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About thelnstitute for Governance& SustainableDevelopment(IGSD)

I GS h&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 ozone, and hydrafhocarbonsThey also include meares to capture, reuse, astdre CQafter it is emitted,
including biosequestration amaneralizationstrategieghatturn carbon dioxideénto stable forms for longerm storage
without 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 2058nd avoidup 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 climate change 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 Primerdescibes how the Montreal Protocol 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 muchwébthik increasing at a rate of 216% 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 foaniomsWéorld leaders recognized

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 consumption. Several countti®ga coalition of island States, ttalso

including India, the EU, and the US, Canada, and Mexico, have submitted proposals to undertake such a phasedown
under the Montreal Protocol. Support for this approach is growing rapidly. Well more than 100 countries have shown
support, with the 54auntries of the Africa Group emerging earlier this year as strong champions.

A fast phaseout of HFCs under the Montreal Protocol by 2020 would prevent up to 200 billion tonne<C@t) of
equivalent (C@eq) emissions by 2050and avoid up td.5 C warmirg by 2100, using a treaty that requires
developed countries to act first, provides implementation assistance to developing céanttibas the experience

and expertise to ensure that reductions are fast, effective, and efficient. In addition, andsE@opim under the
Montreal Protocol would, as it has always been the case in the past, catalyze significant energy efficiency gains in air
conditioning and refrigeration systems, in the range of 30 to 60%, and significantly redpeen88ons. In India

alone, over the next 15 years, the potential energy savings from improving the energy efficiency of room air
conditioning is the equivalent of avoiding120 new medaired coal power plantsAn HFC phasedown under the
Montreal Protocol will provide a levgllaying field for producers and consumers in lieu of a patchwork of regional
and national regulations. It also will build momentum for a successful climate agreement under the UNFCCC in 2015
to go into effect in 2020.

2. High growth rates for HFCs will cause significant warming

The current lyh growth rate for HFCs will cause significdaturewarming’ SeeFigure 1.While HFCshave caused

only 1% of total global warming tdate production, consumption, and emissions of these fact@ge gaseare
growing at a rate of 105% per yeaf which will cause a doubling every five to seven ye&BC growth is
accelerating ablFCs are useds substitute® replaceozone depleting substances (ODSs), and as the demand grows
for the appliances that use theskigerants® HFCs and othefluorinatedgreenhousgases are the fastest growing
climate pollutants in many countries, including thé&. E.U., Australia, China, and Indd.

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 D®sording to the
measurements, emissions of these HFC substitutes are now twice as high eepthvtese to the UNFCCC, implying

that developing countries (which are 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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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/At3 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°Cby 2100

If left unchecked, by 2050annual HFC emissions could be equivalenti® of annual C@emissions under a
businessasusual (BAU) scenarioand up to 1% of annual C@emissions under the IP@Cstronges 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 imillions of refrigerabrs, air conditiorers, and other cooling equipment, as well

as inchemical stockpileandf o0 a ms
stored HFCs over a few decades, further contributing to global watring.
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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 radiag 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 Emissions Scenariosaklishing a baseline scenarioflternatively, 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 scebi&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 asproposed by a growing coalition of natiosg€Section 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
146 Gt of CO;, in avoidedemissions® SeeFigure4, far right bar The proposeghasedown 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 banlkn beavoided by 205@inder a fast
HFC phaseouy 2020 for acombinedotal of up to 200 or more Gt G@q?° Avoiding this 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 ProtocoP*
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D. Zaelke et al., IGSD, June 2014,


http://www.unep.org/dewa/Portals/67/pdf/HFC_report.pdf
http://www.unep.org/dewa/Portals/67/pdf/HFC_report.pdf

Fig. 5: 215t Century warming that can be pevented bymitigating Short-Lived Climate Pollutants (SLCPs)
and CO

No Montreal Protocol
I BAU (high and low)
4r = = Mitigation:CO2 only
CO2+BC+CH4
CO2+BC+CH4+HFCs

Temperature ( °C)

1900 1950 2000 2050 2100

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 of temperature projection at 2100 due to climate sensitivity uricertainty.
YangyangXu, DurwoodZaeke, Guus J.MVelders, &VeerabhadraRamanathan (2013he role of HFCs in mitigating

218 century climate changéTmos. 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 ewnfdcentury,
with HFC mitigation contribting onethird of the avoided warming by esud-century®? SeeFigure5.

Fast action to phase dowti four SLCPsfiwo ul d cut wahmeng 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 thatdueto G®@ mi ssi or® control . 0

Reducing HFCsand the other SLCPs can significargluce future climate impacts, includisigwing 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 aggressivenitipation can double the eraf-century reductiond?
Combined SLCP and G@nitigation can reduce cumulative seael rise by 31% in 2108.Individual contributions

to avoided se#evel rise by 2100 from different mitigation actions &@% from CQ mitigation and 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 benefits from HFC mitigation, a global HFC phasedowoatéilizeadditional
climate benefits through improvements in the energy efficiency of the refrigerators, air conditioners, and other
products and equipment that Ud€C refrigerants(Complementary measurdéisat 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 refrigerénts.

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 subsectd?T 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 desifrisor 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@Gasm studies oerent demonstration
projects presentedby the Climate and Clean Air Coalitiono Reduce Shoitived Climate PollutantfCCAC)
calculatedenergy savings o15% to 30%, and carbon footprint reducticnfs60% 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 HB&sed 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 E n Supersffidient Equipment and Appliance Pleyment Initiative (SEAD) found thaleploying super
efficientroomair conditioners can significantly reduce energy use ange@sionsdy 2020 and avoid the need for
approximately 123nediumsized (506megawatt) power plantgith the largest potentigavings in India, China, and
the E.U3® SeeTable 1.

The energy efficiency gains catalyzed by the Hiasedowrand complementary energy efficienpgogramswill

ea® pressure ooverloadecklectricity grids In many cities in Indiafor exampleair conditioring accouns for 40%

to 60% of peak electricitgemand during theooling seasaf® A recent study by Lawrence Berkeley National
Laboratory calculates thatvnership offoom air conditioners in India will increase from 3% to 47% between 2010
and 2B0%7 Over the next 15 yearshd potential energy savings India from improving the energy efficiency of
room air conditionings theequivalent of 120 new mediusized coal power planf§ 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 molfelyawrence Berkeley National Energy Laborat@myow expanding itstudy

to analyzehe emissions reduction potential of pairing eneff§jigiency improvements for room A/C with a transition
to low-GWP refrigerantfor variouscountriesincluding India, China, Brazil, and Saudi AraBl&®reliminary results
demonstrate thahe paired transition can double the climate mitigakienefis of taking either action alorf&.

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)* (3Twhlyear)*
India 19 29
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/gassgf

5. 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 categoriesnfluorinated substances with le@WP, and fluorinated

8



substances with lowto midrange GWPsST he Mo nt r e arechnBlagy dand Econbonics Assessment Panel
(TEAP)Uses t heGWeRd mt 6l oewf er t o r efr ioweewhan tes ale@WBES r @ WH = r &f
to refrigerants with GWPs of 1,000 awer.*¢ For comparisorthe GWRoyrof HFC-1344a, one of the most commonly

used highGWP HFC refrigerants today, is3D0.4

TEAP cautions thatd i f f er ences in energy ef fw-GWR®Mcygr c a@WPdoe rdett eer |
alternatives would have the lowest overall impact on global warffiifige most comprehensive way to evaluate the

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

i @dleto-g r a 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 manufactugnand enebf-life loss (typically refrigerant leakagé) SeeSection 4 for a discussion of

the energy efficiency gains that will be catalyzed by an HFC phasedown.

Commercially availableneh | uor i nated or finatur al r e fithaGye ofaearzesa) pr i ma
hydrocarbons (e.g., propane aisdbuteng with GWPs of less than four, and @®ith a GWP 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 oné! Another

alternative is HFE32, with a GWPyo0y, Of 677 according to the ARS2 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 onem ©8si¥’, available
low-GWP alternatives include HF234yf, CQ and HFG152a (AR5 GWhoyr = <1, 1, andl38 respectively).>
Currently, more than a dozen vehicle manufacturers in Europe, Japan, and North America have vehicles with the low
GWP refrigerant HF€1234yf in the global markéb.Daimler, with support fronother German car manufacturers
announced in March 43 that they are developing &5 a lowGWP alternative for vehicle agonditioning®® In

Norway, approximately 16% of new refrigerated truck and trailer systems were equippe@Quittryogenic
refrigeration systems in 2011; use of these systemmspisctedo expand further in the futupé.

In commercial refrigeration, globallup to 65% ohew installations are usingw-GWP HFC alternatives, including
CO;, ammonia, and hydrocarbonghile in the domestic refrigeration sector, l&WWP hydrocarbonechnology is
expected to reach about 75% of global production by 2086€eTable3 for examples of companies that have already
made the switch to loMBWP alternatives in the refrigeration sector.

In the room airconditioning sector, thousands of hydroaarhunits have been sold and new production lines are
coming on line each ye&The Indian manufactureGodrej and the Chinese manufacturer, Greave developed
modelsof propane(HC-290) room air conditionersThe Godrej models are up to%l1more effiteent than the
minimum requirements for the &ar energy efficiency rating set by the Indian Bureau of Energy Effici&t€kina,
Japan, India, Indonesia, and other countries have projects underway using mailéPatéFCG32 with high levels

of operating dfciency$* CO; air conditioningprototypes aralso availablé?

In the foam sector, loMBWP alternatives include hydrocarbons, @ter, and fibrous material® Hydrocarbons

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

has a GWPRf about oné®and is up to 12% more energy efficient than leading hydrocarbanatiies, according

to the companies making% 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 mgor sectorsthe bestvailable lowGWP alternatives to higgWP HFCs demonstrate at least equal, and often
greater, energy efficiency than the HFCs they repBceip to 30%greater®® A 2011 study for the European
Commission concluded that technically fibées and coseffective lowGWP alternatives exist for all major HFC
subsector§? This analysis, which was prepared in association with industry, research institutes, and other technical
experts, analyzed HFC alternatives available in 26 subsectorseatiadives identified achieved at least equal energy
efficiency and more often resulted in energy savings compameahimercially availabléiFC-based equipmerit.

The TEAPalso concluded that loWP 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 s’y 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 climallesapan, 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
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GWP alternative®For exampl e, Sobeys, Canadads s ec gmadscriticalr gest
systemused18% to 21% less energy than the higWP HFC equipment it reptad’®

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 buildingslf powered by renewable sources of
energy, such as hyaklectric, wind, or solar, this type of cooling system can have virtualtfimate impact?

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

APPLICATION CURRENT HIGH Gwp8! ALTERNATIVE GWpP#82
GWP
REFRIGERANT &0
) ) HFC-134a 1,300 HC-600 (isobutene) ~3
Refrigeration | e 1504 138 HC-290 (propane) <5
(Domestic)
HFO-1234yf <1
) ] HCFG22 1,760 HC-600(isobutene) ~3
Refrigeration HFC-407C 1,774 | R-744 COp 1
(Commercialk .
Industria) HFC-134a 1,300 R-717 (anmoni3g 0
HFC-404a 3,43 HFCsand 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 HCFG-22 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
HCFGC142b 1,98® COz/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 arfurther elaborated irSuely Carvalho, Stephen O. Andersen, Duncan Brack, & Nancy J. Sherman
(2014)Alternativesto HighGWP Hydrofluorocarbon$GSD WORKING PAPER. (November 2014).

Energy efficient alternatives are important guatries with high ambient air temperatuvéth long and often humid
seasonsincluding in countries currently choosingplacements foHCFCs, which are being phased out under the
Montreal Protoco?3 A recent studyfor the European Commissighows that, in countries with high ambient air
temperatures, almost 70% of sectousrentlyusing HCFG can leapfrog past higBWP HFCgefrigerans directly

to low-GWP alternatives with equal or better energy efficieiidhhe same study natéhat low-GWP alternatives
are in development and expectedtoready to replace the remaining uses by 202% agreemento phasedown
HFCs under the Montré@rotocol will accelerate development and deployment of additional clifmatelly
alternatives.

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

Business support is growing for phasing down HEQ%he Consumer GoaglForum, 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 20157 Other industry groups support redhgg HFCs under the Montreal Rozol, including the Air
Conditioning, Heating and Refrigeration Instittifethe European Fluorocarbon Technical Committéand
Refrigerants, Naturally? The Alliance for Responsible Atmospheric Policy, whose 48 members include Trane,
Whirlpool, SubZero,and Mitsubishi, also supports a global phasedown of@igiPrefrigerants’* On 16 September
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2014 (International Ozone Day), a dozeisland multinational companies made a variety of pledges to ploaae
and replace HFCs and to commerciakiternatives?

Individual companies across the value chain are developing and implementing alternative refrifei@oig.
endorses the HFC phasedown under the Montreal Pr¢fomotl DuPont and Honeywell, both manufacturers of
HFCs, are actively develapy lower GWP alternative refrigerants and have several currently being conminedcia

94 as discussed in Section 5 aboWée Climate and Clean Air Coalition has produced a series of case studies
demonstrating HFC alternatives developed and utilized bgrewgrket industry leaders, including Carrefou-HB,

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 comf&giesaCola

began usingdFC-free insulation for neweverage vendingquipment, which reduced direct HFC emissions by 75%,
identified a feasible natural refrigerant, and gled to eliminate HFCs in all new equipment by 26/1PepsiCo, Red

Bull, Unilever, and Carrefour started installing a substaatiabuntof natural refrigerant pointf-sale equipmer
Individual companies in th€onsumer Goods Forunmcluding WatMart, Nestlé, Sobeys, Supervalu, and Teao®
purchasing alternative refrigerant equipment, converting existing equipment, and improving efficiency while reducing
leakage®® Whirlpool announced that it will convert all foam blowing agents in from the current24B5& AR5
GWPio0yr = 858)1°to HFC-123zdE) (GWPi00yr = ~1)1°tin the manufacture of refrigerators and freezers sold in North
Americg areportedreduction in GWP of 99.9%, by the end of 2094Table3 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

g;?ﬂﬁgﬁéﬁma 100% HFCfree insulating foam for new refrigeration equipment
100% HFGfree new cold drink equipment purchases by 2015
Red Buli% 457,000 ECGCoolers (more than_ 50% of all units) as of the end of 2013
Procurement 100%ydrocarbon since 2010
Unileveros 800,QOO H!:G)‘reg freezgr; in 2012 X ' .
Working withtheir subsidianB e n & J e r r Whydlrecarbodce creafreezeysurt).S.
McDonalddo? 3,300 HFCfree meat freezers, frozen food storage, réast& saladrefrigerated display case

2012.Investing in ammonia industrial refrigerationtnS.
11,000 hydrocarbon ice cream freezers in Europe, Australia, Spain, Malaysia, Chile, anc
Nest'08 u.s.
NestE uses natural refrigerants in 90% of its industrial food processirigeration
130,000 hydrocarbon refrigerated beverage displays
Aiming for 50% reduction in carbon footprint of installed refrigerators by 2020
iNat ur al CRenimiitgneernatnot reeffigeratior s/stemb aetinstalléd
in all new fullservice stores
L1 HFC-1233zd(E) in allU.S.refrigerator and freezer manufacturing facilities by end of 2014
Equivalent to removing more than 400,000 cars fronradhad

HeinekeR®

Sobeys!°

Whirlpoo

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 emissioi$in May 2014 the State Councibf China announcedhat they veuld
strengthertheir management of HFC emissions and acceddtad destruction and replacement of HFCspars of

the action plan to implement the energy conservation and emission reduction tH#r¢jesd 2thfive-year plant?
Chinads action pl HFCemissions k@28 Gt C@-dqby 20154 &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 9%, from the baseline 20692 levelspy 2030%° In addition,as part of its regulatory regime to control
HFCs, the European Directive on mobile @mnditioning systemsequireshe use ofefrigerantsvith GWPs lessthan
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150; new type vehiclesold in theE.U. are covered as of 1 January 2013, and all velsolesin theE.U. will be covered
by 201716

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 Platt’Bot h t he U. S. House andcdw8ahdteebavee
the establishment of a U. S. task forceagostedgéauHRGsI
Pursuant t oCltihma tPe eAlhetdi®&PA SRUechamewegulationin October 2014to expand the

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

GWP substitutea nder the ASignificant New Alternatiima@dertiCcol i cy

reduce the emission of HFE¥ In addition,the SWurrently provides manufacturers
opportearnhycteaditthei rowampé mianncieornwi gthanmCddar ds anomgor por a
(CAFE) standards by emplsyingmbBBCl al aernabindetirehiihngess;
2016 v¥miCal & $roerfnriiager ant r egwud altiimpsvalewauior al lseddnt ai
instructions, a rceocnytcdiimegr sp,r oagnrda ma f oerd wicsaetdi on program t
rec hgg?lgn nadal i nléeasve g wihGemlsi f orni a Air Resources Board to d
reduce ehFE€si andl btghelr JdB3ary 20

The CCAC also isargeting HFCs as part of its global effort to sagbeaction to reduce SLCPE 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).1?*

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
Belgiumt?6 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
Chile!30 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?3! X* X X
Indonesi&32 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.SeeFigure4.134 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 1999s

The Montreal Protocol has universakmbershimndprovidesrobust implementation of the principle @omnon

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

with fundingfor the agreed incrementebst of the developing country phaseptdvided by thedeveloped country
Parties through the MtilateralFund (MLF) X’ The MLF has played a key role in achieving ceffective emissions
reductions. Between 1990 and 2010, thasglout of CFCs and other fluorinated gases cost US$2.4 billion and
achieved an estimated 1822 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@ur$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 20162017140

The Montreal Protocol haan in-depth understanding of all sectors it finances, including detailed knowt#dge
technical option$*! The Montreal Protocol also supports institutional strengthening fdrdzldeveloping country
Parties'*? The combination of these features has allowkBarties to comply with the control measures; to date, the
Parties have phasedit 98%o0f nearly100 damaging chemicalé’

The orderly and transparent schedule for phasing out chemicals under the Montreal Protocol allows time for markets
to innovate and djust, often resulting in significant cost and technical efficien¢f€Ehe Montreal Protocol also
providesfiessential useandficritical us® exemptions that allow continued use of a chemical when environmentally
acceptablalternativesare not yet availae 14

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

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

Recognizing the fast and effective opportunity presented for phasing down HFCs through the Montreal Protocol,
starting in 2009he Federated States of Micronesia proposed an amandonphase down higWP HFCs, with

the U.S, Canada, and Mexicfmllowing with a similar amendment. Bottroposals would reduc@s-90% of HFC

production and consumption and provide climate mitigation equivalanbte tharl00 Gt CO, emissiondy 2050

(range of87 to 146Gt).1*” SeeFigure 7.This could be achievedt a very low cost By one calculation, the total

i ncrement al cost t hlrloulgihl 12i0c6m0, wogsl sd otbheaeni br 1 ipem CO®LF]
periods with fundingintheraeg of 500 to 1000 mi ¥ TheBUnexpfessedrfull upperefare t o 2
an HFC amendmerih a Discussion Papein October 2014*° and suggested combining a phasedown of HFCs in
developing countries with the existing phaseout of HCF&s. April 2015 the North American group submitted

their newest proposatiated 8 March 201%*On 17 April 2015, India submitted its own proposal to phase down

high-GWP HFCs under the Montreal Protocayersing several years of oppositiShOn 30 April 2015,the EU

submitted groposalon behalf of its 28 member Stafé$ At the same timehe Federated States of Micronesfe

first country to submit a proposal in 20@2bmitteda revised proposal along tiseven othePacific Island States

as coesponsord Kiribati, Marshall Islands, Mauritius, Palatine Philippines, Samagand Solomon Island$*.

14



Fig. 7: Projected emission reductions fromHFC amendmentproposals
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Theproposed amendments to the Montreal Protaoeprojected tadecrease the cumulative (202850) direct GWP
weighted emissions of HFCs to-22 Gt COz-eq from 110170 Gt COz-eq, for a total of ~87 to 146t COz-eq in
mitigation. Thisis equivalent to a reduction from projected annual emissions of 5.5 @t &8-eg/yr in 2050 to less

than ~0.3Gt COz-eq/yr. The above graphic, based on Veldetrsl. (2009) is indicative the of the emissions reductions

expected from a phasedown of hiGWP HFCs under the Montreal Protod®tepared by Dr. Guus Velders, based on
Velders G. J. M.et al.(2009)The large contribution of projected HFC emissions to future climate forerac. NATA..

AcAD. Sci. U.S.A. 106:1094910954155

Total mitigation could be the equivalent of up to 206Gk if anHFC phaseoutverecompletechy 2020.SeeSection
3, above. An HFC amendmenibuld substantially eliminate the global warming caused by one of timeasiyoto
Protocol greenhouse gasedl significantly improve the chances of staying belosw2tC guardrail, providing up to
6-10% of the needed mitigatioBeeFigure5.

Support fotheaddressindnigh-GWP HFCs had grown rapidly

10 July 2009 n
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By the end of 2010108 Parties to the Montreal Protocol signedBhegkok Declarationgalling for the use of low
GWP aternatives to CFCs and HCF&S,

2012

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

methane, ant#iFCs!%°
19May2012 t he |

eader s

of the G8 in Camp

short term pollutants chiefly methane, black carbon, and hydrofluorocarkifis.

D astrategjies tddted&e ,

22 June2012 at the conclusion dhe Rio + 20UN Conference on Sustainable Developmemdre than one hundred
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heads of State adopted the conference declaratief-uture We Wantecognizing the climate threat from HFCs
and calling for the gradual phasedown of their production ancduogstton; the UN General Assemtaglopted
the declaration by resolution on 11 September 2612.

2013

19 April 2013 China agreed to completely phaset 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 tofif&¢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 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 Substandés

15 May 2013 the Arctic Council countries, including the Russian Federation, itka&Gruna 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 contriute to the warming ¢

8 June2013 Chingd Bresident Xi Jinping and.S.President Bagk 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 hydrfluorocarbons (HFCs) .o

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 Discussi@roup to discuss the management of HFCs under the Prétécol.

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 iss}€®

10 July 2013 theU.S-China Climate Change Working Groagreed to work together fimplement the agreement
on hydrofluorocarbons (HFCs) reached by President Obama and President Xi at their meeting on June 8, 2013,
in Sunnylan#%, 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 documefhe Future We Warit."t

3 September 2013the 38 State partners of the CCAC and the Europganmmi ssi on agreed to fAw
phasedown in the production and consTmgt Coal iotff i AHF&ss
partners also agreed to fadopef rdoenmmedsltyi cHFaQ parl a aecr hneast itvo
and to Awork with international standar dfsendyltHEG ni zat i c
alterndatives. o

6 September 20130n the margins of the G20 Summit in St. Petersburg, Chinese éeidJinping andJ.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
andwith 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 its Ky&mtocol 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 opemnded contact group to consider all relevant issues, including financial and
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'®®
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6 September 2013 t he | eaders of the worldédés twenty | argest ec
observer States, expressed their support in the St. PeteGl2ufy L e a d e r s for iritiativels that aré i o n
complementary to efforts undene UNFCCC, including using the expertise and institutions of the Montreal
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 agreed outcomes under the United Nations
Framework Convention on Climate Change (UNFCCC) an
complementary initiatives, through multilateral approacheat tinclude 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
continueto 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 by thgrinciples 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
technially and economically viable alternatives and the provision of additional financial resources by
developed countries should also be taken into acod@nt.

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 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 discuss, irdr 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 econevigibkly
and technically feasible alternatives, and include HFCs withe scope of the United Nations Framework
Convention on Climate Change (UNFCCC) and its Kyoto Protocol for accounting and reporting of
emi ssdénsé.

The U.S:India climate cooperation also will include a focus on improving the efficiency of air condgion

India, which has the potential to avoid as many as 120 large power plants by 2030

fiSpace Cooling Efficiency Collaboratiniemand for space coolingy primarily for air conditionersi
constitutes a large portion of peak electricity demand in In8linconditioners 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 tlr&lia Collaboration on Smart and Efficient Air Conditioning 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 as 120 largegr plantsd”’

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 suppod r Afor mal negotiati on:
amendment process. 0 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 oTeabriology and Economic Assessment Panel (TEAP) to conduct addiggearch 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 ObaamandPresideniXi 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 hydrofluorocarbons (HF@sthasin
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 |l owi ng President Holl andebds State visit wi
thatiFrance is also an i mportant partner in the globa
hydrofluorocarbons (HFCs) using the institutions and eéxpes e of t he NMbntr eal Protocol

19 February 2014 the North American Leaders agreed in tleint Statemenb "intensify our efforts to promote
an amendment tohe Montreal Protocol to phasgown production and consumption of climat@maging
hydroflur ocar bon¥ ( HFCs) . 0o

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
theMontreal Protocolthe Major Economies Forum, Clean Energy Ministerial, andCBAC, as well as efforts
to conclude a new climate agreement applicable to all countries by 2015 to take effect¥§ 2020.

26 March 2014 the leaders of the E.U. and the U.Sued aJoint Statemerdffirming 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 issudoiat Statemena nnounci ng that they @wi
taking domestic action to avoid or reduce the consumption of HFCs and to work together to promote a global
phassd own of t he¥%e substances. 0

5 June 2014the leaders of the G7 countries reaffirmed theirro@iment to phase down higBWP HFCs 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 th
rapid deployment of climatigiendly and safe alternatives in motor vehicle-aimditioning and we will
promote public procurement of climafigendly HFC alternativegr®®

10 July 2014 U.S. and China reaffirmed their commitment to phase down the prowotd consumption of
HFCs®7

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. Some parties continued their opposition, including several Gulf States, so parties launched
a discussion group to addrégssues raised by the reluctant partfsThe same issues were addressed during
two-day HFC management seminanganized by the Montreal Protocol Secretadat1112 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 meetingf the CCAC in Paris, France, the CCAC announced its plan to launch
fla campaign with key countries and | eading i-ndustri
General 6s Climate Summif® in New York in September

23 September 2014on theoccasion of the UN Secreta@e ner al 6 s CI33 state patneS of thenCGAC
issueda Joint Statement supporting the phase down of the production and consumption of HFCs under the
Montreal Protocol®* The state partners were joined by numerorganzationsand companies including: the
California Air Resources Board, the World Meteorological Organization, the-Cdea&Company, Danfross, and
the member companies of Refrigerants NaturalhdludingPepsiCo, Coc&ola, RedBullandUnilever.
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30 Sepember 2014 India's Prime Minister Narendra Modi and U.S. PresidarackObama 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 tHearties to the Montreal Protocol, in Paris, countries continued to
make progress in their negotiations to phase down ptimstuand consumption of HFOs particular, China and
India indicated their willingness to consider how to move forward to dishaddfEC 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 thehallenges of high ambient countries and on energy effici¥idhe 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 Babdigima agreetb make "concrete
progr es stotuhHFGs uyderdhe Kontreal Protoddl.

6 March 2015 at the conclusion athe 15th Session of the African Ministerial Conference on the Environiment
Cairo, Ministers and delegates frdsd countries ofAfrica urged 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 yedf®

In April 2015 Canada, Mexico and.B. submitted their newest proposal to phase down HFCs under the Montreal
Protocol*®” The proposal would 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 anthropoggeenhouse gases at current

emi ssio¥ |l evel s. 0

17 April 2015, India submitted groposalto phase down higlsWP HFCs under the Montreal Protocé!. The
proposal calls for the continued fiuse of HBuWaf and bl
HCFCs wherever loveWP/zereGWP al t er nat i ves aa ¥year grace peviaa ibéfaeb | e, 0
developing countries begin phasing down HE®s.

20 April 2015, Senegal and Zimbabwe, on behalf of the 54 members of the African Grdupitteda Conference
Room Paper requesting the establishment of a contact gtoie 38 Openended Working Group meeting
(OEWG 36) in Julyt ocon8ider proposals to ametite Montreal Protocol, including those that have been
submitted for consideration by théeeting of the Partieg?*?

24 April 2015, & the conclusion of the85" meeting of theDpenended Working Group (OEW®f the Montreal
Protoco| the Partiesagreedto hold additionalinter-sessional meetingé wi t h a vi ew t o the est
contactgr oupo at the regul arl y 2¥4twediwsénendron®IEGMEanagemenP ar i s i
waspresentedy the Montreal Protocol Secretariat 2%21 April 20152%3

30 April 2015, the EU submitted a proposal on behalf of its 28 member Stétes.

30 April 2015,the Federated States of Micronesieg first country to submit a proposal in 2009, submitted a revised
proposal along with seven other Pacific Island Stassscesponsord Kiribati, Marshall Islands, Mauritius,
Palau, Philippines, Samgand Solomon Islancf8®

8 June 2015the leaders of the G@ountriesp | e d g eattinde @ur éfforts tphase down hydrofluorocarbons
(HFCs) and call on all Parties to the Montrieedtocol to negotiate an amendment this y2at5]to phase down
HFCs ancbn donorgo assist developing countries in its implementaéih.



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

10. 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 éffectively 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 MontretaicBl to phase
down HFCs is growing in strength and momentum, wetentsupport 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 Protdsadnoher positive sigithat action willsoonbe takerto prevent the growth

of HFCs in a manner that will support further international codjmer@anclimate change.

Markets are already responding to the signals from the stgotistomersand from thgolicy community, including
signals from the growing list of laws at the national and regional dewdich often include trade meassr
Companies that produciimate safe alternatives to HFCs are increasing their investment in alternatives and speeding
their commercialization, and companies tae¢ phasing ollCFCsare selecting climat&iendly alternativesather
thanshifting into highGWP HFCs Just as the national bans, boycotts, and voluntary phaseouts of CFCs in the late
1970s and early 198@mved the way for controls under the Montreal Protocol, similar aotictisrring todayare

paving the way for thélFC amendment andreatingthe conditions for fast implementatioBuccess with HFCs in

2014 will build momentum for a successful UN clim&eaty in 2015, while failure 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 finangitder the Montreal Protocol
Fifth Assessment Report of the IPCC

Brazil, South Africa, Indiaand China

businessasusual

black carbon

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

ConsumelGoods Forum

methane

carbon dioxide

carbon dioxide equivalent

European Union

Canada, France, Germany, Italy, Japan, United Kingdoich United States
gigatonngbillion tonnes)

global warming potential

hydrochlorofluorocarbon

hydrofluorocarbon

hydrofluoroolefin

Institute for Governance & Sustainable Development

International Institute for Sustainable Development

Intergovernmental Panel on Climate Change

life-cycle climate performance

multilateral environment agreement

multilateral fund

nongovernmental organization

Non-A5 Parties developed country Partiés 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 UNFCOCGSD&6s strategy was presented in a 20C«
Mario Molina, Durwood Zaelke, Veerabhadran Ramanathan, Stephen O. Andersen, & Donald Hedaing

abrupt climate chnge risk using the Montreal Protocol and other regulatory actions to complement cuts in CO
emissionsThe paper was written for thiroceedings 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 countriesdaten years in developing 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 warmiadf iand the rate of Arctic warming by two

thirds over the next several decades.

The HFCcomponenf this approach was updated in a November 2012 policy p8pengthening Abition for
Climate Mitigation: The Role of the Montreal Protocol in Reducing Slvet 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 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
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 Publications on HFCs and the Montreal Protocol
1. Maxime Beaugrand & Nathan BorgfeRhrnell (forthcoming June 201BYyinging aviation,maritime and HFC
emissions into the global systelREw CLIMATE ECONOMY REPORTPART Il (HFC section)

2. Stephen O. Andersen (2015ssons from the stratospheric ozone layer protedtioclimate J.ENVIRON. STUD.
Cl.

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

4. 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 linditSNVIRON. STUD. SClI.

5. Marco Gonzalez, Kristen N. Taddoni§, Nancy J. Sherma@015)The Montr eal Protocol
successes offer a pathway to the futdrENVIRON. STUD. SCI.

6. Suely Carvalho, Stephen O. Andersen, Duncan B&dkancy J. Sherman (2014)ternatives to HighGWP
HydrofluorocarbonsGSD WORKING PAPER.
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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
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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 andHydrofluorocarbond Reflecting on the 2007 Adjustment to the Montreal
Protocol J.PHYS. CHEM..

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

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

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

YangyangXu, DurwoodZaelke,Guus J. MVelders,& Veerabhadraamanathan (2013}he role of HFCs in
mitigating 21st century climate chang&rMOSPHERICCHEMISTRY AND PHYSICS. 13:6083-6089.

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

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

Mario Molina & Durwood Zaelke (2013 comprehensive approach 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. Crutzen,.ennartBengtsson& VeerabhadrarRamanathan (eds)
(Pontifical Academy of ScienceScripta Variall8).

Durwood Zaelke, Stephen O. Andersen, & Nathan BorgRarhell (20125trengthening Ambition for Climate
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EUROPEAN COMPLIANCE & INTERNATIONAL ENVIRONMENTAL LAwW 21(3):231242.
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of the Multilateral Fund to consider whether additional demonstration projects to valide@Nnalternativesral technologies,

and additional activities to maximize the climate benefits in the HCFC production sector, would be useful in assistipigglevelo
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Sustainable Development (20MJprking Group meeting of the Climate and Clean Air Coalition to Reduce-Shed Climate

Pollutants (CCAC)

1 CCAC, (2014)UN Climate Summit commitments to reduce slivetl climate pollutants and their impacts in Oil & Gas, Green
Freight, HFCs Alternatives, and Municipal Solid Waste

192The White Housey.S:India Joint StatemenB0 September 2014). U.S. Department of Stat8;India Energy andClimate
Change Cooperatio(80 September 2014).

198 UNEP (2014)DECISION XXVI/9: RESPONSE TO THEREPORT BY THE TECHNOLOGY AND ECONOMIC ASSESSMENTPANEL ON
INFORMATION ON ALTERNATIVES TO OZONE-DEPLETING SUBSTANCES

194UNEP (2014 DECISIONXXVI/10: 20152017REPLENISHMENT OF THEMULTILATERAL FUND.
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on Hydroflurocarbons (HFCsBuilding on their prior understandings from September 2014 concerning the phasedown of HFCs,
the leaders agreed to cooperate on making concrete progte¢sén Mo nt r e a | Protocol this year. o).

%Cairo Declaration on Managing Africadés Natur a(eMa@epdls)al for
(A43. To ur ge me mb e nce, Expartisecand instibutionssokthe tMbnérealeProtoamlron Substances that Deplete

the Ozone Layer to phase down the production and consumption of HFCs while continuing to use other existing mechanisms for
accounting and reporting of emissions of thedes&nces; 44. To request the parties to the Montreal Protocol on Substances that
Deplete the Ozone Layer to work towards establishing an-epéed contact group during its meetings in 2015 onwards to
consider, among other things, financial and technoldgigpport to Africa to manage HFCs that might result in phasing down the
production and consumption of HFCs, taking into account theeffesitiveness and safety of substitutes and environmental
benefits; o).

197 proposed amendment to the Montreal Protocol submitted by Canada, Mexico and the United States of America
UNEP/OzL.Pro.WG.1/35/3 (8 March 2015).

198 Proposed amendment to the Montreal Protocol submitted by Canada, Mexico and the United States of America
UNEP/ OzL. Pro. WG. 1/ 35/ 3 (8 Ma thAmeriu®gopgsal, (this ®visetd amendment propbshléas2 0 1 4
the potential to produce environmental benefits of more than 90 gigatons of carbon dioxide equivalent (C02eq) cumulatively by
2050 which is equal to roughly two years of emissions of all anthrogpgerenhouse gases at current emission levels. Therefore,

this proposal represents our ideas on how we could avoid rapid HFC growth and achieve substantial environment benefits. We
welcome other ideas that we know will be forthcoming and we look forwansbtking with others to achieve an outcome that is
acceptable to all countries. 0).

199 Proposed amendment to the Montreal Protocol submitted by, IWNEP/OzL.Pro.WG.1/35/417 April 2015).
200 proposed amendment to the Montreal Protocol submitted by, WONE&EP/OzL.Pro.WG.1/35/417 April 2015).

201process to regulate the production and consumption of hydrofluorocarbons under the Montreal Protocol on Substances that
Deplete thédzone Layei Submission by Zimbabwe and Senegal on behalf of Africa $talSP/OzL.Pro.WG.1/35/CRP (20

Apr i | ReQuesss)ithe Qgended Working Group at its thirsixth meeting in July 2018:. To agree to establish a contact

group to consideproposals to amend the Montreal Protocol, including those that have been submitted for comsiethgo
Meeting of the Parties. o).

20211SD Reporting ServiceSummary of The Workshop on Hydrofluearbon Management and the ThiRifth Meeting of The
OpenEnded Working Group of the Parties to the Montreal Protocol on Substances that Deplete the Ozd@& Bay#r2015)

( @n Friday afternoon G€hair Paul Krajnik resumed plenary. The EU informedtips that the informal consultation led to an
agreement to continue intersessional discussions, in an informal manner, to study the feasibility and ways of managiitg HFCs,
a view to the establishment of a contact group on feasibility and ways ofgimgrtdFCs at OEWG 36. The intersessional
discussions are to examine a list of related challenges, including inter alia: energy efficiency; funding requiremgni$; safet
substitutes; availability of technologies; performance and challenges iambienttemperatures; capacity building; nparty
trade; synergies with the UNFCCC; the relationship to the HCFCs -plisecological effects; implications for human health;
social implications; challenges to the production sector; exemptions and ways tssdddkeof alternatives; and technology
transfero ) .

203 All the information on théVorkshop on Hydrofluorocarbon Manageméantluding presession dcuments and presentations
can be found on the websiteMbntreal Protocol Secretariat

204 Proposed amendment to the Montreal Protocol submitted by European Union and its Membey States
UNEP/OzL.Pro.WG.1/36/830 April 2015).

205 proposed amendment to the Montreal Protocol submitted by Kirildatishall Islands, Mauritius, Micronesia (Federated States
of), Palau, Rilippines, Samoa and Solomon Island®dEP/OzL.Pro.WG.1/36/630 April 2015).
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