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About thelnstitute for Governance& SustainableDevelopment(IGSD)

I GS hé&sonis to promote just and sustainablesocietiesand to protect the environmentby advancingthe
understandingdevelopmentandimplementatiorof effective, accountableand democraticsystemsof governance
for sustainabl@evelopment.

Beginning in 2005,6SDe mbar ked -aomt iao nfof acslti mat e mitigation campaig
reductions ofjreenhouse gammissionsand will limit temperaturéncreaseandother climatémpacts 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 to reduce both R@®, 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,
tropospheric 0zone, and hydrafhocarbonsThey also include meares to capture, reuse, astdre CQafter it is emitted,
including biosequestration amaineralizationstrategieghatturn carbon dioxideénto stable forms for longerm storage
without competing with food supply.
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Fast action under the Montreal Protocol can limggrowth of HFCs, prevent 106 200 billion tonnes
of COz-eq emissions by05Q and avoid up to 0.5C of warmingby 2100

1. Summary

T he | Fifth@\ésessment Reparbncludes that climate change is unequivocal, significantly caused by human
activities, occurring fasteahan anticipatedyith impacts that are moseverehanpredicted and that urgent action is
required to reduce climate pollutafAtShis Primerdescribes how the Montreal Protocol can be used to quickly reduce
one category of climate pollutantsydrofluorocarbos (HFC),2 with further support fronmational and regional laws

and institutions.

HFCsare the fastest growing greenhouse gasestich ofthe world,increasing at a rate 40-15% per yea? HFCs
are factorymade gases that were once thought necessary to replacedepdeing substancebut today are no
longer needeth most sectors, includingir conditioning, refrigeratiorgnd foarinsulation World leaders recognized
thethreatposed by the growth of HFGs the outcome document of the Rio +20 Summit in 284@ calledor the
gradualphasedowrof ther production and consumptio8ix countries, with the support all more than 100 others,
havesubmittedproposals to undertake such a phasedown under the Montreal PrSigmpbrt for this approach is
growing rapidly including in Chha and India

A fastphasedown of HFCs under the Montreal Prothbga020 vwould prevenup to 200billion tonnes(Gt) of CO.-
equivalent (C@eq) emissions by 2056,and avoid up td.5 C warming by 2100, using a treaty thaquires
developed countries tct first, provides implementation assistance to developing couhaiethas theexperience

and expertiseto ensure that reductions are fast, effective, and efficieraddition, an HFC phasedown under the
Montreal Protocol would catalyze significaamiergy efficiency gains in air conditioniagdrefrigeration systemsn

the range of 30 to 60%, amsignificantly redue CO, emissionsAn HFC phasedown under the Montreal Protocol

will provide a level playing fieldfor producers and consumers in lietiaopatchwork of regionahnd national
regulations It also will build momentum for a successful climate agreement under the UNFCCC in 2015 to go into
effect in 2020. Indeed, this simple step to protect the climate is the acid test for all multilateate elfforts

2. High growth rates for HFCs will cause significant warming

The current lyh growth rate for HFCs will cause significdoture warming® SeeFigure 1. While HFCshave caused
only 1% of total global warming tdate production, consumptiorgnd emissions of these factemade gaseare
growing at a rate of X05% per yeaf which will cause a doubling every five to seven ye&BC growth is
accelerating ablFCs are useds substitutet replaceozone depleting substances (ODSs), and adedh®wnd grows
for the appliances that use these refrigetdhtECs and othefluorinatedgreenhousgases are the fastest growing
climate pollutants in many countries, including thé&, E.U., Australia, China, and Indf.

Fig. 1: Projected growth in HFCs and climateforcing from emissions
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Atmospheric measurements confithe high growth rates of HFCs used as substitutes for #®sording to the
measurements, emissions of these HFC substitutes are now twice as high as those reported to the UNFCCC, implying
that developing countries (whi@re not required to report emissions to the UNFCCC) now account for nearly 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;-fhox result), and those reported to the
UNFCCC (green lines and plusmbpols; data from http://unfccc.int/ghg_data/ghg_data_unfccc/igtd€.php) for
HFC-134a alone (left) and for the aggregate sum of other HFCs used as substitutes fedepletiag substances (right
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Without fast actionHFC forcing will increase as much as thifiyld by 2050, from a forcing of 0.012 Wfto as
much as 0.40 W/At2 Continued growh in HFCs will add up to 0.1°C dflobal average temperature risg mid-

century,which will increaseup tofive-fold to 0.5°Cby 21003

If left unchecked, by 2050annual HFC emissions could be equivalenti® of annual C@emissions under a
businessasusual (BAU) scenaricand up to 1% of annual C@emissions under thd?CG stronge$ mitigation
scenariot* Such uncontrolled growth in HFCs would cancel much of the climataefit achievable under an
aggressive Ce450 ppm mitigation scenari@in Figure 3, compareadiative forcing reduced from G@nitigation to

radiative forcing increased from HFC growth

In addition to direct emissions, 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 stockpileandf o0 a ms
stored HFCs over a few decades, further contributing to global waffning.
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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 contribution of 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 scenar{®pecial Report on Emissions Scenarios, establishing a baseline scemdt@hatively, 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 the SRES sceb&teP (2011)HFCs: A CRITICAL

LINK IN PROTECTINGCLIMATE AND THE OZONE LAYER I A UNEP SYNTHESISREPORT

3. Phasing down HFCs willprevent significant warming

A fast phasedown dfiFCs as proposed by a growing coalition of naticseeSection 9)will prevent the equivalent
of up to 8.8Gt of CO; per yearin emissions by 205®y 2050, the cumulative total will be equivalenbttween 87
146Gt of CO, in avoidedemissions’ SeeFigure4, far right bar The proposeghhasedown will avoidip t00.5 C of
warming by 2100 undethe high HFC growth scenario, and up to 0.@5underthelow HFC growth scenarid® An
additionalamount equivalent to 50 @O, (39i 64 Gt) trapped in HFCs banlkan be avoided by 205ihder a fast
HFC phaseouy 2020 for acombinedotal of up to 200 or me Gt CQ-eq*® Avoidingthis warmingis essential for
staying within the longerm international goal of stabilizing global temperaturetdseelow 2 C abovepre-industrial
temperatureby the endof-century.SeeFigure5.

Fig. 4: Climate protection from the Montreal Protocol and Kyoto Protocof®
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Fig. 5: 215t Century warming that can be pevented bymitigating Short-Lived Climate Pollutants (SLCPs)
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Figure[5] A [ Pdicts model simulated temperature change under various mitigation scetfaidaclude CQ@ and
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 of temperature projection at 2100 due to climate sensitivity unertainty.
YangyangXu, DurwoodZaelke,Guus J.MVelders, &VeerabhadraRamanathan (2013he role of HFCs in mitigating

218 century climate changéTmos. CHEM. PHYS. 136083 6089.

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 ewnfdcentury,
with HFC mitigation contribting onethird of the avoided warming by esud-century®! SeeFigure5.

Fast action to phase dowti four SLCPsiwo ul d cut wahneng sineen2005 byt50%vae2050 and by 60%
at 2 1Bagee on our high HFC growth scenarios, the contributionet@tioided warming @100 due 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, includisigowing sealevel rise.
Research led by Professdeerabhadran Ramanathan at Scripps Institution of Oceanography, University of
California, San Diego, calculatéhatcutting SLCPs can reduce the rate of $&eel rise by almost 20% by 2050 and
nearly 25% by 2100; adding immediate and aggressiven@iipation can double the eraf-century reductions’
Combined SLCP and G@nitigation can reduce cumulative seael rise by 31% in 210%.Individual contributions

to avoided se#evel rise by 2100 from different mitigation actions &@% from CQ mitigationand 71% from SLCP
mitigation (13% from HFC nitigation, 17% from black carbon itigation, and 41% from methamaitigation).?®

4. Phasing down HFCs will catalyzeenergy efficiency and significant COzreductions

In addition to the direct climate benefitofn HFC mitigation, a global HFC phasedown vadtalyzeadditional
climate benefits through improvements in the energy efficiency of the refrigerators, air conditioners, and other
products and equipment that Ud€C refrigerants(Complementary measur#éisat encourage consumer choice of
energy efficient appliances also would be usgflihese efficiency gains will significantly reduce £é&mnissions.
Depending on the application, generation m@rd fuel type, emissions from generating electricity account for
between 785% of totaklimateemissions attributable to products using refrigeréhts.

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 subsectdfI heseefficiency
improvementsvere the result of replacing old products and equipment with a new generation of higher efficiency
machines® When refrigeratiorand air conditioning manufacturers redesigned their systems to bdr&rGnany

took the opportunity to improve the efficiency of their desitfrisor example, th&).S. EPA estimatel that CFGfree


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

chillers were up to 50% more energy efficient in th&.andthe Global Environment Facility estimated the chillers
wereover 30% more efficient in India than the GlB&sed machines they replacéd.

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

A number of ¢pbal companies that amdready making théransitionaway from HFCs report significant gains in

energy efficiency. For example, the Ce€ala Company and PepsiCo have reported energy efficiency gains of up to

47% in their new C@and hydrocarboibased r&Figeration equipment over baseline HB8sed model® Global
supermarket chains Tesco and Unilever both report a 10% gain from new hydregaskdrcommercial refrigeration
equipment and freezer cabinetser HFC-models3?

Although there have already bdermprovements in the efficiency of agonditioning and refrigeration equipment over
the last several decades, substantial potential still renfeangxample, a 2013 assessmantheU.S. Department
of Energy (US. DOE) Superefficient Equipment and Apiance Deployment Initiative (SEAD) found thadg¢ploying
superefficientroomair conditioners can significantly reduce energy use angle@@sionsdy 2020 and avoid the
need forapproximately 123nediumsized (500megawatt) power plantsvith the largespotential savings in India,
China, and the E.&. SeeTable 1.

The energy efficiency gains catalyzed by the Hifasedowrand complementary energy efficienpsogramswill
ea® pressure ooverloadecklectricity grids In many cities in Indiafor exampleair conditioning accouns for 40%

to 60% of peak electricitgemand during theooling seasa®Ar ecent study by the U.S.

National Laboratory calculates thatnership ofoom air conditioners in India will increase fin3% to 47% between
2010 and 2036 Over the next 15 yeardyea potential energy savings Indiafrom improving the energy efficiency
of room air conditionings theequivalent of 120 new mediusized coal power plangé Over the next five years, the
global potential isabout the samgseeTable 1) Theseefficiency gains also would lower the cost of operating the
equipment and save consumers motiey.

Table 1: 500-megawatt power plants avoided by 2020 from supesfficient room air conditioners*®

ECONOMICALLY TECHNICALLY
JUSTIFIED 2020 PossiBLE 2020
COUNTRY ENERGY SAVINGS ENERGY SAVINGS
(3Twhlyear)* (3Twhl/year)*
ﬁ
China 16 33
E.U. 11 30
Japan 8 9
Brazil 6 10
UAE 2 2
Korea 1 4
Australia 0.35 2
U.S.A. 0.2 0.24
Mexico 0.15 1
Russia 0 4
Canada 0 0.24
Total 64 123

* 3Twh/year is roughly equivalent to one 500 MW power plant or 1.77 million barrels of /giesmgt

5. Energy efficient alternatives to HFCsexist in almost every sector

Low-GWP alternativeso highGWP HFCs are widely and increasingly availafdeeTable 2)*2 Alternatives to
existing highGWP HFCs fall into two basic categories: Aituorinated substances with le@WP, and fluorinated
substances with lowto mid-range GWPsThe Montreal Prat ¢ o Tebéhsology and Economic Assessment Panel

DOE

(TEAPPuses t heGWRO® mt 6l oawf er to r ef r oveewhdr tes AvBMES r GWRs r cf



to refrigerants with GWPs of 1,000 awer.** For comparisorthe GWRooyr0f HFG-1344a, one athe most commonly
used highGWP HFC refrigerants today, is3D0.4*

TEAP cautions thatd i f f erences i n energy effi-GWRMNCcgr c B@vWPdoe rdett ee r |
alternatives would have the lowest overall impact on global warfhifige most compremsive way to evaluate the

climate impact of any proposed refrigerant is to use Life Cycle Climate Performance (LCCP) methodudbdmyydte

fi c r doehlr ea wlimaieemissions for a particular refrigerant and application. LCCP was developed by TEAP and
U.S.EPA and includes direct and indiretimateemissions, energy embodied in product materidilmateemissions

during chemical manufacturing, and eoilife loss (typically refrigerant leakagé) SeeSection 4 for a discussion of

the energy efficiencgains that will be catalyzed by an HFC 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 GNP of one. Alternative

fluorinated substances include primarily the {®8WP HFCs, also knowas fA HF Os 0, tl2Bdyfandl i ng HF
HFC1234z¢” with IPCC Firth Assessment Report (ARBalculating aGWPiooyr Of less than one® Another

alternative is HFE32, with a GWPio0yr of 677 according to the AR%? There are other alternative methods and

processes that do not involving chemical refrigerants.e s e ar e-intke rnmdedd afintetr nat i ves.

In the mobile air conditioning sector, which represents up to hafF@ emissions on a Geq basi¥, available
low-GWP alternatives include HFL234yf, CQ, and HFG152a (AR5 GWhkyr = <1, 1, andl38 respectively.>!
Currently, more than a dozen vehicle manufacturers in Europe, Japan, and North America have vishibke fowi
GWP refrigerant HF€1234yf 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 1% of new refrigerated truck and trailer systems were equipped @@h cryogenic
refrigeration systems in 2011; use of these systems is exgea®dand further in the futupé.

In commercial refrigeration, globallup to 65% ohew installations arasinglow-GWP HFC alternatives, including
CO;, ammonia, and hydrocarbonghile in the domestic refrigeration sector, l&WP hydrocarbon technology is
expected to reach about 75% of global production by 2086€eTable3 for examples of companies thavhalready
made the switch to IoBWP 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 andthe Chinese manufacturer, Gyréeve developed
modelsof propane(HC-290) room air conditionersThe Godrej models are up to%1more efficient than the
minimum requirements for the &ar energy efficiency rating set by the Indian Bureau of Energy Hffigi¢' China,

Japan, India, Indonesia, and other countries have projects underway using matératé-CG32 with high levels

of operating efficiency® CO; air conditioningprototypes aralso availablé?

In the foam sector, loMBWP alternatives include hyatarbons, C@water, and fibrous material®. Hydrocarbons

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

has a GWPf about oné? and is up to 12% more energy efficient than leading hydrocarbon alternatives, according
to the companies making%t Companies are developiragiditionallow-GWP HFC alternativeand a number of
devebping country Partiemtend 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 efficiey than the HFCs they replade up to 30%greater®® A 2011 study for the European
Commission concluded that technically feasible and-effettive lowGWP alternatives exist for all major HFC
subsector§® This analysis, which was prepared in associatiith industry, research institutes, 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 compamremhimerciallyavailableHFC-based equipmeit.

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

a number of sectors stating, fi h y d r30% raorebepergy effinieht tttammo ni a
conventional higtGWP HF C s8 Bestseofireomair conditioning utilizing hydrocarboffrigerants showed

energy improvements of up to 208%er HFC model$® Fluorinated refrigeranproducers also report high levels of

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

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

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

GWP alternative?For exampl e, Sobeys, Canada6s sec omadscriticalr gest f
systemused18% to 21% less energy than the higWP HFC equipment it replacés!.



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 bdings.”*If powered by renewable sources of
energy, such as hydroelectric, wind, or solar, this type of cooling system can have virtudiliyate impact>

Table 2: Indicative list of low-GWP alternatives to highGWP HFCs’®

APPLICATION CURRENT HIGH GWp78 ALTERNATIVE GWP™
GWP
REFRIGERANT 77
. ) HFC-134a 1,300 HC-600 (isobutene) ~3
Refngere_\tlon 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
(Commerciak | e 1344 1300 | R-717 (anmonig 0
Industria) !
HFC-404a 3,H3 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
. . HFC-134a 1,300 HFC-1234yf <1
Mobile Air HFC-152a 138
Conditioners
R-744 COy 1
HFC-227ea 3,220 HCs <5
HCFG142b 1,98® | CO/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 arturther elaborated irSuely 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® A recent studyfor the European Commissighows that, in countries with high ambient air
temperatures, almog0% of sectorgurrentlyusing HCFG can leapfrog past higBWP HFCsrefrigerantdirectly

to low-GWP alternatives with equal or better energy efficiefichhe same study natéhat low-GWP alternatives
are in development and expectedtoready taeplace the remaining uses by 2G28.n agreemento phasedown
HFCs under the Montreal Protocol will accelerate development and deployment of additional-friendtg
alternatives.

6. Business support is growingo phase down HFCsand many companies ee already taking action

Business support is growing for phasing down HEQ$ie Consumer GoalForum, a global network of over 400
retailers, manufacturers, and service providers from over 70 countries, has pledged that its members will begin phasing
out HFCs by 201%# Other industry groups support redhg HFCs under the Montreal Protocol, including the-Air
Conditioning, Heating and Refrigeration Instittifethe European Fluorocarbon Technical Committeand
Refrigerants, Naturallf¥ The Alliance for Regonsible Atmospheric Policy, whose 48 members include Trane,
Whirlpool, SubZero, and Mitsubishi, also supports a global phasedown ofGiyiR refrigerant$® On 16 September

2014 (International Ozone Day), a dozeisland multinational companies made aiety of pledges to phaswn

and replace HFCs and to commercialize alternati¥es.
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Individual companies across the value chain are developing and implementing alternative refrifei@oig.
endorses the HFC phasedown under the Montreal Pr¢gffomodl DuPont and Honeywell, both manufacturers of
HFCs, are actively developing lower GWP alternative refrigerants and have several currently being cdimedercia
91 as discussed in Section 5 aboWée Climate and Clean Air Coalition has produced a sefesase studies
demonstrating HFC alternatives developed and utilized by supermarket industry leaders, including CarEefur, H
and Supermercad®8.

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 comfigiesaCola
began usingdFC-free insulation for neweverage vendinggquipment, which reduced direct HFC emissions by 75%,
identified a feasile natural refrigerant, and pledged to eliminate HFCs in all new equipment by*Z®djasiCo, Red
Bull, Unilever, and Carrefour started installing a substaatiabuntof natural refrigerant pointf-sale equipmert®
Individual companies in th€onsumer Gods Forum including WatMart, Nestlé, Sobeys, Supervalu, and Tem@o

purchasing alternative refrigerant equipment, converting existing equipment, and improving efficiency while reducing

leakage®® Whirlpool announced that it will convert all foam blowiagents in from the current HFZi5fa AR5
GWPio0yr = 8587 to HFC-123zdE) (GWP100yr = ~1)°8 in the manufacture of refrigerators and freezers sold in North
Americg areportedreduction in GWP of 99.9%, by the end of 261Zable3 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;ﬁma 100% HFGCfree insulating fqam for new refrigeration equipment
100% HFGfree new cold drink equipment purchases by 2015
Red BUIL? 457,000 EC&Coolers (more than 5_0% afl units) as of the end of 2013
Procurement 100% hydrocarbon since 2010
Unileverio3 800,QOO H!:(a‘ree_ freezgrg, in 2012 _ _
Working withtheir subsidianBe n & J e r r hydlrecarbodce creamfreezeysurt).S.
McDonald4o 3,300 HFCfree meat freezerfrozen food storage, reaths & salad refrigerated display cas

2012.Investing in ammonia industrial refrigerationtnS.

11,000 hydrocarbon ice cream freezers in Europe, Australia, Spain, Malaysia, Chile, anc
Nestg1o° u.s.
NestE uses natural refrigerants in 90% of its industrial food processirigeration

130,000 hydrocarbon refrigerated beverage displays

Heineker(® Aiming for 50% reduction in carbon footprint of installed refrigerators by 2020
Sobeyd”” ﬁ Natur al . CRoentinmi i t gneer nat not  r 2eefrigeratior systems aet installed
in all new fulkservice stores
Whirlpoof%8 HFC-1233zd(E) in alU.S.refrigerator and freezer manufacturing facilities by end of 2014

Equivalent to removing more than 400,000 cars fronradhad

7. National and regional policy support is growingto phase down HFCs
Supportto phase down HFQs alsogrowing at the national and regional lesx&8eeFigure6 and Table 4

China, the U.S., and the E.U., the top three global consumers of k@sall announced new policies and regulations
to control and reduce HFC emissiofi%ln May 2014 the State Councibf China announcedhat they vould
strengthertheir management of HFC emissions and accetala destruction and replacement of HFCspas of

the action plan to implement the energy conservation and emission reduction tHr¢jed 2thfive-year plant®
Chinads action pl HFCemissions k(28 Gt C@-dqby 2015 &he E.\d. BIFC regulations
(AF-Gas Directive), whichreceived final approval on 14 April 2014 atake effect on 1 January 2015, will phase
down HFCs by %%, from the baseline 20692 levelspy 20302 In addition,as part of its regulatory regime to control
HFCs, the European Directive on mobile @mnditioning systemsequireshe use ofefrigerantsvith GWPs lessthan
150; new type vehiclesold in theE.U. are covered as of 1 January 2013, and all velgolesin theE.U. will be covered

by 2017413
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Fig. 6: 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 a U.S. task forscéeagostiedgPauHREsI
Pursuant t oCltihma tPe eAhetdi®&PA SBUechamewegulationin October 2014to expand the

list of acceptable substitutdésr refrigerants, foam blowing agents, and fire suppresdgnésiding a number of low

GWP substitutea nder the ASignificant New Alternatiima@dertiPcol i cy

reduce the emission of HFE¥ In addition,the SWurrently provides manufacturers
opportaarnhycteadditthei rowampd miancieonwi gtharmCdar ds andmgor por a
(CAFE) standards by emplsyingmbBBCl al aernabindetirehiihngess;
2016 vi¥miCal & $roerfnriiager ant r egwud altiimpsvalewauior al lseddnt ai
instructions, a rceocnytcdiimegr sp,r oagnrda ma f oerd wcsaetdi on program t
rec hg®lgn nadal i nléeasve g wihGemlsi f orni a Air Resources Board to d
reduce ehFE€si andl Qbtghelr JdmB¥ary 20

The CCAC also isargeting HFCs as part of its global effort to sagbeaction to reduce SLCPF¥ Many CCAC state
partners alreadyaveexisting HFC policiesandsix are developing nationt@vel inventories of HFCs and identifying
policies and meases to avoid the growth of higBWP HFCs(Bangladesh, Chile, Colombia, Ghana, Indonesia, and
Nigerig).*?

F
€
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Table 4 Select nationaland sub-national HFC regulations!??
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Africa
Burkina Faso X X
Egypt X
Europeand Central Asia
Austria X X
Belgiumt23 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
United Kingdom X
Latin America and the Caribbean
Belize X X X
Chilet?” X X X
Colombia X X X
North America

Canada X X X X
United States X X X X X X X

California X X X X
Mexico X

Pacific Island Countries
Australia X X X X X X
New Zealand X X X X X
South Asia
Chind?8 X* X X
Indonesi&?® X
Japan X X X
West Asia

Yemen X X

* Proposed legislation.



8. 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 consuption under 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 deses similar chemical propertiesnd are

used in the same sectors as @fCsalready phased oaind the HCFCs currently being phased'dtiBecause all

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

nearly twenty times more than the 5 to 10 Gt>@Q reduction goal of the first commitment period of the Kyoto
Protocol.SeeFigure4.13! Sophisticated statistical analysisnfirmsthat the successful phaseout of CFCs and related
chemicals by théontreal Protocglalong with reductions of methar&pwed climate changendcontribuedto a

lower rate of global warming since the early 1998s

The Montreal Protocol has universaembershimndprovidesrobust implementation of the principle @omnon

but differentiated responsibilits 6**3 This includes having developed coynfrartiesundertake 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 phaseptdvided by thedeveloped country
Parties through the Mtilateral Fund (MLF)3*Since it was established in 1991, the MLF has provided mare th
U.S.$3 billion in funding®*® The Montreal Protocol has in-depth understanding of all sectors it finances, including
detailed knowledgef technical option$® The Montreal Protocol also supports institutional strengthening faAall
developing coumy Partiest*” The combination of these features has allowed all Parties to comply with the control
measures; to date, the Parties have phasefl8%of nearlyl00 damaging chemical&

The orderly and transparent schedule for phasing out chemicals untiéoritreal Protocol allows time for markets

to innovate and adjust, often resulting in significant cost and technical efficiéffclé®m Montreal Protocol also
providesfiessential useandficritical us® exemptions that allow continued use of a chemical when environmentally
acceptablalternativesare not yet availabl&?

In sum, the Montreal Protocol can provide fast, effective, and efficient reductions of upstream production and
consumption of HFCs, whdldownstream emissiomgould remain with the Kyoto Protocol, as would measurement
and reporting#*

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

Two similar proposals wersubmittedn May 2014to amend the Montreal Protodol phase down higeWP HFCs,

one by the Federated States of Micronesia, and the other by3h€anada, and Mexicdd? Theamendmerstwould

reduce 880% of HFC production and consumption and provide climate mitigation equivalertréothanl00 Gt

CO; emissiongdy 2050 (range 087-146 Gt),**3at very low cost, estimated at less than ten cents pgegG@nne*
SeeFigure?7. The EU expressed full support fan HFC amendmeiih a Discussion Papein October 20144° and
suggestedombiring a phasedown of HFCs in developing countries with the existing phaseout of H¢Rasilar
proposals are anticipated in 2015, from the EU, the North American Parties, The Federated States of Micronesia,
Morocco, and others.
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Fig. 7: Projected HFC emissionreductions from Micronesian and North American proposals
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The North American proposal attte Micronesian proposal are similar; both decrease the cumulativeZ2803direct
GWP-weighted emissions of HFCs to-22 Gt COz-eq from 110170Gt COz-eq, for atotal of ~87 to 1465t COz-eq in
mitigation. Thisis equivalent to a reduction from projected annual emissions of 5.5 @t &8»-eqg/yr in 2050 to less
than ~0.3Gt COz-eq/yr. Prepared by Dr. Guus Velders, based on Ve|dgrd. M.et al. (2009)The large contribution
of projected HFC emissions to future climate forgiRoc. NATA.. AcAD. Sci. U.S.A. 106:1094910954147

Total mitigation could be the eyalent of up to 200 GEO; if the HFC phasedown were done by 20868esection
3, above. An HFC amendmenibuld substantially eliminate the global warming caused by one of timessi¥yoto
Protocol greenhouse gases and significantly improve the chahsts/ing below th 2°C guardrail, providing up to
6-10% of the needed mitigatioBeeFigure5.

Support fortheaddressingigh-GWP HFCs had grown rapidly
2009

10July2009 n L& Aquila, |Itargecoghézkedadéhst-aoutohHERGE m@8ated r at e d
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 paardasghievedunteo ensur
the appropriaté r a me Wo r k. 0

November 2009 39 countries signed thBeclaration on HighGWP alternatives to ODSEDzone Depleting
Substancest al | i ng on the parties to the Maowhthemdducter ot oc ol
and consumption of higsWPal t er nati ves, 06 including HFCs, and dtak
practi®table. o

2010

By the end of 2010108 Parties to the Montreal Protocol signedBhegkok Declarationgalling for the use of low
GWP alternatives to CFCs and HCFES.

2012

17 February 2012 the United States, Mexico, Canada, Ghana, and Bangladesh, alortenitiN Environment
Programmdaunched the CCA@o catalyze major reductions in SLC®#&h an initial focus orblack carbon,
methane, an#iFCs!%!

19 May 2012 the leadersaf he G8 i n Camp David, U.S., saaegieseodedic®o j oi n
short term pollutantg chiefly methane, black carbon, and hydrofluorocarkibits.

22 June2012 at the conclusion of the Rio + 2IN Conference on Sustainable Developmeatre than one hundred
heads of State adopted the conference declaratief-uture We Wantecognizing the climate threat from HFCs
and calling for the gradual phasedown of their production and consumption; the UN General Assiaptay
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the declaratio by resolution on 11 September 2632.
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 eal Pr ot oc
HCFC phaseout will eliminate HCFC production from emissive usédsweloped country Parties by 2030 and
in developing country Parties by 2Q4ihdthis agreemenwill give China the opportunity to choose [e6@WP
alternatives in lieu ofiFCs to ensure that the climate benedits realized™

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

15 May 2013 the Arctic Council ountries, including the Russian Federation, isthe#iruna Declarationin which
theyfiUrgethe Parties to the Montreal Protocol on Substances that Deplete the Ozone Layer to take action as soon
as possible, complementary to the UNFCCC, to pdasen the production and consumption of
hydrofluorocarbons, which contri®®ute to the warming ¢

8 June2013 Chinad Bresident Xi Jinping and.S.PresidentBakk Obama agreed to Awork tog:
countries to use the expertise andtitutions of the Montreal Protocol to phase down the consumption and
production of hydr¥fluorocarbons (HFCs) .o

25 June 2013President Obama announced @lsnate Action Planwhich includes phasing down HFCs under the
Montreal Protocol, as well aaking action in the U.S. to control HFES,

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

28 June2013the BASIC countries (Brazil, Southfrica, India, and China) noted in theloint Statementhat they
would fiwork multilaterally to find an agreed wayo to

fiMinisters emphasized that HFCs are greenhouse gases covered under the UNFGE&ywotd 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 issuét

10 July 2013 theU.S-China Climate Change Working Groagreed tavork together tdgimplement 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) calledction under the Montreal Protocol to
phase down HFCs. In tHéadi Outcome Documenf the Pacific SIDS Regional Preparatory Meeting for the
Third I nternational Conference on Small Il sl and Devel
Montred Protocol be utilized to undertake the gradual phasedown of production and consumption of HFCs called
for in the Rio + 20 outcome documefihe Future We Warit53

3 September 2013the 33 State partners of the CCAC and the Euro@anmission agreedd wor k t owar d &
phasedown in the production and consTmet Coal iotff i AHF&ss
partners also agreed to fadoptfrdoenmmedsltyi cHFaQ parl a aecr hneast itvo
and t o i wo rtidnal standalds drgartizations @ revise their standards to include efimeatly HFC
alternf%tives. o

6 September 20130n the margins of the G20 Summit in St. Petersburg, Chinese President Xi JinpidgSand
President Barack Obama agreed to open fbrmegotiations 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 includeguie 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 its Kyoto Protocol provisions for accounting and reporting of
emissions. We erhpsize the importance of the Montreal Protocol, including as a next step through the
establishment of an opemnded contact group to consider all relevant issues, including financial and
technology support to Article 5 developing countries, cost effeetgesafety 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'é

6 September 2013 t he | eaders of t he waosweldadeads ol Btata fipm sixanvigee st e c
observer States, expressed their support in the St. PeteGlufy L e a d e r s for iritiativels that aré i o n
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complementary to efforts under the UNFCCC, including using the expertise and institutions of theaMont
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 emissions:

fiwe are committed to support the full implementation of the agreedroas under the United Nations

Framework Convention on Climate Change (UNFCCC) an

complementary initiatives, through multilateral approaches that include using the expertise and the
institutions of the Montreal ®tocol to phase down the production and consumption of hydrofluorocarbons
(HFCs), based on the examination of economically viable and technically feasible alternatives. We will
continue to include HFCs within the scope of UNFCCC and its Kyoto Protocatéounting and reporting

of emissiong?®®

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

fiMinisters agreed that hydfinorocarbons (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 additifinancial resources by
developed countries should also be taken into acaifift.

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

fiThe two leaders agreed to immediately convene the-ldda Task Force on hydrofluorocarbons (HFCs)
to discuss, inter alia, multilateral approaches that include using the expertis¢handstitutions of the
Montreal Protocol to phase down the consumption and production of HFCs, based on econeviaibkly
and technically feasible alternatives, and include HFCs within the scope of the United Nations Framework
Convention on Climate Chge (UNFCCC) and its Kyoto Protocol for accounting and reporting of
emi ssd®Ensé.
The U.S:India climate cooperation also will include a focus on improving the efficiency of air conditioning in
India, which has the potential to avoid as many as 120 farger plants by 2030

fiSpace Cooling Efficiency Collaboratinidemand for space coolingy primarily for air conditionersi
constitutes a large portion of peak electricity demand in India. Air conditioners could add as much as 140
GW to peak load by 2030 dmanagement of the peak contribution is critical for maintaining supply security
and avoiding load shedding. The new tlrglia Collaboration on Smart and Efficient Air Conditioning and
Space Cooling is intended to advance policies and innovation tordegs deployment and rapid uptake of
high-efficiency cooling equipment and technologies to capture significant energy savings, potentially
avoiding the need to build as many as 120 large power pigfis.

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

21 to 25 October 2013a the 23" 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 Afor mal negotiati on:

amendment process. o0 Jordan also demonstrated support
Al ogi cal and wel | 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 oTeabriology and Economic Assessment Panel (TEAP) to conduct addigsearch 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.

19 November 2013a the 21stE.U.-Japan summiin Tokyo, the E.U.and Japan emphasized ingportance othe
HFC phasedown under the Mogal 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 stresed the need for rapid progress on the phasedown of HFCs and for its close
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consideration as one of the issues to be addressed in the context of the Montreal Bt6tocol.

5 December 2013U.S. and China reaffirmed the agreememtsiFCsby Presidents Obama aRdesideniXi 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 opeanded contact group in the Montreal Protocb?

2014

11 February 2014 f ol | owi ng P rSat vigt evithtPreditlent Obamadtieed\thite House emphasized
thatiFrance is also an i mportant partner in the globa
hydrofluorocarbons (HFCs) using the tstitutions and

19 February 2014 the North American Leaders agreed in tleint Statemerib "intensify our efforts to promote
an amendment tethe Montreal Protocol to phasown production and consumption of climat@maging
hydrofluorocHd bons (HFCs) .0

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 Econmies Forum, Clean Energy Ministerial, and @@AC, as well as efforts
to conclude a new climate agreement applicable to all countries by 2015 to take effect’iff 2020.

26 March 2014 the leaders of the E.U. and the U.S. issuddimt 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 thatte y A wi | | cooper e
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@WBHFCs 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 clime-friendly and safe alternatives in motor vehicle-aimditioning and we will
promote public procurement of climafigendly HFC alternatives'’®

10 July 2014 U.S. and China reaffirmed their commitment to phase down the production and consumption of
HFCs?!™®

14 to 18 July a the 34" 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. Sorparties continued their opposition, including several Gulf States, so parties launched
a discussion group to addrassues raised by the reluctant partf@&sThe same issues were addressed dwing
two-day HFC management seminamganized by the Montred@rotocol Secretariatn 1112 July 2014 the
seminar wasittended by more than 400 country delegates, scientific, technical, and legal experts, and industry
and environmental observefs.

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 Summi#% in New York in September

23 September 2014on the occasion of the USecretaryGe ner al 6 s CI33 state patnes of thenCCGAC
issueda Joint Statement supporting the phase down of the production and consumption of HFCs under the
Montreal Protocot®® The state partners were joined by numerorganizationsand compaies including: the
California Air Resources Board, the World Meteorological Organization, the-Cdea&Company, Danfross, and
the member companies of Refrigerants NaturaihdludingPepsiCo, Coc&ola, RedBullandUnilever.

30 September 2014india'sPrime Minister Narendra Modi and U.S. Presid@atackObama agreed on the need to
take urgent action to reducensumption and productions idFCs under the Montreal Protocét.

17 to 21 November 2014at the 26th Meeting of the Parties to the MontRratocol, in Paris, countries continued to
make progress in their negotiations to phase down ptimfuand consumption of HFQs. particular, China and
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India indicated their willingness to consider how to move forward to discuss the HFC phasedowditidn &xd
the regular Opeiftnded Working Group meeting3-17 July 2015 the Parties agreed to hold an exdrdinary
threeday OEWGon 2224 April, with a backtio-back tweday workshop on HFC management issues, with
emphasis on the challenges of high ambieountries and on energy efficien®yThe Partiesalsoagreed 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 &mraakie "cocrete
pr ogr es sto¢tuhHFGs ugderdhe Kontreal Protoédl.

6 March 2015 at the conclusion athe 15th Session of the African Ministerial Conference on the Environiment
Cairo, Ministers and delegates frasd countries of Africairged all member States to use the Montreal Protocol
to phase down the production and uséd6fCs and requested all to work toward$i@ntact group to begin
formal negotiations this yeaf®

Fig. 8: Map showing majority of world expressingsupport for HF C phaselown through March 2015

10. Conclusion

Global HFC production and use is rising dramaticallyy theassociatedHFC emissionscould addup to 0.5C of
additional warming by the end of tleentury.World Leaders have called for a phasedown of HiF@luction and
consumptionSuch a phasedown would bffectively and efficientlymplemented under the Montreal Protocol, which
has over 25 years of experience phasing doearly 100chemicalsused in the same sectors, and for the same
purposes, as HFCiternational support for using the expertise and institutions of the Montreal Protocol to phase
down HFCs is growing in strength and momentum, wéitentsupport from the leaders of the G20, as well as with
agreements between the).S. and Chinaandthe U.S. and India. Otherecentcalls for action on HFCs under the
Montreal Protocolhave comdrom the Pacific small island developing states and from the member countries of the
Arctic Council as well as from thstate partners to the CCATheformationof a formal Discussion Group on HFC
Management under the Montreal Protasanother positive sigiiat action willsoonbe takerto prevent the growth

of HFCs in a manner that will support further international codjmeranclimate change.

Markets ar@lready responding to the signals from the scitiustomersand from thgolicy community, including
signals from the growing list of laws at the national and regional dewvéiich often include trade meassr
Companies that productimate safe alernatives to HFCs are increasing their investment in alternatives and speeding
their commercialization, and companies theg phasing ouiCFCsare selecting climat&iendly alternativesather
thanshifting into highGWP HFCs Just as the national barmycotts, and voluntary phaseouts of CFCs in the late
1970s and early 198@mved the way for controls under the Montreal Protocol, similar aatictisrring todayare
paving the way for th&elFC amendment andreatingthe conditions for fast implementati. Success with HFCs in
2014 will build momentum for a successful UN climate treaty in 2015, while failure will damage global confidence
in the viability of any multilateral solution to climate change.



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 finangitder the Montreal Protocol
Fifth Assessment Report of the IPCC

Brazil, South Africa, Indiaand China

businessasusual

black carbon

corporate awerage fuel econo
Climate and Clean Air Coalition to Reduce SHaxted Climate Pollutants
chlorofluorocarbon

ConsumelGoods Forum

methane

carbon dioxide

carbon dioxide equivalent

European Union

Canada, France, Germany, Italgpan, United Kingdopand United States
gigatonngbillion tonnes)

global warming potential

hydrochlorofluorocarbon

hydrofluorocarbon

hydrofluoroolefin

Institute for Governance & Sustainable Development
Internationalinstitute for Sustainable Development

Intergovernmental Panel on Climate Change

life-cycle climate performance

multilateral environment agreement

multilateral fund

nongovernmental organization

Non-A5 Parties developed country P@esto 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 PrograahU.S.EPA
Technology and Economic Assessment Panel (of the UNEP Montreal Protocol)
United Nations

United Nations Environment Programme

United Nations Framework Convention on Clim@feange
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 UNFCAOCGS D6 s st r sehteddgnya 200% ssticleowritten by Nobel Laureate
Mario Molina, Durwood Zaelke, Veerabhadran Ramanathan, Stephen O. Andersen, & Donald Hedaing
abrupt climate change risk using the Mi@al Protocol and other regulatory actions to complement cuts in CO
emissionsThe paper was written for throceedings of the National Academy of ScientdseU.S.A.as the policy
piece inaPNAS Special Featuren climate tipping points edited 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 dpivg countries, and can produce a response in the climate
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 theAratécafarming by twe

thirds over the next several decades.

The HFCcomponenf this approach was updated in a November 2012 policy p8pengthening Ambition for
Climate Mtigation: The Role of the Montreal Protocol in Reducing Stiged 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 enaf-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 han aggressive G@nitigation 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 RamanathaniphbtApril 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
Ranmanathan(2013) Mitigation of shortlived climate pollutants slows séevel rise NATURE CLIMATE CHANGE 3:730
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IGSD promotes the importance of reducing HFCs and 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. @gdsby IGSD, and others, are listed below, along with a list of Editorialdaiture The
EconomistThe New York Time$he Washington PgsandBloomberg

IGSD-Authored Publications on HFCs and the Montreal Protocol
1. Stephen O. Andersen (2015ssons from the stratospheric ozone layer protection for cljdhd&evIRON. STUD.
sl

2. Durwood Zaelke & Nathan BorgforBarnell (2015)The importance of phasing down hydrofluorocarbons and
other shortlived climate pollutants]. ENVIRON. STUD. SCI.

3. Stephen O. Andersef Nancy J. Sherman (2013he importance of finding the path forward to climatde
refrigeration and air conditioning: thinking outside the box and without linditS\NVIRON. STUD. SCl.

4. Marco Gonzalez, Kristen N. Taddoni&, Nancy J. SBrman(2015)The Montr e al Protocol
successes offer a pathway to the futdrENnvVIRON. STUD. SCl.

5. Suely Carvalho, Stephen O. Andersen, Duncan B&dkancy J. Sherma(2014) Alternatives to HighGWP
HydrofluorocarbonsGSD WORKING PAPER.

6. Stephen A. Montzka, Mack McFarland, Stephen O. Andersen, Benjamin R. Miller, David W. Fahey, Bradley D.
Hall, Lei Hu, Siso Carolina,& James W. Elkins (2014)Recent Trends in Global Emissions of
Hydrochlorofluorocarbons and Hydrofluorocarban®eflecting on the 2007 Adjustment to the Montreal
Protocol J.PHYS. CHEM..
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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://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
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs13412-015-0230-3&ei=x7UBVaK_EtP8yQSQn4CYCg&usg=AFQjCNH9RNXRTU9YbXsVn0C0GxC0CMQ9zw&sig2=-aQfNJVUtfZiTkd4YXU_ig&bvm=bv.87920726,d.aWw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs13412-015-0230-3&ei=x7UBVaK_EtP8yQSQn4CYCg&usg=AFQjCNH9RNXRTU9YbXsVn0C0GxC0CMQ9zw&sig2=-aQfNJVUtfZiTkd4YXU_ig&bvm=bv.87920726,d.aWw
http://link.springer.com/article/10.1007/s13412-014-0208-6
http://link.springer.com/article/10.1007/s13412-014-0208-6
http://www.igsd.org/documents/HFCSharpeningReport.pdf
http://www.igsd.org/documents/HFCSharpeningReport.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fjp5097376&ei=AbYBVZLpIYuTyAS-8YDAAw&usg=AFQjCNEcOBKK9e1wwGKAHGyW-p8ZuijLxg&sig2=BpiGn5fApWvUZKQ57n5nbg&bvm=bv.87920726,d.aWw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fjp5097376&ei=AbYBVZLpIYuTyAS-8YDAAw&usg=AFQjCNEcOBKK9e1wwGKAHGyW-p8ZuijLxg&sig2=BpiGn5fApWvUZKQ57n5nbg&bvm=bv.87920726,d.aWw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB4QFjAA&url=http%3A%2F%2Fpubs.acs.org%2Fdoi%2Fabs%2F10.1021%2Fjp5097376&ei=AbYBVZLpIYuTyAS-8YDAAw&usg=AFQjCNEcOBKK9e1wwGKAHGyW-p8ZuijLxg&sig2=BpiGn5fApWvUZKQ57n5nbg&bvm=bv.87920726,d.aWw
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16.
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18.

19.

20.
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22.

23.
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25.

Stephen O. Andersen, James A. Baker, Timothy C&i§angeet H. Kapoor (201Zhe New Business Case for
Secondary Loop Mobile A/C Systems-(BACs) ATA ITALIAN TECHNICAL MAGAZINE. 67:1729.

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

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

YangyangXu, DurwoodZaelke,Guus J. MVelders,& VeerabhadraRamanathan (2013)he role of HFCs in
mitigating 21st century climatehange ATMOSPHERICCHEMISTRY AND PHYSICS. 136083-6089.

Stephen OAndersenMarcel L. Halberstadt, &NathanBorgford-Parnell (2013)Stratospheric ozone, global
warming, and the principle of unintended consequeh@asongoing science and policy success StiyRNAL
OF THEAIR & WASTE MANAGEMENT. ASSOCIATION. 63(6):607647.

Council on Energy, Environment & Water, Institute for Governa&c&ustainable Development, Natural
Resources Defense Council, and The Energy and Resources Institute (TERI), in cooperation with the
Confederation of Indian Industry (2013poling India with Less Warming: The Business Case for Phasing Down
HFCs in Room and Vehicle Air Conditioners

Mario Molina & Durwood Zaelke (2013 comprehensive appach for reducing anthropogenic climate impacts
including risk of abrupt climate changds:TE OFMOUNTAIN GLACIERS IN THEANTHROPOCENE Proceedings of
the Working Group2-4 April 2011, Paul J. CrutzenL.ennartBengtsson& VeerabhadraiRamanathan (eds)
(Pontifical Academy of ScienceScripta Variall8).

Durwood Zaelke, Stephen O. Andersen, & Nathan BorgRarhell (20125trengthening Ambition for Climate
Mitigation: The Role of the Montreal Protocol in Reducing Stived Climate PollutantsREVIEW OF
EUROPEAN COMPLIANCE & INTERNATIONAL ENVIRONMENTAL LAw 21(3):231242.

Mario Molina & DurwoodZaelke (2012A Climate Success Story to Build, @INEPOzONACTION, PROTECTING
OUR ATMOSPHERE FOR ENERATIONS TO COME 25 YEARS OF THEMONTREAL PROTOCOL

Mario Molina, A. R. Ravishankara& DurwoodZaelke (2011At the crossroad$JNEP OUR PLANET: POWERING
CLIMATE SOLUTIONS.

Romina Picolotti (December 2011An equitable arrangementUNEP OUR PLANET: POWERING CLIMATE
SOLUTIONS.

Stephen O.Andersen &Kristen Taddonio (December 2011Yipping the BalanceUNEP OzONACTIONGS
DECEMBER2011SPECIAL ISSUE

RominaPicolotti (15 July 20107 Proposal to Change the Political Strategy of Developing Countries in Climate
NegotiationsInternational Institute for Sustainable Developmé&l8)) Multilateral Environmental Agreement
(MEA) BULLETIN.

Mario Molina, Durwood Zaelke, Veerabhadran Ramanathan, Stephen O. Andersen, & Donald g&gigayu
Reducing abrupt climate change risk using the Montreal Protocol and other regulatory actions to complement cuts
in CO, emissioNSPROCEEDINGS OF THENATIONAL. ACADEMY OF SCIENCES USA. 106(49):2061620621.

Guus J. MVelders,David W.FaheyJohn SDaniel,Mack McFarland & Stephen OAndersern(2009)The large
contribution of projected HFC emissions to future climate forcPrRpcEEDINGS OF THENATIONAL ACADEMY OF
SciENCESUSA 106:1094910954

K. Madhava Sarma Sephen O.Andersen,Durwood Zaelke, & Kristen Taddonio (2009),0zone Layer,
International Protectionin R. Wolfrum (ed.),THE MAX PLANCK ENCYCLOPEDIA OF PUBLIC INTERNATIONAL
LAaw (Oxford University Press, 2068012), online edition.

Durwood Zaelke,PeterGrabiel, & Elise Stull (6 November 200&voiding Tipping Points for Abrupt Climate
Changes with Fastrack Climate Ntigation Strategiesl | S MBASBULLETIN.

K. MadhavaSarma &Durwood Zaelke (27 June 2008%tart, then Strengthen: The Importance of Immediate
Action for Climate Mitigationl | S MBASBULLETIN.

Guus J. M.Velders Stephen OAndersen,John S.Daniel, David W. Fahey, & McFarland M(2007) The
importance of the Montreal Protocol in protecting clima®eocEEDINGS OF THENATIONAL ACADEMY OF SCIENCES
USA 104:48144819
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SelectEditorials and Op-Eds on HFCs and the Montreal Protocol

Editorials:

1.

Washington Past d i t oUp in ¢hé Air: IfiIndia, Mr. Obama makes a start on a climate partnérship 2 8 J a n
2015

2. The New York Timges E d i A NewiChapter fofiAmericaand India ( 27 Jan 2015)

3. TheEconomic Times E d i LimarSunaniit; Indié should commit to boost energy efficiency( 1 0 Dec 2014

4. The Economist E d i Pamigvia dMoniredli ( 2tR01&)e p

5. The Washington PodE d i t oThe gllalizatidn of pollutiolm ( 28 Yan 2014

6. ThelnternationalNew York Times E d i €whing aaHotent Greenhouse Gas( 7 Jan 2014)

7. The Post and CourieEditorial, iStopgg remedy for climate change ( 6 Dec 201 3)

8. Nature E di Alldagetheringvd A( 30 October 2013)
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Op-Eds:

1. Economic TimeDp-Ed,Ra j e n d r aOb&rmadModdsemmit fan accelerate a climamof worldd Feld
2015)
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toEartdb (7 June 2014)
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2014)
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10. E!SharpOpEd, D. Ne wma nWakte riot, wadraledd Ke8 2013)

11. Los Angele§imesOpEd, D. Zael k€l &mBt eBbedso®dgltbwiAmgc R&I1LI3gnge
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70 Chin L. (2013)Recent Developments in Low GWP Refrigerantdiio€onditioning and Refrigeration Applicatiofiloneywell
presentation at Bangkok Technology Conference, 29 June 2013).

"I Stanga M. (2013Update on R32 Aiconditioning and Heat Pump Manufacturing and Safogress Since Last OEWG in
Bangkok 2012ZDaiken Industries, Ltd presentation at Bangkok Technology Conference, 29 June 2013).

72U.S. EPA (2013BENEFITS OFADDRESSINGHFCS UNDER THEMONTREAL PROTOCOL, 20-21;see alsatCCAC (2014)Low-GWP
ALTERNATIVES IN COMMERCIAL REFRIGERATION PROPANE, CO2, AND HFO CASE STUDIES.

73U.S. EPA (2013BENEFITS OFADDRESSINGHFCS UNDER THEMONTREAL PROTOCOL, 20-21; see alsdCCAC (2014)Low-GWP
ALTERNATIVES IN COMMERCIAL REFRIGERATION: PROPANE, CO2, AND HFO CASE STUDIES.

74UNEP (2015)DISTRICT ENERGY IN CITIES: UNLOCKING THE POTENTIAL OF ENERGY EFFICIENCY AND RENEWABLE ENERGY, 11

( Thedevelopment of modern (i.e., energfficient and climateesilient) and affordable district energy systems in cities is one of

the leasttost and mosefficient solutions for reducing greenhouse gas emissions and primary energy demand. A transition to suc
systems, combined with energy efficiency measures, could contribute as much as 58 per cent of the carbon dioxide (6©2) emissi
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installed its first transcritical C£system in July 2006 and has plans to implement the technology in all of its 1,300 stores in 15

years[ é Pupervalu opened an ammoihiased refrigeration system in their Albertsons store in Carpinteria, Califarg@ilR,
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http://www.amazon.com/International-Environmental-Policy-University-Casebook/dp/1599415380
http://www.unep.org/ozonaction/Portals/105/documents/network/Table%20of%20Network%20countries-%2031%20Oct%202011.pdf
http://opil.ouplaw.com/view/10.1093/law:epil/9780199231690/law-9780199231690-e1767?rskey=4l9hlp&result=1&prd=OPIL
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http://ozone.unep.org/new_site/en/assessment_panels_main.php

Panels; see alscAndersen. S. O. & Sarma, K. M. (20030TECTING THEOZONE LAYER: THE UNITED NATIONS HISTORY, 59-60;
andHunter D., Salzman J., & Zaelke D. (2014YERNATIONAL ENVIRONMENTAL LAW AND Policy, 4th ed., 544 and 578.

139sarma M. S.Andersen S. OZaelke D., & Taddonio K. (2009)zone Layer, International Protectipim R. Wolfrum (ed.)
(2012) THE MAX PLANCK ENCYCLOPEDIA OF PUBLIC INTERNATIONAL LAW; see alsoAndersen S. O. &Sarma K. M. (2002)
PROTECTING THE OZONE LAYER: THE UNITED NATIONS HISTORY, 59-60; and Hunter D, Salzman J., & Zaelke D. (2011)
INTERNATIONAL ENVIRONMENTAL LAW AND PoLicy, 4th ed., 544 and 578.

1405arma, M. S.Andersen S. OZaelke D., & Taddnio K. (2009)Ozone Layer, International Protectipim R. Wolfrum (ed.)
(2012)THE MAX PLANCK ENCYCLOPEDIA OFPUBLIC INTERNATIONAL LAW; andAndeisen S. O. & Sarma K. M. (200RROTECTING
THE OZONE LAYER: THE UNITED NATIONS HISTORY, 59-60.

141Zaelke D., Andersen S. O., & BorgfeRhrnell N. (2012%trengtheningmbition forclimatemitigation: therole of the Montreal
Protocol inreducingshort-lived climate pollutants Rev. Eur. CoMP. & INT& ENVTL. LAW 21(3):231242.

142Pproposed amendment to the Montreal Protocol submitted by the Federated States of Midsd\ERI®DzL.Pro.WG.1/34/5
(16 May 2014)andProposed amendment to the Montreal Protocol submitted by Canada, Mexico and the United States ¢of America
UNEP/OzL.Pro.WG.1/34/4 (10 May 281

143prepared by Dr. Guus Velders, based upon Velders G. &tl.,(2009) The large contribution of projected HFC emissions

to future climate forcingProc. NAT&. AcaD. Sci. U.S.A. 106:1094910954; Proposed amendment to the Montreal Protocol

submitted by the Federated States of MicrondsMEP/OzL.Pro.WG.1/34/5 (16 May 2014nd Proposed amendment to the

Montreal Protocol submitted by Canada, Mexico and the UnitedsStatemerica UNEP/OzL.Pro.WG.1/34/4 (10 May 2014).

See alsdJ.S.EPA (2013)BENEFITS OFADDRESSINGHFCs UNDER THEMONTREAL PROTOCOL (calculating the mitigation as almost

95 billion tonnes of C&between 2016 and 206Xu Y., Zaelke D., Velders G. J. M., & Ramanathan V. (208 role of HFCs

in_mitigating 21st century climate changATmos. CHEM. PHYs. 13:60836089;and Velders G. J. M.gt al. (2014) Growth of

climate change commitments from HFC banks and emis#iom®s. CHEM. PHYs. Discuss 14:45634572( i | f for exampl e
production were to be phased out in 2020 instead of 2050, not only could ab@d4681CQ-eq of cumulative emission be

avoided from 2020 to 2050, but an additional bank of aboi#8&tCQ-eqcoul al so be avoided in 2050. 0

144The U.S. Environmental Protection Agency calculates that the mitigation would be equivalent to between 93.8 and 115 billion

tonnes of C@by 2050, and between 115.8 and 141.1 billion tonnes in the first 40 $eats$.S. EPA (2014BUMMARY : NORTH

AMERICAN 2014HFC SUBMISSIONS TO THEMONTREALPROTOCOL( A Cumul at i ve benefits of the HFC al
by the U.S. Government aketween 93,800 115,000 million metric tons of carbon dioxide equivalent (MMTE]) through

2050, and about 115,80041,100 MMTCQe g f or 40 years after t ISeecaledfeldasxc@ . Me date o
et al.(2014)Growth of climate change commitments from HFC banks and emisAiomss. CHEM. PHYs. Discuss 14:45634572

(Al f, for exampl e, HFC production wer gcotlbabdutedl1466t8Q82eqdof out i n
cumulative emission be avoided from 2020 to 2050, but an additional bank of ab6dt@® Q- eq could also be avoided in

2 0 5 OandINEP (2012)THE MONTREAL PROTOCOL AND THEGREENECONOMY: ASSESSING THE CONTRIBTIONS AND CO-BENEFITS

OF AMULTILATERAL ENVIRONMENTAL AGREEMENT.

145 European Union (@14) ENABLING A GLOBAL PHASE-DOWN OFHFCs, A DISCUSSION PAPER SURITTED BY THE EUROPEANUNION

( The EU fully supports an amendment of the Montreal Protocol to achieve a global phase down of the consumption and production
of hydrofluorocarbons (HFCs). Ne#rticle 5 countries, as major consumers of HFCs, must take the lead in this effort. Ahthe sa

time, the EU believes that a broader base of support for an HFC amendment to the Montreal Protocol could be built up by more
directly addressing the different situations in Article 5 and-Aditle 5 countries in their progress in phasmg HCFCs. Th

respective commitments have to respond to specific national circumstances, such as climate conditions and the expeafted growth
the refrigerabn and air conditioning sect ocafledonthe UNFAQCE paztibsliBsuppditea Eur o p e
phasedown of HFCs under the Montreal ProtoEolropean UnionSUBMISSION BY LITHUANIA AND THE EUROPEAN COMMISSION

ON BEHALF OF THEEUROPEANUNION AND ITS MEMBERSTATES( 1 6 Se pt e mMeemust tuitd Lijpon and viiden the support

of G20 Leaders to phase down HFCs under the Montreal Profacslich we call on all Parties to the UNFCCC for their support,

and would like to sethis discussed specifically in Warsaw in the context of ADP W82 .

146 European Union (2014NABLING A GLOBAL PHASE-DOWN OFHFCs, A DISCUSSION PAPER SURITTED BY THE EUROPEANUNION
(Versi on 9 COlhe redpective cariniitrhents tfavie to respondpexific national circumstances, such as climate
conditions and the expected growth of the refrigeration and air conditioning SEwoEU believes that it would be consistent
with the Montreal Protocol's design to consider f&t: a freeze of the combé 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 leteyen phasalown d the combined consumption of these
chemicals in Article 5 countries would be agreed in the coming gears.

147 Additional mitigation is possible when banks of HFCs are collected and destroyed, witBgilGaGtCQ-eqavailable if this

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

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

and emissionsATMOS. CHEM. PHYS. Discuss 14:45634572( Al f , for exampl e, HFC production w
instead of 2050, nainly could about 91146GtCO2eq of cumulative emission be avoided from 2020 to 2050, but an additional

bank of about 3%4 GtCO2e q coul d al so be avoided in 2050.0).

148 G8 (2009) G8 DECLARATION: RESPONSIBLEL EADERSHIP FOR ASUSTAINABLE FUTURE ( 66. We recognize that the accelerated
phaseout of HCFCs mandated under the Montreal Protocol is leading to a rapid increase in the use of HFCs, many of which are
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very potent GHGs. Therefore we will work with our partners to ensure that HFC emissions reductions are achieved under the
appropriate framework. We are also committed to taking rapid action to address other significant climate forcing agests, such
black carlon. These efforts, however, must not draw away attention from ambitious and urgent cuts in emissions from other, more
long-lasting, greenhouse gases, which should remain the praojity.

149 UNEP (2009)DECLARATION ON HIGH-GWPALTERNATIVES TO ODSs, in UNEP (2009)REPORT OF THETWENTY-FIRSTMEETING

OF THE PARTIES TO THEMONTREAL PROTOCOL ONSUBSTANCES THEDEPLETE THEOZONE LAYER (The 2009 Declaration was signed
by Angola, CameroonCanada, Chad, Comoros, rigm, Dominican Republic, Egypt, Fiji, Gabon, Grenada, Guinea Bissau,
Indonesia, Japan, KiribatMladagascar, Marshall Islandglali, Mauritania, Mauritius, MexicoMicronesia,Morocco, Namibia,
New ZealandNigeria, Papau New Guinea, Palau, Saint Lucia, Solomon Islands, Somalia, Sudan, SwitzerlarideStendiogo,
Tonga, Tunisia, United States, Zaia).

150 UNEP (2010) DECLARATION ON THE GLOBAL TRANSITION AWAY FROM HYDROCHLOROFLUGROCARBONS (HCFCs) AND
CHLOROFLUOROCARBONYCFCs); see alsdUNEP (2011)REPORT OF THE COMBIND NINTH MEETING OF THE CONFERENCE OF THE
PARTIES TO THEV IENNA 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.

151 Climate and Clean Air Coalition to Reduce Short Lived Climate Pollutants (EXetutive Summary

152The White House Office of the Press Secretary (2642} Sheet: & Action on Energy and Climate Chang#i the spirit of
increasing mitigation efforts, we agree to collectively join the &lerand Clean Air Coalition to Reduce SHaxed Climate
Pollutants, launched on February 16, 2012. This new initiative will enhance our collective ambition in addressing clgate cha
by complementing efforts to address £#nissions. By developing stesies to reduce short term pollutantshiefly methane,

black carbon, and hydroflurocarbdnse can help reduce global warming, improve health, and increase agricultural productivity,
as well as energy secumnity)and The White House Office of the PreSscretary (2012Famp David Declaration

153 United Nations (2012RESOLUTION ADOPTED BYTHE GENERAL ASSEMBLY: THE FUTURE WE WANT, A/REJ66/ 288 (1222 . We
recognize that the phaset of ozonedepleting substances is resulting in a rapid increase in the use and release of high global
warming potential hydrofluorocarbons to the environment. We stippgradual phasdown in tre consumption and production

of hydrofluorocarbons. 0) .

154 UNEP Executive Committee of the Multilateral Fund for the Implementation of the Montreal Protocol RRPTRT 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 yeg® April 2013).

155 China State Courilq2014) 20142015 Energy Conservation, Emissions Reduction and Low Carbon Development Action Plan
(in Chinese).

156 European Council (2013UBMISSION BY IRELAND AND THE EUROPEANCOMMISSION OF THEEUROPEANUNION AND ITS MEMBER
StateEs( A The 2011 Bali Decl aration under the Montreal Protocol I
effectv e means of transitioning to environmentally friendly alte

157 Arctic Council Secretariat (2018)iruna Declaration On the occasion of the Eighth Ministerial kiteseof the Arctic Council

Further support for addressing HFCs is expressed in the@®Tamp David Declaratioffocusing on the package of four short

lived climate pollutants, whicincludes HFCs); the 20088 Declaration( A Ther ef or e we wi l |l wor k with o
HFC emissions reductions are achieved under the appropriaterfe w oandthe @008Declaration of Leaderfrom the Major
Economies Meeting on Energy Security and Cldimplameetatiéhlofahe g e . (AT
Convention between now and 2012, we wil | : é Continue to pro
Deplete the Ozone Layer for the benefit of the global climate sgstem .

158 press Releas@he White Houséffice of the Press Secretamynited States and China Agree to Work Together on Phase
Down of HFCH8 June 2013).

159Executive Offie of the President (2013HE PRESIDENTS CLIMATE ACTION PLAN (mentioning the Significant New Alternatives

Policy Programas a pol i cy trivatelsectoranveStmentirolaemissigns teghnology by identifying and approving

climatef ri endly chemicals while prohibiting )raedThe&hite Hause Officcof t he
of the Press SecretaRemarks by the President on Climate Cha¢®feJune 2013)See alsdianco N.,et al (2013)CaN THE

U.S.GET THEREFROM HERE?: USING EXISTING FEDERAL LAWS AND STATE ACTION TOREDUCE GREENHOUSEGAS EMmissions World

Resources Institute, inthe US.AEIl i mi nati ng HFCs represents the biggest opport
power phanwsudd provide 23% of the emissions reductions need
2005 emissions)).

16011SD Reporting Services (2013ummary of the Thirtthird Meetirg of the Operended Working Group of the Parties to the
Montreal Protocol on Substances That Deplete the Ozone Lay@8 ddne 2013FARTH NEGOTIATIONSBULLETIN 19(94).

161 press Release, Republic of South Africa Department of Environmental AffiiintStatementssued at th€onclusion of the
15th BASIC MinisteriaMeeting onClimate Change(28 June 2013).
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162Press Release, U.S. Department of Stat6;China Climate ChangeWorkingGroup Fact Sheet10 July 2013);see alsdPress

ReleaseU.S. Department of Stat®eportof the U.S-China Climate ChangeWorking Group to the Strategicand Economic
Dialogue(10July 2013)( i Addi ti onal | vy, President Barack Obama and Presi de
2013 that the United States and China agreed to work togethertaradher 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 its Kyrtatocol provisions for accounting and reporting of

emi ssions. The Working Group wil | ;andRrdss Reléabeecld.3. Depatingnt of Statec ar r y
U.S:China Strategicand EconomidDialogueV StrategicTrackSelectOutcomeg12J u | y  ZIeey il alsq widrk together to
i mpl ement the agreement of Presidents Obama and Xi on HFCs. o

163 pacific SWIDS Regional Preparatory Meeting (20I8e Nadi Outcome Document: Accelerating Integrated Approach to
Sustainable Development

164 Climate and Clean Air Coalition to Reduce SHdwted Climate Pollutants (20180OMMUNIQUE OF THETHIRD MEETING OF THE
HIGH LEVEL ASSEMBLY.

165 press Release, White House Office of thesP@ecretarynited States and China Reach Agreement on Phase Down of HFCs
(6 September 2013).

166 The St. PetersburG 2 0 L e Redlaratienihcludes Argentina, Australia, Brazil, Canada, China, France, Germany, India,
Indonesia, ltaly, Japan, Korea, Mexico, Russia, Saudi Arabia, South Africa, Turkey, United Kingdom, United States, and the
European Union, as well as support fromited obserer countries: Ethiopia, Spain, Senegal, Brunei, Kazakhstan, and Singapore.
G20(2013G20 Leaders6 Declaration

167 press Release, Republic of South Africa Department of Environmental AffigiinsStatementssued at th€onclusion of the
16th BASIC MinisteriaMeeting onClimate Change(16 September 2013Yhe BASIC countries were silent ¢iFCs this year.
Sedndia Ministry of Environment & Forestgpint Statement on the 18th BASIC Ministerial Meeting on Climate Cl{8#gegust
2014); see alsdJNEP (2013)REPORT OF THETHIRTY-THIRD MEETING OF THEOPEN-ENDED WORKING GROUP OF THEPARTIES TO

THE MONTREAL PROTOCA. ON SUBSTANCESTHAT DEPLETE THEOZONELAYER,21-22.( il55. Sever al representati
over the level of financial support that would neebig@vailable [for an HFC phasawvn under the Montreal Protocol], especially
given developing countrie Il imted resources and competing priorities for

concern over the availability of funding for both HCFC phast and potential HFC phasilewn and one representative

highlighted the inadequate amourtigitthis country had thus far received for assisting with HCFC ghas¢ [ é ] 160. Seve
representatives from higlimbienttemperature regions explained that the matter of the availability of [HFC] alternatives was a

particular concern to them. In their wdries, summer temperatures could reach as high as 55° C; ircisuainstances, air

conditioning was not a luxury but a necessity. Concerns over flammability and safety further limited the availabilityativatse

to HFCs [ é] 16 2 ivesSrem parnties bperatiagounderparagriaph L of Article 5 and from parties not so operating,
underlined the need for the latter to take the lead in demonstrating the technical and economic feasibility of neve adternativ .

168 White House Office of the Press SecretayS-India Joint Statemen{ 27 Sept ember 2013) (AThey
complementary initiatives, through multilateegdproaches that include using the expertise and the institutions of the Montreal

Protocol to phase down the production and the consumption of HFCs, based on the examination of economically viable and
technically feasible alternatives. They will continueiriolude HFCs within the scope of UNFCCC and its Kyoto Protocol for
accounting and reporting of emissionsé. Recogni zingethat cli
mut ual benefits to intensalsbanaugedamioddefat Cbnmat eh€hawogel Wadlkr
develop and advance actioniented cooperation, as well as to begin an enhanced dialogue focusing on working closely in
developing an ambitious climate change agreement for the2p@étperial ¢ . 0 ) .

169White House Office of the Press Secretdfgct Sheet: The United States and Indi&trategic and Global Partms (27
September 2013).

1701n the decision requesting action by the TEAP, the Parties agreed to: (1) estimate current and future demand for alternatives
including HFCs, and also requested an assessmémt economic costs and implications, and envirortaldrenefits of various
scenarios that avoid higBWP alternatives to currentlysed ODS, including, HFCs; (2) convene a workshop tbadtlack with

the 34" OEWG in summer 2014 to continue discussions on HFC management; (3) provide to the Ozone Secretanhintary
basis, information regarding the avoidance of HFCs under the existing HCFCaonttased (4) request the Executive Committee
of the Multilateral Fund to consider whether additional demonstration projects to valideBNBnalternativesral technologies,

and additional activities to maximize the climate benefits in the HCFC production sector, would be useful in assistipiggievelo
country Parties in further minimizing the environmental impacts of the HCFC pladgNEP (2013)DRAFT REPORT OF THE
TWENTY-FIFTH MEETING OF THE PARTIES TO THE MONTREAL PROTOCOL ON SUBSTANCES THAT DEPLETE THE OZONE LAYER,
UNEP/OzI.Pro.25/L.1see alsoUNEP (2013)DRAFT DECISION XXV/[X[: RESPONSE TO THEREPORT BY THETECHNOLOGY AND
EcoNOMIC ASSESSMENTPANEL ON INFORMATION ON ALTERNATIVES TO (ZONE-DEPLETING SUBSTANCES

17press Release, Council of the European Urgdst E.U-Japan Summit Joint press stateni(19 November 2013).

172\White House Office of the Vice Presideht,S. Fact Sheet on Strengthening tC8ina EconomidRelations(5 December
2013).

173 White House Office of the Press Secret&agct Sheet: U.S. Cooperation with Franen Protecting the Environment, Building
a Clean Energy Economy, and Addressing Climate ChétigEebruary 2014).
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