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 I. Introduction 

1. Sections II and III of the present addendum provide a summary of further work completed 

since the preparation of the note by the Secretariat on issues for discussion by and information for the 

attention of the Twenty-Seventh Meeting of the Parties to the Montreal Protocol 

(UNEP/OzL.Pro.27/2) and before 6 October 2015. They include new information on the final 

recommendations of the Technology and Economic Assessment Panel on critical-use nominations; the 

executive summary of the updated report on decision XXVI/9 on alternatives to ozone-depleting 

substances; additional information on organizational issues in relation to the Panel; and a summary of 

the key findings of the synthesis of the 2014 quadrennial assessment of the three assessment panels.  

2. Section IV contains additional information and updates on matters that the Secretariat would 

like to bring to the parties’ attention. 

 II. Overview of items on the agenda for the preparatory segment  

(1–3 November 2015) 

 A. Issues related to exemptions from Articles 2A–2I of the Montreal Protocol  

(item 4 of the provisional agenda for the preparatory segment)  

  Nominations for critical-use exemptions for 2016 and 2017 (item 4 (b) of the provisional 

agenda for the preparatory segment)  

3. After the thirty-sixth meeting of the Open-ended Working Group of the Parties to the Montreal 

Protocol on Substances that Deplete the Ozone Layer, additional information was submitted by a 

number of nominating parties. The Methyl Bromide Technical Options Committee finalized its 

evaluation of the critical-use nominations taking into consideration all the additional information 

submitted. The report containing the final recommendations was posted on the Ozone Secretariat 

website on 1 October 2015.  

4. The final recommendations of the Panel are set out in the table below. The reasons given by 

the Committee for not recommending the nominated amounts for some parties are summarized in the 

footnotes to the table where relevant. The parties may wish to consider the final recommendations and 

prepare a draft decision for consideration by the Twenty-Seventh Meeting of the Parties.  
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Summary of the nominations for 2016 and 2017 critical-use exemptions for methyl bromide 

submitted in 2015 and final recommendations of the Methyl Bromide Technical Options 

Committee  

(Metric tonnes) 

Parties not operating under 

paragraph 1 of Article 5 and 

sector 
Nomination 

for 2016 

Final 

recommendation 

Nomination 

for 2017 

Final 

recommendation 

1. Australia 

Strawberry runners 
   

29.760 [29.760] 

2. Canada 

Strawberry runners 

   

5.261 [0]a 

3. United States of America 
Cured pork 

   

3.240 [3.240] 

Total   38.261 [33.000] 

a The new information submitted clarified the situation with regard to groundwater, but there is still a lack of 

evidence on efforts to secure alternatives, as required by decision IX/6. The results of the trials with substrates and 

the reasons for not allowing chloropicrin (Pic) on Prince Edward Island in particular in methyl bromide/Pic 

formulations are unclear. 

 
Parties operating under 

paragraph 1 of Article 5 and 

sector 
Nomination 

for 2016 

Final 

recommendation 

Nomination 

for 2017 

Final 

recommendation 

4. Argentina 
Strawberry fruit 

Green pepper and tomato 

 

58.000b 

75.000c 

 

[58.000] 

[71.250] 

  

5. China 

Ginger open field  

Ginger protected 

 

90.000 

24.000 

 

[78.750]d 

[21.000]e 

  

6. Mexico 
Raspberry nursery 

Strawberry nursery 

 

56.018 

64.960 

 

[41.418]f 

[43.539]g 

  

7. South Africa 

Mills 

Structures 

 

13.000 

68.600 

 

[5.462]h 
[68.600] 

  

Total 449.578 388.019   

b
 After bilateral discussions, the nomination was adjusted by Argentina from 77 to 58 metric tonnes, conforming to 

the Committee’s standard presumptions for methyl bromide use with barrier films. 
c
 After bilateral discussions, the nomination was adjusted by Argentina from 100 to 75 tonnes to conform to the 

standard presumptions for the use of methyl bromide without barrier films. However, the Committee considered that 

alternatives were available for a portion of the nominated use, such as solarization and grafting methods for certain 

pests, and taking into account the time needed to adopt those technologies, the nomination has been reduced by 

5 per cent. 
d, e

 The nominated quantity has been reduced after adjusting the dosage rate from 40g/m
2 
in the nomination to 35g/m

2
 

in conformity with the Methyl Bromide Technical Options Committee’s standard presumptions for methyl bromide 

use with barrier films. 
f, g

 The reduction was based on decision Ex.I/4, in accordance with which an increase in exemptions is permitted only 

under unforeseen circumstances. The recommended amounts are equal to approved amounts for 2015. 
h
 Based on a dosage rate of 20g/m

3
 in the Methyl Bromide Technical Options Committee’s standard presumption for 

mill treatment and total space volume of 136,540m
3
 being fumigated twice per year, a reduced amount is being 

recommended. 

 B. Issues related to alternatives to ozone-depleting substances (item 5 of the 

provisional agenda for the preparatory segment)  

  Report by the Technology and Economic Assessment Panel on the full range of alternatives 

to ozone-depleting substances (decision XXVI/9, subparagraphs 1 (a)–(c)) (item 5 (a) of the 

provisional agenda for the preparatory segment) 

5. The task force of the Technology and Economic Assessment Panel finalized its updated report 

on alternatives to ozone-depleting substances, taking into account the guidance provided by the parties 

during the thirty-sixth meeting of the Open-ended Working Group (UNEP/OzL.Pro.27/2, annex I). 

The final report was posted on the conference portal for the Twenty-Seventh Meeting of the Parties on 

1 October 2015. The executive summary of the final report is set out in annex I to the present 
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addendum. The parties may wish to consider the final report of the Panel and discuss any appropriate 

action. 

 C. Potential areas of focus for the assessment panels’ 2018 quadrennial 

assessments (item 9 of the provisional agenda for the preparatory segment) 

6. Under agenda item 9, the parties may wish to discuss the potential areas of focus for the next 

quadrennial assessment. It is expected that the European Union will submit revised proposals on the 

issue for consideration by the preparatory segment. In addition to the main topic, parties may wish to 

consider appointing a new Co-Chair of the Scientific Assessment Panel (see UNEP/OzL.Pro.27/2, 

para. 38).  

7. Furthermore under this agenda item, the parties may wish to consider the addendum to the 

2015 Technology and Economic Assessment Panel report, volume 1, progress report, submitted by the 

Panel and posted on the conference portal for the Twenty-Seventh Meeting of the Parties on 1 October 

2015. The addendum to the progress report is on organizational matters and the recommendations 

contained therein are set out below:  

8. Recommendations. the Technology and Economic Assessment Panel is recommending the 

following to strengthen its ability to provide necessary support to the parties, and provides further 

background information below: 

(a) In recognition of the challenges to the Chemicals Technical Options Committee and 

Medical Technical Options Committee, the Panel would like the parties to consider forming a single 

new technical options committee from the existing Chemicals Technical Options Committee and 

Medical Technical Options Committee, to be called the Chemicals and Medical Technical Options 

Committee; 

(b) The Panel understands that the terms of appointment of the existing co-chairs of the 

Chemicals Technical Options Committee and Medical Technical Options Committee would expire 

upon the establishment of the new technical options committee. The Panel recommends that the parties 

consider appointing Helen Tope, Keiichi Ohnishi and Jianjun Zhang as co-chairs of the Chemicals and 

Medical Technical Options Committee for a period not exceeding four years; 

(c) The Panel wishes to inform the parties that the outgoing Medical Technical Options 

Committee co-chairs, Jose Pons Pons and Ashley Woodcock, have agreed to provide support to the  

co-chairs of the newly proposed Chemicals and Medical Technical Options Committee for a period of 

time, anticipated to be about a year. The Panel believes that making such support available to the new 

Chemicals and Medical Technical Options Committee will help to ensure a smooth transition and 

avoid some of the difficulties experienced by co-chairs in the past; 

(d) The Panel has sought, but has not yet received, nominations for co-chairs of the 

Flexible and Rigid Foams Technical Options Committee. As allowed under its terms of reference, and 

after consultation with the appropriate party, the Panel proposes to appoint temporary co-chair(s) to 

the Flexible and Rigid Foams Technical Options Committee from among its bodies as an interim 

measure until the Twenty-Eighth Meeting of the Parties in order to assist in the transition period to 

new co-chairs and to maintain continuity of work. As for the outgoing co-chairs of the Medical 

Technical Options Committee, the outgoing co-chairs of the Flexible and Rigid Foams Technical 

Options Committee, Paul Ashford and Miguel Quintero, have agreed to provide support to the new  

co-chairs of that Committee for a period of time to allow for a smooth transition to non-temporary  

co-chairs; 

(e) The Panel requests that the parties consider creating an enduring funding mechanism 

for the Panel so that it can remain ready to provide the outputs that the parties need in future.  

  III. Overview of items on the provisional agenda for the high-level 

segment (4 and 5 November 2015) 

  Presentations by the assessment panels on their synthesis of the 2014 

quadrennial assessments (item 3 of the provisional agenda for the high-level 

segment) 

9. The synthesis of the 2014 quadrennial assessment of the Scientific Assessment Panel, the 

Environmental Effects Assessment Panel and the Technology and Economic Assessment Panel was 

finalized and posted on the Ozone Secretariat website on 5 October 2014. A summary of the key 
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messages and highlights is set out in a table prepared by the Secretariat, without formal editing 

(see annex II). 

 IV. Matters that the Secretariat would like to bring to the parties’ 

attention  

 A. Thirtieth anniversary of the Vienna Convention in 2015 and International 

Ozone Day on 16 September 2015 

10. The Ozone Secretariat conducted the “Precious ozone” digital campaign and outreach 

activities to commemorate the thirtieth anniversary of the Vienna Convention for the Protection of the 

Ozone Layer and this year’s International Day for the Preservation of the Ozone Layer on 

16 September under the theme “30 years of healing the ozone together” which was supported by the 

slogan “Ozone: all there is between you and UV.”  

11. The outreach activities included the dissemination of ozone-related messages and campaign 

products, such as videos, three dimensional images, animations and interactive web tools, through the 

Secretariat’s website, the United Nations Environment Programme (UNEP) digital channels and other 

outlets. The Secretariat reached 521,562 people through a Facebook campaign conducted by the 

International Institute for Sustainable Development and 344,292 people through UNEP and other 

United Nations social media outlets. On Ozone Day, the “Ozone Song”, a musical animation and one 

of the key campaign products, was performed live by children from Ford Primary School and 

members of the South Devon Singers in the United Kingdom of Great Britain and Northern Ireland in 

front of the National Marine Aquarium, the country’s biggest aquarium, and by the Central Jazz East 

Africa band at UNEP headquarters in Kenya. The Ozone Secretariat also participated in a two-day 

celebration of Ozone Day in China, including an international seminar on green cooling and heating 

technologies, energy efficiency and emission reduction and a high-level commemoration event.  

12. Parties to the Vienna Convention and the Montreal Protocol organized award ceremonies to 

recognize individuals and organizations for their efforts in the protection of the ozone layer as well as 

art competitions among students, musical events, seminars, lectures, training workshops and panel 

discussions on radio and television stations, among other activities, to commemorate the thirtieth 

anniversary of the Vienna Convention and Ozone Day 2015. Reports and materials submitted by 

various parties are posted on the Ozone Secretariat’s website (http://ozone.unep.org/en/ 

30th-anniversary-vienna-convention-and-international-ozone-day-2015). 

 B. Workshop on Carbon Tetrachloride, Dübendorf, Switzerland, 

4–6 October 2015 

13. Carbon tetrachloride (CCl4 or CTC) is a major ozone-depleting substance and greenhouse gas. 

However, estimates of CTC sources and sinks as identified in the various reports of the Technology 

and Econmic Assessment Panel and as reported by the parties are inconsistent with abundance 

observations (Scientific Assessment of Ozone Depletion: 2014). Recent work suggests that the 

emission estimates and CTC lifetime differ greatly from those contained in the most recent assessment 

by the Scientific Assessment Panel (2014). To address these discrepancies, a workshop entitled 

“Solving the mystery of carbon tetrachloride” was held in Dübendorf, Switzerland, from 4 to 6 

October 2015. The workshop, which was attended by experts in the fields of science, industry and 

technology, was held under the auspices of the Stratosphere-Troposphere Processes and their Role in 

Climate (SPARC) project of the World Climate Research Programme. The workshop was hosted by 

the Swiss Federal Laboratories for Materials Science and Technology (Empa) and the sponsors of the 

workshop included Empa, the National Aeronautics and Space Administration of the United States of 

America, SPARC, the Swiss National Science Foundation and the Ozone Secretariat. 

14. The main findings of the workshop are set out below: 

(a) New industrial estimates based upon known global CTC production are in 

closeagreement with emissions reported by the parties to UNEP. While reported production estimates 

to UNEP are accurate, fugitive emissions are non-zero but are not large enough to close the CTC 

budget discrepancy; 

(b) Top-down estimates based on high-frequency, ground-based and airborne 

measurements indicate continued significant emissions of CTC in the northern hemisphere from 

industrial regions; 

http://ozone.unep.org/en/%0b30th-anniversary-vienna-convention-and-international-ozone-day-2015
http://ozone.unep.org/en/%0b30th-anniversary-vienna-convention-and-international-ozone-day-2015
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(c) Revisions to ocean and soil lifetimes indicate that losses of CTC are slower than 

previously estimated. This narrows the gap between the top-down measurements and  the bottom-up 

estimates of emissions based on UNEP-reported data; 

(d) Observations based upon air trapped in snow (firn air) and ice cores have been used to 

construct time histories of CTC. These data show that pre-1900 natural emissions are small. 

15. The workshop made significant progress in closing the CTC top-down and bottom-up budget 

discrepancy. A full report on the workshop is being drafted and will be sent to the parties aroundJune 

2016. The report will include new research presented at the workshop, along with the main findings 

and research recommendations. 
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Annex I 

Executive summary of the decision XXVI/9 update task force report 

on additional information on alternatives to ozone-depleting 

substances1  

  ES1. Introduction 

 In response to Decision XXVI/9, this September 2015 report provides an update from TEAP 

of information on alternatives to ozone-depleting substances listed in June 2015 XXVI/9 

report. The report provides updates considering the specific parameters outlined in the current 

Decision for various sectors and sub-sectors of use. As these parameters were similar to past 

Decisions (XXIV/7 and XXV/5), TEAP followed the same methodological approach, where 

no quantitative threshold or importance of one parameter over others was necessarily assumed.  

 With a specific focus on the refrigeration and air conditioning (R/AC) sector, particularly the 

dramatic, growing demand for this equipment in Article 5 Parties and the resulting increased 

refrigerant demand, the report also provides further consideration on topics related to energy 

efficiency and ongoing testing programs on the viability of low-GWP options at high ambient 

temperature conditions. It is important reiterating that decisions on the selection of alternative 

technologies may vary depending on the sector being addressed, and the outcomes, even 

within the same sector, may be very different depending on the local conditions. Ultimate 

alternative selection has to be made on a case-by-case basis. 

 This September 2015 update report provides revised scenarios of avoiding high-GWP 

refrigerants to include updated assumptions on the GWP of the alternatives to be used and 

considers how the start date for conversion (2020 versus 2025), and the length of conversion 

(6 years versus 12 years) affect climate and overall costs. Technology transitions that coincide 

with other process upgrades are more likely to occur, and be more cost-effective. The costs 

will be lowest with early implementation of R/AC manufacturing options that avoid high-

GWP refrigerants. The scenario analyses indicate that by either delaying and/or extending the 

conversion period, the climate impacts and overall costs will be increased. Once conversion 

has taken place, the increased costs relate to continuing servicing needs for the extended 

period. Both early and rapid manufacturing conversion would reduce overall costs and 

minimize climate impacts.  

 Finally, this September 2015 update report also provides further, new information on the 

alternatives listed in the previous Decision XXV/5 report for the fire protection sector, metered 

dose inhalers (MDIs), other medical, and non-medical aerosols sectors.  

 The following section ES2 provides key highlights of this report, and sections ES3 to ES9 

further elaborate on the highlights and provide the technical summaries of the report’s main 

chapters. 

  ES2. Key highlights  

 Refrigerant options: New information on existing refrigerant options has been obtained from 

assessments of additional reports and publications. Updates include the following: 

 Information is presented on 70 fluids under consideration for testing in industry test 

programs or proposed for inclusion in standards, with emphasis on the commercial 

refrigeration and stationary AC subsectors.  

 By 2020 about 75% of new domestic refrigeration production will use HC-600a. 

 In supermarket refrigeration systems CO2 system costs are decreasing, and strong 

growth is continuing.  

 Split AC systems using HFC-32 are being commercialized in Japan and other 

countries. HCFC-22 equipment production capacity is being converted to HC-290 in 

China and HFC-161 is being tested there. 

                                                           
1 The document has not been formally edited by the Secretariat. 
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 Revised R/AC scenarios: The revised scenarios in this report include new assumptions on the 

GWPs of alternatives to be used and an analysis on the impact of the conversion period of new 

manufacturing  

 MIT-3: conversion of new manufacturing by 2020 (start in Article 5 Parties)  

 MIT-4: same as MIT-3 with delayed conversion of stationary AC to 2025  

 MIT-5: conversion of new manufacturing by 2025 (start in Article 5 Parties) 

 These scenarios for the R/AC sector were cross-checked against the best estimated global 2015 

production of the four main high-GWP HFCs, used in the R/AC sector. 

 BAU predicts a large growth in the demand for HFCs between 2015 and 2030 for the R/AC 

sector (i.e., 300% further increase in Article 5 Parties, mainly in stationary air conditioning). 

 The longer the conversion period, the greater the climate impacts (see MIT-3 from 6 to 

12 years) and the overall costs because of continuing servicing needs. 

 The later the conversion starts, the greater the climate impact and overall costs. MIT-3 

assumes that conversion in all sub-sectors starts in 2020, MIT-5 assumes that conversion starts 

in 2025. In terms of overall climate impact, the total integrated HFC demand for the R/AC 

sector in Article 5 Parties over the period 2020-2030 has been estimated in the different 

scenarios. The approximate values are: 

 BAU:  16,000 Mt CO2 eq. 

 MIT-3:  6,500 Mt CO2 eq. 

 MIT-4:  9,800 Mt CO2 eq. 

 MIT-5:  12,000 Mt CO2 eq. 

 Total estimated costs for the manufacturing conversion alone in Article 5 Parties are estimated 

at  

 MIT-3:  US$ 2300 ± 310 million 

 MIT-4:  US$ 3010 ± 370 million 

 MIT-5:  US$ 3220 ± 430 million 

 Servicing provides an additional cost, estimated at US$ 40-60 million per three year period for 

MIT-3, US$ 100-150 million per three year period for MIT-5.  

 The proportion of costs for the conversion of new manufacturing in MIT-3 (more or less the 

same in case of MIT-5) in Article 5 Parties are estimated to be 78% for stationary air 

conditioning, 7% for commercial industrial and transport refrigeration, and 11% for mobile air 

conditioning. 

 High ambient temperature conditions: Designing for high ambient temperature conditions 

needs special care to avoid extreme operating conditions, which would complicate meeting 

minimum standards. This report details advantages and limitations of the available refrigerants 

suitable for use in high ambient temperature conditions. Four separate testing projects are 

assessing refrigerant performance at high ambient temperature conditions. Data will not 

become available until late in 2015.  

 Fire protection, Metered Dose Inhalers (MDIs), other medical and non-medical aerosols: 

Even with the halon transition well underway for new installations in fire protection (with the 

exception of civil aviation), some reliance on high-GWP HFC solutions is expected for the 

foreseeable future. Similarly, at present, it is not technically or economically feasible to avoid 

HFC MDIs, even though all classes of drugs are available in Dry Powder Inhalers (DPIs). 

While consumption of HFCs in non-medical and technical aerosols sector is the third largest 

after the R/AC and foams sectors, low-GWP propellants and solvents are commercially and 

widely available, and “not-in-kind” alternatives are commercially available where they are 

suited for the purpose. 
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  ES3. Status of ODS alternatives in refrigeration, air conditioning and heat 

pumps applications  

 The options for replacing ODS and high-GWP refrigerants have not changed since the 

finalization of the XXV/5 Task Force report in October 2014 and the completion of this 

XXVI/9 (update) Task Force report. Nevertheless, new information on these existing options 

has been obtained from Parties and assessments of additional reports and publications.  

 In summary, in the period available for the development of this report the following updates 

are highlighted: 

 Information is presented on 70 fluids under consideration for testing in industry test 

programs or for inclusion in the ASHRAE 34 and ISO 817 standards, including 

recently published thermodynamic data for 11 of the fluids taking part in the high 

ambient test programs (with 5 of these refrigerants proposed to replace HCFC-22, 

while 6 are proposed to replace R-410A). 

 The testing activities of unsaturated HFCs (HFOs), and blends containing these 

compounds, continue to be carried out in many companies, independent laboratories, 

and systems manufacturers. 

 Special test programs are being performed with a focus on high ambient temperature 

conditions. 

 Some refrigerants have now been assigned a refrigerant number and their composition 

now publicly disclosed.  

 Regarding R/AC applications, the main points are: 

o Domestic refrigeration: No new ODS alternatives have emerged. By 2020 

about 75% of new production is predicted to use HC-600a. 

o Commercial refrigeration: No new ODS alternatives have emerged; hydro-

carbons are being used in condensing units for smaller capacities; in 

supermarket refrigeration systems there is confirmation of the strong growth in 

CO2 systems; information is available that CO2 system costs are decreasing.  

o Transport refrigeration: blends containing unsaturated HFCs are considered to 

play a role for retrofitting and new systems, and non-conventional eutectic 

systems are becoming more applied.  

o Air conditioners: Split systems using HFC-32 are being commercialized in 

Japan and other countries; a wide range of blends containing unsaturated HFCs 

are also being proposed. Split units using HC-290 have been available in 

Europe and Australia, and are in production in India. HCFC-22 equipment 

production capacity is being converted to HC-290 in China and HFC-161 is 

being tested there. 

o MAC: Industry is now reporting more testing data on the blend R-445A. 

  ES4. BAU and mitigation demand scenarios  

 Decision XXV/5 requested an assessment of various scenarios of avoiding high-GWP 

alternatives to ODS, and the TEAP Task Force report which responded to that Decision 

provided projections for high-GWP HFC use for BAU, and two mitigation scenarios (MIT-1 

and MIT-2), for R/AC and foams sectors, and for non-Article 5 and Article 5 Parties. MIT-1 

and MIT-2 assumed a phase-out date of 2020 for the use of high GWP substances in 

manufacturing for most R/AC sub-sectors. The XXVI/9 Task Force is unaware of any 

significant technical uptake that would require a complete revision of these parameters in the 

scenarios. However, the XXVI/9 Task Force has revised the scenarios for the R/AC sector to 

include the following new assumptions: 

 specific GWPs for specific low-GWP refrigerants and an average GWP of 300 for a 

range of low-GWP refrigerant blends of which a number are expected to be used;  

 manufacturing conversion periods of 3 years for non-Article 5 Parties, and 6 years for 

Article 5 Parties;  

 conversion commencing in 2020 to make the MIT-3 scenario, and delayed conversion 

of manufacturing for all sub-sectors to 2025 to make a new scenario, MIT-5. The 
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scenario MIT-4 considers the specific delay of manufacturing conversion in the 

stationary AC sector and can be considered as an “intermediate” one.  

 In the preparation of this report, these scenarios (in principle for the R/AC sector only) were 

cross-checked against current estimated HFC production data that became available in May 

2015 (June XXVI/9 TF report) and shortly thereafter. Estimates made for the 2015 global 

production of the four main HFCs2 are presented in the table below; it shows an upper limit 

for the combined totals of about 475 ktonnes 

Chemical Best estimate for global HFC production 

in year 2015 (ktonnes) 

HFC-32 94 

HFC-125 130 

HFC-134a 223 

HFC-143a 28 

 

 BAU: Over the period 2015-2030, the revised BAU scenario shows a 50% growth in the 

demand for high GWP HFCs in non-Article 5 Parties, and an almost 300% growth in Article 5 

Parties, particularly in the stationary AC and commercial refrigeration sub-sectors, where the 

stationary AC sub-sector is the important one for determining the total HFC demand for the 

(four) main HFCs. The total demand is calculated to be about 510 ktonnes for the year 2015 

for these four HFCs.  

 By 2030, under a BAU scenario, the high-GWP HFC demand for the R/AC sector, expressed 

in CO2 eq., is expected to be 25-30 times larger than the HFC demand for foams. 

 In terms of overall climate impact, the total integrated HFC demand in Article 5 Parties over 

the period 2020-2030 has been determined. The approximate values are: 

 BAU:  16,000 Mt CO2 eq. 

 MIT-3: 6,500 Mt CO2 eq.; a 60% reduction to BAU (2020-2030) 

 MIT-4: 9,800 Mt CO2 eq.; a 40% reduction to BAU (2020-2030) 

 MIT-5: 12,000 Mt CO2 eq.; a 30% reduction to BAU (2020-2030) 

Different percentages (for the reduction to BAU) can be calculated for different time periods (other 

than 2020-2030) for these three mitigation scenarios.  

 The MIT-3 and MIT-5 scenarios are given for all Parties, but focus on demand in 

Article 5 Parties:  

 MIT-3 substantially reduces the high-GWP HFC demand compared to BAU since it 

addresses all manufacturing conversions in all R/AC sub-sectors as of 2020. As 

manufacturing with high-GWP refrigerants is phased down, the servicing demand 

becomes dominant. The stationary AC sub-sector is determining the HFC demand.  

 MIT-5 delays manufacturing conversion of all sub-sectors, including the rapidly 

expanding stationary AC sector from 2020 until 2025, so that HFC demand initially 

rises, but then falls as of the year 2025. Servicing rises substantially as a consequence, 

and persists for much longer than MIT-3. MIT-5 defers the conversion periods for 

R/AC sub-sectors and shows the impact of the pertaining servicing needs as a result. 

 The following is also of importance:  

 MIT-3 results in a reduction of about 80% in the year 2030, if compared with BAU, 

down to a level of 400 Mt CO2-eq. (on a BAU 2030 total of about 2,030 Mt CO2-eq.). 

 By shifting the start of the conversion of all sectors including stationary AC to the year 

2025 in the MIT-5 scenario, the reduction in HFC demand, if compared to BAU, is 

reduced to 1,200 Mt CO2-eq. in the year 2030, to the level of 850 Mt CO2-eq. per year 

(compare to MIT-3 above, where the reduction is slightly more than 1,600  

Mt CO2-eq.).  

                                                           
2 These are the four main HFCs used in the R/AC sector; HFC-134a is also used in foams, MDIs, aerosols.  
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 Delaying and extending the conversion period especially for the dominant stationary 

AC sector significantly increases the climate impact. Until the year 2025 the effect is 

somewhat modest, but the longer term impact of the delayed conversion is substantial 

(2025-2030 and beyond). 

  ES5. Demand, benefits and costs  

 Costs have been determined from bottom-up calculations for the R/AC sector conversion in 

Article 5 Parties. The total demand determined for non-Article 5 and Article 5 Parties for the 

R/AC sector has been shown to be somewhat higher than expected based on currently 

available HFC production estimates. For stationary AC, this may have a certain impact on 

estimated costs.  

 For MIT-3, the HFC amounts estimated for the year 2020 are taken to be the HFC amounts in 

new manufacturing that require conversion. The conversion can be modelled during  

6-12 years; it does not make a difference how long the conversion period would be for the total 

amounts to be converted. The conversion period, however, would have major impacts on the 

servicing amounts. Estimates for the conversion in US$ per kg that vary from US$ 4-7 for 

commercial refrigeration field assembly, to US$ 11-13 for stationary AC. All conversions are 

based on conversion to low GWP refrigerants, with an average GWP for a number of 

refrigerant blends of 300. For the costs of the conversion of new manufacturing, 78% is 

estimated to be for stationary air conditioning, 7% for commercial, industrial and transport 

refrigeration, and 11% for mobile air conditioning, for all Article 5 Parties.  

 Costs for manufacturing conversion only. The total costs calculated for manufacturing 

conversion in Article 5 Parties are estimated as follows 

MIT-3 US$ 2300 ± 310 million 

MIT-4 US$ 3010 ± 370 million 

MIT-5 US$ 3220 ± 430 million 

 Additional costs for servicing. Costs for reducing the demand via the servicing demand can be 

estimated on the basis of estimates for the period 2020-2030 (and beyond). Estimates are based 

on current experience and are done on the basis of US$ 4.5 per kg reduction. 

 For MIT-3, with early conversion, the servicing amounts are in the order of 100-200 ktonnes 

during 2020-2030. The amounts decrease substantially between 2025 and 2030, due to the fact 

that equipment has reached its end of life. Provided that 40-60 ktonnes of high-GWP HFC 

consumption can be reduced in the servicing sector, spread over at least four triennia, it would 

imply costs of US$ 40-60 million per triennium.  

 For MIT-5, with conversion delayed until 2025, the costs for (necessary) reductions in the 

servicing sector increase to US$ 100-150 million per triennium.  

  ES6. Considerations for high ambient temperature conditions 

 A definition is given for temperature zones, including high ambient temperatures, following an 

ASHRAE definition. A world map defining which zones fall in certain temperature ranges is 

presented. Further options on how to define high ambient temperatures and high ambient 

temperature zones will be studied and these could be elaborated upon in future. 

 Designing for high ambient temperature conditions needs special care to avoid excessively 

high condensing temperatures and approaching the critical temperature for each type of 

refrigerant considered in order to meet minimum energy performance standards. Other issues, 

such as safety and refrigerant charge quantity, also have to be taken into consideration.  

 The range of suitable refrigerants for high ambient temperatures has not changed since the 

Task Force XXV/5 report in October 2014. Additional research and assessment of those 

refrigerants at high ambient temperatures has been undertaken, for example, through the recent 

project by the US Department of Energy (DoE), the UNEP/UNIDO PRAHA and EGYPRA 

projects, and the AHRI initiative of AREP-II for high ambient temperature conditions. 

 The schedule for completion of the mentioned projects are as follows: 

 AHRI-AREP II: Autumn 2015; 

 US DoE: Preliminary report - July 2015; Final report - October 2015; 
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 UNEP/ UNIDO - PRAHA: 4
th

 quarter 2015; 

 UNEP/ UNIDO - EGYPRA: Early 2016. 

 This report details advantages and limitations of the available refrigerants suitable for use in 

high ambient temperatures and they are discussed as follows: 

 For air conditioners: R-407C, R-410A, HFC-32, HC-290, HC-1270, R-446A and  

R-447A, and R-444B. The use of HFC-1234yf, and especially HFC-1234ze(E), has not 

been seriously considered for ACs because their volumetric capacity is low, which 

would require bulkier systems along with high anticipated refrigerant price. 

 For chillers: R-447A, R-410A, R-717, R-718, and HCFC-1233zd(E). The use of  

R-744 is not suitable for high temperature climates due to excessive cost.  

 For commercial refrigeration: Refrigeration systems at high ambient temperature 

conditions have the same issues as air conditioning systems; compressor discharge 

temperatures increase with increasing ambient and condensing temperatures, leading to 

possible reliability issues and lower efficiency. Unlike AC, refrigeration applications 

are already subject to high discharge temperatures and use mitigation methods like 

compressor liquid or vapor injection to improve performance and reliability. 

  ES7. Fire protection 

 The process for assessing and qualifying new fire protection agents for use is complex, time 

consuming, and is also application specific. Whilst the phase-out of ODS in this sector is 

well underway, there will be some reliance of high-GWP HFC solutions for the foreseeable 

future. Control of avoidable emissions continues to improve, thereby minimising impacts.  

 Two chemicals are at an advanced stage of testing and development and may be 

commercialised as fire extinguishing agents in the future. It is not anticipated that high 

ambient temperatures or high urban densities will affect market uptake of these agents. These 

new chemicals are  

 FK-6-1-14 

 2-Bromo-3,3,3-trifluoropropene 

Note, civil aviation is trying to meet the International Civil Aviation Organisation’s (ICAO) 

31st December 2016 deadline for the replacement of halon handheld portable extinguishers 

using 2-Bromo-3,3,3-trifluoropropene. The required regulatory process for commercialisation / 

manufacturing in Europe (Registration, Evaluation, Authorisation and Restriction of 

Chemicals - REACH registration) has been completed but in the United States the required 

listing as acceptable under the Significant New Alternatives Policy (SNAP) program and 

approval under the Toxic Substances Control Act (TSCA) is not yet completed. If successful, 

from a performance and environmental perspective, this agent will likely be the most effective 

replacement for halon 1211 applications. However, according to its manufacturer, the agent is 

anticipated to be at least double the cost of other clean agent alternatives, and will require 

stabilisers to maintain the material in long-term storage. For these reasons, the agent is only 

likely to fill the needs of niche applications where its lower weight and superior fire protection 

performance justify the higher cost. 

  ES8. Medical uses 

 Metered dose inhalers: Inhaled therapy is essential for the treatment of asthma and chronic 

obstructive pulmonary disease (COPD). There are two main types of inhalers for the delivery 

of respiratory drugs: the metered dose inhaler (MDI) and the dry powder inhaler (DPI). 

HFC MDI and DPI alternatives are available for all key classes of drugs used in the treatment 

of asthma and COPD. Under a business as usual model, for the period 2015 to 2030, 

cumulative HFC consumption in MDI manufacture is estimated as 249,000 tonnes 

(232,000 tonnes HFC-134a; 17,000 tonnes HFC- 227ea), corresponding to direct emissions 

with a climate impact of approximately 360 Mt CO2-eq. This impact would be significantly 

less than the climate impact of CFC MDIs had they not been replaced. At present, it is not yet 

technically or economically feasible to avoid HFC MDIs completely in this sector. 

 Other medical aerosols: Medical aerosols, excluding MDIs, are estimated as a small 

percentage (1-2 per cent) of total aerosol production. These medical aerosols include a wide 

range of uses from simple numbing of pain, nasal inhalation, to the dosage of corticosteroids 

for the treatment of colitis. Technically and economically feasible alternatives to  
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ozone-depleting propellants and solvents (CFCs and HCFCs) used in non-MDI medical 

aerosols are available. Most aerosols use hydrocarbons and DME propellants. HFCs are used 

where a non-flammable or safe to inhale propellant is needed, or where emissions of volatile 

organic compounds (VOCs) are controlled. It is estimated that less than 10 per cent of non-

MDI medical aerosols use HFC propellants (-134a, -152a), i.e., less than 1,000 tonnes per 

year.  

 Sterilants: There is almost non-existent use of HFCs in the sterilants sector, where a wide 

variety of alternatives available and the impact of avoiding HFCs would be minimal.  

  ES9. Aerosols 

 Aerosols can be divided into three main categories: consumer aerosols; technical aerosols; and 

medical aerosols. Technically and economically feasible alternatives to ozone-depleting 

propellants and solvents (CFCs and HCFCs) are available for aerosol products.  

 In 2010, the total GWP-weighted amount of HFCs used in aerosol production was estimated as 

54 Mt CO2-eq., or 5 per cent of total GWP-weighted HFC consumption. Consumer and 

technical aerosols are estimated to account for about three-quarters of GWP-weighted HFC 

consumption in aerosol production, and medical aerosols, including MDIs, for the remaining 

quarter. Global production of HFC-containing aerosols is likely to be growing very slowly, if 

at all. Nevertheless, there may be individual countries where HFC aerosol production is 

growing. Production is likely to increase in Article 5 Parties while it flattens or declines in 

non-Article 5 Parties.  

 HFC consumption in this sector is ranked as the third largest after the R/AC and foams sectors, 

and aerosols are a totally emissive use. There could be significant environment benefits in 

avoiding high-GWP propellants and solvents. Low-GWP propellants and solvents are 

commercially and widely available, and “not-in-kind” alternatives are commercially available 

where they are suited for the purpose. In some markets or for some products there may be 

significant challenges in adopting low-GWP options, and their use may not be feasible. 

Reformulation would incur costs to industry.  
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Annex II 

Synthesis of the 2014 reports of the Scientific Assessment Panel, Environmental Effects Assessment Panel, and 

the Technology and Economic Assessment Panel of the Montreal Protocol: key findings 

The Ozone Narrative: From Potential Disaster of the Ozone Layer to Recovery within a Century  

40 years ago  30 years ago 2015  40 years later  60 years later 

Damaging effects of ozone 

depleting substances first 

predicted 

Ozone hole discovered – Vienna 

Convention was signed. 

The ozone layer is beginning to 

recover and UV exposure is 

decreasing. 

Ozone recovers and its impact 

on surface UV radiation is back 

to its original state. 

Health impacts reversed. 

Policy – Science interface 

Key findings – Scientific evidence Key messages relevant to policy makers  

Montreal Protocol (MP) – where we are today 

Progress in technology reduced Ozone 

Depleting Substances (ODS) use and had 

beneficial side effects. 

Use of ODS in refrigeration and air conditioning is decreasing. 

CFCs used as blowing agents to make foams have been phased out. 

CFCs in inhalers for asthma and chronic obstructive pulmonary disease (COPD) have been successfully phased out. 

Use of methyl bromide in agriculture has drastically reduced. 

Halon production has been phased out since 2010.  

Methyl chloroform an industrial process chemical was one of the earliest and most rapid phase-outs. 

Note of caution: Fire protection in civil aviation remains an unresolved challenge. 

In response to the technological changes 

that enabled reductions in ODS usage, the 

sum of ODS amounts in the atmosphere is 

now decreasing from its maximum in the 

late 1990s. The ODS amounts are expected 

to continue decreasing with adherence to 

the Montreal Protocol. 

ODS levels are projected to decline by about 0.6% each year until the end of this century, when they will have 

returned to pre-1960 values. This slow rate of ODS decline reflects the slow loss cleansing processes in the Earth 

system. 

Notes of caution: Carbon tetrachloride, CTC, (CCl4) is not decreasing as rapidly as expected.  

Recoverable banks of halons and HCFCs together with quarantine and pre-shipment (QPS) uses of methyl bromide 

are major potential sources of ODS emissions if not appropriately managed. Cost effective opportunities for capturing 

and destroying ODS banks are dwindling. 
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Key findings – Scientific evidence Key messages relevant to policy makers  

The reduction in atmospheric ODS 

concentrations has prevented further 

depletions in the stratospheric ozone layer, 

and there are some small signs of recovery. 

The global ozone layer has stabilized and is not getting worse.  

The Antarctic ozone hole has not worsened, but it continues to occur every year, a legacy of our past emissions.  

Upper stratospheric ozone declined during the 1980s and early 1990s mainly caused by ODS increases. It has 

increased by about 5% since 2000; due to decreasing ODS and climate change.  

The control of ozone depletion has 

prevented large changes in UV radiation in 

most parts of the globe and minimised the 

damaging effects of ozone loss on human 

health and the environment.  

In the Antarctic, the large decreases in stratospheric ozone have led to very large UV increases from time to time. In 

the Arctic, episodic decreases of stratospheric ozone have caused large, short-term increases in UV-B radiation. In 

most parts of the world, changes in UV-B radiation measured since the mid-1990s are relatively small (5-10%).  

The MP has limited the increases in solar UV-B radiation in populous areas in the world, and thus protected human 

health from the worst effects of ozone depletion.  

The MP has also limited the impact of increased UV radiation on ecosystems. However, the effects of Antarctic ozone 

hole on both UV and regional climates have led to discernible changes in a number of aquatic and terrestrial 

ecosystems in the southern hemisphere. 

Connections between ozone layer depletion and climate change 

An emerging connection between the ozone 

layer depletion and climate is the 

introduction of the non-ozone depleting 

HFCs in place of ODSs.  

Note of caution: Many HFCs are potent greenhouse gases and their potential influence on climate is a concern. But 

there are options available to reduce the detrimental effects of HFCs. 

Gains from the implementation of the MP 

The ozone layer will recover in the 21st 

century. 

With complete adherence to the MP and its amendments, the levels of ODS should slowly decrease by about 0.6% per 

year during the rest of 21
st
 century. In response to this decrease in ODS, the Arctic and global ozone layer will return 

to the benchmark 1980 levels around mid-century, and somewhat later for the Antarctic ozone hole.  

As controlled ozone-depleting substances decline, the evolution of the stratospheric ozone layer in the second half of 

the 21
st
 century will depend largely on atmospheric abundances of CO2, N2O and CH4.  

The surface levels of UV radiation will 

decline with the recovery of the 

stratospheric ozone layer.  

As the ozone layer recovers, UV-B radiation over the Antarctic is expected to decrease, broadly back to the same 

levels before the onset of ozone depletion.  

Smaller decreases in UV-B radiation are also expected outside the Antarctic. Predicting the effects of future changes 

in UV radiation is complicated by factors beyond just stratospheric ozone.  

The MP has delivered important  

co-benefits for climate. 
In 2010, the decrease of annual ODS emissions under the MP was estimated to provide about five times the climate 

benefit compared with the annual emissions reduction target for the first commitment period (2008–2012) of the 

Kyoto Protocol. In addition, many other side benefits, such as increased energy efficiency and better practices, has 

emerged from the process of alternatives to the use of ODSs. 
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Key findings – Scientific evidence Key messages relevant to policy makers  

The world avoided by the MP 

Today: Without a successful MP, today’s 

world would have higher ODS levels, 

greater ozone depletion, and higher UV 

levels. 

It has been estimated that ODS levels would have been about 2.5 times larger than what is present today, leading to 

major Arctic ozone depletions.  

By 2015 those living in this hypothetical world might not have been aware of large effects of ozone depletion in their 

day-to-day lives. However, increases in UV radiation would already have been having hidden effects (e.g., damage at 

the cellular level). Those hidden effects would have led to increased cancer incidence and eye damage later in the 

century, as well as a wide range of environmental impacts.  

Beyond 2015: If the parties had failed to 

implement the MP, the consequences of 

ODS emissions would have continued 

through the coming decades.  

The continued accumulation of ODS in the absence of the MP would have led to a collapse of the global stratospheric 

ozone layer by the mid-21st century.  

Without a successful MP, the climate effects from higher ODS levels and from depletion of the ozone layer would 

have been larger. 

Without the MP, UV-B radiation at the Earth’s surface in the second half of this century would have reached levels far 

beyond anything experienced in the entire human history.  

It has been calculated that the MP will have prevented approximately two million cases of skin cancer per year 

worldwide by 2030, allowing for the lag time between exposure to UV radiation and the development of skin cancer.  

In the USA alone, the MP and its amendments will prevent a total of 275-330 million cases of skin cancer and more 

than 20 million additional cataract cases by the early 2200s.  

Without the MP, the expected reduction in plant growth across all crops and ecosystems would have had profound 

effects on food security and the function of ecosystems.  

While precise quantification of these avoided impacts is difficult, it is clear that the MP has prevented catastrophic 

changes, which could have been evident by mid-century.  

Challenges ahead 

The destruction of banks is an option with diminishing returns to accelerate ozone layer recovery. 

HFCs are benign to ozone but some are potent greenhouse gases and continued increases in their use could lead to a significant negative climate impact. 

The future emissions of HFCs could lead to a radiative forcing that is roughly 40% of that resulting from future emissions of CO2 by 2050. 

The use of low-GWP HFCs as alternatives to both ODS and high-GWP alternatives could help to maintain a negligible contribution to climate over the coming 

decades. 

Regular assessments are crucial for monitoring and assessing the achievements of the MP in terms of its impact on ODS, depletion of the ozone layer, the resulting 

effects of changes in UV radiation on human health and ecosystems, and the challenges of transitioning to alternatives and technologies across the various sectors of 

use.  

Continuing to learn from past lessons is essential for the continued success of the MP. 

 

     

 


