 85meeting ofthe Openended Working Group (OEWGf the Montreal
Protoco| the Parties agredd hold additionalinter-sessional meeting wi t h a vi ew to the est
contact groupodo at the r egul.?ZAtwg-dagsemimrdnuHFEmana@eE & i n Pa
was presentedy the Montreal Protocol Secretariat 2%21 April 2015223

30 April 2015, theEU submitted a proposal on behalf of its 28 member St#tes.

30 April 2015,the Federated States of Micronesia, the first country to submit a prop@sa@lkinsubmitted a revised
proposal, along with seven other Pacific Island States #pausord Kiribati, Marshall Islands, Mauritius,
Palau, Philippines, Samgand Solomon Islancfg®

8 June 2015the leaders of the GG@ountriesp | e d g eattinde @ur #orts to phase down hydrofluorocarbons
(HFCs) and call on all Parties to the Montrieedtocol to negotiate an amendment this y2at5]to phase down
HFCs and on donote assist developing countries in its implementaéiGh.

12-13 June 2015a group ofnvited partiegarticipated iran informal htersessional consultatian Vienna, Austria
on the feasibility and ways of managing HF-@here theyliscusedissues identied atOEWG35in April. The
outcome was bracketed text that iden&t potentialterms of reference fa formal catract group at the OEWG
36 0n20-24 July??’

29June2015 EU and Chwork&ogether with etder coumtrids to agree on a multilateral solution to phase
down the production and consumption of HEEZ8in addition to strengthening collaboration on domestic HFC
policies and measures.

30 June 2015Brazil PresidenDilma RoussefindU.S. PresiderBarack Obamdiagreed to work multilaterally in
the Montreal Protocol to consider promptly amendment propospldit@a s e do #%h HFCs . 0

21 July 2015,the Parties suspeed the 3" meeting of the Opeended Working Group (OEWG)ather than
adjournirg, to allow additional time to completthe terms of referencéor a ficontact group that will then
negotiate the details of th&~C amendment*° The suspende@EWG will resume 280 October in the United
Arab Emirateswhich will host he MOP1 to 5November.
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22 October 2015,Pakistani Prime Minister and U.President Back Obamafaffirmed that their respective
countries intend to work together to amend the Montreal Protocol this year to curb the production and
consumption of hydrofluorocarbon&'

Fig. 9: Parties supporting an HFC phase down under the Montreal Protocol, Augu2015(teal)

States Supportive of HFC Phase Down Under the Montreal Protocol

11. Conclusion

Global HFC production and use is rising dramaticallyd theassociatedHFC emissionscould addup to 0.5C of
additional warming by the end of tleentury.World Leaders have called for a phasedown of HFC production and
consumptionSuch a phasedown would é#ectively and efficientlymplemented under the Montreal Protocol, which
has over 25 years of experience phasing doearly 100 chemicalssed in the same sectors, and for the same
purposes, as HFCiternationalsupport for using the expertise and institutions of the Montreal Protocol to phase
down HFCs is growing in strength and momentum

Markets are already responding to the signals from the stgemtiistomersind from thgolicy community, including
signalsfrom the growing list of laws at the national and regional Ewehich often include trade meassr
Companies that productiimate safe alternatives to HFCs are increasing their investment in alternatives and speeding
their commercialization, and compias thatare phasing out HCFGge selecting climat&iendly alternativesather
thanshifting into highGWP HFCsJust as the national bans, boycotts, and voluntary phaseouts of CFCs in the late
1970s and early 198@mved the way for controls under thntreal Protocol, similar actionsccurring todayare

paving the way for th&elFC amendment andreatingthe conditions for fast implementatioBuccess with HFCs in

2015 will build momentum for a successful UN climate treatypiecembe2015, while failue will damage global
confidence in the viability of any multilateral solution to climate change.
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A5 Parties
AR5
BASIC
BAU
BC
CAFE
CCAC
CFC
CGF
CH,
CO.
CO-eq
E.U.
G7

Gt
GWP
HCFC
HFC
HFO
IGSD
I1ISD
IPCC
LCCP
MEA
MLF
NGO

List of acronyms and abbreviations

developing countries qualified for grace periods and MLF financing under the Montreal Protocol
Fifth Assessment Report of the IPCC

Brazil, South Africa, India, and China

businessasusual

black carbon

corporate average fuel economy
Climate and Clean Air Coalition to Reduce SHaxted Climate Pollutants
chlorofluorocarbon

ConsumelGoods Forum

methane

carbon dioxide

carbon dioxide equivalent

European Union

Canada, France, Germany, Italy, Japan, United Kingdoich United States
gigatonne (billion tonnes)

global warming potential

hydrochlorofluorocarbon

hydrofluorocarbon

hydrofluoroolefin

Institute for Governance & Sustainable Development

International Institute for Sustainable Development

Intergovernmental Panel on Climate Change

life-cycleclimate performance

multilateral environment agreement

multilateral fund

nongovernmental organization

Non-A5 Parties developed country Parties to the Montreal Protocol

ODS
PFC

Sk
SEAD
SIDS
SLCPs
SNAP
TEAP
UN
UNEP
UNFCCC
u.s.
U.S.EPA
U.S. DOE

ozonedepleting substance

perfluorocarbon

sulfur hexafluoride

Superefficient Equipment and Appliance Deployment Initiative
small island developing states

shortlived climate pollutants

Significant New Alternatives Policy Program at U.S. EPA
Technology and Economic AssessimBanel (of the UNEP Montreal Protocol)
United Nations

United Nations Environment Programme

United Nations Framework Convention on Climate Change
United States

United States Environmental Protection Agency

United States Department of Energy
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Appendix

Backgr ound o+actidn Ganpaigs to fedusetHFCs and otheshort-lived climate pollutants

Phasing down HF€under the Montreal Protocol is the central foau$ | G S Eadtisn clfmate mitigation

campaign, which promotes using existing laws and institutionactieveimmediate climate mitigatiorand
complement efforts under the UNFCAOCGSD&6s strategy was presentedtdn a 20/«
Mario Molina, Durwood Zaelke, Veerabhadran Ramanathan, Stephen O. Andersen, & Donald Hedaing

abrupt climate change risk using the Montreal Protocol and other regulatory actionsmplement cuts in GO

emissionsThe paper was written for thiroceedings of the National Academy of ScientdseU.S.A. as the policy

piece inaPNAS Special Featuren climate tipping points editl by John Schellnhuber.

The article defines fastction strategies as those that can be started in two to three years, substantially implemented
in five years in developed countries and ten years in developing countries, and can produce a respafisasite the
system on a timescale of decades, to complement cuts i W@itich operate on a longer timescakroad
implementation of these strategies can cut the rate of global warming in half and the rate of Arctic warming by two
thirds over the next severdécades.

The HFCcomponenf this approach was updated in a November 2012 policy p8pengthening Ambition for
Climate Mitigation: The Role of the Montreal Protocol in Reithig Shorlived Climate Pollutantsby Durwood
Zaelke, Stephen O. Andersen, & Nathan Borgf@ednell inRECIEL, and the scienosomponenpresentedn a June

2013 science paperhe role of HECs in mitigating 21st century climate charyeyangyangXu, DurwoodZaelke,

Guus J. MVelders, and Veerabhadr&amanathan (26 Jar2013). The paper calculatist mitigating SLCPs can
avoid 1.5C of warming by enabf-century comparable to th&.1 C of warming that can be avoided aggressive

CO, mitigation by endof-century. The paper calculates that by 2050 SLCP mitigation can avoid six times more
warming ttan aggressive GQOnitigation 0.6 C from SLCP mitigation, compared @0l C from CO, mitigation). Up

to onethird of the total of 1.5C in avoided warming from SLCP mitigation, @5 C, will come fromcutting HFCs

Related research led by Ramanathan ghbliApril 2013 inNATURE CLIMATE CHANGE calculateshatcuttingSLCPs

can reduce the rate of skxel rise quickly by about 25%, and when coupled with aggressiven@iti@ation, can

double thisindividual contributiongo avoided seg¢evel rise by 210@rom different mitigation actions ar29% from

CO; measures and 71% from SLCP measures (13% from HFC measures, 17% from black carbon measures, and 41%
from methane measureshixue Hu, Yangyang Xu, Claudia Tebaldi, Warren M. Washington & Veerabhadran
Ramanathaif2013) Mitigation of shortlived climate pollutants slows séevel rise NATURE CLIMATE CHANGE 3:730

734

IGSD promotes the importance of reducing HRe@d other SLCP through scientific and policy publications, several

of which are listed below. IGSD also promotes the importance of SLCP mitigation in various policy venues, as well
as through the media. @gds by IGSD, and others, are listed below, aloiith & list of Editorials inNature The
EconomistThe New York Time$he Washington PgsandBloomberg

IGSD-Authored Publicationson HFCs and the Montreal Protocol

1. David G. Victor, Durwood Zaelke, V. Ramanathan (20$8&pt and shotlived pollutants provide political
opportunity NATURE CLIMATE CHANGE.

2. Nathan BorgforeParnell, Maxime Beaugrand, Durwood Zaelke, & Stephen O. Andéis#aber2015)Phasing
down the use of hydrofluorocarbons (HFCis) SEIZING THE GLOBAL OPPORTUNITY, a report from the New
Climate Economy

3. Stephen O. Andersen (201Bgssons from the stratospheric ozone layer protection for cljdh&i®VIRON. STUD.
sCl.

4. Durwood Zaelke & Nathan Borgfofdarnell (2015)'he importance of phasing down hydrofluorocarbons and
other shortlived climate pollutants]. ENVIRON. STUD. SCI.

5. Stephen O. Andersefa Nancy J. Sherman (2013he importance of finding the path forward to climatde
refrigeration and air conditioning: thinking outside the box and without linditSNVIRON. STUD. SCI.

6. Marco Gonzalez, Kristen N. Taddonig, Nancy J. Sherman (20199h e Mont r eal Protocol
successes offer a pathway to the futdrENVIRON. STUD. SCl.



http://www.pnas.org/content/106/49/20616.full
http://www.pnas.org/content/106/49/20616.full
http://www.pnas.org/content/106/49/20616.full
http://www.pnas.org/content/106/49.toc
http://onlinelibrary.wiley.com/doi/10.1111/reel.12010/abstract
http://onlinelibrary.wiley.com/doi/10.1111/reel.12010/abstract
http://www.atmos-chem-phys.net/13/6083/2013/acp-13-6083-2013.pdf
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate1869.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2703.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2703.html
http://2015.newclimateeconomy.report/wp-content/uploads/2015/10/Phasing-down-HFCs_final_web.pdf
http://2015.newclimateeconomy.report/wp-content/uploads/2015/10/Phasing-down-HFCs_final_web.pdf
http://link.springer.com/article/10.1007/s13412-014-0213-9
http://link.springer.com/article/10.1007%2Fs13412-014-0215-7
http://link.springer.com/article/10.1007%2Fs13412-014-0215-7
http://link.springer.com/article/10.1007/s13412-015-0230-3
http://link.springer.com/article/10.1007/s13412-015-0230-3
http://link.springer.com/article/10.1007/s13412-014-0208-6
http://link.springer.com/article/10.1007/s13412-014-0208-6
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Suely Carvalho, Stephen O. Andersen, Duncan B&dkang/ J. Sherman (2014lternatives to HighGWP
Hydrofluorocarbons GSD WORKING PAPER.

Stephen A. Montzka, Mack McFarland, Stephen O. Andersen, Benjamin R. Miller, David W. Fahey, Bradley
Hall, Lei Hu, Siso Carolina,& James W. Elkins (2014)Recent Trends in Global Emissions of
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Stepha O. Andersen, James A. Baker, Timothy Cré&igsangeet H. Kapoor (201Zhe New Business Case for
Secondary Loop Mobile A/C Systems-lBACs) ATA ITALIAN TECHNICAL MAGAZINE. 67:1729.

Yangyang Xu& Durwood Zaelke (2013)Unpacking the ProblemUNEP OUR PLANET: THE FUTURE IS
PRICELESS

Romina Picolotti (2013Fast and refreshindJNEP OUR PLANET: THE FUTURE | S PRICELESS

Yangyang Xu, Durwood Zaelke, Guus J. M. Velders, & Veerabhdgemnanathan (2013}he role of HFCs in
mitigating 21st century climate cha@gA TMOSPHERICCHEMISTRY AND PHYSICS. 13:60836089.

Stephen O. Andersen, Marcel L. Halberstadt, & Nathan Borgfarell (2013)Stratospheac ozone, global
warming, and the principle of unintended consequeh@asongoing science and policy success sthyRNAL
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Council on Energy, Environment & Water, Institute for Governanc&ustainable Development, Natural
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the Working Group?2-4 April 2011, Paul J. Crutzen, Lennart Bengtsson & Veerabhadran Ramanathan (eds)
(Pontifical Academy of ScienceScripta Variall8).
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contribution of projected HFC emissions to future climate forcPRPCEEDINGS OF THENATIONAL ACADEMY
OF SCIENCESUSA 106:1094910954.
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at their design in order to chga from CFG1 2 . and U.S. E.P.A. (2002BUILDING OWNERS SAVEMONEY, SAVE THE EARTH

REPLACE YOURCFCAIR-CONDITIONING CHILLER, 67 ( A T h e  neffisiegnt newnchilterg will reduce ettric generation and
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HFCs into the regulatory regime of the Montreal Protocol would be an important step towards-dopirased evental phase
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100 The Alliance for Responsible Atmospheric Policy (2014pUSTRY ACTIONS TO RESPONSIBLY MEET SOCIETYGs NEEDS
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on Climate Changelable 8.A.1;see alsaHodnebrog O.gt al. (2013) Global warming potentials and radiatiwfficiencies of
halocarbons and related compounds: A comprehensive reRBwGEOPHYS 51(2):300378, Table 5.

111press Release, Whirlpool Corporatigihirlpool Corpordion Partners with Honeywell, Announces Use of Next Generation
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agent is 99.9%ower than 245fa the most common foam blowing agent widely ugaéhvthe U.S. industry, resulting in a more
environmentallyresponsible household refrigerator. The conversion of all U.S. manufacturing centers is scheduled to be completed

by the end of 2014 and the impact to the global warming effect will be the Eguied removing more than 400,000 cars from

the roadd ) .
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124 E U. (2014)Regulation (EU) No 517/2014 of tBeropean Parliament and of the Council of 16 April 2014 on fluorinated gases
and repealing Reqgulation (EC) No 842/20@&e also Press Release, Council of the European @uomcil Adopts Regulation

On Fluorinated Greenhouse Gagd4 April 2014); and Press Release, European Parliaf@enting Without Climate Warming:
Parliament Backs fgas Ban(12 March 2014).

125 See e.g.European Commission (2018)PLEMENTATION OFDIRECTIVE 2006/40/EQ STATE OFPLAY.

126 Executive Office of the President (2013)E PRESIDENTS CLIMATE ACTIONPLAN, 10( i Hy d r o fohsuHFCS), eviaich are
primarily used for refrigeration and air conditioning, are potent greenhouse gases. In the United States, emissions@f HFCs a
expected to nearly triple by 2030, and double from current levels of 1.5 percent of greenhouse gas ém&piercent by 2020.

To reduce emissions of HFCs, the United States can and will lead both through international diplomacy as well as diomgstic act

In fact, the Administration has already acted by including a flexible and powerful incentivéduielteeonomy and carbon pollution
standards for cars and trucks to encourage automakers to reduce HFC leakage and transition away from the most potent HFCs in
vehicle air conditioning systems. Moving forward, the Environmental Protection Agency will suseitfiority through the
Significant New Alternatives Policy Program to encourage private sector investmentémisgsions technology by identifying

and approving climatériendly chemicals while prohibiting certain uses of the most harmful chemicalatiiers. In addition, the
President has directed his Administration to purchase cleaner alternatives to HFCs whenever feasible and transitiotoover time
equipment that uses safer and more sustainable altern@tigese alsdianco N.et al (2013)CaN THE U.S.GET THERE FROM

HERE?: USING EXISTING FEDERAL LAWS AND STATE ACTION TO REDUCE GREENHOUSEGAS Emissions, World Resources Institute,

1.

1271n 2013,Congressman Peters-Dalifornia) introduced th8uper Pollutant Emissions Reduction Act of 2018s was followed

by the SenatSuper Pollutants Act of 20lthtroduced by a bipartisan team of senators MurphZ@necticut) and Collins (R

Maine).SeeH.R. 1943 (2013BUPER Act of 201.3113" Congress % Session (introduced¥ndS. 14456 (2014) Swp Pollutants

Act of 2014 113" Congress ® Sessionl n addi tion, 16 members of the U.S. Congress
EPA Administrator Gina McCarthy to use thefWegenmggpodaskiyaut hor i ty
agency to pursue commonsense policies that accelerate the replacement phasedown of hydrofluorocarbons (HFCs) in this country
and globally. é We encourage you to focus your ag@gprodacts on HFC
are already available or soon to be in the market, similar to what the European Union has done with their Mobile Aini@gnditio
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168 European Union (2014INABLING A GLOBAL PHASE-DOWN OFHFCs, A DISCUSSION PAPER SURITTED BY THE EUROPEANUNION

(AThe EU fully supports an amendment of t h esunitondnd poadctio®r ot oc ol
of hydrofluorocarbons (HFCs). Ne#rticle 5 countries, as major consumers of HFCs, must take the lead in this effort. At the same

time, the EU believes that a broader base of support for an HFC amendment to the Montreal Prddoloeltaali up by more

directly addressing the different situations in Article 5 and-Aditle 5 countries in their progress in phasmg HCFCs. The

respective commitments have to respond to specific national circumstances, such as climate contiitierexpected growth of

the refrigeration and air conditioning sector. o). In 2013
phasedown of HFCs under the Montreal Protocol. European UBiBMISSION BY LITHUANIA AND THE EUROPEAN COMMISSION

ON BEHALF OF THEEUROPEANUNION AND ITS MEMBERSTATES( 16 Sept ember 2013) (AWe mutst buil d
of G20 Leaders to phase down HFCs under the Montreal Protocol. As such we call on all Parties to the UNFCCC for their support
and would I|Iike to see this discussed specifically in Warsaw

169 European Union (2014INABLING A GLOBAL PHASE-DOWN OFHFCs, A DISCUSSION PAPER SURITTED BY THE EUROPEANUNION

(Vers on 6 November 2014) (AThe respective commitments have to
conditions and the expected growth of the refrigeration and air conditioning sector. The EU believes that it would &et consist

with theMontreal Protocol's design to consider for: *** a freeze of the combined HCFCs and HFCs consumption on the basis of

the combined climate impacts of HCFC and HFC expressed ir@@valent, beginning in [2019], while maintaining the existing

HCFC phaseut schedule for consumption and production. The loteyen phasalown of the combined consumption of these
chemicals in Article 5 countries would be agreed in the comi

170 Proposed amendment to the Montreal Protocol submitted by Canada, Mexico and the United States of America
UNEP/OzL.Pro.WG.1/35/3 (Blarch 2015).

171 proposed amendment to the Montreal Protocol submitted by, lWWNi&P/OzL.Pro.WG.1/35/4 (17 April 2015).

172Proposed amendment to the Montreal Protocol submitted by European Union and its Memb&s(ERESzL.Pro.WG.1/36/5
(30 April 2015).

173 proposed amendment to the Montreal Protocol submitted by Kiriidatishall Islands, Mauritius, Micronesia (Federated States
of), Palau, Philippines, Samoa and Solomon Islab®EP/OzL.Pro.WG.1/36/6 (30 April 2015).

174 Additional mitigation is possible when banks of HFCs are collected and destroyed, witl88b&41GtCQ-eqavailable if this

is done in 2020SeeVelders G. J. M.et al. (2007)The importance of the Montreal &pcol in protecting climateProc. NATA..

Acap. Sci. U.S.A. 104:48144819;and Velders G. J. M.et al. (2014) Growth of climate change commitments from HFC banks

and emissing ATMOS. CHEM. PHys. Discuss 14:45634572( A | f , for exampl e, HFC production
instead of 2050, not only could abouti 946GtCO2eq of cumulative emission be avoided from 2020 to 2050, but an additional

bank of about 3%64GtCO2e q coul d al so be avoided in 2050.0).

175G8 (2009)G8 DECLARATION: RESPONSIBLEL EADERSHIP FOR ASUSTAINABLE FUTURE( i 6 6. We recogni ze that
phaseout of HCFCs mandated under the Montreal Protocol is leading to a rapid increase in the use of HFCs, many of which are

very potent GHGs. Therefore we will work with our partners to ensure that HFC emissions reductions are achieved under the
approprate framework. We are also committed to taking rapid action to address other significant climate forcing agents, such as

black carbon. These efforts, however, must not draw away attention from ambitious and urgent cuts in emissions fromeother, mo
longlasti ng, greenhouse gases, which should remain the priority.

176 UNEP (2009)DECLARATION ON HIGH-GWPALTERNATIVES TO ODSs, in UNEP (2009)REPORT OF THETWENTY-FIRST MEETING

OF THEPARTIES TO THEMONTREAL PROTOCOL ONSUBSTANCES THEDEPLETE THEOZONE LAYER (The 2009 Declaration was signed
by Angola, CameroonCanada, Chad, Comoros, rigm, Dominican Replic, Egypt, Fiji, Gabon, Grenada, Guinea Bissau,
Indonesia, Japan, Kiribati, Madagascar, Marshall Islaki@di, Mauritania, Mauritius, MexicoMicronesia,Morocco, Namibia,
New ZealandNigeria, Papau New Guinea, Palau, Saint Lucia, Solomon Islands|i&dBualan, Switzerland, Timdreste, Togo,
Tonga, Tunisia, United States, Zambia.).

177 UNEP (2010) DECLARATION ON THE GLOBAL TRANSITION AWAY FROM HYDROCHLOROFLUGROCARBONS (HCFCs) AND
CHLOROFLUOROCARBONY CFCs); see alsdUNEP (2011)REPORT OF THE COMBIND NINTH MEETING OF THE CONFERENCE OF THE
PARTIES TO THEVIENNA CONVENTION ON THEPROTECTION OF THEOZONE LAYER AND THE TWENTY-THIRD MEETING OF THEPARTIES
TO THEMONTREAL PROTOCOL ONSUBSTANCES THATDEPLETE THEOZONE LAYER, para. 155157 andUNEP (2012)REPORT OF THE
TWENTY-FOURTHMEETING OF THEPARTIES TO THEMONTREAL PROTOCOL ONSUBSTANCES THATDEPLETE THEOZONE LAYER, para
188.

178 Climate and Clean Air Coalition to Reduce Short Lived Climate Pollutants (Exetutive Summary

179press Release, The White House Office of the Press Secretary E2@1 Bheet: @B Action on Energy and Climate Change
(I the spirit of increasing mitigation efforts, we agree to collectively join thea®irand Clean Air Coalition to Reduce Short
Lived Climate Pollutants, launched on February 16, 2012. This new initiative will enhance our collective ambition imgddressi
climate change by complementing efforts to address €@ssions. By developing stegies to reduce short term pollutaints
chiefly methane, black carbon, and hydroflurocarbbnse can help reduce global warming, improve health, and increase
agricultural productivity, as well as energy securifjand Press Release, The White House €ffof the Press Secretary (2012)
Camp David Declaration

180 United Nations (2012[RESOLUTION ADOPTED BY THE GENERAL ASSEMBLY: THE FUTURE WE WANT, A/RES66/ 2 88 (fi22 2. We
recognize that the phaset of ozonedepleting substances is resulting in a rapid increase in the use and release of %lgh global
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warming potential hydrofluorocarbons to the enmim@nt. We support a gradual phakevn in the consumption and production
of hydrofluorocarbons. 0) .

BLUNEP Executive Committee of the Multilateral Fund for the Implementation of the Montreal Protocol RR@ERr oF THE
SIXTY -NINTH MEETING OF THEEXECUTIVE COMMITTEE, OzI|.Pro/ExCom/69/40, 3@nd Press Release, Multilateral Fund for the
Implementation of the Montreal ProtocMultilateral Fund approves landmark project for China with ozone and climate benefits

T up to $385 million of funding over the next 17 yegra 2 Apr i | 2013) (fAln a I andmark deci si
Committee has agreed provide China, the largest producer and consumer of HCFCs, an amount up to US $385 million for the
entire elimination of its industrial production of ozone dep

182 China State Council (20120142015 Energy Conservation, Emissions Reduction and Low Carbon Development Action Plan
(in Chinese).

183 European Council (2013UBMISSION BY IRELAND AND THE EUROPEAN COMMISSION OF THEEUROPEANUNION AND TS MEMBER
States( A The 2011 Bali Decl aration under t h eo ekdoretfurtheraahd pirsuet oc o | |
effective means of transitioning to environmentally friendly

184 Arctic Council Secretariat (2018jruna Declaration: On the ccasion of the Eighth Ministerial Meeting of the Arctic Council

Further support for addressing HFCs is expressed in the@®Tamp David Declaratiofocusing on the package of foursh

lived climate pollutants, which includes HFCs); the 2@®Declaration( A Ther ef or e we will work with o
HFC emissions reductiomsr e achi eved under t hnethe2@OfDedapation af teaderfomahm®ayw r k . 0 ) ;
Economies Meeting on Ergy Security and Climate Chande.foEnable the full, effective, and sustained implementation of the
Convention between now and 2012, we will: é Continue to pro
Deplete the Ozone Layer fortheleehi t of t he gl obal climate systeméo).

185 press Releas@he White Housé®ffice of the Press Secretatynited States and Chinagree to Work Together on Phase
Down of HFCY8 June 2013).

186 Executive Office of the President (2013)E PRESIDENTS CLIMATE ACTION PLAN (mentioning the Significant New Alternatives
PolicyProgramas a policy tool t o fienc otemissignsteghmology bytidentifyiregaridapproving v e st me
climatefriendly chemicals while prohibiting certain uses of the most harmful chera | a | )}t and Aresd Releases Bhe

White House Office of the Press Secretagmarks by the President on Climate Cha@$eJune 20135ee alsd@ianco N..et al

(2013)CaAN THE U.S.GET THERE FROM HERE?: USING EXISTING FEDERAL LAWS AND STATE ACTION TO REDUCE GREENHOUSEGAS

Emissions World Resources Institute, In(the USSAEI i mi nati ng HFCs represents the bigge
reductions behind power plants, o and would provide 2m% of t h.
goal (17% below 2005 emissions)).

18711SD Reporting Serces (2013 Summary of the Thirtthird Meeting of the Opeended Working Group of the Parties to the
Montreal Protocol on Substances That Deplete the Ozone Lay@8 ddne 2013FARTH NEGOTIATIONS BULLETIN 19(94) 1, 10.

188 press Release, Republic of South Africa Department of Environmental Affigiing Statement Issued at the Conclusion of the
15th BASIQMinisterial Meeting on Climate Chang28 June 2013).

18%Press Release, U.S. Department of StatB;ChinaClimate ChangeWorkingGroup Fact Sheet10 July 2013);see alsdPress

ReleaseJ.S. Department of Stat®eportof the U.S-China Climate ChangeWorking Group to the Strategicand Economic
Dialogue(10July 2013)( A Addi ti onal | y, Pr es i de ndinpiyamade thke antobreemant anduhe & r e s i d
2013 that the United States and China agreed to work together and with other countries through multilateral approsdhde that i

using the expertise and institutions of the Montreal Protocol to phase down thetm and consumption of HFCs, while

continuing to include HFCs within the scope of UNFCCC and its Kyoto Protocol provisions for accounting and reporting of

emi ssions. The Working Group wil |l ;andRress Relésé, &.6.tDeparemient of State, c ar r y
U.S:-ChinaStrategicand EconomidialogueV StrategicTrackSelectOutcomeg12J u | y  ZI'Bey \8il) alsq wdrk together to
implement the agreementof Brée d ent s Obama and Xi on HFCs. 0) .

190 pacific SWIDS Regional Preparatory Meeting (20I8e Nadi Outcome Document: Accelerating Integrag@proach to
Sustainable Developmefgmphasis added)

191 Climate and Clean Air Coalition to Reduce SHdrxted Climate Pollutants (201&OMMUNIQUE OF THE THIRD MEETING OF THE
HIGH LEVEL ASSEMBLY.

192 press Release, White House Office of the Press Secrigtsitgd States and China Reach Agreement on Phase Down of HFCs
(6 September 2013).

198The St. PetersburG2 0 L e a d e r s ihcluBes Arbeatinaa Austmlia, Brazil, Canada, China, France, Germany, India,
Indonesia, Italy, Japan, Korea, Mexico, Russia, SaudbiAréSouth Africa, Turkey, United Kingdom, United States, and the
European Union, as well as support from invited observer countries: Ethiopia, Spain, Senegal, Brunei, Kazakhstan, aed Singapo
G20(2013G20 Leaders6 Declaration

194 press Release, Republic of South Africa Department of Environmental Affigiing Statement Issued at the Conclusion of the

16th BASIC Ministerial Meeting on Climate Char(@é September 2013) (The BASIC countries were silent on HFCs this year.

Sedndia Ministry of Environment & Forestdpint Statement on the 18th BASIC Ministerial Meeting on Climate Ct{@8#geyust

2014));see alsdJNEP (2013)REPORT OF THETHIRTY-THIRD MEETING OF THEOPEN-ENDED WORKING GROUP OF THEPARTIES TO

THE MONTREAL PROTOCOL ONSUBSTANCESTHAT DEPLETE THEOZONELAYER, 21-22.( il 55. Sever al re p45 esentati
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