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I GS bissionis to promotejust and sustainablesocietiesand to protecttheenvironmentby advarcing the
understandingdevelopmentandimplementatiorof effective, accountableanddemocraticsystemsf governance
for sustainabl@evelopment.

Beginning in 2005,6SDe mb ar ke d-acn i @ nfof a&¢dti mate mitigati camt campai gn
reductions ofyreenhouse gasmissionsand will limit temperaturéncreaseandother climatémpacts in the near term

Thefocusis primarily on strategies to reduce R@G®; climate pollutant&s acomplemento cuts in CQ, which is

responsible for wre than half of all warmindt is essential to reduce both RG®; pollutants and C&® Neither alone

is sufficient to limit the increase in global temperatora safe level

I G S D 6-actioh strategies include reducing emissions of dived climae pollutantd black carbon, methane,
tropospheric ozone, and hydrofluorocarbdrigy also include meares to capture, reuse, astdre CQ after it is
emitted, including biosequestration antheralizatiorstrategieshatturn carbon dioxidénto stable érms for longterm
storagewithout competing with food supply.
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Fast action under the Montreal Protocol can limit growth of HFCs, prevent 100 to Bdidon tonnes
of COz-eq emissions by 2050, and avaid to 0.5°C of warming by 2100, with additional climate
benefits from parallel improvements in energy efficiency of air conditioners and other appliances.

1. Summary

T he | Pifth@éssssment Repaxincludes 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 pollutahfEhis Primer descrbes how the Montreal Protocol can be used to quickly
reduce one category of climate pollutants, hydrofluorocarbons (A, further support from national and

regional laws and institutions.

HFCs are the fastest growing greenhouse gases in much oftlie wcreasing at a rate of 16% per yea?.HFCs

are factorymade gases that were once thought necessary to replacedepdeing substances, but today are no
longer needed in most sectors, including air conditioning, refrigeration, and foam orsWétrld 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 consumistitotal, 90Parties |led by the Federated

States of Microngia anda coalition of island Statealongwith India, the EU28, the Africa Groupand the US,

Canada, and Mexico, have submitted proposals to undertake such a phasedown under the MontreaMnoyocol.
more Parties have expressed their suppetudng those in the G7 and the G20

A fast phaseout of HFCs under the Montreal Protocol by 2020 would prevent up to 200 billion tonne€(@%t) of
equivalent (C@-eq) emissions by 2050and avoid up t®.5 C warming by 2100, using a treaty that requires
devdoped countries to act first, provides implementation assistance to developing cauamddsas the experience
and expertise to ensure that reductions are fast, effective, and efficient. In addition, an HFC phasedown under the
Montreal Protocol would,sait 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 reduesiSsions. In

India alonepver the next 15 years, the potendakrgy savings from improving the energy efficiency of room air
conditioning is the equivalent of avoiding120 new medaired coal power planfsAn HFC phasedown under the
Montreal Protocol will provide a level playing field for producers and consuméiei 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 lgh growth rate for HFCs will cause significafuture warming” SeeFigure 1.While HFCshave
causednly 1% of total global warming tdate production, consumption, and emissions of these factage
gasesare growing at a rate of 6% per yeaf which will cause a doubling every five to seven yeHIEC growth

is accelerating adFCs are useds substitutet replacenzone depleting substances (ODSs), and as the demand
grows for the appliances that use these refrigePa4dECs and othefluorinatedgreerousegases are the fastest
growing climate pollutants in many countries, includingth8, E.U., Australia, China, and Indid.

Fig. 1: Projected growth in HFCs and climateforcing from emissions
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GuusJ.M. Velders David W. Fahey, John S. Daniel degk McFarland, & Stephen O. Anderg@009)The large
contribution of projected HFC emissions to future climate fordfmpc. NATA . Acap. Sci. U.S.A. 106:13049-10954
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Atmospheric measurements confithe high growth rates of HFCs used as substitutes for @D8sording to the
measurements, emissions of these HFC substitutes are now twice as high as those reported to the UNFCCC,

implying that developing counés (which are not required to report emissions to the UNFCCC) now account for
nearly 50% of global HFC emissioA$SeeFigure 2.

Fig. 2: High HFC emissionsconfirmed by global measurements
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fiFigure [2] . HFC emissions derived from NOAA global obseorati(blueQ’ connected by solid lines:Hox result)
are compared to thprojections of Velders et a2009 (black dashed lines;-fox result), and those reported to the
UNFCCC (green lines and plusmabols; data from http://unfccc.int/ghg_data/ghg_datdcod/items/4146.php) for
HFC-134a alone (left) and for the aggregate sum of other HFCs used as substitutes fedepietiag substances

(rightpanel, HFG1 25, 1143a, 132, 1152a, 1 2»BFawaHFG28n The différénsemf ¢ [ i . e .
betweerglobal emissions derived from NOAA atmospheric measuremebtx (®sult) and those reported to the
UNFCCC are shown as fiunr @ BtephetAeMootzka MacksVERardands Stephere@. | i nes) .

Andersea, Benjamin R. Miller, David W. Fahey, Benjin D. Hall, Linhua Hu, Carolina Siso, & Jameéé Elkins
(2014)Recent Trends in Global Emissions of Hydrochlorofluorocarbons and Hydrofluorocarbons: Reflecting on the
2007 Adjustments to thedvitreal Protoco] J PHYS. CHEM.

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

If left unchecked, by 205@nnual HFC emissions could be equivalert2% of annual CQ@emissions under a
businessasusual (BAU) scenaricand up to 7% of annual C@emissions under th®CGH stronges mitigation
scenarid®® Suchuncontrolled growth in HFCs would cancel much of the climateefit achievable under an
aggressive Ce450 ppm mitigation scenari¢in Figure 3, compareadiative forcing reduced from G@nitigation
to radiatve forcing increased from HFC growth

In addition to direct emissions, by 2050, the unchecked growth of HFC production and use will also produce

between 3%4 GtCQ-eq of HFCs trapped in millions of refrigeoas, air conditiorers, and other cooling

equpment, as well as ichemical stockpileandf o a ms , coll ectivel ¥ These dRCabasks [ HF C L
will slowly emit their stored HFCs over a few decades, further contributing to global wattming.


http://pubs.acs.org/doi/full/10.1021/jp5097376
http://pubs.acs.org/doi/full/10.1021/jp5097376

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 scenaorigpared to the median

of the SRES scenariBpecial Report on Emissions Scenarios, establishing a baseline sceAdteopatively, the
contribution of HFCs to radiative forcing could be efifgh the radiative forcing due to GOncreases since 2000ttie
upper range HFC scenario is compared to the upper range of the SRES scedaliP (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 diFCs as proposed by a growing coalition of natioseeSection 9)will prevent the
equivalent of up to 8.8t of CO; per yearin emissions by 205M®y 2050, the cumulative tdtaill be equivalent to
between 87146 Gt of CQ; in avoidedemissions® SeeFigure4, far right bar The proposeghasedown will avoid
up t00.5 C of warming by 2100 undéhe high HFC growth scenario, and up to 0.85inderthelow HFC growth
scenario® An additionalamount equivalent to 50 &O; (39 64 Gt) trapped in HFCs banksn be avoided by
2050under a fasHFC phaseouby 2020 for acombinedtotal of up to 200 or more Gt G@q2° Avoiding this
warmingis essential for staying within the lotgm international goal of stabilizing global temperature tise
below 2 C abovepre-industrial temperaturesy the endof-century.SeeFigure5.

Fig. 4: Climate protection from the Montreal Protocol and Kyoto ProtocoP*
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The HFC phase-down can provide an estimated 6 to 10% of the total GHG

reductions [2,075 Gt COz-eq] needed by 2050 to stay below 2°C

D. Zaelke et al., IGSD, June 2014,
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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] i [ Bpicts model simulated temperature change under various mitigation scenarios that inchaledCO
SLCPs (BC, Ch HFCs).BAU case (red solid line with spread)nsiders both high and low estimates of future HFC
growth.Note this uncertainty démperatureprojection related tdHFC scenarioss around 0.18C at 2100 The

vertical bars next to the curve show the uncertainty of temperature projection at 2100 tnate sensitivity
uncertaintyd YangyangxXu, DurwoodZaelke,Guus J.MVelders, &VeerabhadraRamanathan (2013)he role of
HFCs in mitigating 2% century climate changéTmos. CHEM. PHYs. 1360836089.

Fast mitigation of HFCs combined with mitigation of the other sheed climate pollutants (SLCP$) black
carbon, methane, and tropospheric ozénean avoid 0.6°C diuture warming by 2050, and up to 1.5°C by eoid
certury, with HFC mitigation contributing orihird of the avoided warming by esud-century?? SeeFigure5.

Fast action to phase dowafl four SLCPsii wo ul d c ut wanmgng sincer?005 ayt50% a¢ 2050 and by
60% at Bagded®dheéurhigh HFC growitenarios, the contribution to the avoided warmir2&0 due to

HFC emission conttds about 40% of thatduetoG® mi ssi or® control . 0O

Reducing HFCand the other SLCPs can significamyluce future climate impacts, includigigwing sealevel
rise.Research led by Professor Veerabhadran Ramanathan at Scripps Institution of Oceanography, University of
California, San Diego, calculatéhatcutting SLCPs can reduce the rate of $&eel rise by almost 20% by 2050 and
nearly 25% by 2100; adding immetiiaand aggressive G@nitigation can double the eraf-century reduction$t
Combined SLCP and GQnitigation can reduce cumulative sieael rise by 31% in 210&.Individual

contributions to avoided sdavel rise by 2100 from different mitigation actioga®:29% from CQ mitigation and

71% from SLCP ritigation (13% from HFC ritigation, 17% from black carbon itigation, and 41% from methane
mitigation).2®

4. Phasing down HFCs will catalyzesnergy efficiency and significant CO2reductions

In addition to thalirect climate benefits from HFC mitigation, a global HFC phasedowrcatifilyzeadditional
climatebenefits through improvements in the energy efficiency of the refrigerators, air conditioners, and other
products and equipment that USEC refrigerants(Complementary measurdsatencourage consumer choice of
energy efficient appliances also would be usgfithese efficiency gains will significantly reduce ggnissions.
Depending on the application, generation raixd fuel type, emissions from gertimg electricity account for
between 785% of totaklimateemissions attributable to products using refrigerénts.

The phaseout of CFCs under the Montreal Protocol, which began in tHE9808, catalyzed substantial
improvements in aiconditioning andefrigerant energy efficiendy up to 60% in some subsectéfS hese

efficiency improvementsvere the result of replacing old products and equipment with a new generation of higher
efficiency machine$? When refrigeration and air conditioning manufacturedesigned their systems to be GFC
free, many took the opportunity to improve the efficiency of their destyast example, th&).S.EPA estimatel


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

that CFGfree chillers were up to 50% more energy efficient inlh®.andthe Global Environment Facility
estimated the chillers werver 30% more efficient in India than the GlB&sed machines they replacéd.

Similar energy efficiency improvements are expected with an HFC phase@asm studies oecent demonstration
projectspresentedby theClimate and Glan Air Coalitionto Reduce Shotttived Climate Pollutant§CCAC)
calculatedcenergy savings df5% to 30%, and carbon footprint reductiai$0% to 85%for refrigeration in
commercial food store¥

A number of dpbal companies that asdready making th&ansitionaway 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 refrigeration equipment over baseline Ha€el models®® Global
supermarket chains Tesco and Unilever both report a 10% gain from new hydrelgasedrcommercial

refrigeration equipment and freezer cabirtsr HFC-models3*

Although there have already been imprments in the efficiency of agondtioning and refrigeration equipment
over the last several decades, substantial potential still rerkRainexample, a 2013 assessnitantheU.S.
Depart ment SupdreffiianteEquipsnéntsand Appliance Deployment Initiative (SEAD) found that
deploying superefficientroomair conditioners can significantly reduce energy use ange@@sionsdy 2020 and
avoid the need faapproximately 123nediumsized (500megawatt) power plantsvith the largest potential savings
in India, China, and the E.¥.SeeTable 1.

The energy efficiency gains catalyzed by the Hf@sedowrmand complementary energy efficiengsogramswill

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

to 60% of peak ekdricity demand during theooling seasaff A recent study by Lawrence Berkeley National
Laboratory calculates thatvnership ofoom air conditioners in India will increase from 3% to 47% between 2010
and 203G’ Over the next 15 yeard)d potential eneggsavingsn Indiafrom improving the energy efficiency of
room air conditionings theequivalent of 120 new mediusized coal power plant§ Over the next five years, the
global potential isbout the samgseeTable 1)*° Theseefficiency gains also wodllower the cost of operating the
equipment and save consumers motfelyawrence Berkeley National Energy Laborat@yow expanding its

study to analyzéhe emissions reduction potential of pairing energy efficiency improvements for room A/C with a
transtion to low-GWP refrigerantfor variouscountriesincluding India, China, Brazil, and Saudi Arabta.
Preliminary resultslemonstrate thahe paired transition can double the climate mitigakienefit of taking either
action along?

Table 1: 500-megavatt power plants avoided by 2020 from supegfficient 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/gasmgf



5. Energy efficient alternatives to HFGs exist in almost every sector

Low-GWP alternatives to higgWP HFCs are widely and increasingly availajsieeTable 2)* Alternatives to

existing highGWP HFCs fall into two basic categories: Atuorinated substances with le@&WP, and fluorinated

subsances with lowto midrange GWPST he Mo nt r e ddchnélagyandEcandmic Assessment Panel
(TEAP)Uses t heGWR® mt ¢l oewf er t o refr owepmvihantes AvBIMBR r GWRe r af
to refrigerants with GWPs of 1,000 @wer.*® For comparisojthe GWRqgy: of HFC-134a, one of the most

commonly used higlisWP HFC refrigerants today, is300.47

TEAPcautionsthad i f f erences in energy ef f-GWRP&®naecry [GWRIodr ated e r mi
alternatives would have the lowestesall impact on global warmirt§. The most comprehensive way to evaluate

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

cal cul a-tog r @ elimaiekmissions for a particular refrigeraartd application. LCCP was developed by

TEAP andU.S.EPA and includes direct and indiretimateemissions, energy embodied in product materials,
climateemissions during chemical manufacturing, and-efilife 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 #Anatur al refrigerantso pri ma
zero, hydrocarbons (e.g., propane subutné with GWPs of less than four, and @@ith a GWP of one.
Alternative fluorinated substances include primarily the-8WP HFCs, alsoknowmas A HFOs o6, 4 ncl udi ng

1234yf and HFC12342%&with IPCC Firth Assessment Report (ARG)Iculating a&GWPiooyr f less than oné?
Another alternative is HRG2, with a GWPi00yr 0f 677 according to the ARZ There are other alternative methods
and processes that do not involving chemical refrigerantse s e ar e-intkéd rnrdedd afintcetr nati ves.

In the mobile air coditioning sector, which represents up to half of HFC emissions on-®&¢ Basi¥’, available
low-GWP alternatives include HFC234yf, CQ and HFG152a (AR5 GWhuyr = <1, 1, andL38 respectively.>*
Currently, more than a dozen vehicle manufactureEinope, Japan, and North America have vehicles with the
low-GWP refrigerant HF€1234yf in the global marké®.Daimler, with support fronotherGerman car
manufacturersannounced in March 2013 that they are developinga@3@ lowGWP alternative for vehie air
conditioning®® In Norway, approximately 16% of new refrigerated truck and trailer systems were equipped with
CO; cryogenicrefrigeration systems in 2011; use of these systems is expgea®gdand further in the futupé.

In commercial refrigeratiorglobally, up to 65% ohew installations are usingw-GWP HFC alternatives,
including CQ ammonia, and hydrocarbonghile in the domestic refrigeration sector, l&WP hydrocarbon
technology is expected to reach about 75% of global production by*282@Table3 for examples of companies
that have already made the switch to{GWP alternatives in the refrigeration sector.

In the room aiconditioning sector, thousands of hydrocarbon units have been sold and new production lines are
coming on line edtyear® The Indian manufactureGodrej and the Chinese manufacturer, Gieae developed
modelsof propangHC-290) room air conditionersThe Godrej models are up to%Imore efficient than the

minimum requirements for the &ar energy efficiency ratg set by the Indian Bureau of Energy Efficieigy.

China, Japan, India, Indonesia, and other countries have projects underway using P& &€& C32 with high
levels of operating efficienc§%.CO;, air conditioningprototypes aralso availablé?

In thefoam sector, lowWGWP alternatives include hydrocarbons, £g@ter, and fibrous material® Hydrocarbons

and CQ/watermake up28% to 76% of the global market farewpolyurethane foam products, while fibrous
materials comprise 59% of tmewmarket for insilation in Western Europg.HFC-1233zdE) is a liquid blowing
agentthathas a GWRf about oné?® and is up to 12% more energy efficient than leading hydrocarbon alternatives,
according to the companies makingfiCompanies are developimaglditionallow-GWP HFC alternativeand a

number ofdeveloping country Partiéstend to adopt lowsWP alternatives for foam products as part of their

HCFC phaseout plarfs.

In all major sectorghe bestvailable lowGWP alternatives to higgWP HFCs demonstrate at leagual, and

often greater, energy efficiency than the HFCs they re@acs to 30%greater® A 2011 study for the European
Commission concluded that technically feasible and-effsttive lowGWP alternatives exist for all major HFC
subsector§? This andysis, which was prepared in association with 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 resulteeirergy savings compareddommercially availablélFC-based

equipment?

The TEAPalso concluded that Io®WP alternatives aravailablethat achieve equal or superior energy efficiency

in a number of sectors stat i nygpjcallyilo30% moreeanardy effitienathatd a mmo n |
conventional higtGWP HF C s’y ®estseofrgom air conditioning utilizing hydrocarbon refrigerants showed

energy improvements of up to 2086er HFC model$? Fluorinated refrigerantroducers also report higévels of

9



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

room air conditioner was awarded the 2012 Grand Prize for Excellence in Energy Efficiency and Conservation and
t he pr es tRumé deasignatiorisdhe most energy efficierdomair conditioningavailable’ In the

commercial refrigeration sector, supermarkets are improving energy efficiencydf#d shen they switch to low

GWP alternative&For exampl e, S o hgestfoodretailer thundthat tsesnewe@@nscritical
systemused18% to 21% less energy than the hi@iWP HFC equipment it replacétl.

Other notin-kind alternatives are available for some applications, such as district cooling, which reliesron wate
chilled in high efficiency central plants cool a large number of buildingsIf 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- Gwp8! ALTERNATIVE GWpP#82
GWP
REFRIGERANT &

. i 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 COy 1
(Commerciak | - 1345 1300 | R-717 (anmonia 0
Industrial) '

HFC-404a 3,43 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 HCFCG22 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

HCFCG142b 1,98® | COwater 1

Foams HFC-245fa 1,030 HFC-1234ze <1
HCFG22 1,810 Methyl formate <25

HFC-134a 1,300 HFC-1336mzzZ 2

HFC alternatives artirtherelaborated irSuely Carvalho, Stephen O. Amden, Duncan Brack, & Nancy J. Sherman
(2014)Alternatives to HighGWP Hydrofluorocarbon$GSD WORKING PAPER. (November 2014).

Energy efficient alternatives are important ouatrieswith high ambient air temperaturesth long and often
humid seasons$ncludingin countries currently choosirrgplacements foadCFCs, which are being phased out
under the Montreal Protoc®l A recent studyor the European Commissi@hows that, in couries with high
ambient air temperatures, almost 70% of seaorsentlyusing HCFG can leapfrog past hig@WP HFCs
refrigerantdirectly tolow-GWP alternatives with equal or better energy efficieichhe same study nat¢hat
low-GWP alternativeare in development and expecteda® ready to replace the remaining uses by 202%
agreemento phaselown HFCs under the Montreal Protocol will accelerate development and deployment of
additional climatefriendly alternatives.

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

Business support is growing for phasing down HEJhe Consumer GoaglForum, a global network of over 400
retailers, manufacturers, and service providers from over 70 countries, hagipletges members will begin
phasingout HFCs by 20157 Other industry groups support reiugHFCs under the Montreal Protocol, including
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the Air-Conditioning, Heating and Refrigeration Instit@téhe European Fluorocarbon Technical Commitfesmd
Refrigerants, Naturally? The Alliance for Responsible Atmospheric Policy, whose 48 members include Trane,
Whirlpool, SubZero, and Mitsubishi, also supports a global phasedown of®iyiR refrigerants On 16

September 2014 (International Ozone Day), a daz&nand multinational companies made a variety of pledges to
phasedown and replace HFCs and to commercialize alternatfves.

Individual companies across the value chain are developing and implementing alternative refrigeRorts.
endorses the HFC pledown under the Montreal Protogdand DuPont and Honeywell, both manufacturers of
HFCs, are actively developing lower GWP alternative refrigerants and have several currently being cdir@dercia
94 as discussed in Section 5 aboVke Climate and CleaniCoalition has produced a series of case studies
demonstrating HFC alternatives developed and utilized by supermarket industry leaders, including CarEefour, H
B, and Supermercad®.

On the retailer and pohtf-sale side, the companiesRefrigerantsNaturally!, including CocaCola,PepsiCo, Red
Bull, and Unileverare taking action to eliminate the use of HFCs within their respective comf&@iesaCola
began usingdFC-free insulation for neweverage vendingquipment, which reduced direct HFC esiiss by
75%, identified a feasible natural refrigerant, and pledged to eliminate HFCs in all new equipment iy 2015.
PepsiCo, Red Bull, Unilever, and Carrefour started installing a substamisaintof natural refrigerant poirf-sale
equipment? Individual companies in th@onsumer Goods Forurincluding WalMart, Nestlé, Sobeys, Supervalu,
and Tescare purchasing alternative refrigerant equipment, converting existing equipment, and improving
efficiency while reducing leakad@Whirlpool announced thatt will convert all foam blowing agents in from the
current HFG245fa AR5 GWPiooyr = 8581%°t0 HFC-123zdE) (GWP100yr = ~1)'°tin the manufacture of
refrigerators and freezers sold in North Ameriaeeportedreduction in GWP of 99.9%, by the end of 2394
Table3 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 sd@&ahd
Russia since 2011

1,000,000HFC-free unitsas ofJanuary2014

ngnigﬁéﬁma 100% HFCfree insulating fqam for .new refrigeration equipment
100% HFCfree new cold drink equipment purchases by 2015
Red BUILS 457,000 EC®Coolers (more than(I% of all units) as of the end of 2013
Procurement 100% hydrocarbon since 2010
Unileveros 800,Q00 H!:G)‘ree_ freez§r§ in 2012 _ .
Working withtheir subsidianBe n & J e r r hydlrecarbodce creamfreezeysurt).S.
McDonalddo? 3,300 HFCGfree meat freezrs, frozen food storage, reaicts & salad refrigerated display cas

2012.Investing in ammonia industrial refrigerationtnsS.

11,000 hydrocarbon ice cream freezers in Europe, Australia, Spain, Malaysia, Chile, ang
Nest108 u.S.
NestE uses naturalefrigerants in 90% of its industrial food procesgiefyigeration

130,000 hydrocarbon refrigerated beverage displays

Heineken®® Aiming for 50% reduction in carbon footprint of installed refrigerators by 2020
Sobey10 ﬁ Natur al _ Re f r i g euresnhat C@refmgeratibnmystensare instatied
in all new fullservice stores
Whirlpoolttt HFC-1233zd(E) in alU.S.refrigerator and freezer manufacturing facilities by end of 2014

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

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

Supportto phase down HFOs alsogrowing at the national and regional lexx&leeFigure6 and Table 4

China, the U.S., and the E.U., the top three global consumers of HFCs, have all annewnpeticies and
regulations to control and reduce HFC emissiohk May 2014 the State Councidf Chinaannouncedhat they
would strengthertheir management of HFC emissions and accedehat destruction and replacement of HFCs, as
part of theactionplan to implement the energy conservation and emission reduction tafrtjetd 2thfive-year
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plant®*Chi naés acti on pl HFECenissionsbPR&Gt QO atbyt2@l 5™ ThelEuUc HFC
regulationgfiF-Gas Directive), whichreceived final apmval on 14 April 2014 anthke effect on 1 January 2015,
will phase down HFCs by9%, from the baseline 20092 levels by 2030'*° In addition,as part of its regulatory
regime to controHFCs, the European Directive on mobile @nditioning systemsequresthe use ofefrigerants

with GWPslessthan 150; new type vehiclssld in theE.U. are covered as of 1 January 2013, and all vehsoliekin
the E.U. will be covered by 20178

Fig. 6: Map of countries with existing HFC regulations(dark green)

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

onHFCs as part of hi€limate Action Plat’Bot h t he U. S. House ancwB8ahdte have
require the est aklsiksHfmearcte dfo a e.u® e HFS€B@ginst ondher supe
aut hd¥Rurisessant t oCltihrea tPa efhetdR&PAiGRIedamewegulationin October 2014,

to expand the list of acceptable substitdftesefrigerantsfoam blowing agents, and fire suppressagtadding a

number of low GWP substitutesn der t he #ASigni ficant New Alternatives P
Act, in order to reduce the emission of HE&Edn July 2015, the U.S. EPA issued a finale banning and

otherwise restricting various highWP HFCs in specific usé€In additonth e Sdur rently provi des
manufacturers of cars e&md nl icgHtdtthreu d kosw atmpa niicagngcices nwu rt iht yC C
standardseaadecageof@®HE)ecsot andards by employing HFC al't
air conditioning s®9tlémyéimcCra | merdeefiriipgeearra 2t0 1r2egul ati ons r
sealing valve on alb taostaunerirensi mprcomdghd Ineelregl, p magr aam
program that emphasi zes @&lsrt @dahiciteameegu ih@alsivieohrincilae Arierc h
Resources Board to devel op ai occrokhip@ $e haenSds CoBtgh edrt d anhagy yt o
20 +%%

The CCAC also isargeting HFCs as part of its global effort to sageaction to reduce SLCP%.Many CCAC state
partners alreadyaveexisting HFC policiesandsix are developing nation#dvel inventoris of HFCs and identifying
policies and measures to avoid the growth of {&§kP HFCqBangladesh, Chile, Colombia, Ghana, Indonesia, and
Nigeria).1?5
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Table 4 Select nationaland sub-national HFC regulations!?®

=
c o c

0 9 @ c | a 2 g

8 Go| R | 8| $E| T | 0 T ©

X O (s} © c Q e 2

LL = S N = = = o x £ =5

- S5 5|0 | 82| o || 0T

4] =g| | 8|22 |3 |52 |2¢

S gg 5| a | 2| e 8% S

Country/Region | 8 S < |5 | 5|9 |ax=| 5<
- [8) = [} < O o =3 o

s | EQ8| S8 || 8RR | 5| 29| B

Q cwn| = 2 co| = £ o NS

c T | Qa g S S 2 Ex | = S

é g | E & S o o o =z .90

= o S S 2| 2 21T
L = =~ e [0) =
o = o a

Africa
Burkina Faso X X
Egypt X
Europe and Central Asia
Austria X X
Belgiumt?” 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
Chilet3? X X X
Colombia X X X
North Ameria

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?2 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 theproduction and consumptiamder the Montreal Protocol as a complement to controls on
emissiongainder the Kyoto Protocol.he Montreal Protocol has the experience and expertise to ensure a fast,
effective, and efficient phasedown of HFCs, which are in theedamily of gases, have similar chemical properties
and are used in the same sectors a€H@salready phased oand the HCFCs currently being phased’dtit
Because all CFCs andiCFCs are also greenhouse gabesween 1990 and 2010 the Montreal Proteeduced
CO»-eq emissions nearly twenty times more than the 5 to 10 GG@eduction goal of the first commitment
period of the Kyoto ProtocoSeeFigure4.13® Sophisticated statistical analysisnfirmsthat the successful phaseout
of CFCs and relatechemicals by the Montreal Protocalong with reductions of metharslpwed climate change
andcontribuedto a lower rate of global warming since the early 1999s

The Montreal Protocol has universaémbershi@ndprovidesrobust implementation of tharinciple officommon

but differentiated responsibiks.0*3” This includes having developed coynBartiesundertake control measures

first, followed bytypical grace periodof 10to 19 years before developing country Pardiessubject to control
measues with funding for the agreed incrementalst of the developing country phaseptdvided by the

developed country Parties through thalfifateralFund (MLF)* The MLF has played a key role in achieving
costeffective emissions reductions. Between 18€@ 2010, the phaseout of CFCs and other fluorinated gases cost
US$2.4 billion and achieved an estimatedilB® Gt CQe in emissions reductions, equivalent to less than

US$0.01 per tonne of G@educed-* Since it was established in 1991, the MLF has ioiexy more thatJ.S. $3

billion in funding!4® At the 26h Meeting of the Parties of the Montreal Protocol, in 2014, the Parties agreed to a
MLF replenishment of just over US$500 million for 20261714

The Montreal Protocol ham in-depth understanding ofi @ectors it finances, including detailed knowledde
technical option$#2 The Montreal Protocol also supports institutional strengthening fadalieveloping country
Parties'** The combination of these features has allowed all Parties to comply witiotitrol measures; to date, the
Parties have phasedit 98%of nearly100 damaging chemicalé}

The orderly and transparent schedule for phasing out chemicals under the Montreal Protocol allows time for markets
to innovate and adjust, often resulting igréficant cost and technical efficienci&8 The Montreal Protocol also
providesfiessential useandficritical us@® exemptions that allow continued use of a chemical when environmentally
acceptablalternativesare not yet availabl&

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

9. The consensus is growing to amend the Mitreal Protocol to 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 amendment to phase de@WHRdhFCs, with

theU.S, Canada, and Mexidollowing with a similar amendment. Bofiroposals would reduc&5-90% of HFC

production and consumption and provide climate mitigation equivalenbte tharll00 Gt CO, emissiondy 2050

(range of87 to 146Gt).248 SeeFigure 7.This could be achieveat avery low costBy one calculation, the total

i ncremental cost tiHldobgh|20%0 Wweskdhbheaniddb 1Aipen [CKOLF]
periods with funding in the r ang¥TheBU e¥pewed fubsupgpd@tod mi | |
an HFC amendmein 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 proposatlated 8 March 201%20n 17 April 2015, India submitted its own proposal to phase down

high-GWP HFCs under the Montreal Protoa@yersing several years of oppositi6hOn 30 April 2015the EU

submitted gproposalon behalf of its 28 member Stafé$ At the same timehe Federated States of Micronesthe

first country to submit a proposal in 20@2ibmitteda revised proposal alongthiseven othelPacific Island States

as coesponsord Kiribati, Marshall Islands, Mauritius, Palatine Philippines, Samagand Solomon Islarsf® Also

in April, Senegal and Zimlbave, on behalf of the 55 Parties in the Africa Grofiled a proposed HFC amendment

in the form of a Conference Room PafRin all, 90 Parties have now submitted propdsgihase down HFCs

under the Montreal Protocol.
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Fig. 7: Projected emission reductions fromHFC amendmentproposals
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Theproposed amendments to the Montreal Protaosprojected tadecrease the cumulative (202850) direct GWP
weighted emissions of HFCs t0-22 Gt COz-eq from 110170 Gt COz-eq, fa a total of ~87 to 146t COz-eq in
mitigation. Thisis equivalent to a reduction from projected annual emissions of 5.5 @&t 88:-eq/yr in 2050 to less
than ~0.3Gt COz-eq/yr. The above graphic, based on Veldetral.(2009) is indicative the of themissions reductions
expected from a phasedown of hiGhWP HFCs under the Montreal Protodetepared by Dr. Guus Velders, based on
Velders G. J. M.et al.(2009)The large contribution of projected HFC emissions to future climate forBiaoc.

NAT&. AcAD. Sci. U.S.A. 106:1094910954157

Total mitigation could be the equivalent of up to 2000&% if anHFC phaseoutverecompletecby 2020.See
Section 3, abwe. An HFC amendmentould substantially eliminate the global warming caused by one of the six
mainKyoto Protocol greenhouse gases and significantly improve the chances of staying bel6@ guardrail,
providing up to 610% of the needed mitigatioBee Figureb.

Support fotheaddressindnigh-GWP HFCs had grown rapidly
2009

10July2009 n LO6Aquil a, Il tarepcogme zleea d¢ ha t-outohHCR@c G | er at ed
mandated under the Montrddotocol is leading to a rapid increaselia tise of HFCs, many of which are very
potent aGdG,ommi tted to Awork with our paaretachieved t 0o en:
under the appr®priate framework. o

November 2009 39 countries signed tHgeclaration on HighGWP alternative to ODS$Ozone Depleting
Substancesj al | i ng on the parties to the Mdownthepaductithr ot oc ol
and consumption of higg WP al t ernati ves, 0 including HFCs, and it a
practitable. o

2010

By the end of 2010108 Parties to the Montreal Protocol signedBhagkok Declarationgalling for the use of
low-GWP alternatives to CFCs and HCFE%.

2012

17 February 2012 the United States, Mexico, Canada, Ghana, and Bangladesh, alomigewitN Environment
Programmedaunched the CCA®@ catalyze major reductions in SLCR#h an initial focus orblackcarbon,
methane, an#iFCs?6?

19May2012 t he | eaders of the G8 in Camp Dasratafjiestoded&e, agr e
shortterm pollutant$ chiefly methane, black carbon, and hydrofluorocarkifis.

22 June2012 at the conclusion of the Rio + 2IN Conference on Sustainable Developmerre than one


http://www.pnas.org/content/early/2009/06/19/0902817106.full.pdf+html?with-ds=yes

hundred heads of State adopted the conference declafdi®future We Wanrecognizing the climate threat
from HFCs and calling for the gradual phasedown of their production and consumption; the UN General
Assemblyadoptedhe declaration by resolution on 11 September 2671.2.

2013

19 April 2013 China agreed to completely phasat HCFCs over the next 17 years, which is expected to cut the
equivalent of 85t of CO; at a total cost of $385 million, or about $0.05 per tolif€¢heMo nt r eal Pr ot oc ol
HCFC phaseout will eliminate HCFC production from emissive usdevrloped couny Parties by 2030 and
in developing country Parties by 2Q4hdthis agreemenwill give China the opportunity to choose lI68WP
alternatives in lieu of HFCs to ensure that the climate berseéitsealized®

Through May 2013 112 Parties joined the evetrongerBali Declarationon Transitioning to Low Global
Warming Potential Alternatives to Ozone Depleting Substaiies

15 May 2013 the Arctic Council countries, including the Russian Federation, ishaeédruna Declarationin
which theyfiUrgethe Paiies to the Montreal Protocol on Substances that Deplete the Ozone Layer to take
action as soon as possible, complementary to the UNFCCC, togdasehe production and consumption of
hydrofluorocarbons, which contribute to the warming of the Arctic regio!®6

8 June2013 China President Xi Jinping and.S.PresidentBakk Obama agreed to fiwork tog
other countries to use the expertise and institutions of the Montreal Protocol to phase down the consumption
and production of hydrofluorocasbn s ( H Cs ) . o

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

26 June 2013at the midyear OperEnded Working Group meeag of the Montreal Protocol in Bangkok, the
Parties established a formal Discussion Group to discuss the management of HFCs under thé’Protocol.

28 June 2013he BASIC countries (Brazil, Soutkfrica, India, and China) noted in theioint Statemerthatthey
would fiwork multilaterally to find an agreed wayo to

fiMinisters emphasized that HFCs are greenhouse gases covered under the UNFCCC and its Kyoto
Protocol and shall accordingly be addressed in accordance with its principles and previstey agreed
to work multilaterally to find an agreed way forward on this isst/@.

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

12 July 2013 fourteen Pacific small island developing states (SIDS) called for action under the Montreal Protocol
to phase down HFCs. In tiéadi Outcome Documenf the Pacific 80S Regional Preparatory Meeting for the
Third I nternational Conference on Smal/l Il sl and Develc
Montreal Protocol be utilized to undertake the gradual phasedown of production and consumption of HFCs
calledfor in the Rio + 20 outcome documefihe Future We Wart’"

3 September 2013the 33 State partners of the CCAC and the Eurofeaqmmi s si on agreed to Awor
phasedown in the production and con3%he@galtti iomn ood FHtFtse
partners also agreed to fiadop tfrieddly MEeCsalternativea p pr oaches t
technol ogies, 6 and to Awork with international standse
cimatef ri endly HFE alternatives. 0

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

fiwe reaffirm our announceent on June 8, 2013 that the United States and China agreed to work together
and with other countries through multilateral approaches that include using the expertise and institutions
of the Montreal Protocol to phase down the production and consumftldR@s, while continuing to

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

reporting of emissions. We emphasize the importance of the Montreal Protocol, including as a next step
through the establishment of aperended 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 commitmemkttmgether and with

other countries to agree on a multilateral solutid®®
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6 September2013 t he | eaders of the worl ddéds twenty | argest eco
observer States, expressed their support in the St. Pete@GRBufly L e a d e r s for indiatices that aaet i o n
complementary to efforts under the UNFCCC, including using the expertise and institutions of the Montreal
Protocol to phase down the production and consumption of HFCs, while retaining HFCs within thef skepe
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) and its ongoing negpotigtioé We al so supp
complementary initiatives, through multilateral approaches that include using the expertise and the

institutions of the Montreal Protocol to phase down the production and consumption of hydrofluorocarbons
(HFCs), based on the examirati of economically viable and technically feasible alternatives. We will

continue to include HFCs within the scope of UNFCCC and its Kyoto Protocol for accounting and

reporting of emissiongt’®

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

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

27 September 2013Indian 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 immeeigtconvene the Indibl.S. Task Force on hydrofluorocarbons (HFCs)
to discuss, inter alia, multilateral approaches that include using the expertise and the institutions of the
Montreal Protocol to phase down the consumption and production of HFCs, basedrmymicallyviable
and technically feasible alternatives, and include HFCs within the scope of the United Nations Framework
Convention on Climate Change (UNFCCC) and its Kyoto Protocol for accounting and reporting of
emi ssd@nsé.
The U.S:India climatecooperation also will include a focus on improving the efficiency of air conditioning in
India, which has the potential to avoid as many as 120 large power plants by 2030

fiSpace Cooling Efficiency CollaboratiobBemand for space coolirigprimarily 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 and management of the peak contribution is critical for maintaining supply
security and avoiding load sheadj. The new U.Sndia 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 higlefficiency cooling equipment and technologies to capture signifienergy

savings, potentially avoiding the need to build as many as 120 large power@!ants.

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

21 to 25 October 20134 the 2% Meeting of the Parties to tidontreal 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 Afri
embl e the amendment process. o0 Jordan also demonstrat e
calling them Al ogical and well understood. 0 Delegat es

Management, this time with a broader mandate tidtided consideration of the hiddvel 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 in 2014 to consider the aanéndm
proposals. Brazil and China continued to engage constructively as well, and both played an important role in
writing a det ai | e dechnelogyand Econbnuc AssesemeRt Panel OTEAP) t@conduct
additional research on HFCs and thétiemativest® India, along with several other countries, expressed

concern over whether technology was available and whether developed countries would be willing to pay for
the transition irdevelopingcountries as required by the Montreal Proto@tleseand other concerns will be
addressed in 2014 as the Amendment negotiations move forward.
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19 November 2013a the 21sE.U.-Japan summin Tokyo,the E.U.and Japan emphasized theportance othe
HFC phasedown under the Montreal Protocol:

f{T]hey undelined 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 stressed the need for rapidnessgon the phasedown of HFCs and for its
close consideration as one of the issues to be addressed in the context of the Montreal ##btocol.

5 December 2013U.S. and China reaffirmed the agreemems$iFCsby Presidents Obama aRdesideniXi
Jinping fran 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 (HFCs) using the
expertise and institutits 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 February2014 f ol |l owi ng President Holl andebs ®emphasizedi si t wi
thath France is also an i mportant partner in the gl obal

hydrofluorocarbons (HFCs) using the ii®hstitutions and

19 February 2014 the North American Leadersragd in theilJoint Statemerto "intensify our efforts to promote
an amendment tthe Montreal Protocol to phagewn production and consumption of climatemaging
hydrofluoroc®rbons (HFCs). o0

March 2014, U.S. Secretary of State John Kerry instructece@hdf Mission and all other State Department staff to
make climate change a priority across all platfordesnestically and internationalljncluding efforts to
enhance the Montreal Protoctile Major Economies Forum, Clean Energy Ministerial, andC®@AC, as well
as efforts to conclude a new climate agreement applicable to all countries by 2015 to take effect®ih 2020.

26 March 2014 the leaders of the E.U. and the U.S. issuéddist Statemeraffirming their commitment tphasing
down HFCs throughth Mo nt r e al Protocol , and their commitment
use and ®¥mi ssions. 0

31 March 2014 the leaders of the E.U. and China issuddiat Statemera nnounci ng that they @wi
taking domestic action to avoid aduce the consumption of HFCs and to work together to promote a global
phassd own of the¥e substances. 0

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

fiwe will work togetheand 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 climafdendly and safe alternatives in motor vehicle-aimdtioning and we will
promote public procurement of climafigendly HFC alternativesr®®

10 July 2014 U.S. and China reaffirmed their commitment to phase down the production and consumption of
HFCs8°

14 to 18 July, a the 34" meeting of the Opeanded Weking 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 @glf Qigarties
launched a discussion group to addigsaes raised by the reluctant partf@sThe same issues were addressed
duringa two-day HFC management semirtaganized by the Montreal Protocol Secretaviatl 112 July
2014 the seminar waatterded by more than 400 country delegates, scientific, technical, and legal experts, and
industry and environmental observéts.

16 and 17 July at theWorking Group meeting of the CCAC in Paris, France, the CCAC announced its plan to
| aunch fAa &aempaiogmtwiitels and | eading industries to re
SecretaryxGener al 6s Climate Summi® in New York in September

23 September 2014on the occasion of the UN Secret@isye ner al 6 s C 133 state patneS of thenCGAC
issueda Joint Statement supporting the phase down of the production and consumption of HFCs under the
Montreal Protocot®® The state partners were joined by numemngmnizationand companies including: the
California Air Resources Board, the World MeteorotajiOrganization, the Codgaola Company, Danfross,
and the member companies of Refrigerants NaturaligludingPepsiCo, Coc&ola, RedBullandUnilever.
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30 September 2014india’s Prime Minister Narendra Modi and U.S. Presi@rackObama agreed ahe 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 Montreal Protocol, in Paris, countries continued
to make progress in their negaiims to phase down prodiion and consumption of HFCla particular, China
and India indicated their willingness to consider how to move forward to discuss the HFC phasedown. In
addition to the regular OpeBnded Working Group meetirik3-17 July 2015 the Parties agreed to hold an
extraordinary threeday OEWGon 2224 April, with a backto-back tweday workshop on HFC management
issues, with emphasis on the challenges of high ambient countries and on energy effitEmePartieslso
agreed to repldsh the Multilateral Fund with $507.5 million over the next three y&¥4rs.

2015

25 January 2015India’'s Prime Minister Narendra Modi and U.S. President Barack Obama &greaée
"concrete prtogutHEssunderihe Montyeal #nototdl.

6 March 2015 at the conclusion ahe 15th Session of the African Ministerial Conference on the Environment
Cairo, Ministers and delegates frasd countries of Africairged all member States to use the Montreal Protocol
to phase down the production and oé&lFCs and requested all to work toward&cantact groupto 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 cumiivg HFC emissions between 2019 and 2050 by between 90 and
111.5 Gt CQ, which is equal to roughly two years of emissions of all anthropogenic greenhouse gases at
current emf®% sion |levels. o

17 April 2015, India submitted @roposato phase down higEWPHFCs under the Montreal Protocét. The
proposal calls for the continued fAuse of #HHRGGs and bl e
HCFCs wherever lovGWP/zerecGWP al t er nat i ve s aalbyeargrace periodlefore abl e, 0 an
developing countries begin phasing down HFE%.

20 April 2015, Senegal and Zimbabwe, on behalf of tharfembers of the African Groupubmitteda Conference
Room Paper requesting the establishment of a contact gtdbe 38 Operended Working Group meeting
(OEWG 36) in Julyt oconBider proposals to ametige Montreal Protocol, including those that have been
submitted for consideration by the Meeting of the Pacfigs

24 April 2015, & theconclusion of th&5" meeting of theDperended Working Group (OEW)®f the Montreal
Protoco| the Partiesmgreedo hold additionainter-sessional meeting wi t h a vi ew t o the est a
contact groupo at the r egu l?Atwoydayseminaod HACendnage@emG i n Par
waspresentedy the Monteal Protocol Secretariat @®-21 April 20152%°

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

30 April 2015, the Federated States of Micronesie first country to submit a proposal in 2009, submitted a
revised proposahlong with seven other Pacific Island Stadesesponsord Kiribati, Marshall Islands,
Mauritius, Palau, Philippines, Samaad Solomon Islancf8”

8 June 2015the leaders of the Gdbuntriesp | e d g eodtinue our diforts tphase down hydrofluorocarbs
(HFCs) and call on all Parties to the MontrBabtocol to negotiate an amendment this y2at5]to phase
down HFCs and on donots assist developing countries in its implementaiit.

12-13 June 2015a group of invitedPartiesparticipated iran nter-sessional consultation in Vienna, Austria to
discuss a set of issues ideietif atOEWG 35in April, andproduced a bracketed terms of reference for opening
a formal catract group at the OEWG 36 @06-24 July?®®

29June 2015 EU and Chworkdaogethgr withettler dountriés to agree on a multilateral solution to
phase down the production and consumption of H&¥&sn addition to strengthening collaboration on
domestic HFC policies and measures.

30 June 2015,Brazil Presidenbilma Roussefaird U.S. PresidenBarack Obamdiagreed to work multilaterally in
the Montreal Protocol to consider pr#dmptly amendment



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

10. Conclusion

Global HFC production and use is rising dramaticalhyg theassociatedHFC emissionould addup to 0.5C of
additional warming by the end of tkentury.World Leaders have called for a phasedown of HFC production and
consumptionSuch a phadown would beffectively and efficientlymplemented under the Montreal Protocol,
which has over 25 years of experience phasing doanly 100chemicalsused in the same sectors, and for the
same purposes, as HFQ#ernational support for using thepectise and institutions of the Montreal Protocol to
phase down HFCs is growing in strength and momentum,redgntsupport from the leaders of the G20, as well as
with agreerents between the.S.and Chinaandthe U.S.and India. Otherecentcalls foraction on HFCs under the
MontrealProtocolhave 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 Mangement under the Montreal Protoé®hnother positive sigtihat action willsoonbe takerto prevent the
growth ofHFCs in a manner that will support further international codmer@nclimate change.

Markets are already responding to the signals fl@stiensts customersand from thepolicy community,
includingsignals from the growing list of laws at the national and regionaldewich often include trade

measues. Companies that produdénate safe alternatives to HFCs are increasing timeiestment in alternatives

and speeding their commercialization, and companiestkagihasing ouiCFCsare selecting climat&iendly
alternativegather tharshifting into highGWP HFCsJust as the national bans, boycotts, and voluntary phaseouts of
CFCs in the late 1970s and early 198@sed the way for controls under the Montreal Protocol, similar actions
occurring todayare paving the way for théFC amendment andreatingthe conditions for fast implementation.
Success with HFCs in 2014 will buitdomentum for a successful UN climate treaty 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 graceripels and MLF financinginder 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 teeduce Shottived 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 PragmatU.S.EPA
Technology and Economic Assessment Panel (of the UNEP Montreal Protocol)
United Nations

United Nations Environment Programme

United Nations Framework Convention on Climate Change
United States

United Sates 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 centraliso f | G S fdiien climates nitigation

campaign, which promotes using existing laws and institutioash@veimmediate climate mitigatioand
complement efforts under the UNFCACGSD6és strategy was presentecaen a 200
Mario Molina, Durwood Zaelke, Veerabhadran Ramanathan, Stephen O. Andersen, & Donald IRauacning

abrupt climate change risk using the Montreal Protocol and other regulatory acti@mwrplement cuts in GO

emissionsThe paper was written for tieroceedings of the National Academy of Scientése U.S.A. as the

policy piece inaPNAS Special Featuren climate tipping points égd by John Schellnhuber.

The article defines fasiction strategies as those that can be started in two to three years, substantially implemented
in five years in developed countries and ten years in developing countries, and can produce a resparisadteth
system on a timescale of decades, to complement cutsim®{@h operate on a longer timescdeoad

implementation of these strategies can cut the rate of global warming in half and the rate of Arctic warming by two
thirds over the next sewardecades.

The HFCcomponenbf this approach was updated in a November 2012 policy pgpgengthening Ambition for
Climate Mitigation: The Role of the Montreal Protocol inddeing Shorived Climate Pollutantsby Durwood
Zaelke, Stephen O. Andersen, & Nathan Borgieedanell inRECIEL, and the scienceomponenpresentedn a
June 2013 science papg&he role of HFCs in mitigating 21st century climate charyyeyangyangXu, Durwood
Zaelke,Guus J. MVelders, and Veerabhadr&amanathan (26 Jar2013). The paper calculatdsit mitigating
SLCPs can avoid 1.E of warming by enaf-century conparable to thd.1 C of warming that can be avoided by
aggressive C@mitigationby endof-century. The paper calculates that by 2050 SLCP mitigation can avoid six
times more warming than aggressive @atigation 0.6 C from SLCP mitigation, compared @l C fromCO,
mitigation). Up to onethird of the total of 1.5C in avoided warming from SLCP mitigation, @5 C, will come
from cutting HFCs

Related research led by Ramanathan publigtped 2013 inNATURE CLIMATE CHANGE calculateghatcutting
SLCPscan reduce the rate of skeavel rise quickly by about 25%, and when coupled with aggressige CO
mitigation, can double thisndividual contributiongo avoided seg¢evel rise by 2100 from different mitigation
actions are29% from CQ measures and 71%ofn SLCP measures (13% from HFC measures, 17% from black
carbon measures, and 41% from methane measAigsg Hu, Yangyang Xu, Claudia Tebaldi, Warren M.
Washington & Veerabhadran Ramanati2@il 3)Mitigation of shortlived climate pollutants slows sdevel rise
NATURE CLIMATE CHANGE 3:730734.

IGSD promotes the importance of reducing HFCs and other SLCP through scientific and policy publications, several
of whichare 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, along with a list of Editori&latire The
EconomistThe New York TimeFheWashington PostaindBloomberg

IGSD-Authored Publicationson HFCs and the Montreal Protocol

1. Maxime Beaugrand & Nathan BorgfoRhrnell July2015) Chapter 11Phasing down the use of
hydrofluorocartwns (HFCs)in NEw CLIMATE ECONOMY REPORT. SEIZING THE GLOBAL OPPORTUNITY.

2. Stephen O. Andersen (2015ssons from the stratospheric ozone layer protection for clirdaEsVIRON.
STUD. SCI.

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

4. Stephen O. Anderse& Nancy J. Sherman (201%he importance of finding the path forward to climatde
refrigeration and air conditioning: thinking outside the box and without linditSNVIRON. STUD. SCI.

5. MarcoGonzalez, Kristen N. Taddoni&, Nancy J. Sherma2015)Th e Mont r e al Protocol: ho
successes offer a pathway to the futdrENvVIRON. STUD. SCI.

6. Suely Carvalho, Stephen @ndersen, Duncan Brac&, Nancy J. Sherman (201AjJternatives 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://2015.newclimateeconomy.report/
http://2015.newclimateeconomy.report/
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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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Stephen A. Montzka, Mack McFarland, Stephen O. Andersen, Benjarvill&, David W. Fahey, Bradley D.
Hall, Lei Hu, Siso Carolina% James W. Elkins (20148ecent Trends in Global Emissions of
Hydrochlorofluorocarbons and Hydrofluorocarbah&eflecting on the 2007 Adjustment to the Montreal
Protocol J.PHYS. CHEM..

Stephen O. Andersen, James A. Baker, Timothy C&ig§angeet H. Kapoor (201Z2he New Business Case
for Secondary Loop Mobile A/C Systems-KBACs) ATA ITALIAN TECHNICAL MAGAZINE. 67:1729.

Yangyang Xu & Durwood Zaelke (2018npacking the ProblemJNEP OUR PLANET: THE FUTUREIS
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 climate chang&rMOSPHERICCHEMISTRY AND PHYSICS. 13:6083-6089.

Stephen OAndersenMarcel L.Halberstadt, &NathanBorgford-Parnell (20135tratospheric 0zone, global
warming, and the principle of unintended consequend&s ongoing science and policy success story
JOURNAL OF THEAIR & WASTE MANAGEMENT. ASSOCIATION. 63(6):607647.

Council on Energy, Environment & Wat Institute for Governance & Sustainable Development, Natural
Resources Defense Council, and The Energy and Resources Institute (TERI), in cooperation with the
Confederation of Indian Industry (2013boling 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 changEeaTeE OF MOUNTAIN GLACIERS IN THEANTHROPOCENE
Proceedings of the Working Group»4 April 2011, Paul J. Crutzerl,ennartBengtssor& Veerabhadran
Ramanathan (eds) (Pontifical Academy of ScienSespta Variall8).

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

Mario Molina & DurwoodZaelke (2012A Climate Success Story to Build,@INEP OzONACTION,
PROTECTING OUR ATMOSPIERE FOR GENERATIONSO COME 25 YEARS OF THEMONTREAL PROTOCOL

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

RominaPicolotti (December 2011An equitable arrangement/NEP OUR PLANET: POWERING CLIMATE
SOLUTIONS.

Stephen OAndersen &Kristen Taddonio(December 2011} ipping the Balancd JNEP OzONACTIONGS
DECEMBER2011SPECIAL ISSUE

RominaPicolotti (15 July 2010A Proposal to Change the Political Strategy of Developingrgries in
Climate Negotiationdnternational Institute for Sustainable Developmét8[@) Multilateral Environmental
Agreement IEA) BULLETIN.

Mario Molina, Durwood Zaelke, Veerabhadran Ramanathan, Stephen O. Andersen, & Donald (2806@)yu
Reducing abrupt climate change risk using the Montreal Protocol and other regulatory actions to complement
cuts in CQ emisSioNSPROCEEDINGS OF THENATIONAL. ACADEMY OF SCIENCES USA. 106(49):2061620621.

Guus J. MVelders,David W.FaheyJohn SDaniel,Mack McFarland & Stephen OAndersen2009)The
large contribuion of projected HFC emissions to future climate forciPrpcEEDINGS OF THENATIONAL ACADEMY
OF SCIENCESUSA 106:1094910954

K. MadhavaSarma Sephen OAndersenDurwoodZaelke, & KristenTaddonio (2009)Qzone Layer,
International Protectionin R. Wolfrum (ed.),THE MAX PLANCK ENCYCLOPEDIA OFPUBLIC INTERNATIONAL
Law (Oxford University Press, 2068012), online edition.

DurwoodZaelke,PeterGrabiel, &Elise Stull (6 November 200&voiding Tipping Points for Abrupt Climate
Changes with Fastrack Climate Mitigation Strategiek | S MBASBULLETIN.

K. MadhavaSarma &DurwoodZaelke (27 June 20083%tart, then Strengthen: The Importance of Immediate
Action for Climate Mitigationl | S MEBASBULLETIN.
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SelectEditorials and Op-Eds on HFCs and the Montreal Protocol

Editorials:
Washington Post. d i t oQan Baail followi through on its ambitious climategoadss ( 3 Jul y 2015)

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

3. 'zl'(r)léSNew York Times E d i A NeawiChapter fofiAmericaandIndia ( 27 Jan 2015)
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