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sustainablelevelopment.

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 reducemCO; 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 safedvel

I GS D 6 sactioh atategies include reducing emissions of dived climate pollutant black carbon, methane,
tropospheric ozone, and hydrofluorocarbofitiey also include meases to promote energy efficiency of air
conditioners and other appliances, and measures to capture, reusspran€Q after it is emitted, including
biosequestration anchineralizationstrategieshat turn carbon dioxideinto stable forms for longerm storagewhile
enhancing sustainable food supply.
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Fast action under the Montreal Protocol can limit growth of HFCs, prevent 100 to 200 billion tonnes
of CO-eq emissiondy 2050, and avoidp 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

In November 2015, the Dubai Meeting of Parties to the Montreal Protgoegé to launch formal negotiations on a

proposed amendment to phase down hydrofluorocarbon (HF@juction and consumptiprand agreed to a

roadmap to work to an amendment in 20116.December 201,Farties to Climate Convention (COP21) meeting in
Parisagreed to an ambitious goal of limiting global warmiagii we | | Teabowewpré2n dust r i al | eve
aiming for 1.5C,2 and for net zero emissions in the second half of¢hatury*The Parti es al so agre
the highest p q@re-20R0bntitigatioa, fwhich rpaitssfarthef emphasis on the need for fast mitigation
opportunities such as a phase down of HEThis Primer describes how the Montreal Protoculith further

support from national and regional laws and institutiondll quicky phase downHFC production and

consumptior?.

HFCs are the fastest growing greenhouse gases in much of the world, increasing at a %26k yeaf.They

are factorymade gases that were once necessary to replace-oepleting substances, but today are no longer
needed in most sectors, including air conditioning, refrigeration, and foam insukstiteast 95countrieshave
indicated their supportor proposals to amend the Montreal Protocol to phase down H&Csubmitted by a
coalition of island StategFederated States of Micronesiijribati, Marshall Islands, Mauritius, Palau, the
Philippines, Samoa, and Solomon Islagndisdia, the BU., the US,, Canada, and Mexic@and the 54 members of
the Africa Group.

A fastphase down oHFCs under the Montreal Protocol by 2020 would pred&tto 200 billion tonnes (Gt) of
COs-equivalent (C@-eq) emissions by 2050and avoid up t®.5 C warming by 2106,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, an HFC phasedothe unde
Montreal Protocolvould, as 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 redupeen€ions? In the
room air conditioning sector alone, improving energy efficienéyequipment by30% while simultaneously
transitioning to lowGWP alternativegould save an amount of electricity equivalent to up to 2,500 mediaed
power plantsglobally by 2050 while providing climate mitigation of nearly 100 Gt G@q by 2050from this
sectort? Efficiency gainsdo not always increase retail pridcewever when they dahe payback periods usually
short*® Additional incentives would help ensure that all ogtanergy efficiency gains are captured as quickly as
possiblet

An amendment to phase dowitCs under the Montreal Protocah 2016 will provide a level playing field for
producers and consumers in lieu ofgeowing patchwork of regional and nationaégulations. Meanwhile,
governments and leady companies in th&.U., JapanJ.S, and elsewhere adreadytaking actionto phasedown
HFCs

2. HFCsare used primarily as refrigerants and to make insulating foams

HFCs are factomymade chemicals primarilyrpduced for use in refrigeration, @ionditioning, insulating foamsgnd
aerosolpropellans, with minor uses asolvents andor fire protection. HFCavere developed in order to replace
chlorofluorocarbons (CFCghat have already been phased antl hydochlorofluorocarbons (HCFCdhat are

currently being phased out under the Montreal Protocol in order to put the stratospheric ozone layer on a path to
recovey.'® HFCs arevery powerful greenhouse gases, trapping thousands of timee heat in the atmosphere per

unit of mass than C£° HFC-134a is the most abundant and fastest growing HFC; it has an atmospheric lifetime of
13.4 years and global warming potentialGWP) of 1,300%7 A recent study found that annual emissions of HFC
134ain 1995 were 0.023 Gt G@q, but increased nearly tenfold to 0.22 G@Q in 20108

According to research by NASA, HFCs are also weak ozbeep | et i ng substances and cutt
the HFC impacts on the stratosphere, lessen the temmeratd circulation responses and resulting ozone

depl etAltmugh the process is more complex than that of dhenedepleting substanceODSY they

replace?® the ozonedepleting potentials (ODP) of some HFCs are equivalent to or larger than theseeodl

HCFCs controlled under the Montreal Proto€ol.



Fig. 1: Projected growth in HFCs and climateforcing from emissions
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Guus J.M. Velders David W. Fahey, John S. Daniel, Mack McFarland, & Stephen O. And¢2889) The large
contribution of projected HFC emissions to future climate fordipc. NATA.. AcAD. Sci. U.S.A. 106:1094910954

HFCs werefirst commercializedn the early 1990s, anHave causeanly 1% of total global warming talate;
however,production, consumption, and emissions of these factmge gaseare growing at a rate of 105% per
year?? which will cause a doubling every five to seven ye&BC growth is accelerating aBIFCs are used as
substitutes to replace HCFCs and as the demand grows for the appliances that use these réfSpafigtze 1.
HFCs and othefluorinatedgreenhousgases are the fastest growing climate pollutants in manyréesjrincluding
theU.S, E.U,, Australia, China, and Ind#.

3. High growth rates for HFCs will cause significant global warming

Atmospheric measurements confirtime high growth rates of HFCs used as substitutes for predmSs?®

According to the measurements, emissions of these HFC substitutes are now twice as high as those reported to the
United Nations Framework Convention on Climate ChafujéFCCQ), implying that developing countries (which

are not required to report emissiadosthe UNFCCC) now account for nearly 50% of global HFC emissibBge

Figure 2.Historically, developed countries have contributed to the majority of global HFC emissions, but as
temperatures, incomes, and consumption continue to rise in developingetimy are beginning to represent a

larger portion of total HFC emissions. For example, since #1898).S. has contributed 45% of the global emissions

of HFC-134a?" but the growing demand of vehicles in Asia is contributing to an increase inlB&F&Emissions in
developing countries even as the growth rate in developed countries has begurfto slow.


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

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

are compared to thprojections of Velders et a2009 (black dashed lines;-hox result), and those reported to the
UNFCCC (green lines and plusmbpols; data from http://unfccc.int/ghg_data/ghg_data_unfccc/igtd€.php) for
HFC-134a alone (left) and for the aggregate sum of other HFCs used as substitutes fodepletiag substances
(right panel, HFG1 25, 1143a, 132, 1152a, 1 2-23Az&a HFCG23]).dheldifeBebcmf c
between global ensons derived from NOAA atmospheric measurement®oX3result) and those reported to the
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Andersen, Benjamin R. Miller, David W. Fahey, BenjaminH&ll, Linhua Hu, Carolina Siso, & James W. Elkins
(2014)Recent Trends in Global Emissions of Hydrochlorofluorocarbons and Hydrofluorocarbons: Reflecting on the
2007 Adjustments to the Montrdidotocol, J PHYS. CHEM.

Without fast actionHFC forcing will increase as much as thifigid by 2050, from a forcing of 0.012 W#o as
much as 0.40 W/r® Continued growh in HFCs will add up to 0.1°C dflobal average temperature risg mic-
century which will increaseup tofive-fold to 0.5°Cby 2100%°

If left unchecked, by 2050annual HFC emissions could be equivalenti®®o of annual CQemissions under a
businessasusual (BAU) scenarioand up to 1% of annual C@emissions under thimtergovenmental Panel on
Cli mat e (le@Chgrapges$nsitigation scenarié* Suchuncontrolled growth in HFCs woulchncel much of
the climate knefit achievable under an aggressive @& ppm mitigation scenari@eeFigure 3.

In addition to directemissions, by 2050, the unchecked growth of HFC production and use will also produce
between 3P64 GtCQ-eq of HFCs trapped in millions of refrigerators, air conditioners, and other cooling
equipment, as well as in chemical stockpiles and foams, cobietty k nown a s?TlieseFHECs hanksk s .
will slowly emit their stored HFCs over a few decades, further contributing to global watiming.

o


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, thecontribution of HFCs to radiative forcing could be very significant in the future; by 2050, it could be as
much as a quarter of that due to €i@creases since 2000 if the upper range HFC scenario is compared to the median
of the SRES scenar{®pecial Reprt on Emissions Scenarios, establishing a baseline scenditrnatively, the
contribution of HFCs to radiative forcing could be efifth the radiative forcing due to GOncreases since 2000 if the
upper range HFC scenario is compared to the uppegeaof the SRES scenaddJNEP (2011)HFCs: A CRITICAL

LINK IN PROTECTINGCLIMATE AND THE OZONE LAYER I A UNEP SYNTHESISREPORT.

4. Phasing down HFCs willprevent significant warming and climate impacts

A fast phasedown ohigh-GWP HFCshasthe potential to prevent the equivalent of up to 8.8 Gt € yearin
emissions by 2058 The proposed phasedown will avoid up to @5f warming by 2100 undehe highHFC
growth scenario, andp to 0.35C underthe lowHFC growth scenarid® A more ambitious strategy of completely
eliminatingthe use of higfGWP HFCs by202Q would avoid emissions equivalent to betwédin146 Gt CQ by
2050 plus an additional amount equivalent to 50 Gt £@39i 64 Gt)that would otherwise b&apped in HFCs
banks for a combined total of up to 200 or more Gt &@%” SeeFigure4, far right bar These avoided emissions
from HFCs are equal to twihirds of the projected 307 (18239) GtCO; of future emissions from the lifetime
operation of existing power plants constructed as of 2®Agoiding this warming is essential for staying within
the longterm international goal of stabilizing global temperature risavédl below 2°C abovepre-industrial
temperatureby the endof-century, while pursuing efforts to limit warming to I&*° SeeFigure 5


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

Greenhouse gas reductions (direct effect only)

Fig. 4: Climate protection from the Montreal Protocol and Kyoto Protocof®
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Fig. 5: 21% Century warming that can be pevented bymitigating SLCPsand CO:
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Figure[5] A [ Bpicts model simulated temperature change under various mitigation scenarios that inclueadCO
SLCPs (BC, Ch HFCs).BAU case (red solid line with spread) considers both high and low estimates of future HFC
growth. Note his uncertainty oftemperatureprojection related toHFC scenariosis around 0.18C at 2100 The

vertical bars next to the curve show the uncertainty of temperature projection at 2100 due to climate sensitivity
uncertaintyd YangyangXu, Durwood Zaelke,Guus J.M.Velders, & VeerabhadraiRamanathan (2013Jjhe role of

HFCs in mitigating 2 century climate chang@&Tmos. CHEM. PHYS. 136083-6089.
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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

Fast mitigation of HFCs combéa with mitigation of the other shdived climate pollutants (SLCP&)black
carbon, methane, and tropospheric ofonan avoid 0.6°C ofuture warming by 2050, and up to 1.5°C by eoid
century, with HFC mitigation contributing osthird of the avoidedvarming by enebf-century** SeeFigure 5.

Fast action to phase dovafi four SLCPsi wo ul d cut  tdrming sincen2005aby 50% at 2050 and by
60% at Baged énéur high HFC growth scenarios, the contribution to the avoided warnzib@Oatlueto
HFC emission conttds about 40% of that duetoG@ mi ssi o> contr ol . O

Reducing HFCsnd the other SLCPs can significantgduce future climate impacts, includistpwing sealevel
rise. Research led by Professor Veerabhadran Ramanathan at Sosppgion of Oceanography, University of
California, San Diego, calcula#hatcutting 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-centuryreductions®
Combined SLCP and GOmitigation can reduce cumulative seael rise by 31% in 2100% Individual
contributions to avoided sdavel rise by 2100 from different mitigation actions &8% from CQ mitigation and
71% from SLCP ntigation (13% from HFC nitigation, 17% from black carbon itigation, and 41% from methane
mitigation).*> SeeFigure 6.

Fig. 6: Avoided sealevel rise at 2100 due taggressive CQand SLCP mitigation

(Inc!l.i'dln‘g'o.,)
42%

Figure[6] fiAvoided sedevel rise at 2100 due to aggressive mitigation of {imgd CQ and SLCPs. Such aggressive
actions can reduce the rise in sea levels by 35 cm (uncertainty range78 &m) from the projectesealevel rise of

112 cm (48210 cm) under a business-usual scenario for emissions (Repmestive Concentration Pathway (RCP)

6.0). The pie chart shows percentage contribution of each pollutant. Mitigation of the SLCP methane would lead to
reductions m tropospheric ozone, another SLCP, and hence the pie chart includes both. Adieeldmpllutant, CQ

plays a substantial role (blue section), but reduction in SLCPs (shown in darker colours) would lead to a larger degree
of avoided sea level. (Underraore intensive business-usual RCP8.5 level, reductions in €@ould increase the

share of CQmi t i gat i oRFromtDavid &.0viipr, Durwood Zaelke& Veerabhadran Ramanathajuly 2015)

Soot and shotlived pollutants provide political opportunitiNATURE CLIMATE CHANGE (based orHu, A., Y. Xu, C.
Tebaldi, W. M. Washington, and V. Ramanathan (2018digation of shortlived climate pollutants slows séavel

rise, NATURE CLIMATE CHANGE, 3, 17 5.)

5. Phasing down HFCs will catalyzeenergy efficiency and significant COzreductions

In addition to the direct climate benefits from HFC mitigation, a global HFC phasedownateilyzeadditional

climate benefits through improvements in the energy efficiency of the refrigerators, air conditiandrsther

products and equipment that usé-C refrigerants Complementary measures to commercialize seffarient
appliances and to encourage consumers to choose these energy efficient appliances can multiply the climate
benefits.These efficiency gainwill significantly reduce C@emissionsDepending on the application, generation

mix, and fuel type, emissions from generating electricity account for betweand85% of totakclimateemissions
attributable to products using refrigeraffts.

The phaseduof CFCs under the Montreal Protocol, which began in the-18RDs, catalyzed substantial
improvements in airconditioning and refrigerant energy efficiedcyp to 60% in some subsectdrsThese
efficiency improvementsvere the result of replacing old prozts and equipment with a new generation of higher
efficiency machine&® When refrigeration and air conditioning manufacturers redesigned their systems to be CFC
free, many took the opportunity to improve the efficiency of their desiyRer example, theUnited States

9


http://www.nature.com/nclimate/journal/vaop/ncurrent/fig_tab/nclimate2703_F1.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2703.html
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Environmental Protection Agencf.S. EPA) estimate that CFCfree chillers were up to 50% more energy
efficient in theU.S5° andthe Global Environment Facility estimated the chillers warer 30% more efficient in
India than the CF®asedmachines they replacéd.

Similar energy efficiency improvements are expected with an HFC phase@Gasm studies obrent demonstration
projects presentedby the Climate and Clean Air Coalitiono Reduce Shoitived Climate PollutantfCCAC)
calculated energy savings of up16% to 30%, and carbon footprint reductiaiss0% to 85%for refrigeration in
commercial food store¥ To ensure that developing countriae able to capturthesesavings a group of donor
countriespledged $27 milliorcontingent upon an ambitious HFC amdmentand a grougphilanthropistsntendto
provide an additional $53 million, totalire; $80 million fund to supporenergy efficiency?

A number of ¢pbal companies that amready making théransitionaway from HFCs report significant gains in
energy efficiency. For example, the Ce€ala Company and PepsiCo have reported energy efficienayg ghup
to 47% in their new C®and hydrocarboibased refrigeration equipment over baseline HFC mdd&sobal
supermarket chains Tesco and Unilever both report a 10% gain from new hydrelsasedn commercial
refrigeration equipment and freezer cabsmater HFC-models3®

Recent calculations by scientists at Lawrence Berkeley National Laboratory confirm that in the room air
conditioning sectormproving efficiency could avoiei25 Gt of CO, emissions in 2030;33 Gt in 2040, and-40 Gt

in 2050, forcumulative mitigation up to ~98 Gt.56 Room air conditioning is an important target for efficiency
programs due to rapidly expanding consumer cooling markets in emerging ecoramaesijtional 700 million

units will be added to the globaltock of air condtioners by 20305 The market for room air conditioning is
growing 10 15% per year in many emerging economies, including India, China, and Brazil, and straining often
weak grids’® Ownership of room air conditioners in Indi@r examplejs projected tancreaseo 73% in 2030 from

30% in 2020° Air conditioning accounts for a significant percentage of peak energy load in hot climatess such a
Delhi, India, where it represents 480% of peak electricity demartl.

According to Lawrence Berkeley National Lahtory, a combined transition to le@WP refrigerants and higher
efficiency in the roomair conditioningsectorcould produce energy savings in peak demengdal to 54%1,270
gigawatts (GW) of electricitypy 20505 This would avoid (or free up for other uses) an amount of electricity equal
to the production of between 680 and 1,587 messizmad peakoad coal power plants by 2030, and between 1,090
and 2,540 by 205€%.Over the next 15 years, the potential energyrggin India alonefrom improving the energy
efficiency of room air conditioning is the equivalentupf to 142 new mediummsized (500 MW) coal power plarfts
Other countries would also see significant energy savBggTable 1 These efficiency gains s would lower the
cost of operating thair conditioning, ease pressure on overloaded electricity gndssave consumers morféy.

Table 1: 500-megawatt power plants avoided by 2030 and 2050 from combined transition feplit room air
conditioners®®

NUMBER OF AVOIDED 500MW PEAK -

COUNTRY L OoAD POWER PLANTS

2030 2050
Brazil 3172 92216
Chile 1i2 24
China 265619 310'720
Colombia 4110 10124
Egypt 61 14 20i 46
India 611142 219511
Indonesia 40i 93 60i 140
Mexico 419 11726
Pakistan 3i6 18142
SaudiArabia 419 5112
Thailand 12127 14i 30
United Arab Emirates 2i4 26
Vietnam 13/ 30 15/ 36
Global 6801 1587 1090 2540
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Efficiency improvements do not always cost more. Many studies have shown that, over time, theceft€ie
appliances improves evan @sces drop. Researchers attribute this decrease partly to economies of scale and largely
to technological learningf. Evenwhenpricesgo up consumersypically have their investment paid back early in
thelifetime of their air conditiorer.5” SeeFigure 7

Fig. 7: PaybackPeriod versus increased efficiency for room ACs in Indi&
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6. Energy efficient alternatives to HFCsexist in almost every sector

Low-GWP alternatives to higgWP HFCs are widely and increasingly availaBie Table 2%° Alternatives to

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

substances with lowto midrange GWPsST he Mo nt r e aechnBlogy and Econlonics Assessment Panel
(TEAP)uses t he-GWEB & mt d@lrarigefaats withL0OO-year GWPs of 300 ordwerwh i | e fi-moder at ¢
GWPo refers to refrigewehForcomparisofthe GUWRS: of 6IFC-134a, ore 0fthe r |

most commonly used higWP HFC refrigerants today, is300."*

In sectorswhere a loweiGWP alternative has been identified, the next steps will be to develop equipment, gain
regulatory approval, address any servicing needs, and determine if-in ciwdption is availablé? TEAP cautions
thatdifferences in energy efficiencyefrigerant chargsize and refrigerant leak rateso ul d det er mi ne whi
GWPO or #AQWRloeraltteernati ves would have the ®Thewesst over
comprehensive way to evaluate the climate impact of any proposed refrigeremtuse Life Cycle Climate
Performance (LCCP) methodologyt¢oa | ¢ u | atoe r @& elimateemissions for a particular refrigerant and
application. LCCP was developed by TEAP ddods. EPA and includes direct and indireclimate emissions,

energy enbodied in product materialglimate emissions during chemical manufacturing, and-efilife loss

(typically refrigerant leakag€¥.SeeSection5 for a discussion of the energy efficiency gains that will be catalyzed

by an HFC phasedown.

Commercially available neh |l uor i nated or finatur al refrigerantso inc
hydrocarbons (e.g., propane ardbuteng with GWPs of less than four, and @@ith a GWP of one. Alternative

fluorinated substances include primgrihe lowGWP HFCs, also knowas fAHF Os 0, fl23dyfandl i ng HF
HFC-1234z€° with IPCC Firth Assessment Report (AR5) calculatings&/Piooyr Of less than on€® Another

alternative is HFE32, with a GWPi0yr 0f 677 according to the ARY’ Blends of HFG32 are also being explored as

a means to further reduce GWP and flammability without sacrificing effici&htihere are other alternative

methods and processes that do not involving chemical refrigefaht® s e ar e -intké rnmdedd afinteetr nat i ve

In the mobile air conditioning sector, which represents up to half of HFC emissions or-eqd@sig® available
low-GWP alternatives include HFC234yf, CQ and HFG152a (AR5 GWhhoyr = <1, 1, and138 respectively.®°
Currently, more than a dozen vehicle miacturers in Europe, Japan, and North America have vehicles with the
low-GWP refrigerant HF€1234yf in the global markét and in March 2016, Honeywell announced plans to work
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with Navin Fluorine International Limite(NFIL), an Indian manufactureto inarease global production capacity of
HFC-1234yf82 Daimler announced ifDctober 2015hat theywill commercializeCO, as a lowGWP alternative for
two of their vehicles, with the rest scheduled te wFO-1234yf for the immediate futur& In Norway,
approximately 16% of new refrigerated truck and trailer systems were equippeCitlcryogenicrefrigeration
systems in 2011; use of these systems is expéxxpand further in the futufé.

In commercial refrigeration, globallyup to 65% ofnew installationsare usinglow-GWP HFC alternatives,

including CQ, ammonia, and hydrocarbonsghile 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 airconditioning sector, thousands of hydrocarbon units have been sold and new production lines are
coming on line each ye&t The Indian manufactureGodrg, and the Chinese manufacturer, Greave developed
modelsof propane(HC-290) room air conditioner®’ The Godrej models are up to%1more efficient than the
minimum requirements for the-Rar energy efficiency rating set by the Indian Bureau of En&ffigiency.t®

China, Japan, India, Indonesia, and other countries bawenercialized productssing moderat&sWP HFG32

with high levels of operating efficiendj.CO; air conditioningprototypes aralso availablé®

In the foam sector, loMBWP alternaties include hydrocarbons, Gi@ater, and fibrous material®. Hydrocarbons

and CQ/water make up28% to 76% of the global market fonew polyurethane foam products, while fibrous
materials comprise 59% of thmew market for insulation in Western EuroffedFC-1233zdE) is a liquid blowing
agentthathas a GWPRf about oné®and is up to 12% more energy efficient than leading hydrocarbon alternatives,
according to the companies making*Companies are developiraglditionallow-GWP HFC alternativeand a
number ofdeveloping country Partieimtend to adopt lowsWP alternatives for foam products as part of their
HCFC phaseout plarfs.

In all major sectorsthe bestavailable lowGWP alternatives to hig&@WP HFCs demonstrate at least equal, and

often geater, energy efficiency than the HFCs they redaase to 30%greate®® A 2011 study for the European
Commission concluded that technically feasible and-efisttive lowGWP alternatives exist for all major HFC
subsectorg’ This analysis, which was praged 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 resulted in energy savings cethga commercially availableHFC-based
equipment?

The TEAPalso concluded that lo@WP alternatives aravailablethat achieve equal or superior energy efficiency

in a number of sectors stating, A hig0dormorecaeargy effitienatimad a mmo n
conventional higtGWP HF C s% Besteofireomair conditioning utilizing hydrocarbon refrigerants showed

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

energy effciency with use of their air conditioning products, particularly in hot climdids. Japan, an HFG2

room air conditioner was awarded the 2012 Grand Prize for Excellence in Energy Efficiency and Conservation and

the presti girmusdefsT sypea®st emangy afficiembom air conditioningavailable!®?In the

commercial refrigeration sector, supermarkets are improving energy efficiency 8% swhen they switch to low

GWP alternatives®® F o r exampl e, Sobeys, Can aed ound thas the newdCO | ar ge s
transcritical system used 18% to 21% less energy than theGWégh HFC equipment it replacé®f.

Other notin-kind alternatives are available for some applications, such as district cooling, which relies on water
chilled in high effciency central plantto cool a large number of building®.If powered bylow carbonsources of
energy, such as hydroelectric, wind, or solafrigeration and air conditioning equipment using 1GWP
refrigerantscan haveimited climate impact?
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Table 2: Indicative list of low-GWP alternatives to HFCg9”

APPLICATION CURRENT GWP ALTERNATIVE GWp110
REFRIGERANT 108 i
Refri i HFC-134a 1,300 HC-600 (isobutene) =3}
eingeration HFC-152a 138 HC-290 (propane) <5
(Domestic)
HFO-1234yf <1
) ] HCFC22 1,760 HC-600 (isobutene) ~3
Féff“gefa“,orl‘& HFC-407C 1,774 | R-744 (CQ) 1
I(n;u“;mzlr)c'a HFC-134a 1,300 | R-717 (ammonia) 0
HFC-404a 3,943 HFCs and HFC blends <1-1,600
HFC-410A 1923 | HC-290 (propane) <5
Air Conditioners | HCFG22 1,760 HFC-32 677
(Room) HFC-407C 1,774 | HFC/HFC blends ~350
emerging
HFC-134a 1,300 HFC-1233zd <1
Air Conditioners HCFCG22 1,760 HFC-1234ze <1
(Commercial) HCFCG123 79 HFC/I—!FC blends 400500
emerging
HFC-1234yf <1
Mobile Ai HFC-134a 1,300 HFC-1234yf <1
obre AIr HFC-152a 138
Conditioners
R-744 (CQ) 1
HFC-227ea 3,220 HCs <5
HCFG142b 1,9800 | CO/water 1
Foams HFC-245fa 1,030 HFC-1234ze <1
HCFG22 1,810 Methyl formate <25
HFC-134a 1,300 HFC-1336mzzZ 2

HFC alternatives are further elaborated in S@dyvalho, Stephen O. Andersen, Duncan Brack, & Nancy J. Sherman
Alternatives to HighGWP Hydrofluorocarbon$dGSDWORKING PAPER. (November 2014).

Energy efficient alternatives are importdat all countries particularly thosewith high ambient air temperatures
with long and often humid seasoriacluding countries currently choosing replacements for HCFCs, which are
being phased out under the Mm@l Protocol!' A study for the European Commission shows that, in countries
with high ambient air temperatures, almost 70% of sectors currently using HCFCs can leapfrog pasvmigh
HFCs refrigerants directly to [o\WP alternatives with equal or bet@mergy efficiency!? The same study notes
that other lowGWP alternatives are in development and expected to be ready to replace the remaining uses by
202513 Tests by the 8. Oak Ridge National Laboratory demonstratedt manylow-GWP alternatives perform
with similar cooling capacity and efficiendgr mini-split air conditionersoperatingin high ambient temperature
conditions!!* A recently released repot kige U.S. Oak Ridge National Laboratatgmonstrated that o\ WP
alternatives to HFCperform just as well and sometimes even better for roatogonditionersoperating at the
high ambént temperatures, with further potential for improvement through engineering optimizétian.
agreemento phaselown HFCs under the Montreal Protocollviurther accelerate development and deployment of
additional climatefriendly alternatives.

7. Companies are taking action ahead of an amendment to phase down HFCs

Business support is growing for phasing down HE€$he Consumer GoaoslForum (CGF), a global network of
over 400 retailers, manufacturers, and service providers from over 70 countries, ptethgegih phasinglown
HFCs by 2015 TheForumi s n o w d how bestsosdiiva scaled beyond 2015, including the possibility
of a new reshtion. & Other industry groups support reéshg HFCs under the Montreal Protocol, including the
Air-Conditioning, Heating and Refrigeration Instititéthe European Fluorocarbon Technical Commijttéand
Refrigerants, Naturally*?* The Alliance for Respoiitsde Atmospheric Policy, whoseearly 100members include
Trane, Whirlpool, SulZero, and Mitsubishi, also supports a global phasedown of Gy refrigerantst?2On 15
October2015, sixteenU.S. and multinational companies made a variety of pledges to ploage and replace HFCs
and to commercialize alternatives.
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Individual companies across the value chain are developing and implementing alternative reffijdraatSCAC
has produced a serief case studies demonstrating HFC alternatives developed and utilized by supermarket
industry leaders, including Carrefour;EB, and Supermercadé®

On the retailer and pohtf-sale side, the companies Refrigerants, Naturally!which includesCocaCola,
PepsiCo, Red Bull, and Unilevegre taking action to eliminate the use of HFCs within their respective
companies?® CocaCola began usingiFC-free insulation for nevbeverage vendingquipment, which reduced
direct HFC emissions by 75%, identified adide natural refrigerant, and pledged to eliminate HFCs in all new
equipment by 201%7 PepsiCo, Red Bull, Unilever, and Carrefour started installing a substamtiaintof natural
refrigerant poirfof-sale equipment?® Individual companies in th€GF, induding WalMart, Nestlé, Sobeys,
Supervalu, and Tescare purchasing alternative refrigerant equipment, converting existing equipment, and
improving efficiency while reducing leakad®.In 2014 Whirlpool convered all foam blowing agentsised in the
manufacture of refrigerators and freezers sold in North Améoca HFG-245fa AR5 GWPio0yr = 858)3°to HFG
123zd(E) (GWRsoyr = ~1),***a reported reduction in GWP of 99.9%% SeeTable 3 for a summary okeveral of
these measures.

In SeptembeiR016, over 500 national and international companies and organizations that produce and consume
HFCs along with subnational governmentsalled for an ambitious amendment to the Montreal Protocol that
includes fan ear |l y f i[degetopediceuwntties and @ freezs dae for Aftiolgdevetopirig] c | e 2
countries that | sanddeclaszith h éimtentdaoBvokpa redace the usebaindeemissions of high
globalwarmingpotential HFCs and transition over time to more sustainable alternatives in a manner that maintains

or increases energy efficienoy?®

Table 3: Examples ofcorporate reductions ofhigh-GWP HFCs'34

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

1,700,000HFC-free unitsas ofJanuary2016

Eg?ﬂigﬁ;c%ma 100% HFGCfreeinsulating foam for new refrigeration equipment
100% HFGfree new cold drink equipment purchasesf the end d?015
Red Bull¥’ 457,000 EC@Coolers (more than 5_0% of all units) as of the end of 2013
Procurement 100% hydrocarbon since 2010
Unilever3 800,QOO HFGreQ freez§r§ in 2012 X ' .
Working withtheir subsidianB e n & J e r r Whydlrecarbodce creafreezeysurt).S.
McDonald43® 3,300 HFCfree meat freezers, frozen food storage, reasl& salad refrigerated display cas

2012.Investing in ammonia industrial refrigerationtnS.

11,000 hydrocarbon ice cream freezers in Europe, Australia, Spain, Malaysia, Chile, anc
NestE40 uU.S.
NestE uses natural refrigerants in 90% of its industrial food processirigeration

130,000 hydrocarbon refrigerated beverage displays

Al Aiming for 50% reduction in carbon footprint of installed refrigerators by 2020

Sobey&® ﬁ Natur al . Refrigerant refigenationmystenis@re instatied i r
in all newfull-service stores

Whirlpooli43 HFC-1233zd(E) in all U.S. refrigerator and freezer manufacturing facilities by end of 201

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

8. A growing number of nations and regions are phasing down HFCs ahead ah amendment

Supportto phase down HFOs alsogrowing at the national and regional lex8eeFigure8 and Table 4China, the

U.S., and the E.U., the top three global consumers of HFCs, have all announced new policies and regulations to
control and rduce HFC emission¥*In May 2014 the State Councibf China announcedthat they would

strengthen their management of HFC emissions and accelerate the destruction and replacement of HFCs, as part of
the action plan to implement the energy conservation @méssion reduction targets the 12" five-year plan‘*®
Chinads action pl BFC emissiors k{p286t C@-dqby 20155 &he &.0.eHFC regulations

(fGas Directiveo), which went into effecfromthebadelnd anuary
2009 2012 levels, by 20387 In addition, & part of its regulatory regime to contkdi-Cs, the European Directive on
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mobile airconditioning systemeequiresthe use ofefrigerantsvith GWPs lessthan 150; new type vehiclesld in the
E.U. are covered as of 1 January 2013, and all vehicligsin the E.Uwill be covered by 201%8 Global adoption of
the best available technologies and alternatives required under efdtind).S, or Japaese regulationsvould

reduce cumulative (2012050) HFC emissions by 50% or mowmpared tahe proposedNorth AmericanHFC

Amendment#®

Fig. 8: Map of countries with existing HFC regulations(dark green)

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

on HFCs as part of hi€limate Action Plai®®*Bot h t he U. S. House andh®emlade hav
require the establishment of a U.sS. t ask dfiomgries ttiongr ed
aut hd¥n duly 2045, the U.S. EPA issued a final rule banning and otherwise restricting vario«G\Migh

HFCs in specific uses under theSi gni f i cant New Alternatives Pao¥ihcy Prog
March 2015, the President issued Executive ©4B693, which requires federal agencies to reduce direct GHG
emissions by 40% by 2025 including through purchasing sustainable products identified by*SKNARay 2015,

the U.S. Department of Defense, NASA, and the General Services Administration prapoge that would direct

the U.S. government to procure alternatives to4@ydP HFCs'>*Finally,the SWdurrent ly provi des me
of cars and | ight etarrwunc kesr eltdhitahseoigrpowadrmmlé imgys st eoo wi s h a€dar d
coporate avneornyGAFElebtandards by employing HFC alternat
systems for imotel viggkiacl 9.1 2

In September 2016, the U.S. EPA approved additional climate friendly alternatives anelvalsed approval for

several of the most potent HFCs. In addition, the U.S. EPA strengthened its refrigeration management program to
include HFCs and other nerone depleting substitute refrigerants, while also reducing the threshold that triggers
the duy to repair leaking equipment, requiring quarterly leak inspections or continuous monitoring devices for
refrigeration and aiconditioning equipment that have exceeded the threshold leak rate, and requiring recordkeeping
for refrigerant recovered duringstem disposal®®

In 2009, California passede f r i ger aretxpeegeldag ms remdiuscei oFns ¥byn 29%4 by 7
California passed a |l aw that requires the California Ai
redundies se ons of HFCs and o¥EARBSLEPs adlg@R i Feachuwmthipa 2 09t6r. a
public comment September 2015, calling ¥Begmanenghan 20
HFCs will al so bteo rae gsutl athédvdia dhes P&yaglti eimp.r ni a has also for .
international agreements concerning HFCs.-Chhi fOzct mibar Ai2
Pollution Mitiga®ftbatPirogltatetl GAMBPB. HFC

The CCAC is alsdargeting HFCs as part of its global effort to sagbeaction to reduce SLCPE Many CCAC state
partners alreadyaveexisting HFC policiesandsix are developing natiorédvel inventories of HFCs and identifying
policiesand measures to avoid the growth of higit/P HFCs(Bangladesh, Chile, Colombia, Ghana, Indonesia, and
Nigeria).164
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Table 4 Select nationaland sub-national HFC regulations!®®
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Africa
Burkina Faso X X
Egypt X
Europe and Central Asia
Austria X X
Belgiumt66 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
Serhid®® X X X
Slovenia X
Spairt®® X
Sweden X X X
Switzerland X X X
Turkey'’° X X X X X X
United Kingdom X

Latin America and the Caribbean

Belize X X X
Chilet™® X X X
Colombia X X X
Jamaicd’? X X
Paraguay/® X
North America

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

California X X X X
Mexico X

Island Countries
Australia X X X X X X
New Zealand X X X X X
Seychelle§* X X
East Asia
Chind™® X* X X
Indonesia’® X
Japan X X X
South Kored’” X
West Asia

Yemen X X

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

At the international level, there is now a consensus that HFCs can be most effectively controlled through the
phasedown of theiproduction and consumptionnder the Montreal Protocol as a complement to controls on
emissionsunder the Kyoto ProtocolThe Montreal Protocol has the experience and expertise to ensure a fast,
effective, and efficient phasedown of HFCs, which are in the same family of gases, have similar chemical properties
and are used in the same sectors asCfi€salready phased owtnd theHCFCs currently being phased ot
Because all CFCs andCFCs are also greenhouse gasegyween 1990 and 2010 the Montreal Protocol reduced
CO»s-eq emissions nearly twenty times more than the 5 to 10 GteGQeduction goal of the first commitment
periodof the Kyoto ProtocolSeeFigure 47° Sophisticated statistical analysis confirms that the successful phaseout
of CFCs and related chemicals by the Montreal Prot@ohg with reductions of metharspwed climate change
andcontribuedto a lower ratef global warming since the early 1996%

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

but differentiated responsibilits0*®! This includes having developed coynfPartiesundertake control measures
first, followed bytypical grace period of 10 to 19 years before developing country Parties subject to control
measureswith funding for the agreed incrementabst of the developing country phasequbvided by the
developed country Parties through thailtateral Fund (MLF)82The MLF has played a key role in achieving
costeffective emissions reductionSince it was established in 1991, the MLF has provided moreUturt3.3
billion in funding 3 At the 26" Meeing of the PartiegMOP) of the Montreal Protocol, in 2014, the Parties agreed
to a MLF replenishment of just over US$500 million for 20261718

The Montreal Protocol haan in-depth understanding of all sectors it finances, including detailed knowt#dge
technical optiond® The Montreal Protocol also supports institutional strengthening fddalHeveloping country
Parties'® The combination of these features has allowed all Parties to comply with the control measures; to date, the
Parties have phasedit 98% of nearlyL00 damaging chemical¥’

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

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

10. Phasing down HFCs can be achieved at a low cost

Historically the Montreal Protocol has achiewv&dnificant reductions by phasing out production and consumption
of ozonedepleting greenhouse gasaslow cost Between 1991 and 2010, the MLF paid out US$2.4 billion and
achieved an estimated 1822 Gt CQ-eq in emissions reductions from the phased@FCs and otér fluorinated
greenhouse gasé¥,equivalent to less than US$0.01 per tonne of @@uced->?

Recent analysis by the TEAP calculates that a phasedown of HFCs in the refrigeration and air conditioning sectors
beginning in 2020 would cost the I 1.5to 2 times more than the current funding for thiegoing HCFC

phaseout?® This would reduce HFC demand by 9.5 Gt £&2 between 2020 and 203fhd would cost the MLF

US$0.22 0.29 per tonne of CLeql® Another study estimated that the total incremectst of phasing down the

use of highGWP HFCs through 2050 would 88 11 billion, which is less that0.10 per tonneof C22e g or At en
[MLF] replenishing periods with funding intherange 9f[500 t o 1000 mi | | P n from freez

According to theTEAP, delayingthe start date of the phasedown in the refrigeration and air conditioning sectors
from 2020 to 2025, would increase the total cost to the MLF for converting manufacturing by 40% and costs for
servicing by 250%% This five-year delaywould reduce the climate benefit by more than Waknd increase the

cost per tonne of C&£eq reduced t©/S$0.711 0.921%

The faster the world phases down hi@WW/P HFCs the less of these potent chemicals will be embedded in millions
of products and equipmeahdgraduallyreleased over the course of several years or decades. By moving fast, the
world can avoid the buildup of 50 (884) Gt CQ-eq of unnecessary HFC banks by 26%@yhich can cost as
much as US$35 or more per &€y tonne to collect and destroy comgghto less than a dollar per tonne to avoid
their production and consumption entiréf.
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11. A total of 95 Parties have submitted proposals to amend the Montreal Protocol to phase down HFCs

Recognizing the opportunity presented for fast and effective phdsing of HFCs through the Montreal Protocaol,
starting in 2009 the Federated States of Micronesia proposed an amendment to phase d@WPhi4RCs, with

the U.S., Canada, and Mexico following with a similar amendment. Both proposals would reti@@& 8% H-C
production and consumption and provide climate mitigation equivalent to more than 100,@mSions by
20502t In April 2015, the North American group submitted their newest proposal, dated 8 MarcHF20h517
April 2015, India submitted its own propal to phase down higeWP HFCs under the Montreal Protocol,
reversing several years of oppositfddOn 20 April 2015, the 54 members of the Africa Group submitted an
informal proposal in the form of a Conference Room P#}&n 30 April 2015, the E.U. fumitted a proposal on
behalf of its 28 member Stat®8 At the same time, the Federated States of Micronesia, the first country to submit a
proposal in 2009, submitted a revised proposal along with seven other Pacific Island Statep@sa@
Kiribati, Marshall Islands, Mauritius, Palau, the Philippines, Samoa, and Solomon €aligour amendment
proposals were resubmitted in 2016 following the OE®R3°” andwere consolidated prior to the OEW8B into a
spreadsheet to allow sidg-sidecomparisorof the text?%8

Fig. 9: Projected emission reductions from HFC amendment ipposals
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The proposed amendments to the Montreal Protocol have the potential to decrease the projected annual HFC emissions
of 5.5 to 8.8 Gt C@eq/yr in 2050 to less than ~0.3 GDz-eq/yr. The above graphic, based on Velddral. (2009) is

indicative of the emissions reductions expected from a phasedown eGiiwWhHFCs under the Montreal Protocol.
Prepared by Dr. Guus Velders, based on Velders, G. &thMl (2009) The large contribution of projected HFC
emissions to future climate forcingroc. NATG.. AcAD. Sci. U.S.A. 106:109491095420°

12. Consensus exists tamend the Montreal Protocolin 2016 tophase down HFCs

At MOP 27in November 2015 the Partiasg r e ewark within the Montreal Protocol to an HFC amendment in
2016 2& Immediately pior to the MOP, th&6th OpenendedwWorking Group (OEWG)decided to fom a contact
group that will sort out issues relating to the feasibility of phasioggn HFCs and ways to manage HFEL.
Negotiations in the contact group produced an agreememoro to the HFC amendment in 2016 with meetings
held throughout 20162 This include two OEWGS The firstwas held4 to 8 April in Geneva, @itzerland at the
end of whichthe Parties suspended the meeting and agreed to resume for two additionalidays the next
meeting The Parties resumed OEWG 37 from 15 to 16 Julgddition to holding OEWG 38om 18to 21 July in
Vienna, AustriaThis wasfollowed by an extraordinary MOP from 2& 23 July in Vienna, AustricOEWG 38 was
suspended and will be resumel 8 October 2016rior to MOP 283 The regular MORs scheduld from 10to 14
October 2016 in Kigali, Rwand&? The following sectionoutlinesthe growingsupport foraddressing higicWP
HFCs under the Montreal Protocol:

2009

10 July 2009i n L6 Aqui | a, I tal yr,ectolgemi k£ e dd dirt hghaséout bfBHERCE 8 e | er a't
mandated under the Montrdiotocol is leading to a rapid increase in the use of HFCs, many of which are very
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potent aGHGsx,0mmi tted to Awork with our paardanheeved t o en
under the appropmit e f r a?thewor k. 0o

November 2009 39 countries signed theclaration on HighGWP alternatives to ODSs1couraginghe Parties to
the Montreal Prot ocol -town tfieuproduetiort dng corsumpton of &@WvPp hasi ng
alternativess,0 and|futdakneg aHFpO opri at e heasures é as so

2010

By the end of 2010108 Parties to the Montreal Protocol signed Bamgkok Declarationgcalling for the use of
low-GWP alternatives to CFCs and HCFES.

2012

17 February 2012 along with the UNEP, thg.S, Mexico, Canada, Ghana, and Bangladashched the CCA@®
catalyze major reductions in SLC®#h an initial focus orblackcarbon, methane, ardFCs?*®

19 May 2012 the leaders of the G8 in Camp David, U.S., agreed totjdne CCAC a rstdategles toe | op
reduce short term pollutaritschiefly methane, black carbon, and hydrofluorocarhistfs.

22 June 2012 at the conclusion of the Rio + 20N Conference on Sustainable Developmembre than one
hundred heads of State adopted the conference declaféti®future We Wantecognizing the climate threat
from HFCs and calling for the gradual phasedown of their production and consumption; the UN General
Assembly adopted thaeclaration by resolution on 11 September 2¢512.

2013

19 April 2013, China agreed to completely phaset HCFCs over the next 17 years, which is expected to cut the
equivalent of 8Gt CQ; at a total cost of $385 million, or about $0.05 per toiih€he Montr e a | Protocol
HCFC phaseout will eliminate HCFC production from emissive usds\weloped country Parties by 2030 and
in developing country Parties by 2Q4nhdthis agreemenwill give China the opportunity to choose |68WP
alternatives in lieu of HF€to ensure that the climate benefite realized??

Through May 2013 112 Parties joined the even strondgali Declaration on Transitioning to Low Global
Warming Potential Alternatives to Ozone Depleting Substaiites

15 May 2013 the Arctic Council coumies, including the Russian Federation, isstlelKiruna Declarationin
which they fiUrge the Parties to the Montreal Protocol on Substances that Deplete the Ozone Layer to take
action as soon as possible, complementary to the UNFCCC, to-ghtnasetheproduction and consumption of
hydrofluorocarbons, which contriute to the warming c

8 June 2013 China ®resident Xi Jinping and.S. President Bakk Obama agreed to fAwor k t
other countries to use the expertise amditutions of the Montreal Protocol to phase down the consumption
and production of hy?drofluorocarbons (HFCs) .o

25 June 2013 U.S. President Obama announced Bimate Action Planpwhich includes phasing down HFCs
under the Montreal Protocol, as wall taking action in the U.S. to control HFES.

26 June 2013at the midyearOEWG 33 in Bangkok, the Parties established a formal Discussion Group to discuss
the management of HFCs under the Proté€ol.

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

fiMinisters emphasized that HFCs are greenhouse gases covered under the UNFCCC and its Kyoto
Protocol and shall accordinglipge addressed in accordance with its principles and provisions. They agreed
to work multilaterally to find an agreed way forward on this is8&é.

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 me@tiogeR2013,
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 thgadi Outcome Documenf the Pacific SIDS Regional Preparatory Meeting for the
Third I nternational Conference on Small Il sl and Devel
Montreal Protocol be utilized to undertake thadyral phasedown of production and consumption of HFCs
called for in the Rio + 20 outcome documertie Future We Want§°

3 September 2013the 33 State partners of the CCAC and the Euroeanrmmi ssi on agreed to fAw
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phasedown in the productiamnd consumption of HF Cs Tuhned eC@o atlhiet i Monndtsr e
partners al so agreed t o ffladopt dfdendéy sHFC calteraative r o a c h e ¢
technol ogies, 06 and to Awor k with | eitsandardsttd imaudel stan
cimatef ri endly HF® alternatives. o0

6 September 20130n the margins of the G20 Summit in St. Petersbdrg,i nPaedident Xi Jinping and.S.
President Barack Obama agreed to open formal negotiations on the amendment toywhase@ounder the
Montreal Protocol:

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

6 September 2013 t he | eaders of the worldés twenty |l argest ec
observer States, expressed their support in the St. PeteSlu@ L e a d e r s for iritiativels that aré i o n
complementary to efforts under the UNFCCC, including using the expertise and institutions of the Montreal
Protocol to phase down the productemd 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 Caventi on on Climate Change (UNFCCC) and its
complementary initiatives, through multilateral approaches that include using the expertise and the
institutions of the Montreal Protocol to phase down the production ansiutoption of hydrofluorocarbons

(HFCs), based on the examination of economically viable and technically feasible alternatives. We will
continue to include HFCs within the scope of UNFCCC and its Kyoto Protocol for accounting and
reporting of emission&*3

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

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

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
reportingof emissions in the UNFCCC

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

to discuss, inter alia, multilateral approaches that include using the expertise and the institutions of the
Montreal Protocolto phase down the consumption and production of HFCs, based on econcwiatality

and technically feasible alternatives, and include HFCs within the scope of the United Nations Framework
Convention on Climate Change (UNFCCC) and its Kyoto Protocol f@owatting and reporting of
emissiong .07

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

fiSpace Cooling Effiency Collaboration Demand for space coolingy primarily for air conditionersi
constitutes a large portion of peak electricity demand in India. Air conditioners could add as much as 140
GW to peak load by 2030 and management of the peak contributigitidal dor maintaining supply
security and avoiding load shedding. The new 4lh8ia 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 higfficiency cooling equipment and technologies to capture significant energy
savings, potentially avoiding the need to build as many as 120 large power @nts.

SeeSection 4 for a further discussion of benefits of stgficient room air conditioning.
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21 to 25 October 2013at theMOP 25 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 inttgosiuppioons foo @habimal t he amend:
demonstrated support for discussion of the amendment
Delegates reconvened the formal Discussion Group on HFC Management, this time witthea imaradate that
included consideration of the higével agreements to phase down HFCs made in preceding months. The
formal DiscussionGroup met several times and proposed several ways forward for action on HFCs, including
holding extra working meetings i2014 to consider the amendment proposals. Brazil and China continued to
engage constructively as well, and both played an important role in writing a detailed requeStEédRho
conduct additional research on HFCs and their alternatiVdadia, alom with several other countries,
expressed concern over whether technology was available and whether developed countries would be willing to
pay for the transition imlevelopingcountries as required by the Montreal Protoddlese and other concerns
will be addressed in 2014 as #imendment negotiations move forward.

19 November 20134 the 21stE.U.-Japan summin Tokyo,the E.U.and Japan emphasized ingportance othe
HFC phasedown under the Montreal Protocol:

f{T]hey underlined the contribution dhternational 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 rapid progress on the phasedow@wofhtFfor its

close consideration as one of the issues to be addressed in the context of the Montreal ##tocol.

5 December 2013U.S. and China reaffirmed the agreememsHFCs by Presidents Obama artesidentXi
Jinping from8 June2013 ands Septembr 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 institutions of the Montreal Protocoldato take next steps in the process, including the
establishment of an opaamded contact group in the Montreal Protocé!

2014

11 February 2014 f ol |l owi ng President Hollandeds State visit wi
that A F r a nalse aniimportant partner in the global effort to phase down production and consumption
hydrofluorocarbons (HFCs) using the #hstitutions and

19 February 2014at t he conclusion of the &oadadAmPri maenMiLeiase
Harper, Me x i PefmdNetpaRd &S Prdsalent Batka Obamaagreed to "intensify our efforts to
promote an amendment to the Montreal Protocol to phase down production and consumption of climate
damaging hydrofluomar bons #( HFCs ) . 0

7 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 platfordmnestically and internationallyncluding efforts to
enhance the Montreal Protoctiie Major Economies Forum, Clean Energy Ministerial, andBAC, as well
as efforts to conclude a new climate agreement applicable to all countries by 2015 to take effect*m 2020.

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

31 March 2014 the leaders of theE.U. and China issuedJoint Statemera nnounci ng that they Awi
taking domestic action to avoid or reduce the consumption of HFCs and to work together to promote a global
phassd own of the%¥%e substances. 0

5 June 2014 the leaders of the G@ountries reaffirmed their commitment to phase down@y%P 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 cosetittutake action to promote

the rapid deployment of climafdendly and safe alternatives in motor vehicle-eamditioning and we will
promote public procurement of climafitendly HFC alternativegr4®

10 July 2014 U.S. and China reaffirmed their comm#nt to phase down the production and consumption of
HFCs24

14 to 18 July2014 at theOEWG 34 the majority of countries expressed support for starting a formal contact group
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to negotiate the terms for the HFC phasedown. Some parties continueapghasition, including several Gulf
States, so parties launched a discussion group to adssess raised by the reluctant parfi€sThe same
issues were addressed during a-ttey HFC management seminar organized by the Montreal Protocol
Secretariat ori1 to 12 July 2014 the seminar waattended by more than 400 country delegasegntific,
technical, and legal exper@nd industry and environmental observéfs.

16to 17 July 2014 at theWorking Group meeting of the CCAC in Paris, France, the CCA®uamced its plan to
| aunch fa campaign with key <countries and | eading i
SecretaryGener al 6s Cli mate Summft in New York in September

23 September 2014on the occasion of the UN Secret®ye n e r a | 6Sumnit|33 state paetners of the CCAC
issued a Joint Statement supporting the phase down of the production and consumption of HFCs under the
Montreal Protocof*° The state partners were joined by numerous organizations and companies including: the
CARB, theWorld Meteorological Organization, the Ce€ala Company, Danfoss, and the member companies
of RefrigerantsNaturally!.25

30 September 2014india's Prime Minister Narendra Modi and U.S. President Barack Obama agreed on the need to
take urgent action teeduce consumption and productions of HFCs under the Montreal Prétocol.

17 to 21 November 2014at theMOP 2§ in Paris, countries continued to make progress in their negotiations to
phase down prodiion and consumption of HFCk particular, China anthdia indicated their willingness to
consider how to move forward to discuss the HFC phasedown. In addition to the @FW& meetingon 13
to 17 July 2015the Parties agreed to hold an exdrdinary threeday OEWGon 22 to 24 April, with a backto-
back twoday workshop on HFC management issues, with emphasis on the challenges of high ambient countries
and on energy efficiencd?® The Partiesalso agreed to replenish tHdLF with $507.5 million over the next
three yearg>

2015

25 January 2015 India's Prime Minister Narendra Modi and U.S. President Barack Obama agreadke
"concrete prtogutHEssunderihe Bontyeal #notoésl.

6 March 2015 at the conclusion ahe 13" Session of the African Ministerial Conference on theiEmmentin
Cairo, Ministers and delegates fr&h countries of Africaurged all member States to use the Montreal Protocol
to phase down the production and uséH6fCs and requested all to work toward$i@ntact group to begin
formal negotiations thigear%®

In April 2015, Canada, Mexicoand US. 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 taoughly two years of emissions of all anthropogenic greenhouse gases at
current emfssion |levels. o

17 April 2015, India submitted a proposal to phase down {@WP HFCs under the Montreal Protoédl. The
proposal call s for t heendsoffHEGsmutasitiofal sulestanods forpbeBeaf and bl
HCFCs wherever loveWP/zereGWP al t er nat i ves ar e-year grace peviaa ibéfaeb | e, 0
developing countries begin phasing down HE®s.

20 April 2015, Senegal and Zimbabwe, on behalf of & members of the Africa Group, submitted an informal
proposal in the form of a Conference Room Paper requesting the establishment of a contact group at the OEWG
36in J u Iconsidergroposals to ametite Montreal Protocol, including those that haeet submitted for
consideration by t#e Meeting of the Parties. o

24 April 2015, @ the conclusion of the OEWG@S5, the Parties agreed hold additionalinter-sessional meetings
iwith a view to the establ i s hscheduled QEWG im PaioimififAt gr oup
two-day seminaron HFC management was presengdthe Montreal Protocol Secretariat 8@ to 21 April
2015263

30 April 2015, theE.U. submitted a proposal on behalf of its 28 member Stétes.

30 April 2015, the Federated States of Micronesia, the first country to submit a proposal in 2009, submitted a
revised proposal, along with seven other Pacific Island States-gsgonsor8 Kiribati, Marshall Islands,
Mauritius, Palau, Philippines, Samamd Solomon Iskads?5®

8 June 2015 the leaders of the G@ountriesp | e d g eahtinue @ur @éfforts tphase down hydrofluorocarbons
(HFCs) and call on all Parties to the Montr@abtocol to negotiate an amendment this yje8d5] to phase
down HFCs and on donots assst developing countries in its implementatigff
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12 to 13 June 2015 a group of invited partieparticipated inan informal ntersessional consultation in Vienna,

Austria on the feasibility and ways of managing HF®kere theydiscussdissues identiéd atthe OEWG 35
in April. The outcome waa bracketed text that iden&fl potentialterms of reference foa formal catract
group at the OEWG 36 d?0to 24 July?5”

29 June 2015theElU.and Ch i n a woakdogetherdvithtother €ountries to agreezomultilateral solution

to phase down the production and consumption of HF€%in addition to strengthening collaboration on
domestic HFC policies and measures.

30 June 2015Brazild BresidenDilma RoussefandU.S. PresidenBarack Obamdiagreed tavork multilaterally

in the Montreal Protocol to consider #*romptly amendme

21 July 2015,the Parties suspenddte OEWG36, rather than adjourning, to allow additional time to complete the

terms of refergmaepd otr hat Awiolnlt athen negot i?®The t he de
suspended OEWG@G6 resumecdbn 29 to 30 Octobelin the United Arab Emirates, which hosted the MZ¥Ron
1to 5 November

22 October 2015,P a k i sRrimenMirgster and U.SPresident Baack Obamafaffirmed that their respective

countries intend to work together to amend the Montreal Protocol this year to curb the production and
consumption of hydrofluorocarbongt

29 to 30 October 2015at the resumed OEWG 3@he Partiedo the Montreal Protocdbrmed aformal contact

gr oup t ofeasbiity &ng ways ofimanaging HF@xluding development of a common understanding

on issues related to flexibility of implementation, 2nd and 3rd stage conversions, guidance to the ExCo
enabling activities for capacity building, and the need for an exemption for high ambient temperature
countriesy?’?

6 November 2015,at the MOP 27, the Partiesto the Montreal Protocohgreed on theDubai Pathway on

Hydrofluorocarbong owork within the Montreal Protocol to an HFC amendment in 2016 by first resolving
challenges by generating solutions in the contact group on the feasibility and ways of managing HFCs at
Montreal Protocol meeting®’® The details of the amendment will be negotiated duriegraes of meetings in

2016 includingtwo extraordinaryOEWGSs, the first from 40 8 April in Geneva, Switzerland and the second

from 18to 21 July in Vienna, Austria, and an extraordinary MOP fromid@?23 July in Vienna, Austrid’* See

text of the agreement in Appendix I.

2016

29 February 2016, during the sixth ministeriallevel PakistadJ.S. StrategidDialogue, Secretary of State John

10
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KerryandP a k i sAtdavniéssor t o t he Pri me Mi ni sreaffinmedaheireBpeativei gn Af f
countriesé commitments to work together to amend the
consumption of FBKYdrofluorocarbons. 0

March 2016, t h e u. S. and Canada affirmed their commi t me
hydrofl uorocarbons (HFCs) usi ng tthhalopt a Moetregh Brotdcol v e don
HFC phasedown amendment in 201&d upon adoption to provide increasiuancial support to the
Protocol s M@l tilateral Fund

March 2016, Argentira 6 RresidentMauricio Macri and U.S. President Barack Obamaaf f i r me d it hei
commitment to adopt an amendment to the Montreal Protocol on hydrofluorocarbons (HFCs) phase down in
2016, building on progress made and Within the frameyv

31 March 2016, President Obama ar@h i nPaeédent Xi Jinpingcommittedt o wor k #dAbi |l aterally &

countriesto achieve successful outcomes this year in related multilateral fora, including on an HFC amendment
under the Montreal Protocol pursuant to the Dubai Path#y

4 to 8 April 2016, atthe OEWG 37, the Parties to the Montreal Protocol reached a tentative agreement on language

for a fouryear, potentially renewable exemption in three sectors for 34 countries witharnigient
temperature$’® The Parties also reached tentative agreemet#xario ensure that the MLF covers incremental
costs for converting climate friendly alternatives and supports training of service techniciansnitiatigcn

a conference room paper submitted by the Africa Gréliphe Parties agreed to suspend the tingeand
resumeon 15 16 Julyin Viennaprior tothe OEWG 3828 They also agreed that the Secretariat would produce
a consolidated text based on the four pending HFC amendffénts.

19 April 2016, at theconclusion of thé&th Special Session éffrican Ministerial Conference on the Environment

Cairo, Ministers and delegates frd4 countries of Africarenewedtheir mandate tacontinue negotiating an
HFC Amendmenfiwith a view of reaching an agreement on such amendment in®&idbto support Rwanda
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in hostihg the MOP 28in October?® They also paid tribute to DMostda Tolbafor his significant rolén the
negotation and adoption of the Vieni@onventionand the Montreal Protocals wellashis rolein establishing
the first ever financial mechanisihe MLF, for the Implemerdtion of theMontreal Protocof®

21 April 2016, at the conclusionof the United Statessulf Cooperation Council Second Sumniit Riyadh
convenedat theinvitation of King Salman ilm Abdulazizof Saudi ArabiaPresident Obama and theads of
State of the Gulf Cooperation Council (the United Arab Emirates, Bahrain, Saudi Arabia, Oman, Qatar, and
Kuwait) ficommitted to work toward the adoption of an amendment to the Montreal Protocol int®016
phasedown hydrofluorocarboo$®

24 April 2016, at the conclusion of the ZAMe et i ng of the LeadeMaodbEcdhenesesent a:
Forum representatives frorh6 of themember countries expressistoad support foi and confidence in the
prospect ofi finalizing an HFC amendment in 201Barticipantgdalso] acknowledged the important role an
HFC phasedown would play in climate action, recognizing that the phasedown amendment would provide for
various types of fI®xibility in implementation.d

13 May 2016,theleaders of th&Jnited Statesnd the Nordicountries announceihdditional support through the
Protocol ds Mul til at er al mdndmerd forfite impleoantatdbg ndd e ptmmon t ed &
adopt a Montreal Protocol HFC phasedown amendment in &616.

16 May 2016,the G7 environment ministesse | comed @At he Dubai decision to add
Protocol, and support[ed] adoption of a Montreal Protocol HFC pthasavn amend mé¥ht in 2016. 0

27 May 2016,theG7 Leadersve | comed At he d e c iostreabRrotocohparibes to avork tdhagdressh e M
HFCs under the Montreal Protocol, and [support] adoption of an ambitious Montreal Protocol HF@Q@hase
amendment in 2016, and intend to provide additional support through the Multilateral Fund followingradopti
of an amendment for its i mplementation. o The G7 | ea
emissions of shotlived climate pollutants including black carbon, [HFCs], and methane to help slow the rate of
neart erm wa¥® mi ng. o

2 June 2016,at the conclusion of the®7Clean Energy Ministerial, energy ministers from 23 nations and the
European Uniomnnounced actions to accelerate global development and deplayifisuperefficient, smart,
climate friendly and affordable cooling technologiesiaal for prosperous and healthy societies furthering the
goals of the Montreal Protocci?®

7 June2016,l ndi a6 s P rNaremglra MadinandsUt Se Rresident Barack Obéimae s ol ved t o wor k
an HFC amendment in 2016 with increased financial support from donor countries to the Multilatered Fund
help developing countries with implementation,and ambi ti ous ph4sedown schedul e.

29 June2016,at the conclusiondf he Nort h Ameri c@andcadserBRi rBa mhhi ni st er
Me xi cods Pr esfiadNietn and B.8. iPiegjderd BaRek Obataanched a new North American
Climate, Clean Energy, and Environment Partnership afidned their commitmento reducingthe use of
HFCs domestically and fito adopt an ambitious and co
(HFCs) phasel o wn amendmé®ht in 2016. 0

29 June 2016at the conclusion of the Beijing520 Energy Ministerial Meetinghe ministersrecognized energy
efficiency as a longerm priority for the G2@ndadopted the new G20 Energy Efficiency Leading Programme
(EELP). The Ministers als@ncouraged interestegd20 and norG20c ountri es fit o phertici pat
additional key areagutlinedin the EEL® s u c h a -fficierh Equifnent and Appliances Deployment
initiative (SEAD)?%3

15 to 16 July 2016, at the resumed OEWG 3the Parties to the Montreal Protocol generated solutions for the
remaining challenges contained in thebBuPathway on HFC¥'including possible funding solutioR% non-
party trade provision$® exemption mechanisnts! the safety®® and energy efficiency of alternativé¥,
patents on production and u8&and the relationship between an HFC phdeen and HCFC phasut 30 At
the conclusion of OEWG 37The Parties agreed to open formal negotiations on an HFC amendment at OEWG
38302

18 to 21 July 2016, at the OEWG 38,the Parties to the Montreal Protocol continued to work in the HFC
Management Contact Group and betmoonsider the four amendment propo$#ihe Parties suspended the
OEWG 38 but allowed the contact group to continue working informally at the mardins35t Extraordinary
Meeting of the Paits (ExMOP3).3%*OWEG 38 will reconven& October 2016prior to MOP 28 in Kigali,
Rwanda3®

21 July 2016during a specially convened meeting of the CCAC
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EXMOP 3 in Vienna, Austria25 ministersfrom CCAC Partner countriesnd otherhigh-leve representatives

issued a Comuniqueil s t r o n g [ing] the adgppon of &an ambitious amendment to the Montreal Protocol

in 2016 that includesan early freeze and rapid action to phase down HF®sThe Communique also
Airecognize[d] the val ue -down withmeaputegtmienprové engrgy afficietdfrFo€ p ha s
HFC containing equipment. o

22 July 2016,Me xi co006s P r e ®eéfidNietot andELhS. iPrgsident Barack Obama reaffirmed their
icommit ment to adopt an a mb iPtotoiindroflaonodarb@ng phpsowrh e nsi v e
amendment in 2016

22 to 23 July2016,atthe EXMOP 3, which was attended by 35 environment ministez®arties to the Montreal
Protocol endorsed eange of solutions to thehallenges identified under the Dubai PathwayHFCs and
adopted a decision for the TEAP to prepare a report for MOBs28ssinghe climate benefits and financial
implications for theMLF of the schedules for phasing down HFCs in the amendment proposals discussed
during OEWG 38&nd ExMOP 3%

2 Augug 2016, The Republ i c PronkE MifsterLgeaHsienrLeobgsnd U.S. President Barack Obama
Aaffirmed their commi t ment t o wo r kydrefloorocardbanp HFCe)n a mb i
phasedown amendment in 2016 within the Montreal Protgmosuant to the Dubai Pathwa3s?

31 August 2016,at the second Indidl . S . Strategic and Commerci al Di al ogue
I ndiads Minister of State for Commerce and I ndustry,
firesolved to continue to work together to adopt a hydrofluorocarbon (HFC) amendment in 2016 with increased
financial support from donor countries to the Multilatdfall n daidd an ambitious phasedown schedufeler
the Montreal Protocol pursuanttothelda i P a’t®hway . 0

3 September 2016Chi nadés Presi dent Xi Jinping and U. S. Presid
countries had deposited their instruments of ratification for the Paris Agreérand further stated their
commitmentito work together ad with othergo reach agreement this year@anambitious and¢omprehensive
HFC amendment

fiThe United States and China commit to work together and with others to reach agreement this year on an
ambitious and comprehensive HFC amendment td/ibrtreal Protocol, including an early first reduction

step and early freeze date for Article 2 and Article 5 Parties respectively and an ambitiousipivase
schedule, with increased and adequate financial support from Article 2 Parties to help Artiakties P

with their implementation. The United States and China also intend to work together on critical research
regarding the safe use of flammable alternatives and commit to collaborate on enhanced domestic action to
reduce use of HFCs, improve efficienstandards, support policies to transform the air conditioning

mar ket, and remain active participants in .#he Clean

4 to 5 September 2016ahe leaders of the G20 met in Hangzhou, China, and announced #uttition to fulfilling
ther UNFCCC commitments, tefil ook f orward to successful out comes i
the Montreal Protocol and ¥he International Civil Orc¢

8 to 10 September 20168, he Paci f i ¢ F sed thahthé amertimentsshodldinclude an early freeze
date for HFC production and consumption followed by a rapid phase down of HR€g.also emphasized the
need to maximize the climate benefits of an HFC phase down by providing incentives to seauegothe
energy efficiency gains in appliances that c&h be act

22 September 2016a group of 105 countriesndorsedhe New York Declaration of the Coalition to Secure an
Ambitious HFC Amendmenstrongly suppoihg fithe adoption of an ambitious hydrofluorocarbon (HFC)
phasedown amendment at the upcoming October 2016 Meeting of the Parties to the Montreal Protocol in
Rwanda that includes an early first reduction step forAwticle 5 parties, anarly freeze date for Article 5
parties, and an ambitious phasedown schedule for all pétttes.

22 September 2016a group of 16 donor countriemnouned theywould fiprovide an additional $27 million USD
in 2017 to the Multilateral Fund if an ambitious HE@endment is adopted at the October 2016 Meeting of the
Parties with a sufficiently early freeze date for Article 5 parties to warrantst@st support for
implementatior®®'® On the same daw group of19 philanthrpic donorsannouncedhey wouldprovide %3
million USD to support the Article 5 countrieim improving energy efficiencyin parallel with an HFC
phasedowr!’
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12. Conclusion

Global HFC production and use is rising dramaticadlyy theassociatedHFC emissionscould addup to 0.5C of
additional warming by the end of tleentury.Markets are alreadgvoiding highGWP HFCs, in responge the

signals from the scierstis, customersand from thepolicy community, includingsignals from thegrowing list of

laws at the national and regional leyelhich often include trade meassr Companies that produckmatesafe
alternatives to HFCs are increasing their investment in alternatives and speeding their commercialization, and
companies thatre phasing out HCFCGse selecting climat&iendly alternativesather tharshifting into highGWP
HFCs.Just as the national bans, boycotts, and voluntary phaseouts of CFCs in the late 1970s and epdye®80s

the way for controls under the Montreal Protocol, similar actaowurring todayare paving the way for thdFC
amendment andreatingthe conditions for fast implementationhe agreement to finalize negotiations on an HFC
amendment in 2016 will pvide fast mitigation.
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A5 Parties
AR5
BASIC
BAU
BC
CAFE
CARB
CCAC
CFC
CGF
CH,
CO.
CO-eq
E.U.
G7

G8
G20
Gt
GWP
HCFC
HFC
HFO
ISEER
IGSD
I1SD
IPCC
LCCP
MEA
MLF
MOP
NGO

List of acronyms and abbreviations

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

Brazil, South Africa, India, and China

businessasusual

black carbon

corporate average fuel economy
California Air Resources Board

Climate and Clean Air Coalition to Reduce SHaxted Climate Pollutants
chlorofluorocarbon

ConsumelGoods Forum

methane

carbon dioxide

carbon dioxide equivalent

European Union

Canada, France, Germany, Italy, Japan, United Kingdoich United States
Canada, France, Germany, ltaly, Japan, Russia, United Kingdom, and United States
An internationafforum for the governments amentral banlgovernors from 20 major economies
gigatonne (billion tonnes)

global warming potential

hydrochlorofluorocarbon

hydrofluorocarbon

hydrofluoroolefin

Indian Seasondtnergy Efficiency Ratio

Institute for Governance & Sustainable Development

International Institute for Sustainable Development

Intergovernmental Panel on Climate Change

life-cycle climate performance

Multilateral EnvironmentAgreement

Multilateral Fund

Meeting of the Parties of the Montreal Protocol

nongovernmental organization

Non-A5 Parties developed country Parties to the Montreal Protocol

ODP
OEWG
ODS
PFC

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

ozonedepletirg potential

Openended Working Group of tHearties of the Montreal Protocol
ozonedepleting substance

perfluorocarbon

sulfur hexafluoride

Superefficient Equipment and Appliance Deployment Initiative

small island developing states

shortlived climate pollutantgblack carbonHFCs,methane, and tropospheric ozpne
Significant New Alternatives Policy Program at U.S. EPA

Technology and Economic Assessment Panel (of the UNEP Montreal Protocol)
United Nations

United Nations Environment Prograrem

United Nations Framework Convention on Climate Change

United States

United States Environmental Protection Agency

United States Department of Energy
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Appendix |
Decision XXVII/1: The Dubai Pathway on Hydrofluorocarbons®®

Recognizing he Montr eal Protocol s history of -bssedcauteosnes i n ac
and that hydrofluorocarbons (HFCs) are replacements for atepleting substances that parties to the Montreal
Protocol are already successfylliyasing out,

1. To work within the Montreal Protocol to an HFC amendment in 2016 by first resolving challenges by
generating solutions in the contact group on the feasibility and ways of managing HFCs during Montreal
Protocol meetings;

2. Torecognize therogress made at the Twergventh Meeting of the Parties on the challenges identified in the
mandate of the contact group agreed at the resumed-shitty meeting of the Opeanded Working Group
(listed in annex | to the present decision,) on the Wbdégi and ways of managing HFCs, including
development of a common understanding on issues related to flexibility of implementation, second and third
stage conversions, guidance to the Executive Committee of the Multilateral Fund for the Implementhgon of
Montreal Protocol, enabling activities for capadityilding and the need for an exemption for haghbient
temperature countries, and to endorse the concepts listed in annex Il to the present decision;

3. To recognize that further progress still nesalbe made, in particular with respect to other challenges identified
in the contact group mandate, for example conversion costs, technology transfer and intellectual property rights;

4. To hold in 2016 a series of Opended Working Group meetings and otheeetings, including an
extraordinary meeting of the parties;

5. To continue consideration at the meetings mentioned in paragraph 4 above of items 6 and 7 of the agenda for
the TwentySeventh Meeting of the Parties (UNEP/Ozl.Pro. 27/1), including the subndssit out in
documents UNEP/OzL.Pro.27/5, UNEP/OzL.Pro.27/6, UNEP/OzL.Pro.27/7 and UNEP/OzL.Pro.27/8);

Annex | to decision XXVII/1
Mandate for a possible contact group on the feasibility and ways of managing HFCs

The Operended Working Group of the Pari& the Montreal Protocol at its thirfifth meeting held in Bangkok

from 22 to 24 April 2015, a gr-sessbnalty iman infdinmhat mamneruolsidyc ont i n
the feasibility and ways of managing HFCs, including, inter alia, efeted challenges set out in annex Il to the

[report of the thirtyfifth meeting of the Opeended Working Group], with a view to the establishment of a contact

group on the feasibility and ways of managing HFCs at the tbixtih meeting of the Opeendel Wor ki ng Gr oup
(UNEP/OzL.Pro.WG.1/35/6, para. 128).

The informal meeting was convened on thel32f June in Vienna on the above mentioned basis.

The parties have recognised in their interventions the success of the Montreal Protocahatitlitens in phasing
out ODSs.

The management of HFCs is applicable to both A5 andAtoparties.
Parties agree that nothing should be considered agreed until everything is agreed.
Parties agree that they shall first resolve the challenges mentidoeddyegenerating solutions in a contact group.

1 Relevance and recognition of the special situation of developing countries and the principles under the
Montreal Protocol which have enabled sufficient additional time in the implementation of commitmé&s by
countries,

1 Maintain the MLF as the financial mechanism, and to agree that additional financial resources will be provided
by nonA5 parties to offset costs arising out of HFC management for A5 parties if obligations are agreed to. In
this regard, key ements for financial support from the MLF for A5 parties will be developed by the contact
group to provide guidance to the ExCom of the MLF, taking into account the concerns of parties,

1 The elements in paragraph 1(a) of decision XXVI/9 including IPR issues in considering the feasibility and the
ways of managing HFCs,

1 Flexibility in implementation that enables countries to set their own strategies and set their own priorities in
sectors ad technologies,

1 Exemption process and a mechanism for periodic review of alternatives including the consideration of
availability or lack of availability of alternatives in all sectors in A5 countries and special needs for high
ambient countries, based alhthe elements listed in paragraph 1(a) of decision XXV1/9,
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Relationship with the HCFC phase out,

Non-party trade provisions, and

Legal aspects, synergies and other issues related to the UNFCCC in the context of HFC management under the
MP,

Then, theparties will discuss in the contact group the ways of managing HFCs including the amendment proposals
submitted by the parties.

=A =4 =4

Annex Il of the report of the 35th Opended Working Group meeting
Challenges to be addressed

Energy efficiency

Funding regirements

Safety of substitutes

Availability of technologies

Performance and challenges in high ambient temperatures
Second and third conversions

Capacitybuilding

Nonparty trade provisions

Synergies with the United Nations Framework Conventionlonae Change (legal, financial aspects)
Relationship with the HCFC phaseit

Ecological effects (effects on fauna and flora)

Implications for human health

Social implications

National policy implications

Challenges to the production sector

Rates openetration of new alternatives

Exemptions and ways to address lack of alternatives
Technology transfer

Flexibility in implementation

=4 =8 =888 -0_0_0_0_8_0_9_9_9_49_49_-°9_-2_-2-
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Appendix Il
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 UNFCOC G Sdxfrategy was presented in a 2009 article written by Nobel Laureate
Mario Molina, Durwood Zaelkelk. Madhava Sarm&Stephen O. AnderseWeerabhadran Ramanath&Donald
Kaniary Reducingabrupt climate change risk using the Montreal Protocol and other regulatory actions to
complement cuts in G@missionsThe paper was written for theroceedings of the National Academy of Sciences
of the U.Sas the policy piece inPNAS Special Featumen 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 develagd countries and ten 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 bablearming in half and the rate of Arctic warming by two

thirds over the next several decades.

The HFCcomponenf this approach was updated in a November 2012 policy p&pengthening Ambition for
Climate Mitigation: The Role of the Montreal Protocol in Reducing Slvet Climate Pollutantsby Durwood
Zaelke, Stephen O. Andersen, & Nathan Borgieadnell inRECIEL, and the scienceomponentpresentedn a

June 2013 sciee paperThe role of HFCs in mitigating 21st century climate charneYangyangXu, Durwood
Zaelke,Guus J. M.Velders, and Veerabhadr&amanathan (26 Jar2013). Thepaper calculatethat mitigating
SLCPs can avoid 1.E of warming by enaf-century comparable to th&.1 C of warming that can be avoided by
aggressive CoOmitigation by endof-century. The paper calculates that by 2050 SLCP mitigation can avoid six
times more warming than aggressive Q@itigation 0.6 C from SLCP mitigation, compared &1 C from CO;,
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 Byamanathan publishefipril 2013 in NATURE CLIMATE CHANGE calculatesthat cutting
SLCPs can reduce the rate of 4@l rise quickly by about 25%, and when coupled with aggressive CO
mitigation, can double thidndividual contributionsto avoided sedevel rise by 2100 from different mitigation
actions are29% from CQ measures and 71% from SLCP measures (13% from HFC measures, 17% from black
carbon measures, and 41% from methane measuked)e Hu, Yangyang Xu, Claudia Tebaldi, Warren M.
Washington &Veerabhadran Ramanathé2013) Mitigation of shortlived climate pollutants slows sdevel rise

NATURE CLIMATE CHANGE 3:730734.

IGSD promotes the importance @ducing HFCs and other SLCP through scientific and policy publications, several
of which are listed below. IGSD also promotes the importance of SLCP mitigation in various policy venues, as well
as through the media. @gds by IGSD, and others, are listegldw, along with a list of Editorials iNature The
EconomistThe New York Time$he Washington PgsandBloomberg
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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.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

10.

11.

12.

13.

14.
15.

16.

17.

18.

IGSD Publications onHFCs and the Montreal Protocol

David G. Victor, Durwood Zaelke& V. Ramanathan (2013800t and shotlived pollutants provide political
opportunity NATURE CLIMATE CHANGE.

Guus J.M. Velders, David W. Fahey, JohrD@niel, StepherO. Andersen& Mack McFarland (2015Future
atmospheric_abundances and climate forcings from scenarios of global and regional hydrofluorocarbon
(HFCs) emissionsATMOSPHERICENVIRONMENT.

Nathan BorgforeParnell, Maxime Beaugrand, Durwood Zaelke, & Stephen O. Anders&rtoper 2015)
Phasing down the use of hydrofluorocarbons (HE@sBEIZING THE GLOBAL OPPORTUNITY, a report from the
New Climate Economy

Steve Seidel, Jason Y& Stephen O. Andersen (2015¢chnological Change In The Production Sector Under
The Montreal Protocql CENTER FOR CLIMATE AND ENERGY SOLUTION (C2ES) AND INSTITUTE FOR
GOVERNANCE& SUSTAINABLE DEVELOPMENT (IGSD).

Stephen O. Andersen (201Bgssons from thetratospheric ozone layer protection for climaje ENVIRON.
STUD. SCl.

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

Stephen O. Andersen & Nancy J. Sherman (20t importance of finding the path forward to climatde
refrigeration and & conditioning: thinking outside the box and without lim#sENVIRON. STUD. SCI.

PenelopeCanan Stephen O. Andersen, Nancy Reichm&nBrian Gareay2015 Introduction to the special
issue on ozone layer protection and climate change: the extraordinary experience of building the Montreal
Protocol, lessons learned, and hopes for future climate changésedfdENVIRON. STUD. SCI.

Marco Gonzalez, Kristen N. Taddonio, & Nancy J. Sherman (201B)e Mo nt r e a | Protocol
successes offer a pathway to the futdrENVIRON. STuD. ScClI.

Suely Carvalho, Stephen O. Andersen, Duncan Brack, & Nancy J. Sherman A&etdatives to HighGWP
HydrofluorocarbondGSD WORKING PAPER.

Stephen A. Montzka, Mack McFarlanStephen O. Andersen, Benjamin R. Miller, David W. Fahey, Bradley D.
Hall, Lei Hu, Siso Carolina, & James W. Elkins (201®ecent Trends in Global Emissions of
Hydrochlorofluorocarbons and Hydrofluorocarban®&eflecting onthe 2007 Adjustment to the Montreal
Protocol J.PHYS. CHEM.

Stephen O. Andersen, James A. Baker, Timothy Craig, & Sangeet H. Kapoor [2@L8)ew Business Case
for Secondary Loop Mobile A/C Syste(Bl-MACs) ATA ITALIAN TECHNICAL MAGAZINE. 67:1729.

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

Romina Picolotti (2013fFast and refreshindJNEPOUR PLANET: THE FUTURE ISPRICELESS

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

Stephen O. Andersen, Marcel L. Halberstadt, & Nathan BorgPamhell (2013)Stratospheric ozone, global
warming, and the principle of unintended consequericesn ongoing science and policy success story
JOURNAL OF THE AIR & 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
Corfederation of Indian Industry (201¥)ooling India with Less Warming: The Business Case for Phasing
Down HFCs in Room and Vehicle Air Conditioners

Mario Molina & Durwood Zaelk (2013)A comprehensive approach for reducing anthropogenic climate
impacts including risk of abrupt climate chang®aTe OF MOUNTAIN GLACIERS IN THE ANTHROPOCENE
Proceedings of the Working Group-4 April 2011, Paul J. Crutzen, Lennart Bengtsson & Veerabhadran
Ramanathan (eds) (Pontifical Academy of ScienBespta Varial18).
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http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2703.html
http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2703.html
http://www.sciencedirect.com/science/article/pii/S135223101530488X
http://www.sciencedirect.com/science/article/pii/S135223101530488X
http://www.sciencedirect.com/science/article/pii/S135223101530488X
http://2015.newclimateeconomy.report/wp-content/uploads/2015/10/Phasing-down-HFCs_final_web.pdf
http://www.igsd.org/wp-content/uploads/2014/10/patents-role-multilateral-fund.pdf
http://www.igsd.org/wp-content/uploads/2014/10/patents-role-multilateral-fund.pdf
http://link.springer.com/article/10.1007/s13412-014-0213-9
http://link.springer.com/article/10.1007%2Fs13412-014-0215-7
http://link.springer.com/article/10.1007%2Fs13412-014-0215-7
http://link.springer.com/article/10.1007/s13412-015-0230-3
http://link.springer.com/article/10.1007/s13412-015-0230-3
http://www.igsd.org/wp-content/uploads/2014/10/JESS_Introduction-to-the-special-issue-on-ozone-layer-protection-and-climate-change.pdf
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http://www.igsd.org/documents/HFCSharpeningReport.pdf
http://www.igsd.org/documents/HFCSharpeningReport.pdf
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http://www.unep.org/pdf/OP-2013-12-EN.pdf
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http://www.igsd.org/documents/air-conditioner-efficiency-IP.pdf
http://www.igsd.org/documents/air-conditioner-efficiency-IP.pdf
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19. Durwood Zaelke, Stephen O. Andersen, & Nathan BorgRachell (20125trengthening Ambition for Climate
Mitigation: The Role of the Montreal Protocol in ReducinbofLived Climate PollutantsREVIEW OF
EUROPEANCOMPLIANCE & INTERNATIONAL ENVIRONMENTAL LAW 21(3):231242.

20. Mario Molina & Durwood Zaelke (2012A Climate Successt@y to Build On UNEP OzONACTION,
PROTECTING OUR ATMOSPIERE FOR GENERATIONS O COME 25 YEARS OF THEMONTREAL PROTOCOL

21. Mario Molina, A. R. Ravishankara, & Durwood Zaelke (20241 the crossroadsUNEP OUR PLANET:
POWERING CLIMATE SOLUTIONS.

22. Romina Picolotti (December 201n equitable arrangementJNEP OUR PLANET: POWERING CLIMATE
SOLUTIONS.

23. Stephen O. Andersen & Kristen Taddonio (December 2didping the BalanceUNEP OzONACTIONGS
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24. Romina Picolotti (15 July 2010A Proposal to Change the Political Strategy of Developing Countries in
Climate NegotiationsInternational Institute for Sustainable Developmen8[) Multilateral Environmental
Agreement MEA) BULLETIN.

25. Mario Molina, Durwood ZaelkeK. Madhava SarmaStephen O. Andersenjeerabhadran Ramanath&n
Donald Kaniaru2009) Reducing abrupt climate change risk using the Montreal Protocol and other regulatory
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27. K. Madhava SarmaStephen O. Andersemurwood Zaelke, & Kristen Taddonio (2009Qzone Layer,
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SelectEditorials and Op-Edson HFCs and the Montreal Protocol

Editorials:

1. The Financial TimesiWe havesavet he pl anet onceq ©O32006)leyx 6s do it agai
2. The New York TimeEditorial, A Beepening Partnershipwithindia ( 14 June 2016)

3. Nature Edi Albrgaiheffreshaird (11 Nov 2015)

4. The EconomistEditorial Lofi-hanging dird (3 Oct 2015)

5. Washington Post& d i t oQan Baalil, folldfiv through on its ambitious climateg@®ls ( 3 July 2015)

6. Washington Bst,E d i t oUp in &hé Air: Ifilndia, Mr. Obama makes a start on a climate partnérship 2 8 J an

2015
7. The Newvork Times E d i A NewiChapter fofiAmericaandIndia ( 27 Jan 2015)
8. TheEconomic Times E d i LimarSunaniit; India should commit to boost energy efficiency( 10 Dec 2014
9. The Economist E d i PavigviaMoniredfi ( 20 Sept 2014)
10. The Washington Pqost d i t oThe gbbalizatiéin of pollutiold ( 28 Yan 2014
11. ThelnternationalNew York Times E d i €uwhing aaRotent Greenhouse Gas( 7 Jan 2014)
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1UNEP (2015)Decision XXVII/1: Dubai Pathway on Hydrofluorocarbons (HF(f#ecognize that further progress stiteds

to be made in particular with respect to other challenges identified in the contact group mandate, for example cont&rsion cos
technology transfer an;dee alstiNER (RO&GREPORT DF THETWBNDYESEVENYH MEETINGIOR TRE. O )

PARTIES TO THEMONTREAL PROTOCOL ONSUBSTANCES THATDEPLETE THEOZONE LAYER, UNEP/ OzL. Pro. 27/ 13, 25
Meeting of the Parties decides: * * * 1. Twork within the Montreal Protocol to an HFC amendment in 2016 by first resolving

challenges by generating solutions in the contact group on the feasibility and ways of managing HFCs during Montreal Protocol

me et i mgd&NEP News Centre (201B)Jontreal Protocol Parties Devise Way Forward to Protect Climate Ahead of Paris
COP21(AThe parties agreed to wor k t ogetHFEé amendment im 2006 by first Mo nt r
resolving challenges and generating solutions in the contact group on the feasibility and ways of managing HFCs at Montreal
Protocol meetings. This outcome was agreed after extensive negotiations during the 27th Mewmtiftaadfas (MOP27) to the
Protocol , hosted by the Government of the United Arab Emirat

2United Nations Framework Convention on Climate Change (28b8PTION oF THEPARIS AGREEMENT, FCCC/CP/2015/L.9
(AEmphasizing with serious concern the wurgent need to addre
mitigation pledges in terms of global annual emissions of greenhouse gases lan@G@2Yregate emission pathways consistent

with holding the increase in the global average temperature to well below 2 °C above preindustrial levels and pursaitieg effort

limit the temperature increase to 1.5 AC.0).

3 United Nations Framework Conventiam Climate Change (2013)DOPTION OF THEPARIS AGREEMENT, FCCC/CP/2015/L.9

(Al n order t dermatentpératuveegoal shteut ih Article 2, Parties aim to reach global gedlgneenhouse gas

emissions as soon as possible, recognizing that peaking will take longer for developing country Parties, and to unidertake rap
reductions thereafter in accordance with best available science, so as to achieve a balance betweegerintbrojssions by

sources and removals by sinks of greenhouse gases in the second half of this century, on the basis of equity, anekinothe cont
sustainable devel opment and efforts to eradicate poverty. o).

4 United Nations Framework Convention on rG¢ite Change (2015DOPTION OF THEPARIS AGREEMENT, FCCC/CP/2015/L.9

(A106. Resolves to ensure the RA2@perod, includimgdys T*5 (belginmelltPargeat i on e f
that have not already done so to make and implement a mitigation pledge under the Cancun Agreements; (c) Reiterating its
resolve, as set out in decision 1/CP.19, paragraphs 3 and 4, to accelerate the full implementation of the deslisidimg) ¢he

agreed outcome pursuant to decision 1/CP.13 and enhance ambition in20@@period in order to ensure the highest possible
mitigation efforts under the Convention by all/l Parties; o).

5HFCs belong to a family of factonypade gases incliry chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs),
used for air conditioning, refrigeration, foam insulation, and other specialized sectors. In 1975, atmospheric chensisasdolin
Rowland identified the potent stratospheric ozone degleeffects of CFCsSeeMolina M., & Rowland F. S. (1974)
Stratospheric sink for Chlorofluoromethanes: Chlorine A@atalyzed Destruction of Ozgne¥ATURE 249(5460):816812. This
was followed, wihin a year, by the discovery of the potent greenhouse gas effect of the halocarbeht &FCCFCEL2. See
Ramanathan V. (197%reenhouse effédue to chlorofluorocarbons: climatic implicatiorSci. 190(4209):5652.

6Velders G. J. Met al.(2012) Preserving Montreal Protocol Climat@enefits by Limiting HFGsSci. 335(6071):922023. The
high growth rates have been confirmed by atmospheric measurerSeseisfra.

“Velders G. J. M.et al. (2014) Growth of climate change commitments from HFC banks and emisgiomes. CHEM. PHYS.
Discuss 14:4563, 4568 il f, for exampl e, HFC production were to be phase
91i 146 GtCQ-eq of cumulative emission be avoidedm 2020 to 2050, but an additional bank of abolitt39GtCQ-eq could
also be avoided in 2050. 0) .2€f.Mhe20500t al s range from 130 to 210

8Xu Y., Zaelke D., Velders G. J. M., & Ramanathan V. (20I8% role of HFCs in mitigating 21st century climate change
ATMOS. CHEM. PHYS., 13:60836089.

9UNEP (1987)THE MONTREAL PROTOCOL ONSUBSTANCES THATDEPLETE THEOZONE LAYER ARTICLE 5: SPECIAL SITUATION OF
DEVELOPING COUNTRIES Under the original Montreal Protocol, developing countries consuming less than 0.3/kg CFC per capita
qualified under Article 5(1) for a grace period prior to controls. Subsequently, the Montreal Protocol was modified to provide
financing for the sexalled Article 5 Parties, and the list of Parties qualifying under Article 5 was adjusted to reflect the special
circumstances of various Parties. 147 Parties currently qualify under ArtiseeBNEP (2014)List of Parties categored as
operating under Article 5 paragraph 1 of the Montreal Protocol (considered as developing countries)

10 Speech,Shende R.2009 U. S . E BtratésphericOzone Protection and Climate Protection Awards (21 April 2009)
(AHumanity has already benefited by about 60% i mprovement in
started looking at their design in order to change from-CFC. andU;,S. E.P.A. (2002BUILDING OWNERS SAVEMONEY, SAVE

THE EARTH: REPLACE YOURCFC AIR-CONDITIONING CHILLER, 67 ( A T h e  maffisiént new ahillegs ywill reduce electric

generation and associated greenhouse gas emissions byupto 50%hor e compared to the CFC chille

I Note that the reduced energy use and indirect power plant emissions reductions are achieved through improvements in the
mechanical efficiency of the room air conditioning equipment and from the ingreffeciency of the new lovGWP
refrigerants.Shah N., Wei M., Letschert V., & Phadke A., (20EENEFITS OFLEAPFROGGING TOSUPEREFFICIENCY ANDLOW

GLoBAL WARMING POTENTIAL REFRIGERANTS IN AIR CONDITIONING, Ernest Orlando Lawrence Berkeley National Laboratory,

ES10 (A[ R]esults for the policies enacted in parallal are 1| o
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simply because the results are multiplicativel aot additive. i.e. the results from efficiency improvement are multiplied to the
results from refrigerant transition. For example an efficiency improvement of 30% along with a 5% improvement in efficiency
from refrigerant transition will result in a 334reduction in energy consumptiom ) .

12 Note that there is some limited overlap between the direct avoided emissions from the combined transition in the room air
conditioning sector and the avoided emissions from a full phasedown of ISR&is.N., Wei M.Letschert V., & Phadke A,

(2015) BENEFITS OF LEAPFROGGING TO SUPEREFFICIENCY AND Low GLOBAL WARMING POTENTIAL REFRIGERANTS IN AR

CONDITIONING, Ernest Orlando Lawrence Berkeley Natibbaboratory, ES9 ( AiWhi | e there is some uncer
emissions and growth projections, moving to efficient room air conditioning (~30% more efficient than current technology) in

parallel with lowGWP refrigerants in room air conditioningutd avoid upto ~25 billion tonnes of G@ 2030, ~33 billion in

2040, and ~40 billion in 2050, i.e. cumulative savings upto 98 billion tonnesahGO 2050. 0) .

13Shah N. et al (2016)CosTBENEFIT OFIMPROVING THE EFFICIENCY OFROOM AIR CONDITIONERS (INVERTER AND FIXED SPEED)

IN INDIA, Ernest Orlando Lawrence Berkeley National Laboratéé/17 (seeT a b | e 3, If éne goonsiders althree fiear
payback as a criterion for consunuast effectiveness, efficiency improvement of ISEER from 2.8 to over 5.2 ISEER is cost
effective depending on the assumptions about €ojts.

14 The New York Donor Declaration on an HFC Ammiedit to the Montreal Protoc¢l 2 2 Se pt e2aGnbuhge toflafi Guiv]
intent to provide an additional $27 million USD in 2017 to the Multilateral Fund if an ambitious HFC amendment is adopted at
the October 2016 Meeting of the Parties with a sufficieadisly freeze date for Article 5 parties to warrant-&att support for
implementatiord ) ee alsoPress Release, The White House Office of the Press Sectedaders from 100+ Countries Call for
Ambitious Amendment to the Montreal Protocol to Phase Down HFCs and Donors Announce Intent to Provide $80 Million of
Support( 2 2 S e p tConplene6ting tifefifundingnaounced by donor countries today, the following group of 19
philanthropists announced their intent to provide $53 million to Article 5 countries to support improvements in enezggyeffici

Barr Foundation; Bill Gates; Children's Investment Fund FoumdatClimateWorks Foundation; David and Lucile Packard
Foundation; Heisinggimons Foundation; Hewlett Foundation; John D. and Catherine T. MacArthur Foundation; Josh and Anita
Bekenstein; John and Ann Doerr; Laura and John Arnold; Oak Foundation; OpentHPbgg Project; Pirojsha Godrej
Foundation; Pisces Foundation; Sandler Foundation; Sea Change Foundation; Tom Steyer; and Wyss Foundation. This support
reflects a strong recognition from private philanthropists of the dual benefits associated witladakingage of the transition to

HFC alternatives to also improve energy efficiency. .

15 Solomon S. gt al. (2016) Emergence of healing in the Antarctic ozone lageneNce, Early publication, 112, 34 ( A The

ozone hole typically begins to open in August each year and reaches its maximum areal extent in October. Decreasals in the are
extent of the October hole are expected to occur in the 21st century as chemicalioesiawes, but cannot yet be observed
against interannual variability, in part because of the ext
September display shrinkage of 4.5 + 4.1 million?lower 20002 0 1 5 é . The model underesti mates |
hole size by about 15% on average, but yiRld£[3]mel abseavid
modeled day of year when the ozone hole exceeds a threshold val2enaiflion kn? is occurring later in recent years,

indicating that early September holes are becoming asdmal | er é.
i mplies that the hole is opening more slowly as the ozone | a
®The Montreal Protocol s Technology and EcoBGBWMmdct dAssed eme ntt

refrigerants with GWPs ofGWP®O0 rerfelt swdro wteiflrée gamad®ebsatwe t h (
Refrigerants with a GPW of ovef10 0 ar e c o fGWPder ed O6hi gh

17 Myhre G., et al. (2013) CHAPTER 8: ANTHROPOGENIC ANDNATURAL RADIATIVE FORCING, in IPCC (2013 CLIMATE CHANGE
2013:THE PHYSICAL SCIENCEBASIS, Working Group | Contribution to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change.

18 A, FortemsCheiney et al (2015ncrease in HFE134a emissions in response to the success of the Montreal Pratomol

GEOPHYSICAL RES.: AT™MOS., 120: 11,7281 1, 7 4 2, 11,734 (fAPost erd GgtyrinelBas doslb7otn5s r ange
Gg/yr in 2010é. These estimates are in excellent ag2eement w
Gg in 1995 to 153 Gg in 2010 who used the same NOAA and AGAGE networks and additional observatito(iad.dthe

aircraft campaigns Hiapdtoleto-Pole of Carbon Cycle and Greenhouse Gases Study HIPPO over the Pacific Ocean) to derive

gl obal emi ssions for these yearsé.[T]his is al soighyetlsi st ent
[2014], ranging, respectively, from 22 Gg in 1995 to 168 and

19NASA (2015 FACTSHEET. OZONE DEPLETION BY HYDROFLUOROCARBONS 1 (i Ozone depl etion potenti
range from 0.39x13 to 30.0x163, approximately, 100 times larger than previous ODP estimates that were based solely on
chemical effects. Per unit mass, GEC causes about 400 times momone depletion than the HFCs, while HGEZ causes 8

ti mes more ozone depletioné. Reducing HFC emissions, and thu
stratosphere, lessening the temperature and circulation responses and Iting r@zone depletion. Hence, emerging HFC

species that have low atmospheric concentrations, short lifetimes, and are weak radiative forcing agents would have
proportionately smaller iimpacts on str at ok lp,WNewmarcP. & ILiFmat e and
Mlawer E., CadyPereira K., & Bailey R. (2015Dzone depletion by hydrofluorocarborideopHys REs. LETT. 42(20):8686

8692.

20 Hurwitz M. M., Fleming E. L., Newman P. A., Li F., Mlawer E., CaBgreira K., & Bailey R. (2015Dzone depletion by
hydrofluorocarbonsGeEopPHYs REs. LETT. 42(20):86868 6 92 ( fil n tedades, CRCs,HCRC#, hatoes amtl other ezone
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http://onlinelibrary.wiley.com/doi/10.1002/2015GL065856/abstract
http://onlinelibrary.wiley.com/doi/10.1002/2015GL065856/abstract
http://onlinelibrary.wiley.com/doi/10.1002/2015GL065856/abstract

depleting substances (ODSs) caused large stratospheric ozone losses, most prominently in the Antarctic-G.e,lthe ®od Aoz on e

hol eo) . These compounds contai n c hlndovnrinehe gti@tbsphera, thd Clamd Bb r o mi n €
atoms deplete ozone via catalytic loss cycles. é Noreef that, b
the heating response to HFCs closely resembles that of the CFCs (i.e., with mdeating ~18 km altitude) but is different

thanthatof CQ( wi t h tropospheric warming and stratospheric cooling)

Figure 1 (thick black line, lower panel) shows that the total column ozone response to HFCs is approxXird@t&ly ¢0.10

DU) in 2050. The ozoneesponse to HFCs results from temperature and circulation changes; sensitivity simulations show that

35% of the global mean total ozone change is driven by temperature changes (i.e., temperature impagibase gas
heterogeneous reactions) whilethe mai nder is driven by circulation changes. 0) .

2L For example, HF@43a has a maximum ODP of 0.0056, compared to HCFC which has a maximum ODP of 0.0@&e

Hurwitz M. M., Fleming E. L., Newman P. A, Li F., Mlawer E., Cadgreira K., & Bailey R. (200)50zone depletion by
hydrofluorocarbonsGeEoPHYs REs. LETT. 42(20):86868692, Table 1; and UNEP OzoneAction (20H8FC Controlled Under
the Montreal Protocol

22Velders G. J. Met al.(2012)Preserving Montreal Ratocol Climate Benefits by Limiting HFCScl. 335(6071):92P923.

23U.S. EPA (2014)NVENTORY OF U.S. GREENHOUSEGAS EMISSIONS AND SINKS: 19907 2012, Table ES2 (between 2005 and

2012, U.S. HFC emissions from the substitution of ozone depleting substances increased sged@iZgMontreal Protocol
Technology and Economic Assessment Panel (20@9k FORCE DECISION XX/8 REPORT. ASSESSMENT OFALTERNATIVES TO

HCFGCs AND HFCs AND UPDATE OF THETEAP 2005 SupPLEMENT REPORT DATA; Velders G. J. M.gt al. (2009) The large
contribution of projected HFC emissions to future climate forciPRpc. NATG. AcaD. Sci. U.S.A. 106(27):10949, 10949

(A[ T] he gr owt heseicompodirelsBFCd] is bhased ot GDP and population (8, 12). However, the new scenarios
incorporate more recent information suchiasapid observed growth in demand, substantiated by atmospheric observations, for
products and equipment using HCFCs arCH in developing countries (s€& Tex]; (ii) reported increases in consumption of
HCFCs in developing countriesijii] replacemen patterns of HCFCs by HFCs as reported in developed countigs; (
accelerated phaseout schedules of HCFCs in developed and developing countrigsjramdages in reported use of HEG4a

in mobile AC in devel opandPhadked., Adbyankdr N.p& Shah Nxvooung 100NEw RBoweR ) ;
PLANTS BY INCREASING EFFICIENCY OFROOM AIR CONDITIONERS ININDIA: OPPORTUNITIES ANDCHALLENGES, Lawrence Berkeley
Nati onal Laboratory at 9 (AThe example of China is illumina
ownership as a result of rising incomes and urbanization. The saturation of airarendith urban China went from nearly zero

in 1992 to about 100% by 2007 i.e. within a span of 15 years [3]. . . . [W]e believe that the AC ownership in India taesay wi
similar growth. o).

24 According to the World Resources Instit@émate Analysis Indicators TogCAIT), COz-eq emissions of fluorinated gases

(f-gases), which include HCFCs, HFCs,sSd PFCs, in China increased by 111% between 2000 and 2005 (and 2,775%
between 1990 and 2010), comparea 8% increase in GO8% increase in methane, and 6% increase®. ICFC and HFC

emissions increased by 78% in India over the same period, compared to 19%,fa0%dor methane, and 6% foe®. HCFC

and HFC emissions in the U.S. increased by 30%vdmt 2000 and 2005 compared to 1.5% for,,CGDd a 5% decrease in

methane and #0. According to the U.S. EPA (2014Yable ES2, U.S. HFC emissions from the substitution of ozdepleting

substances grew by nearly 41% between 2005 and 2012, and HFCs are the only greenhouse gases that saw total emissions
increase between 2011 and 20E2J. CQ-eq emissions of HFCs increased by 298% between 1990 and 2012, and are the only
greenhous gases, measured by £€ emissions, that have increased every year over that period. According to the Australian
Governmentds 2011 submission to the UNFCCC, HFC emi ssions 1in
only other two greenhgse gas emissions to increase over that period wepea@®NO, which increased 46.3% and 36.1%
respectively. Australian Government (2018YSTRALIAG SIXTH NATIONAL COMMUNICATION ON CLIMATE CHANGE: A REPORT

UNDER THE UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE; see alsoEuropean Environment Agency (2014)

ANNUAL EUROPEANUNION GREENHOUSE GASNVENTORY 19907 2012AND INVENTORY REPORT 2014 No 9/2014;and Fang X.,et

al. (2016)Hydrofluorocarbons (HFCs) emissions in China: an invenfory?2005 2013 and projections to 205BNVIRON. Scl.

TECHNOL., Just Accepted Manuscript, DOI: 10.1021/acs.est.5b04376

25The high growth rates of HFCs have been validated by two atmospheric measurement groN@AAhEarth Systems
Research Laboratoryand the NASA sponsoreddvanced Global Atmospheric Gases ExperiméAGAGE). AGAGE
measurements of HFC34a conentrations in particular show that atmospheric concentrations have increased-5§0388
between 2000 and 2018eeMontzka, S. A.et al. (2014)Recent Trends in Global Emissions of Hydrochlorofluorocarbons and
Hydrofluorocarbond Reflecting on the 2007 Adjustment to the Montreal ProfatdHys. CHEM. (ASAP); AGAGE (2014)
HFC-1343 and NOAA (2014) MAUNA LoA, Hawall, UNITED STATES HFC-134A TiME SERIES Working Group | of the IEC
Fifth Assessment Report relies upon both of these groups to show increasing emissions of synthelieehmstrann, D.L.et

al. (2013 OBSERVATIONS ATMOSPHERE AND SURFACE, in IPCC (2013)CLIMATE CHANGE 2013:THE PHYSICAL SCIENCE BASIS,
Figure 2.4.

26 Montzka, S. A..et al. (2014) Recent Trends in Global Emissions of Hydrochlorofluorocarbons and Hydrofluorocdrbons

Reflecting on the 2007 Adjustment to the Montreal ProfdcBHYs.CHEM. ( ASAP) 119(19):4439, 4439 (AH
magnitudes relateth this substitution totaled 0.51 ("0.03, +0.04) Gt&&@/y in 2012, a magnitude about two times larger than

emissions reported to the United Nations Framework Convention on Climate Change (UNFCCC) for these HFCs. Assuming
accurate reporting to the UNFCCéhe results imply that developing countries (#omex | Parties) not reporting to the

UNFCCC now account for nearly 50% of global HFC emissions used as substitutes fodeglating substances (ODSSs).

Global HFC emissions (as G@q) from ODS substition can be attributed approximately equally to mobile air conditioning,
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commerci al refrigeration, a n dnd FahgeX., et al.ni201®)fHyd@fludrocaobbnis FCs) appl i c at
emissions in China: an inventory for 20@913 and projections to 205BNVIRON. Sci. TECHNOL., Just Accepted Manuscript,

DOI : 10.1021/ acs.est.5b04376 (AA cosApnexliceuntmes (ma@nyvdevelopingt he HFC
countries) f0 20102012 wi th those from China est i madtegaeamissions acchuntfor st udy
~35% of total emissions in nednnex | countries in 204@012. In other words, significant HFC emissions are indeed coming

from developing counteis other than China. By comparing estimates for the two period$ 200 and 2012012, we find that

HFC CQ-eq emissions from other developing countries have increased by ~30%. The uncertainty in our estimated emissions

from China could indeed beequive nt t o those from other nations with smaller

27 A. FortemsCheiney et al (2015ncrease in HFE134a emissions in response to the success of the Montreal Pratamel
GEOPHYSICALRES.: ATmMO0sS., 120: 11,72B1 1, 7 4 2, 11,735 (AThe posterior i fl%ant ory hi
source, contributing at least 45% of the global emissions since 1995. Our posterior U.S. emissions are higher tharemost of th
prevous studies for the years 20@50 0 7 é . In 2005, we infer emissions 62% higher
24 Gglyr) than the 35 Gg/yr of Stohl et al. [2009] (starting from a prior of 57 Gg/yr). Our posterior U.S. estimatesnaneealso

than 2 times larger than the HRAB4a emissions estimated from aircraft measurement campaigns in 2004 and 2006 by Millet et

al. [2009] and higher than the estimates of 43 Gg/yi §2p of Manning and Weiss [2007] for year 2006 and of 43 + 6 Gg/yr of

Barlettaet al. [2011] for 2008. The more comprehensive suite of data used here compared to these studies (e.g., measurements
only from the THD stations for Manning and Weiss [2007]) may

28 A. FortemsCheiney et al (2015ncrease in HFE134a emissions in response to the success of the Montreal Pratamel
GEOPHYSICALRES.: ATmOs,, 120: 11,7281 1, 7 4 2, 11,740 (AU.S. emi s semizgioss, appeartb t o a |
have drastically increased since 1995 (from 10 to 71 Gg/yr in 2010 and from 4 to 37 Gg/yr in 2010, respectively). Driven by
these enhancements, the global HE3Zla emissions have reached the unprecedented level of 167 + 5 Gg/yr.itHa0&ver,

the regional growth rates have slowed down since 1995 over developed countries, with a rate of +5%/yr for the U.S.r +4%l/yr fo
Europe, and near zero for Japan over 22030. On the contrary, the Chinese emissions, although currently lowed tBaand
European emissions, appear to grow at a rate of +20%/yr since 2005. Due to the growing demand for vehicles in Asia (269
vehicles per thousand people in 2030 [Davis et al., 2012; WARD, 2010]), thel BdCemissions could potentially continue to

rise significantly in the near future [Velders et al., 2009; Su et al., 2015], unless this species is phased out by ah@gnegion

ments (e.g., Directive 2006/40/EC of the European Union or North American HFC-gihaseamendment proposal [EPA,
2014])0 ) .

29Velders G. J. Mgt al. (2012) Preserving Montreal Protocol Climate Benefits by Limiting HF6s. 33 5: 92 2, 922 (AT
current contribution to climate forcing of HFCs used as ODS substitutes is about 0.012 W/m2 . . . In -aangepscenario,

gl obal radiative forcing from HFCs increases frSemlsosdbout 0.0
FortemsCheineyet al (2015) Increase in HFE134a emissions in response to the success of the Montreal Praloosl

GEOPHYSICAL REs.: ATmos., 120: 11,72811,742, 11,28 (AWhil e posing no thrd¥aisto stra
nevertheless of concern because of its long fifee, combined with a relatively high global warming potential (GWP) of 1500

over the 100 year horizon [Forster et al., 2007; Harris et@14]2 Indeed, the HF@34a contribution to atmospheric radiative

forcing has grown from negligible in 1995 to 12 + 0.2 mW/m2 in recent years [Rigby et al., 2014] following the sharp emission

rise over this period. Within current scenarios of continued EifSsion growth, its contribution to the radiative forcing of the

climate system could be equivalent il9% of carbon dioxide emissions by the year 2050 [Velders et al., 2009; Daniel et al.,
20111 .0) .

30Xu Y., Zaelke D., Velders G. J. M., & Ramanathan(2013) The role of HFCs in mitigating 21st century climate change
ATMOS. CHEM. PHYs. 13:60836089; see alsoHare B.et al (2012) CLOSING THE 2020 EMISSIONS GAR |SSUES OPTIONS AND
STRATEGIES andRamanathan V. & Xu Y(2010)The Copenhagen Accord for limitinégpgal warming: Criteria, constraints, and
available avenue$roc. NATG. AcAb. Sci. U.S.A.107(18):80558062(The Ramanathan & Xu study was the first to model the
climate benefit of HFC mitigation in combination with SLCPs,>C&nd other londived greenlouse gasep

3tvelders G. J. M.et al. (2014) Growth of climate change commitments from HFC banks and emis&ionss. CHEM. PHYS.

Discuss14: 4563, 4568 (fAThe annual HFC emi s s i-rangesannuaCO;emissions cenar i o
(RCP8.5) in 2050 and 75% for i@ s cenar i o wi t h st r o nsge alsdJNEP ¢28111)HRCs1 AGRREAP 3 PD) 0) ;
LINK IN PROTECTING CLIMATE AND THE OzONE LAYER i A UNEP SyNTHESIS REPORT, and Montzka S. A. (2012HFCs in the

Atmosphere: Concentrations, Emissions, ImpaA8HRAE. Some countries will likely see larger growth in annual emissions.

For exampl e, Chinaés HFC emissions are pr opgmessionseuddertaddAlbe equi
scenario in 2050Fang X.,et al. (2016) Hydrofluorocarbons (HFCs) emissions in China: an inventory for 28033 and

projections to 2050ENVIRON. ScI. TECHNOL., Just Accepted Manuscript, DOI: 10.1025ast.5b04376 A Under t he HFC B/
Scenari o, the pr opozetgi cems safi 0@ xiemissidrsC(RigUreCE8a® Wer@ Estimated to increase

from |l ess than 1% in 2010 to more than 15% in 2050, reveal i
Chinadts total GHG emi ssions. 0).

32Velders G. J. M.et al. (2014) Growth of climate change commitments from HFC banks and emissionss. CHEM. PHYS.

Discuss 14:4563,456 il n t hese scenar i o$64GiCO-ey cdinpated With arkanrigaOoemission od 3 9

12174 GtCQ-eqyfti n 2050 (Table 2). So, the estimated HFC bank sizes
worthof CQ-eq emi ssions in 2050 for the scenarios compared here. 0)

33Velders G. J. M.et al. (2014) Growth of climate change commitments from HFC banks and emissionss. CHEM. PHYS.
Discuss 14:4563,4568 il n t hese scenar i o$64GtCOG-ey coinpated With arkanngaDoemissiot od 3 9
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1274 GtCQ-eqyfli n 2050 (Table 2). So, the estimated HFC bank sizes
worthof CQ-eq emi ssions in 2050 for the scenarios compared here. 0)

34Velders G.J. M. et al. (2009) The large contribution of projected HFC emissions to future climate foréirgc. NATA.

Acap. Sci. U.S.A. 106(27):1094910954. A 2015 peer by Velderset al. presents estimates of regional emissions using new
sources of data for regions and sectors and new assumptions about market saturation premised on western temperate climate
rather than the hotter and more humid climates typical ofyndaweloping countries where refrigeration and air conditioning

growth will be highest; both HFC busineasusual scenarios (Velders et al., 2009 & 2015) should be considered as lower limits

of future HFC emissions. The avoided warming from an HFC phawe dalculated in Xuet al. (2013) would be even larger

without the assumption about market saturation, and might be slightly smaller with earlier market saBeaVeiders G. J.

M., Fahey D. W., Daniel J. S., Andersen S. O., & McFarland M. (2BLE)re atmospheric abundances and climate forcings

from scenarios of global and regional hydrofluorocarbon (HFC) emissibngos. ENVIR. 123:200209.

35Xu Y., Zaelke D., Velérs G. J. M., & Ramanathan V. (20IB)e role of HFCs in mitigating 21st century climate change
ATMOS. CHEM. PHYs., 13:60836089; see alsoHare, B.et al (2013) CLOSING THE 2020 EMISSIONS GAR ISSUES OPTIONS AND
STRATEGIES

36Velders G. J. M.et al. (2014) Growth of climate change commitments from HFC banks and emisAiomss. CHEM. PHYS.

Discuss 14:45634 572 (dal f for exampl e, the HFC production were to b
emissions avoided wddibe about 91146 GtCQ-eq from 2020 to 2050, while a bank of about @9 GtCQ-eq is also avoided
in 2050, an additional beneyt to climate protection of about

$7Velders G. J. M.et al. (2014) Growth of climate change commitments from HFC banks and emisAionss. CHEM. PHYS.

Discuss 14:4563,4563 il f, for exampl e, HF C pr o @iosteadiofo2850,wa ongy couldabdue phase
91i 146GtCQ-eq of cumulative emission be avoided from 2020 to 2050, but an additional bank of a@tzREQ-eq could

also be avoided in 2050.0).

38 Davis S. J. & Socolow R. H. (201@Qommitment Accounting of GEmissionsEnvTL. RES.LTRS. 9,119, 4 (A The point
view is from 2012, a 4Qear lifetime is assumed for all generators, and all fossil-fiued electricitygenerating units
(6generatorsé) that were built globally between 1950 and 201
total 629 (508761) Gt CQ (light green area; only the central estimate reflecting-se0 lifetime is shown), of which 322 Gt

COz were realized emissions by 2012 (black area), and 307 4892 Gt CQ were remaining commitments as of 2012 (dark

green area). The error estimates in parentheses here are for assumed lifetimes of 30 and 50 yeadsnpedderitgalong with

the results of assuming lifetimes of 20 and 60 years). Thus, the range of estimated remaining commitments ini 28925{192

C(Q) assigns an uncertainty of 40% to our central estimate of 307 &t GQ .

39 United Nations Framework @eention on Climate Change (2014poPTION OF THEPARIS AGREEMENT, FCCC/CP/2015/L.9,
(AEmphasizing with serious concern the wur geantte neefefde ctto odd dPrae
mitigation pledges in terms of global annual emissions of greenhouse gases by 2020 and aggregate emission pathways consistent
with holding the increase in the global average temperature to well below 2 °C above preindustriahdepalsing efforts to

limit the temperature increase to 1.5 AC,0).

40 Zaelke et al. (2014). Prepared by Dr. D. Fahey based upon UNEP (20&2)MONTREAL PROTOCOL AND THE GREEN

ECONOMY: ASSESSING THE CONTRIBTIONS AND CO-BENEFITS OF AMULTILATERAL ENVIRONMENTAL AGREEMENT, andVelders G.

J. M., et al. (2014) Growth ofclimate change commitments from HFC banks and emissfomgs. CHEM. PHYS. Discuss

14:4563 457. Internal citations: (1) Velders G. J. Met al. (2007) The importance of the Montreal Protocol in feoting

climate PrRoc. NATG.. AcaD. Sci. U.S.A. 104(12):48144819; (2) Velders G.J.Met al. (2007) THE IMPORTANCE OF THE

MONTREAL PROTOCOL IN PROTECTING CLIMATE, in THE MONTREAL PROTOCOL, CELEBRATING 20 YEARS OF ENVIRONMENTAL
PROGRESY2007)ed.Kaniaru D. (Cameron May, London), UK; (3) UNFCCC (20COM Insights: Project Activitiegdata as of

30 April 2014) (The CDM Secretariat projects that 3,790,067,617 CERs are available for all 2540 project activities through th

end of the current credtiig period; however, based upon past rates of issuance, the Secretariat estimates that only 2,946,111,824

will be issued.); (4) Velders G. J. Mt al. (2009) The large contribution of projected HFC emissions to future climate fgrcing

Proc. NATG.. AcAD. Sci. U.S.A.106(27):1094910954. (Estimates are for direct emissions and do not include indirect benefits

from improvements in energy efficiency or other lifecycle emissions reducti@ee)alsdNorld Meteorological Organization

and UNEP Scientific Assessment of Ozone Depletion: Za04September 2014) (Thiwo-year effort by 280 scientists from 36

countries calculates that the success of the Montreal Protacpluhéhe stratospheric ozone layer on the path to recovery in the

next few decades; that it also has provi deeatuivaléni emigsioespeni t i gat i
year, which is about five times larger than the annual emissiduction target for the first commitment period (ZQ08.2) of

the Kyoto Protocol o; and that the high growth rate of HFCs t

41Xu Y., Zaelke D., Velders G. J. M., & Ramanathan V. (2018¢ role of HFCs in mitigating 21st century climate change
ATMmOS. CHEM. PHYS. 13:60836089.

42Xu Y., Zaelke D., Velders G. J. M., & Ramanathan V. (20I8# role of HFCs in mitigating 21st century climate change

ATMOS. CHEM. PHYS. 13: 6083, 6087 (AGiven the | imited knowd)ekge regar
absolute value of projesti temperature at the end of$2dentury is also uncertain (vertical bars in Fig. 3), but the relative
contribution of HFC to reducing the warming is still signifi
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“Hu A, et al. (2013) Mitigation of shortlived climate pollutants slows séevel rise NATURE CLIMATE CHANGE 3(8):730734,
732.

4 Hu A., et al. (2013)Mitigation of shorilived climate pollutants slows séavel rise NATURE CLIMATE CHANGE 3(8):730734,
732.

45The SLCP percentages are derived from Fig. 2C inatal., (2013)Mitigation of shortlived climate pollutants slows sea
level rise NATURE CLIMATE CHANGE 3(8):730734;, see alsolGSD Press Release (14 April 2018educing Air Pollution,
Chemical Coolants Can Quickly Cut Seavel Riseandaccompanying summanf Hu, et al's stug.

46 De Larminat P. (2013pevelopment of Climate Friendly Alternatives for Chillépsesentation at Bangkok Technology

Conference, 29 June 2013 (Al n practi ce, the share of indirect emissions
70% to more than 98% depending on the application. o).
47 Speech,Shende R2009 U. S . E $tratésphericOzone Protection and Climate Protection Awards (21 April 2009)
(AHumanity has already benefited by about 60% i mprovement in

started looking at their design in order to change from-CFLC. aldU;S. E.P.A. (2002BUILDING OWNERS SAVEMONEY, SAVE
THE EARTH. REPLACE YOURCFC AIR-CONDITIONING CHILLER, 67 ( A T h e  maffisiént new ahillegs ywill reduce electric
generatonmd associated greenhouse gas emissions by up to 50% or

48U.S. EPA (2002)BUILDING OWNERS SAVE MONEY, SAVE THE EARTH: REPLACE YOUR CFC AIR CONDITIONING CHILLER, 2
(ABuilding owners around the world have saved millions of o
install ations and through concurrent i nvest mgonetlsird dressr educe |
electricity compared to those produced just two decades ago. Building owners can typically pay back the investment cost of
replacing an old CFC chiller in five years or less in virtually all locations that cool for more than thréesnonda ywmdar . 0) ;
Todesco G. (2005CHILLERS + LIGHTING + TES: WHY CFC CHILLER REPLACEMENT CAN BE ENERGY-SAVINGS WINDFALL,
ASHRAEJoURNAL 47(3):18,18( i T h e s e llel8 Bewe an lestimated 3.4 billion to 4.7 billion ft2 (315 million to 440 million

m?) of commercial floor space with a total electricity consumption of 49,000 to 66,000 GWh/year, and an annual electricity
operating cost of $3.4 billion to $4.8 billiom &ddition, the cooling and lighting loads in these buildings contribute an estimated

3,600 to 9,200 MW to the summer peak demand of North American utilities. The electricity consumption and peak electrical
demand can be reduced significantly by repladimg remaining CFC chillers with new efficient plants. The performance of
chillers has improved significantly in the | ast 12 years com

4% Press Release, York Internationdbking the bite out of CFC replacement by improving air conditioning efficiéhty

Febr uar yNow thad @oductioriothlorofluorocarbon§CFCs) has ended, the majority of commercial and institutional
building owners and industrial plant managers have a chance to turn adversity into oppdrhatisythe premise of a white

paper being offered by York International Corp., a major manufacaf chillers-- the largerefrigerationmachines at the heart

of most largebuilding airconditioning systems. While there's no escaping eventual replacement or conversion of the 60,000 or
more airconditioning systems in the U.S. that use CFCeaiigerants the good news, according to York International, is that

the energy efficiency of these systems can be dramatically improved with new technology, meaning quicker paybacks and long
term cost savingsThe savings, in fact, have been calculated t@eametween $200,000 and $2 million, depending on local
weather conditions, over a 3®&ar operating lifé& ) .

50U.S. EPA (2002BUILDING OWNERSSAVE MONEY, SAVE THE EARTH: REPLACE Y OUR CFCAIR CONDITIONING CHILLER, 7.

51 GEF (2009)CHILLER ENERGY EFFICIENCY PROJECT, 4 (AGiven <chill ers noftmeadtal epergg 0 N s ume
consumption in | arge commerci al buildings and industrial est
efforts in reaching its goal and also in raising awareness of the potential energy savings in large enemecorns . 0 ) .

52 UNEP & CCAC (2014)Low-GWP ALTERNATIVES IN COMMERCIAL REFRIGERATION PROPANE, CO» AND HFO CASE STUDIES,

30 (Forexampl e, in one of the case studies, Ait is projected the
to a baseline store. Of the 85% reduction, 58% is attributable to reduced energy use while the remaining 27% is atitibeitable
direct emi ssions avoided by wusing propane as the refrigeran
ATMOsphere (2014ATMOSPHEREASIA 2014SUMMARY REPORT.

53 Press Release, The White House Office of the Press Sectetaders from 100+ Countries Cabif Ambitious Amendment to
the Montreal Protocol to Phase Down HFCs and Donors Announce Intent to Provide $80 Million of S@@pSept 2016)
( A [grolip of donor countries and philanthropists announced their intent to provide $80 million in supplpricmuhéries in
need of assistance (i.e., Article 5 countries) implement an ambitious amendment and improve energy éffjciency.

54 Consumer Goods Forum (2008)cCESSSTORIESABOUT HFC-FREE REFRIGERATION AND ENERGY EFFICIENCY: BARRIERS AND
SOLUTIONS, 7.

55 Consumer Goods Forum (2008)cCESSSTORIESABOUT HFC-FREE REFRIGERATION AND ENERGY EFFICIENCY: BARRIERS AND
SOLUTIONS, 7.

5%6Shah N., Wei M., Letschert V., & Phadke A., (20 BENEFITS OFLEAPFROGGING TOSUPEREFFICIBRCY AND Low GLOBAL

WARMING POTENTIAL REFRIGERANTS INAIR CONDITIONING, Ernest Orlando Lawrence Berkeley National Laboratoryhile

there is some uncertainty associated with emissions and growth projections, moving to efficient room air conditioning (~30%
more efficient than current technology) in parallel with low GWP refrigerants in room air conditioning could avoid up to ~25
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billion tonnes of CQin 2030, ~33 billion in 2040, and ~40 billion in 2050, i.e. cumulative savings up to 98 billion tonneg of CO
by 20500 ) .

57Shah N., Wei M., Letschert V., & Phadke A., (20 BENEFITS OFLEAPFROGGING TOSUPEREFFICIENCY ANDLOW GLOBAL

WARMING POTENTIAL REFRIGERANTS INAIR CONDITIONING, ErnestOr | ando Lawrence Berkeley Nati on:
world room air conditioner market is growing fast with increasing urbanization, electrification, rising incomes and ifalling a
conditioner prices in many developing economies. We estimate an addii@® million units will be added to the global AC

stock by 2030 and 1.6 billion by 2050 under current trends. In the absence of policy to mitigate the impact of thist ggowth, i

expected to have a largeale impact on electricity generation capacityl geak load particularly in economies with hot
climates, and contribute significantly to GHG emissions. 0) .

58 Shah N., Wei M., Letschert V., & Phadke A., (20 BENEFITS OFLEAPFROGGINGTO SUPEREFFICIENCY ANDLOW GLOBAL

WARMING POTENTIAL REFRIGERANTS INAIR CONDITIONING, Ernest Orlando Lawrence Berkeley National LaboratSge also

Natural Resources Defense Council (20B2h a s k a r Deol Guest Bl og: Reducing Del hiés
Efficiency( Two recent studies, one baharashtra Electricity Regulatory Commiss(MERC), and another by n d Buaeas

of Energy Efficenc{ BEE) , show that AC power demand for ms MERCIstudynds shar
pegs power demand from ACs at 40% of the total demand for the city of Mumbai in a peak summer mtrelB&tel study

estimates that a staggering 60% of peak demand is used updypaird i t i amdhTaea Econanic; TimesAir Conditioner

Sales Soar up to 30 percefit4 June 2013) (AThe sizzling summer magr have ma
conditonerma ker s are | aughing all the way to the bank with sales

59 Phadke A., Adhyankar N., Shah N. (2014Yoiping 100 NEw POWER PLANTS BY INCREASING EFFICIENCY OF RooM AIR

CONDITIONERS IN INDIA: OPPORTUNITIES ANDCHALLENGES, Lawrence Berkeley National Laboratory, at1§ , Table 4 (AW
estimate that about 30% of the urban households are likely to own a room air conditioner by 2020 an8%atzoatlikely to

own a room air conditioner by 2030.0).

60Shah N., Wei M., Letschert V., & Phadke A., (20 BENEFITS OFLEAPFROGGING TOSUPEREFFICIENCY ANDLOW GLOBAL

WARMING POTENTIAL REFRIGERANTS INAIR CONDITIONING, Ernest Orlando Lawrence Berkeley National Laborat@8/( i F o r

example, air conditioning represents about 30% of current and forecasted summer load in warm climates such as California,
about 4660% of the total summer &al on typical summer days in metropolitan areas in hot climates like Delhi, India compared

to typical winter days and can even triple summer | oad in ve

61Shah N., Wei M., Letschert V., & Phadke A., (20 BEINEFITS OFL EAPFROGGING TOSUPEREFFICIENCY ANDLOW GLOBAL
WARMING POTENTIAL REFRIGERANTS INAIR CONDITIONING, Ernest Orlando Lawrence Berkeley National Laboratory.
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WARMING POTENTIAL REFRIGERANTS INAIR CONDITIONING, Ernest Orlando Lawrence Berkeley Natibbaboratory.

63Shah N., Wei M., Letschert V., & Phadke A., (20 BENEFITS OFLEAPFROGGING TOSUPEREFFICIENCY ANDLOW GLOBAL

WARMING POTENTIAL REFRIGERANTS INAIR CONDITIONING, ErnestOrlando Lawrence Berkeley National Laboratory, 26 As can

be seen from Table 10, economies with larger AC markets (and therefore larger AC stocks) have a higher estimated peak load
reduction. For example estimated peak load reduction from efficiency impemteand refrigerant transition in China and India

are 132 310GW and 3T71GW in 2030 respectively. This is equivalent to avoiding building-&8D mediurssized 500MW

peak power plants in China and-880 mediursized 500MW peak power plants in India regpely. This scale is comparable

to Indiads renewable energy capacity targets of SeEQdsGW of SO
Phadke A., Adhyankar N., Shah MyoIiDING 100NEw POWERPLANTS BY INCREASING EFFICIENCY OFROOM AIR CONDITIONERS
IN INDIA: OPPORTUNITIES ANDCHALLENGES, Lawrence Berkeley National L aihgs fromt or vy, 1

Room AC efficiency improvement in India using the best available technology will reach over 118 TWh in 2030; potential peak
demand saving is found to be 60 GW by 2030. This is equivalent to avoiding 120 new coal fired power plants of 500 MW
eacho )see alsoWhite House Office of the Press Secretdfgct Sheet: The United States and Indi&trategic and Global
Partners( 27 Se pt e niemand f@ @ph& roolifigprimarily for air conditioner§ 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 shedding. The neundizSCollaboration on Smart

and Efficient Air Conditioning and Space Cooling is intended to advance policies and innovation to drive mass deployment and
rapid uptake of higkefficiency cooling equipment and technologies to capture significant energy savings, potentially avoiding
the need to build as many as 120 | arge power plants. o).

64 Shah N.et al (2013)CoOLING THE PLANET: OPPORTUNITIES FORDEPLOYMENT OF SUPER-EFFICIENT ROOM AIR CONDITIONERS,

Lawrence Berkeley National Laborato89( " As s hown a Kbofor enost enondmiegBSEERs European Seasonal

Energy Efficiency Ratio) of aar 6 W/W are attainable at costs (to the consumer) of conserved electricity between 5 and 15 cents

per kWh. In economies with a higher cost of capital (i.e. discount/interest rates) such as Brazil, or low hours of sse such a
Mexico or China, higher effieihcy ACs carry a larger cost of conserved electricity, when compared to India or UAE. For
countries such as Japan where ACs are used for both heating and cooling, and India or UAE, where ACs are used for many hours
annually, very high ESEERs are attainable | ow cost per unit of electricity saved. 0
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66 Shah N..et al (2016)CoST-BENEFIT OFIMPROVING THE EFFICIENCY OFROOM AIR CONDITIONERS(INVERTER AND FIXED SPEED)

IN INDIA, Ernest Orlando Lawrence Berkeley National Laboratdg/( i Ho we v er |, sever al studies trac
trends over time have shown that efficiency of appliances and their components improves over time while the tomioegacon

decline. Forexamplejn Japan, between 1995 and 2008, efficiency improved by 180% while prices dropped by over 50 % in real
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