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 I. Introduction 

1. The present addendum contains information on the issues on the agenda for discussion by the 

Twenty-Fifth Meeting of the Parties to the Montreal Protocol on Substances that Deplete the Ozone 

Layer that has become available since the drafting of the note by the Secretariat dated 12 August 2013 

(UNEP/OzL.Pro.25/2).   

2. In section II of the present addendum, summaries of the following reports of the Technology 

and Economic Assessment Panel are provided under headings pertaining to the relevant items of the 

provisional agenda: 

(a) Addendum (August 2013), Essential-use nominations for metered-dose inhalers: 

additional information for the Russian Federation essential-use nomination 2014 (posted on 12 August 

2013); 

(b) September 2013 final report of the Technology and Economic Assessment Panel, 

volume 2, decision XXIV/7 task force report: additional information on alternatives to ozone-depleting 

substances (posted on 12 September 2013); 

(c) September 2013 report of the Technology and Economic Assessment Panel. 

Evaluations of 2013 critical-use nominations for methyl bromide and related matters: final report 

(advance copy posted on 10 September 2013 and final version posted on 1 October 2013); 

(d) Report of the Technology and Economic Assessment Panel and its Chemicals 

Technical Options Committee on the production of vinyl chloride monomer. 

3. Section II also provides an update on the status of nominations and renominations of experts to 

the Technology and Economic Assessment Panel and its technical options committees. 

4. Section III contains information on matters that the Secretariat would like to bring to the 

attention of the parties. 
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 II. Summary of issues for discussion by the Twenty-Fifth Meeting of 

the Parties 

 A. Nominations for essential-use exemptions for 2014 and 2015 (item 4 (a) of the 

provisional agenda for the preparatory segment) 

5. During the thirty-third meeting of the Open-ended Working Group and subsequently, the 

Russian Federation provided additional information regarding its essential-use nomination for 

chlorofluorocarbon (CFC)-based metered-dose inhalers for 2014. That information was evaluated by 

the Technology and Economic Assessment Panel and its Medical Technical Options Committee, and 

their final recommendation has been provided in an addendum to the Panel‟s 2013 progress report. 

6. Additional information provided by the Russian Federation and the Committee‟s re-evaluation 

relates to the following issues: the party‟s concern that patients could suffer adverse outcomes if 

forced to change  within a short period of time from Russian-made CFC-based metered-dose inhalers 

to imported salbutamol hydrofluorocarbon (HFC)-based metered-dose inhalers; the high proportion of 

patients (80 per cent) who rely on access to Russian-made asthma medicine free of charge; current 

efforts in the implementation of a Global Environment Facility co-funded United Nations Industrial 

Development Organization conversion project and the expected sufficiency of HFC-based inhaler 

production at project completion; and the situation and expectations with regard to the importation of 

HFC-based metered-dose inhalers.  

7. The reassessment has resulted in a new recommendation of 212 tonnes of CFCs for metered-

dose inhaler manufacture in the Russian Federation for 2014. The Panel notes that, preferably, existing 

available global pharmaceutical-grade CFC stockpiles of suitable quality, rather than new CFC 

production, should be utilized. 

8. As requested by the Open-ended Working Group at its thirty-third meeting, the draft decision 

on essential use nominations for metered-dose inhalers (UNEP/OzL.Pro.25/3, sect. II, draft decision 

XXV/[B]) reflects both the 106 tonnes initially recommended by the Panel and the 212 tonnes 

nominated by the party and now recommended by the Panel. The parties may wish to disregard the 

106-tonne figure. Table 1 summarizes all of the nominations and recommendations to be considered 

by the Twenty-Fifth Meeting of the Parties. 

Table 1  

Essential-use nominations for CFCs submitted in 2013 for 2014 and 2015  

(Metric tonnes) 

Party Approved 

for 2013 

Nominated 

for 2014 

Recommendation Nominated 

for 2015 

Recommendation 

Parties not operating under paragraph 1 of Article 5 

Russian Federation 

(metered-dose inhalers) 
212 212 106a/212b – – 

Russian Federation 

(aerospace)  
  95   85   85 – – 

Subtotal: parties not 

operating under 

paragraph 1 of Article 5 

307 297 191 – – 

Parties operating under paragraph 1 of Article 5 

China (metered-dose 

inhalers) 
388.82 236.6 235.05c 221.59 

Unable to 

recommend 

Subtotal: parties 

operating under 

paragraph 1 of Article 5  

388.82 236.6 235.05 221.59 – 

Total 695.82 533.6 532.05d 221.59 [0] 

a The initial recommendation of the Panel was 106 tonnes. 
b The final recommendation after the reassessment of additional information was 212 tonnes. 
c  The Panel was unable to recommend 1.55 tonnes of CFCs for the manufacture of metered-dose inhalers with 

the active ingredients isoprenaline and salbutamol. 
d   The total includes 212 tonnes for the Russian Federation rather than 106 tonnes. 
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 B. Nominations for critical-use exemptions for 2014 and 2015 (item 4 (b) of the 

provisional agenda for the preparatory segment) 

9. This year three parties, namely, Australia, Canada and the United States, submitted a total of 

five critical-use nominations for methyl bromide for 2015. The Methyl Bromide Technical Options 

Committee evaluated the nominations and presented its interim recommendation at the thirty-third 

meeting of the Open-ended Working Group. Three of the five nominations required reassessment. The 

nominating parties submitted additional information for the reassessment and, through an iterative 

exchange with the relevant parties, the Committee completed its final evaluation. The final report on 

the nominations should be read in conjunction with volume 1 of the Technology and Economic 

Assessment Panel‟s May 2013 progress report, which in chapter 9 provides full details of all of the 

assessments conducted in 2013. 

10. The final report also provides a review of an emergency use for two pasta warehouses by 

Canada (see sect. 1.5, pp. 16–24). In accordance with decision IX/7 on emergency methyl bromide 

use, the parties may wish to review the report and provide appropriate guidance on future such 

emergencies.  

11. In summary, in the final assessment the Canadian nomination for strawberry runners was 

unchanged from the interim recommendation, but 28.765 tonnes was reinstated for the Australian 

nomination for strawberry runners, and the United States nomination for strawberry fruit has been 

increased to 276.711 tonnes from the interim recommendation of 224.196 tonnes. 

12. The Australian and Canadian nominations for strawberry runner production were based 

predominantly on economic considerations, as the Committee considered that soilless substrate 

systems were suitable technical alternatives for at least part (if not all) of the nominated methyl 

bromide. That posed a challenge for the Committee in the absence of standard economic criteria with 

which to assess nominations, but the Committee considered the economic information provided by the 

parties in the context of information on the extent of commercial adoption for similar sectors 

worldwide, as an indication of economic feasibility, as well as a comparison of soilless with bare-

rooted runner production outdoors. While in general soilless culture was considered uneconomical 

based on information from the parties, it was recognized that on a small scale capital costs of soilless 

systems would be lower and less prohibitive, making the systems feasible. The Committee also noted 

that where soilless production had been adopted, costs for production of runners had generally 

decreased as technological expertise and knowledge increased. For both the Australian and Canadian 

nominations it was also apparent that parties were considering a range of technologies in their effort to 

determine the most suitable and cost-effective production system. For the nomination of the United 

States, the Committee considered that alternatives not restricted by regulations were available to 

replace methyl bromide for specific uses in particular countries. The Committee also considered that 

the alternatives suggested to replace methyl bromide were similar to those already in commercial use 

in California; as there were a number of regulatory issues that might affect the transition to such 

alternatives, a three-year transition period might be required. If the party determines that chloropicrin 

and its mixtures can be implemented ahead of that three-year transition period from 2014 onwards, 

then it is anticipated that it will further reduce the amount of methyl bromide to be used under its 

domestic allocation rules. 

13. Table 2 sets out the final recommendations of the Panel. The parties may wish to consider the 

final recommendations and prepare a draft decision for consideration by the parties at the Twenty-

Fifth Meeting. 
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Table 2 

Summary of the nominations for 2015 critical-use exemptions for methyl bromide submitted in 2013 and 

interim recommendations of the Methyl Bromide Technical Options Committee  

(Metric tonnes)  

Nominating party and sector Nomination Interim 

recommendation 

Final recommendation 

1. Australia 

Strawberry runners 
29.76  [0] [28.765] 

2. Canada 

Strawberry runners 
5.261 [5.050] [5.050] 

3. United States 

Strawberry fruit 

Dates 

Cured pork 

373.66 

0.31 

3.24  

[224.196] 

[0] 

[3.24] 

[276.711] 

[0] 

[3.24] 

Total 412.231 232.486 [313.766] 

 C. Uses of controlled substances as process agents (item 4 (d) of the provisional 

agenda for the preparatory segment) 

14. During the discussion at the thirty-third meeting of the Open-ended Working Group, the Panel 

was requested to clarify the role of carbon tetrachloride in the chemical process of vinyl chloride 

monomer production in the United States and to report on the matter for consideration by the 

Twenty-Fifth Meeting of the Parties. The Panel has accordingly prepared a report, which is set out in 

annex I to the present note, where it is presented without formal editing. The Panel concludes that 

carbon tetrachloride is not added at any stage during the process employed in the United States but is 

instead a by-product that is removed as an unwanted contaminant. The Panel affirms that carbon 

tetrachloride is not a feedstock in the process.  

15. The Twenty-Fifth Meeting of the Parties may wish to consider the clarification by the 

Technology and Economic Assessment Panel and take any appropriate action. 

 D. Final report by the Technology and Economic Assessment Panel on 

additional information on alternatives to ozone-depleting substances (item 5 

of the provisional agenda for the preparatory segment) 

16. In response to decision XXIV/7, the Technology and Economic Assessment Panel established 

a task force to prepare the reports requested by the parties on alternatives to ozone-depleting 

substances, updating information on alternatives and technologies in various sectors. The interim 

report of the task force was presented at the thirty-third meeting of the Open-ended Working Group, 

which provided further guidance to the Panel for the preparation of the final report for consideration 

by the Twenty-Fifth Meeting of the Parties. The main elements of the guidance were that the final 

report should focus on forward assessments up to 2020, that sector chapters should be expanded with 

regard to alternatives and market considerations and that discussion of negative environmental impacts 

should focus on direct climate impacts only. 

17. The Executive Summary of the Panel‟s final report is set out in annex II to the present 

addendum. It is presented without formal editing. 

 E. Status of membership of the Panel and its technical options committees (item 

6 (b) of the provisional agenda for the preparatory segment) 

18. As requested by the Open-ended Working Group at its thirty-third meeting, the Secretariat 

merged two draft decisions that had been put forward on the reappointment of members of the 

Technology and Economics Assessment Panel into a single draft decision (UNEP/OzL.Pro.25/3, 

sect. II., draft decision XXV/[E]), which now also includes additional proposals from other parties to 

renominate members of the Panel. Since the preparation of that merged draft decision, the Secretariat 

has received from China an additional renomination as well as a new nomination. The Secretariat has 

accordingly prepared a new draft decision to embody those nominations, which will be made available 

in a conference room paper for consideration by the Twenty-Fifth Meeting of the Parties.  
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19. Table 3 summarizes the nominations and renominations of members of the Technology and 

Economic Assessment Panel. Annex III to the present addendum summarizes renominations of the 

members of the technical options committees. It is presented without formal editing. 

Table 3 

Status of renomination of the members of the Technology and Economic Assessment Panel 

Co-chairs Country Notes (Nominations/Renominations) 

Lambert Kuijpers Netherlands Term as TEAP and RTOC Co-Chair ends at the end of 2014 

(XXIV/19). 

Bella Maranion United States Term as TEAP Co-Chair ends at the end of 2016 (XXIV/19). 

Marta Pizano Colombia Term as TEAP Co-Chair ends at the end of 2014 (XXII/22). 

Being renominated as MBTOC Co-Chair (draft decision 

XXV/[E]). 

Senior expert members Country  

Stephen O. Andersen United States Term ends at the end of 2013 (XXIV/19). 

Masaaki Yamabe Japan Term ends at the end of 2015 (XXIII/21). 

Shiqiu Zhang China Being renominated (CRP 1). 

TOC Chairs Country  

Paul Ashford United 

Kingdom 

Term as FTOC Co-Chair ends at the end of 2016 (XXIV/19). 

Mohamed Besri Morocco Being renominated as MBTOC Co-Chair (draft decision 

XXV/[E]). 

Biao Jiang China Withdrawing 

David Catchpole United 

Kingdom 

Term as HTOC Co-Chair up to the end of 2016 (XXIV/19). 

Sergey Kopylov Russian 

Federation 

Being renominated as HTOC Co-Chair (draft decision 

XXV/[E]). 

Michelle Marcotte Canada Withdrawing 

Keiichi Ohnishi Japan Term as CTOC Co-Chair up to the end of 2015 (XXIII/21). 

Roberto de A. Peixoto Brazil Being renominated as RTOC Co-Chair (draft decision 

XXV/[E]). 

Jose Pons-Pons  Bolivarian 

Republic of 

Venezuela 

?  

Ian Porter Australia Being renominated as MBTOC Co-Chair (draft decision 

XXV/[E]). 

Miguel Quintero Colombia Being renominated as FTOC Co-Chair (draft decision 

XXV/[E]). 

Ian D. Rae Australia Withdrawing 

Helen Tope Australia Being renominated as MTOC Co-Chair (draft decision 

XXV/[E]). 

Ashley Woodcock United 

Kingdom 

Term as MTOC Co-Chair up to the end of 2016 (XXIV/19) 

Daniel Verdonik United States Term as HTOC Co-Chair up to the end of 2016 (XXIV/19) 

Jianjun Zhang China A new nomination as CTOC Co-Chair (CRP.1) 

 III. Matters that the Secretariat would like to bring to the attention of 

the parties 

 A. Secretariat missions 

20. Since the time of preparation of document UNEP/OzL.Pro.25/2, the Secretariat has 

participated in and contributed to regional network meetings under the Compliance Assistance 

Programme in China and Jamaica. The Secretariat has also consulted with the Governments of Libya 

and Mauritania on expediting the pending ratification of the remaining amendments to the Montreal 

Protocol by those parties and assisting them in that effort.  

 B. Staffing changes 

21. Ms. Kathleen Creavalle took up her duties as Senior Administrative and Finance Officer on 19 

August 2013. Ms. Creavalle has worked as a Finance Management Officer in the Office of 

Management of the United Nations Human Settlements Programme (UN-Habitat) and as Chief of 

Finance Support Services for the United Nations Office at Nairobi. She has also worked in the 
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accounts section at United Nations Headquarters and as a management consultant for Pricewaterhouse 

Coopers. 

22. At the end of October 2013, Mr. Marco Gonzalez will retire from over 12 years of dedicated 

service as Executive Secretary of the Ozone Secretariat, after seeing through several milestones of the 

Montreal Protocol, notably, the acceleration of the hydrochlorofluorocarbon phase-out schedule under 

the Protocol, the universal ratification of the Protocol and the Vienna Convention, the change to 

papersmart meetings and the early discussion of hydrofluorocarbons. 

23.  In the light of the departure of Mr. Gonzalez, on 6 September 2013 the United Nations 

Environment Programme announced that Ms. Tina Birbili had been appointed by the 

Secretary-General as the new Executive Secretary of the Ozone Secretariat. Ms. Birbili, a Greek 

national and former Minister of Environment, Energy and Climate Change, recently completed an 

assignment as Ambassador of Greece to the Organization for Economic Cooperation and Development 

in Paris. Throughout her career, which has included assignments with the Athens Development 

Agency, the Open University of Greece and the Ministry of Foreign Affairs, she has been engaged 

with substantive issues related to the environment and sustainable development. Ms. Birbili‟s 

academic qualifications include a Bachelor of Science in Physics, a Master of Science in 

Environmental Technology and a Ph.D in Environmental Management and Economics, which she was 

awarded with distinction by the Imperial College of Science, Technology and Medicine, London.  
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Annex I 

CTOC comment on the role of carbon tetrachloride (CTC) in 

production of vinyl chloride monomer (VCM) 

Over the past two years, the CTOC has studied the role played by carbon tetrachloride (CTC) in 

production of vinyl chloride monomer (VCM) by pyrolysis of ethylene dichloride (EDC).  In 2012 the 

CTOC examined the process as used in India, and concluded that this was a feedstock use, since the 

CTC took part in the pyrolysis reaction and was destroyed as it did so.   

In 2013 the process as used in the USA was examined.  CTOC was informed that CTC is not added at 

any stage during the VCM production process in the United States and was not therefore a feedstock in 

that process. 

In the United States, ethylene dichloride (EDC) is produced from ethylene through reaction with 

oxygen and hydrogen chloride (HCl), in the presence of a solid catalyst.  the process is known as 

oxychlorination. 

 

CH2=CH2     +     2HCl     +     ½O2     =     Cl-CH2-CH2-Cl     +     H2O 

 

Some carbon tetrachloride (CTC) is produced as a byproduct during this process and is removed 

before the EDC proceeds to the next step, the thermal pyrolysis in which VCM is produced.  It is 

acknowledged that small quantities of CTC speed up the pyrolysis reaction, as observed by CTOC in 

the 2012 report, but CTC accelerates deterioration of the reaction vessels used in the United States, 

and this consideration is felt to outweigh the rate benefit conferred by CTC, hence its removal before 

the pyrolysis step as an unwanted contaminant.  Addressing the original question posed to the CTOC, 

we affirm our advice that CTC is not a feedstock in production of VCM in the United States. 

In some plants in the United States, the by-product CTC is destroyed in a control device. In other 

plants, the by-product CTC and other by-products of the oxychlorination process (low-boiling C1 and 

C2 organo-chlorine compounds), collectively known as „light ends‟, are recovered because of the 

value of the chlorine they contain.  After separation from the EDC the light ends, which include small 

amounts of CTC, are reacted to produce hydrogen chloride. Any plant in the United States that 

destroys CTC or that uses CTC as a feedstock for producing hydrogen chloride or other chemicals 

must report such destruction or feedstock on an annual basis. The United States uses reported 

destruction and feedstock data to compile its annual Article 7 report to the Ozone Secretariat. 

Concerning the broader questions raised by the representative of India at the 33rd OEWG in Bangkok 

earlier this year (see paragraph 47 of the meeting report), a number of feedstock uses of CTC are listed 

in the May 2013 report of the TEAP, in Table 3.3, „Common feedstock applications of ozone depleting 

chemicals‟.   
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Annex II 

September 2013 Final Report of the Technology and Economic 

Assessment Panel, Volume 2, Decision XXIV/7 Task Force Report: 

Additional Information on Alternatives to ODS 

  Executive Summary 

  Introduction 

This Final Report builds on the Draft Report on Decision XXIV/7 presented to the 33rd meeting of the 

Open Ended Working Group in June 2013 and has sought to accommodate the helpful comments 

provided by Parties and other stakeholders at that meeting. It has been substantially restructured to 

separate out the consideration of „what could have been avoided‟ (now Chapter 3), a substantial and 

updated review of alternatives as required by Clause 1 of the Decision (now Chapters 4, 5, 6 and 7) 

and also a summary of „what could be avoided‟ between now and 2020 (now Chapter 8). As directed, 

the Task Force has sought to focus its additional efforts on further analysis of the current situation and 

future opportunities.  

In restructuring the Report, the Task Force has also sought to address some methodological 

deficiencies of the Draft Report. In particular, it has refined its interpretation of Technical Feasibility 

and Commercial Availability (e.g. by the introduction of Technical Readiness Levels) in such a way as 

to recognize more specifically the circumstances of high ambient temperatures and high urban 

population density, both of which were highlighted at the discussions that took place at the 33rd Open 

Ended Working Group meeting. Inclusions and changes of emphasis are summarized in Chapter 2.      

  Refrigeration and air conditioning 

In Chapter 3, a number of considerations are given to „what could have been avoided‟. Domestic 

refrigeration and mobile air conditioning are the subsectors highlighted; here the conversion away 

from ODSs has been completed and low GWP alternatives have been applied or considered for quite 

some time. This is continued in Chapter 8 with a determination of amounts „that could be avoided‟ for 

the two main refrigeration and air conditioning subsectors cases where servicing plays an important 

role. In Chapter 4, an updated review of alternatives is given. Initially, the chapter provides generic 

information relating to selected alternative substances. This includes a description of five classes of 

alternatives: 

- Ammonia (R-717) 

- Carbon dioxide (R-744) 

- Hydrocarbons (HC-290 and others) 

- HFCs (medium and high GWP), and  

- HFCs (low GWP) 

For each alternative, general efficiency aspects, cost effectiveness and barriers and restrictions are 

given. Subsequently, additional information, including current trends, is presented in the sub-sector 

specific sections that follow, wherever applicable. For this report it was considered under the current 

circumstances to discuss a small number of currently unassigned refrigerant blends where it is 

anticipated that they are close to commercialization and receiving R-number designations.  

In domestic refrigeration, the main refrigerants used are hydrocarbon HC-600a (isobutane) and 

HFC-134a. More than 50% of current new production (globally) employs HC-600a, the remainder 

uses HFC-134a. HC-600a continues to be the main alternative to HFC-134a. Concerns in connection 

with the high flammability no longer exist for the low charges applied. No new alternative has matured 

to become energy-efficient and cost-competitive. Considering the product costs, HC-600a is less 

expensive than HFC-134a, but additional investment cost for HC-600a products are due to the larger 

size of compressors. Production cost for refrigerators can be higher due to the requirements for safety 

systems. 

Initial developments to assess HFC-134a replacement with HFC-1234yf have begun, but are not being 

pursued as a high priority. Still HFC-1234yf has demonstrated the potential for comparable efficiency 

to HFC-134a. The lower flammability makes its application easier in countries with strong 
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reservations about HC-600a. R-744 (CO2) is also being evaluated, but its application implies 

additional costs. 

In commercial refrigeration stand-alone equipment HFC-134a and R-404A are still the dominant 

refrigerants. HC-600a and HC-290 are used for small commercial equipment with refrigerant charges 

varying from 15 g to 1.5 kg. R-744 is mainly used in vending machines; the technology is operating 

well but it is a technical challenge and only one supplier is able to provide an efficient system. The 

small additional cost associated with safety in HC equipment is integrated in the price, and is not much 

different compared with HFC equipment. Where it concerns low GWP HFCs, HFC-1234yf can 

replace HFC-134a in any application. Due to its comparable energy-efficiency with HFC-134a, 

vending machines with HFC-1234yf have been introduced in countries such as Japan (two 

manufacturers).. Currently a main barrier is still (the wide) availability of the chemical.  

Regarding condensing units, some new R-744 based units are sold in northern Europe, but the 

penetration in the market is slow. Several indirect condensing units with HC-290 or HC-1270 are 

operating in Europe with typical refrigerant charges varying from 1 to 20 kg, with good energy 

efficiency. Costs for these HC based systems are typically 5 to 15% higher compared with HFC 

systems. 

HFC-134a, R-404A, and, at a small level, R-410A are HFCs of choice for condensing units. As in all 

other commercial applications, high GWP HFCs are seen as short-term options. 

The preferred option for large European commercial companies is HFC-134a at the medium-

temperature level (-10 to -15°C) cascading with a R-744 direct system for the low temperature 

(-35 to -38°C) since it is a global option for all climates.  

Ammonia is used in indirect centralized systems for large capacities; usually R-744 is used at the 

low-temperature level. Due to safety issues the number of installations so far is limited. For applying 

lower GWP options, HFC-134a can be replaced by HFC-1234yf or HFC-1234ze where the lower 

flammability of these refrigerants can be addressed during the design stage. For non-flammable 

options, small temperature-glide blends --such as N-13 and XP-10-- can also be used in existing 

facilities For the non-low GWP refrigerants, R-404A is currently the dominant refrigerant, even if it is 

now replaced in new installations by HFC-134a at the medium-temperature level. R-407F is proposed 

as an intermediate option. There are also non-flammable options with lower GWP such as the HFC 

blends N-40 and DR-33. Two-stage R-744 systems for the medium-temperature level and the low-

temperature level have taken a certain market share in Europe and are now installed in more than 

1300 stores. R-744 trans-critical cycle developments are on-going to make the technology more 

energy-competitive under higher ambient conditions. The additional cost is limited to 10 to 15%.  

The refrigerant of choice for transport refrigeration systems in non-Article 5 countries is HFCs. 

R-404A has become a preferred choice for practically all trailers and large trucks. HFC-134a is used in 

small trucks and vans as well as reefer containers. Testing of low-GWP HFC and non-HFC 

alternatives are in progress elsewhere, but not one option seems viable in the short term. The main 

issue is that the performance of R-404A is difficult to meet. Current and previous tests with trucks 

using R-744 suggest that introduction of R-744 will be possible when more efficient compressors with 

more than one compression stage, which are under development, will be commercially available. The 

use of hydrocarbons (mainly HC-290) in truck refrigeration units has been tested; they would be the 

preferred choice because they can provide lower energy consumption in the order of 20% or more. 

HFC-1234yf can be an interesting alternative to HFC-134a due to its lower discharge temperature. 

On vessels, hydrocarbons are technically feasible, but the strict safety concerns currently do not favour 

application of flammable refrigerants aboard. Natural refrigerants have been commercialized to a 

small extent aboard marine vessels worldwide. For European fishing vessels highly efficient ammonia- 

CO2-cascade systems are the systems of choice.  

Over 90% of the large industrial refrigeration installations use R-717 whereas the market share of 

R-717 is only 5% (India and China) to 25% (Europe and Russia) for smaller industrial refrigeration 

systems. Energy efficiency is in general 15% better than HFCs systems. Hydrocarbons are not widely 

used, other than in situations where safety measures are already required, e.g. in a petrochemical plant 

or in compact chillers. 

In Small Self-Contained (SSC) air conditioners R-744 is not widely considered for use. The main 

barriers for SSC air conditioners are related to efficiency and cost implications, such as due to its very 

high operating pressure. Due to efficiency implications, the use of cooling only R-744 systems is not 

really feasible. However, there are developments on units for specific purposes, where both cooling 

and heating is needed. HC-290 has been used in portable ACs for many years and several companies 
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are producing them. Window units are also under development. HC-290 seems to be preferred over 

HC-1270 for smaller capacity systems.  

R-410A is used in most SSC ACs, where HCFC-22 is not used. It is feasible to use HFC-32 in SSC 

ACs, for example, where R-410A is already used. HFC-32 energy efficiency is similar to or a few 

per cent higher than HCFC-22 and R-410A although its deterioration at high ambient temperatures is a 

few per cent worse than HCFC-22, but not as severe as R-410A.  

R-410A is most popular refrigerant for mini-split air conditioners where R-22 is phased out. HC-290 

has been used in split ACs for many years on a limited scale but now several companies are 

developing and beginning to produce them on a larger scale. Although HC-290 seems to be the 

preferred HC option, HC-1270 is under evaluation by some companies. HC-290 units are available 

from several companies. Currently, no split air conditioners are available using R-744 or HFC-1234yf, 

although some studies have been carried out. One manufacturer has started producing mini-split air 

conditioners with HFC-32 in 2012. Another company has produced proto-type units with “L-41”.  

In hot water heat pumps and space heating heat pumps, R-410A is most common refrigerant. R-717 is 

used fairly widely in capacities from 250 kW to very large/industrial-scale (>1 MW). Such systems are 

located outside or in special machinery rooms in order to handle the higher toxicity characteristics. As 

with R-717 systems in general, the main barriers are related to the minimal capacity required for cost-

effectiveness and certain national regulation controlling installation. A large number of manufacturers 

globally are producing domestic and small commercial sized hot water heating heat pumps using R-

744. Generally, the efficiency that can be achieved by R-744 in hot water heaters is equivalent to or 

slightly higher than HFC refrigerants even at high temperature difference condition. It is feasible to 

use HFC-32 in hot water heat pumps, for example, where R-410A is already used. HCs, particularly 

HC-290, had been used widely in Europe for small (domestic) heat pumps, and at a minor level, there 

are also large commercial-sized heat pumps being marketed, which use HC-290 or HC-1270. It is 

feasible to use HFC-32 and the L-20 blend in space heating heat pumps, but R-744 is not considered 

by some as a suitable refrigerant for space heating only heat pumps at the present time. 

Considering the use of low-GWP refrigerants in reciprocating and screw chillers the following 

describes the current situation. R-717 is used fairly widely for process refrigeration, food storage 

facilities and air conditioning. The efficiency of R-717 is high for chillers in both medium and high 

temperature applications. The barriers for chillers are consistent with R-717 systems in general. R-744 

is now used in reciprocating chillers by many manufacturers. As with other types of systems, the 

efficiency is compromised with increasing ambient temperatures. The main barrier for R-744 chillers 

is the poorer efficiency in climates with consistently higher ambient temperatures and high cost due to 

various reasons including its high operating pressure. Both HC-290 and HC-1270 units are produced 

by a number of manufacturers in Europe and some countries in other regions, although the total 

number is minor compared to conventional HFC technology. There are certain barriers in the case of 

HC applications, depending upon chiller configurations.  

HFC-1234ze(E) is a refrigerant that can be used in existing HFC-134a technologies with minor 

modifications (compressor sizing), and it has been trialled in systems in Europe. When used in 

reciprocating, scroll or screw type of compressors, it produces efficiency levels comparable to 

HFC-134a. In centrifugal compressors, this refrigerant produces efficiency levels slightly better than 

HFC-134a. HCFC-1233zd(E) (a low-GWP HCFC) can replace HCFC-123 in low pressure centrifugal 

chillers with slightly better efficiency levels. In chiller applications, both HFC-1234ze(E) and 

HCFC-1233zd(E) should perform very well in warm climates, due to their high critical temperatures. 

Both R-407C and R-410A are widely used in positive displacement chillers as is HFC-134a. HFC-

134a is used widely in various capacities of centrifugal and screw chillers. 

In mobile air conditioning systems), the preferred option is to shift from HFC-134a to HFC-1234yf 

when it is required as it is by the EU regulation, but the delayed introduction is related to several 

issues: global availability, flammability concerns, regulation and. Other future options are still being 

reconsidered by certain car manufacturers; in fact R-744, while staying with HFC-134a until R-744 

would have been commercialized. R-744 has been demonstrated to be as efficient as the best in class 

HFC-134a system except under high ambient conditions (above 35°C). However, the main barriers for 

R-744 systems  have been costs, reliability and servicing aspects..  

In developed countries, the change from HFC-134a to HFC-1234yf seems to be the likely solution 

because the car industry favours global options for AC systems. HFC-134a is currently the only 

refrigerant in use except the refilling of existing AC systems with HFC and HC blends  
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In public transports, the two dominant refrigerants are currently HFC-134a and R-407C in developed 

countries and HFC-134a and HCFC-22 in developing countries. Future options to be considered 

includeHFC-1234yf, R-744, new blends, possibly the air cycle. 

In order to calculate amounts that can be avoided, a certain BAU case has been developed using a 

number of assumptions: 

- a certain consumption pattern during the period 1995-2012 for the subsectors 

- a certain consumption pattern in separate Article 5 and non-Article 5 countries, which 

determines the specific starting point of 2012 (in tonnes for the various refrigerants in the 

various subsectors) 

- a conservative servicing percentage (of the existing bank) of 15% per year 

- an economic growth (and an extrapolated economic growth) taken from percentages over the 

period 2005-2012 (for separate countries or separate groups of countries)  

The important subsectors considered are commercial refrigeration and stationary air conditioning. 

All countries, stationary air conditioning 
 Total consumption (ktonnes) Total consumption (Mt CO2-eq) 

Year/ 

Substance 

HCFC HFC Alternatives Total HCFC HFC Alternatives Total 

(no 

alternatives)* 

2015 354.6 220.0 35.6 610.1 634.6 431.9 17.6 1084.1 (1136.3) 

2020 255.8 249.9 132.1 637.9 457.9 492.0 65.3 1015.3 (1113.9) 

Aggregated 

2013-20 

        

2600.6 1832.8 524.3 4957.8 4655 3601 259 8515 (9288) 

All countries, commercial refrigeration 
 Total consumption (ktonnes) Total consumption (Mt CO2--eq) 

Year/ 

Substance 

HCFC HFC Alternatives Total HCFC HFC Alternatives Total 

 (no 

alternatives) 

2015 157.3 90.2 18.8 266.3 281.7 268.1 3.6 553.4 (653.4) 

2020 195.5 114.0 66.9 376.4 350.0 278.9 13.4 642.3 (875.6) 

Aggregated 

2013-20 

        

1349.7 778.7 269.9 2398.3 2417 2170 53.0 4640 (6245) 

 
 Total consumption (ktonnes) Total consumption (Mt CO2-eq) 

Year/ 

Substance 

HCFC HFC Alternatives Total HCFC HFC Alternatives Total 

 (no 

alternatives) 

2015 511.8 310.2 54.3 876.3 916.3 700.0 21.2 1637.5 (1740.7) 

2020 451.4 363.9 199.1 1014.3 807.9 770.9 78.7 1657.6 (2085.7) 

Aggregated 

2013-20 

        

3950.3 2611.5 794.2 7356.0 7072 5771 312 13155 (15533) 

* Note: the amounts given in parentheses are the ones without using (lower GWP) alternatives.    

Looking at the totals for 2020 it can be observed that  

 stationary air conditioning is twice as large as commercial refrigeration in ktonnes 

 stationary air conditioning is 30% larger than commercial refrigeration without the application of 

lower GWP alternatives, is about 50% larger with the application of lower GWP alternatives 

Looking at the aggregated values it can be observed that  

 stationary air conditioning is about twice as large in ktonnes, about 50% larger in Mt CO2-eq. if 

commercial refrigeration would apply HFCs 

 stationary air conditioning would (again) be twice as large in Mt CO2-eq. if a large amount of 

lower GWP alternatives would be used instead of the refrigerants R-404A and R-507.  

In total, for all countries, for both new manufacture and servicing, 794 ktonnes can be avoided during 

the period 2013-2020, which is 11% of the total (7356 ktonnes). During that same period 2378 Mt 

CO2-eq. can be avoided, which is more than 15% of the total. 

It should be realized that these numbers are derived for 15% servicing.  Should this percentage be 

substantially higher, the amounts that can be avoided calculated in percentages would decrease. This 

could be a subject for a more detailed scenario analysis. 
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Aggregated for the period 2013-2020, for all countries, both non-Article 5 and Article 5, 184 ktonnes 

of refrigerants (with higher GWP) can be avoided from a total of 1304 ktonnes, which equals 14%. 

Expressed in Mt CO2-eq. for that same period, 247 Mt CO2-eq. can be avoided from a total of 

1791 Mt CO2-eq., which equals 13.8% (the numbers should be more or less the same, since it only 

concerns amounts of HFC-134a that can be avoided, by a mix of low GWP alternatives, which give a 

very small contribution in Mt CO2 eq.). It should be emphasized here that the percentage of the 

amount that can be avoided for non-Article 5 countries would be higher than for Article 5 countries 

(17% vs. about 10%, in Mt CO2-eq., aggregated over 2013-2020). 

  Foams 

The foams sector has made transitions from its CFC baseline, through HCFCs in some cases, to either 

high-GWP or low-GWP non-ozone depleting solutions. As of 2013, the residual reliance on HCFC use 

in Article 5 regions rests to some extent in polyurethane appliance foams, but mostly in PU Spray and 

XPS Board.  

It is important to note that, of the 5.6 million ODP baseline footprint1 of the foam sector between 1990 

and 2012, over 80% of the footprint was avoided. Similarly, for a cumulative baseline climate 

footprint of 26.3 billion tonnes CO2-eq over 66% has been avoided. This assessment has taken the 

rather stringent approach of not correcting for the 10 year grace period given to Article 5 Parties, so 

the avoided baseline percentages against regulatory requirements are considerably higher. A similarly 

stringent approach has been taken with respect to the availability of non-ozone depleting alternatives 

and low-GWP solutions.  

It has effectively been assumed that these were available throughout the period of analysis and thereby 

the analysis over-estimates the „missed opportunities‟ in order to place a worst case perspective to the 

data generated and avoid subjective scenarios. The following graphs illustrate the missed opportunities 

analysed in this way for both ozone and climate:  

 

                                                           

1 That which would have occurred if no action had been taken on ozone depleting substances. 
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The reasons for these „missed opportunities‟, 

especially for the XPS board sector, are fully 

explained in Chapters 3 & 5. It remains difficult to 

identify significant areas where the transition 

process could have been accelerated substantially 

given the constraints faced. It should also be noted 

that the effect of changes in thermal performance 

have not been factored into the climate assessment 

in view of the complex and non-determinable 

usage patterns to which most building insulation 

foams are subject.  

As of 2013, the proportion of blowing agent being consumed by sector that can be considered as high-

GWP is shown in the following table. It can be seen that some sectors have virtually completed their 

phase-out while others still have major hurdles to overcome. Particular examples are the PU Spray 

Foam and XPS Board sectors, where major product and processes challenges remain. In general, the 

remaining challenges are greater in Article 5 Parties where there is often less to be gained from 

economies of scale.  

Many of these sectors are still reliant on the emergence of a new generation of alternatives which can 

display the performance associated with their high-GWP counterparts while delivering limited direct 

global warming impact. In particular, unsaturated HFCs (HFOs) are likely to have a strong role to 

play, with other emerging blowing agents, such as methyl formate, meeting some of the more specific 

niche applications. Drivers in non-Article 5 Parties will be market and regulatory pressure, while the 

main driver in Article 5 Parties will be the phase-out of HCFCs under the Montreal Protocol through 

the implementation of HCFC Phase-out Management Plans.      

Moving forward to assess the potential for further avoided consumption, the period of assessment has 

been limited to 2013-2020 in view of the uncertainties surrounding market growth in the foam sector 

beyond that date. However, it should be noted that the potential savings will be under-estimated by 

taking this relatively cautious approach. The following four charts show the potential savings available 

assuming an immediate transition in 2013. While recognizing that this is not possible in most cases, it 

does compensate to some extent for the relatively short assessment period:  

 

 

 

 

 

 

 

 

 

Again, it should be noted that, although these savings are assumed to remove all of the remaining 

ozone and climate impacts for the period 2013-2020, the ozone-related savings represent only 2.3% of 

the footprint that would have existed without the Montreal Protocol. Similarly, the removal of the 

remaining climate impacts only represents 13.3% of the climate footprint that would have existed 

without the Montreal Protocol.  

 

 

 

 

 

 

non-A5 A5

PU Appliance 41.34% 41.34%

PU Boardstock 2.48% 0.00%

PU Panel 44.68% 78.60%

PU Spray 99.63% 100.00%

PU In-situ/Block 36.08% 99.64%

XPS Board 81.84% 99.98%

Phenolic 15.98% 32.51%

Total 35.61% 48.37%
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With HCFC Phase-out Management Plans now well into their first phase, it is clear that most of the 

significant sectors identified in Article 5 Parties are already being addressed. However, this is not 

necessarily the case in non-Article 5 Parties where the drivers for further transition need to come from 

the climate agenda, bearing in mind that the phase-out of ozone-depleting substances is already 

complete. Apart from the market and regulatory intervention mentioned earlier, one of the key drivers 

may ultimately be the improvement in thermal efficiency offered by low-GWP substitutes such as 

unsaturated HFCs, unsaturated HCFCs or blends containing them.  

It is clear that the timing of further transitions is less critical to the environment than was the case for 

CFC phase-out, where delay had substantial consequences. There are still some difficult transitions to 

address (e.g. in the XPS sector) and it may be that waiting for the maturing of emerging technologies 

will offer better long-term solutions than forcing the transition too soon. Where this is unavoidable 

because of ODS phase-out commitments, it may still be better to consider a low-cost interim solution 

in order allow for a subsequent transition.  

Having reviewed the potential for avoided consumption, this Report has also sought to make some 

assessment of the percentage reduction of cumulative consumption that might be realistically achieved 

in the 2013-2020 period. The following table illustrates those outputs:  

Non-A5 A5

tonnes ktCO2-eq tonnes ktCO2-eq tonnes ktCO2-eq tonnes ktCO2-eq

PU Appliance 159,132     176,652     225,420     189,564     55% 75% 87,523    97,158    169,065  142,173  

PU Boardstock 17,054        19,747        -                   8                  50% 50% 8,527      9,874      -               4               

PU Panel 148,542     172,550     77,374        54,710        50% 40% 74,271    86,275    30,950    21,884    

PU Spray 103,966     105,824     75,895        53,582        25% 25% 25,992    26,456    18,974    13,395    

PU In-situ/Block 26,881        25,910        71,839        50,711        25% 25% 6,720      6,478      17,960    12,678    

XPS Board 202,705     192,878     457,667     891,499     10% 25% 20,271    19,288    114,417  222,875  

Phenolic 5,196          4,978          408              282              50% 50% 2,598      2,489      204          141          

Total 663,476     698,539     908,603     1,240,356 225,901 248,017 351,569 413,150 

34.05% 35.51% 38.69% 33.31%

Non-Article 5 Article 5

Cumulative High-GWP Consumption to 2020 Est. % Avoidance Estimated Avoided Consumption to 2020

Non-Article 5 Article 5

 

In summary, the foam sector might be expected to deliver a further 575,000 tonnes of avoided high-

GWP blowing agent consumption yielding approximately 660,000 ktCO2-eq of additional climate 

benefit beyond business-as-usual by 2020, with further benefits to accrue thereafter. 

  Fire protection 

Ozone depleting substances (ODS) used as fire extinguishants possess unique efficacy and safety 

properties that serve as a basis of fire protection systems where the application of water (by hose 

stream or sprinkler heads), dry chemical agents, or aqueous salt solutions is problematic. This is 

especially true in high-value, commercial electronics environments and in military systems, to name 

only two of many applications where such systems had many serious technical disadvantages. 

Commercially available, technically proven alternatives to ODS for Fire Protection have been 

developed and include: halocarbon agents, e.g., HFCs and a fluoroketone (FK); inert gases, e.g., 

nitrogen and argon and their blends; carbon dioxide; water mist technologies; inert gas generators; fine 

solid particles (powders); dry chemicals; and aqueous film-forming foam. Several environmentally 

sound alternatives to ODS fire extinguishing agents for both total flooding and local applications uses 

have been introduced to the market. If an environmentally sound alternative agent works in any 

specific application, there is no barrier to its adoption other than economic considerations. Additional 

environmentally sound alternatives are presently under development that may increase the number of 

applications where environmentally sound alternatives are technically viable but it is too soon to make 

any realistic assessments. 

The production of PFCs and HFCs for use in fire extinguishing systems and portable fire extinguishers 

as well as the production of alternatives (without negative environmental impacts) to these agents for 

uses in the same applications is performed by very few manufacturers, all of whom treat the 

information on their historical, present and projected production as proprietary. Without a clear 

understanding of these production levels for the alternatives without negative environmental impacts, 
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and also for the PFCs and HFCs, there is no basis for making a sound judgment about the overall 

utility of any alternatives in replacing PFCs and HFCs in the fire protection sector. 

Nevertheless, we can say that the fire protection community has acted responsibly in dealing with 

what have turned out to be unsuitable alternatives from an environmental impact perspective. The 

availability of several HFCs that collectively could perform as well as the PFCs in certain applications, 

and at the same time present a more favourable environmental impact, led to the collapse of the use of 

PFCs in those applications. 

However, the need for chemical agents remains as inert gases, water mist and other agents are not 

suitable for many fire protection applications that had previously used halon. HFCs have filled that 

role and, since about 2005, a fluoroketone (FK) has increasingly become more accepted. The fire 

protection industry is still evaluating alternatives that have low environmental impacts.  In addition, 

the Halons Technical Options Committee is assessing regional biases in fire protection agent, systems 

and costs across the spectrum of available choices.      

The use of HCFCs in fire protection is declining, with the only total flood agent being provided for the 

maintenance of legacy systems that are themselves phasing out. Only HCFC-123 is used in any 

quantity in portable extinguishers. However, if the development of 2-Bromo-3,3,3-trifluoropropene 

proves to be commercially successful, owing to its fire extinguishing characteristics being closer to 

halon 1211 and it having a low environmental impact, means that it would be the natural replacement 

for HCFC-123 and halon 1211 – particularly in the aviation industry.  

  Solvents 

The HCFC solvents currently used are HCFC-141b and HCFC-225ca/cb with ODP of 0.11 and 

0.025/0.033 and GWP-100yr of 713 and 120/586, respectively. The elimination of HCFCs from 

solvent applications still leaves many options available. Many alternative solvents and technologies 

developed so far since 1980s are the candidates for HCFC alternatives, which include, not- in kind 

technologies such as aqueous cleaning, semi-aqueous cleanings, hydrocarbon and alcoholic solvents, 

and in-kind solvents such as chlorinated solvents, a brominated solvent, and fluorinated solvents with 

various levels of acceptance. However, no single option seems well suited to replace HCFCs 

completely.  

Recently unsaturated fluorochemical HFOs (hydrofluoroolefins) with zero ODP and HCFOs 

(hydrochlorofluoroolefins) with negligibly small ODP are said to be under development. They have 

ultra low GWP (<10) and are expected to replace high GWP-HFC and low or moderate GWP HFE 

solvents. Among them, HCFOs are unique in their balanced solvency due to the presence of chlorine 

and fluorine atom in the molecule. If HCFOs with appropriate boiling points, low toxicity and enough 

stability to the practical use be on market, they may replace HCFCs totally in the future. 
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Annex III 

Renominations of the members of the technical options committees 

  Halons Technical Options Committee (HTOC) 

Members   

Erik Pedersen Denmark NFP & HTOC agreed to reappoint 

Mitsuru Yagi Japan NFP & HTOC agreed to reappoint 

Michelle Collins USA Re-nomination process ongoing 

Robert Wickham USA Re-nomination process ongoing 

Donald Thomson Canada Re-nomination process ongoing 

H.S. Kaprwan India NFP & HTOC agreed to reappoint 

Tarik K. Al-Awad Jordan Reappointed by HTOC for four years in 

2012 

  Methyl Bromide Technical Options Committee (MBTOC) 

Members Country  

Darka Hamel Croatia Re-nomination process ongoing 

Jordi Riudavets Spain Re-nomination process ongoing 

  Refrigeration, Air Conditioning and Heat Pumps Technical Options 

Committee (RTOC) 

Members Country (Nominations/Renominations) 

Mr. Tetsuji Okada Japan Re-nomination process ongoing 

 

   

 

 


