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 I. Introduction 
1. Owing to the continuing coronavirus disease (COVID-19) pandemic and related travel 
restrictions, the forty-third meeting of the Open-ended Working Group of the Parties to the Montreal 
Protocol cannot be held in person in Bangkok as planned. Instead, a number of issues have been 
prioritized from the provisional agenda (UNEP/OzL.Pro.WG.1/43/1) for online work. Those issues 
are: (a) replenishment of the Multilateral Fund for the period 2021–2023 (agenda item 3); 
(b) unexpected emissions of trichlorofluoromethane (CFC-11) (agenda item 4); (c) nominations for 
critical-use exemptions for methyl bromide for 2022 and 2023 (agenda item 7 (a)); and 
(d) energy-efficient and low-global-warming-potential technologies (agenda item 12).  

2. The online work will be facilitated by an online forum, established on the website of the 
Ozone Secretariat for parties to review and post comments on specific documents, and a number of 
online meetings.1  

 
* Some agenda items will be discussed online and others will be deferred to a later date. 
** UNEP/OzL.Pro.WG.1/43/1. 
1 The meetings pertain to: (a) guidance to the task force of the Technology and Economic Assessment Panel on 
further work on its assessment of the funding requirement for the replenishment of the Multilateral Fund for the 
period 2021–2023 (replenishment report) (22 and 24 May 2021); (b) unexpected emissions of CFC-11 (14 and 
15 July 2021); and (c) energy-efficient and low-global-warming-potential technologies (16 and 17 July 2021).  
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3. Participants in the online meeting on unexpected emissions of CFC-11 will discuss the 
technical aspects of the following two reports: 

(a) The report by the Scientific Assessment Panel entitled “Report on the Unexpected 
Emissions of CFC-11”, issued in April 2021;2  

(b) The report by the Technology and Economic Assessment Panel task force on CFC-11, 
contained in volume 3 of the Panel’s 2021 report, entitled “Decision XXXI/3 TEAP Task Force 
Report on Unexpected Emissions of Trichlorofluoromethane (CFC-11)”, issued in May 2021.3  

4. Section II of the present note sets out information on the organization of the work on 
unexpected emissions of CFC-11, while section III sets out background information and the issues for 
discussion.  

 II. Organization of the work on unexpected emissions of CFC-11  
5. The Secretariat has set up a dedicated tab on the issue of unexpected CFC-11 emissions in the 
online forum referred to in paragraph 2 of the present note.4 The purpose of the CFC-11 forum is to 
enable parties to ask questions and comment on the CFC-11 reports prior to the online technical 
meeting on the matter. The panels will then be able to consider those questions and comments as they 
prepare their presentations for the meeting. Representatives may also wish to pose questions and make 
further comments during the question-and-answer segment of the meeting. The forum will be open for 
the posting of comments and questions from 31 May to 21 June 2021. 

6. The online technical meeting on CFC-11, comprising two substantially identical sessions to 
facilitate participation from different time zones, will be held on 14 and 15 July. The first session will 
be held from 9 a.m. to 12 noon (Nairobi time (UTC + 3)) on 14 July and the second one will be held 
from 4 to 7 p.m. (Nairobi time (UTC + 3)) on 15 July. The panels will present their respective reports 
on the unexpected emissions of CFC-11 at each of the sessions. Each presentation will be followed by 
a discussion session, including a question-and-answer segment. General statements may also be made 
during that session. Both sessions will be recorded, and the recordings will be made available in the 
online forum. Information related to the online technical meeting and the meeting documents will be 
posted on the portal for the forty-third meeting of the Open-ended Working Group5 and in the online 
forum as they become available. 

7. The online technical meeting will be held using the Interprefy platform with simultaneous 
interpretation into the six official languages of the United Nations. Login details will be sent by email 
to all registered participants, along with information on how to access the platform. Test sessions for 
participants will be held on 8 and 9 July 2021.6 

8. The provisional agenda of the online technical meeting on CFC-11 is set out below. It will be 
presented by the co-chairs for consideration and adoption by the parties at the start of the meeting. 

1. Opening of the meeting. 

2. Organizational matters:  

(a) Adoption of the agenda; 

(b) Organization of work. 

3. Unexpected emissions of CFC-11: 

(a) Presentation of the Scientific Assessment Panel report on unexpected 
emissions of CFC-11; 

(b) Presentation of the Technology and Economic Assessment Panel task force 
report on unexpected emissions of CFC-11; 

(c) Discussion session.  

4. Closure of the meeting. 

 
2 https://ozone.unep.org/system/files/documents/SAP-April-2021-report-on-the-unexpected-emissions-of-CFC-
11.pdf. 
3 https://ozone.unep.org/system/files/documents/Final_TEAP-DecisionXXXI-3-TF-Unexpected-Emissions-of-
CFC-11-may2021.pdf. 
4 https://online.ozone.unep.org/t/unexpected-emissions-of-cfc-11/93. 
5 https://ozone.unep.org/meetings/43rd-meeting-open-ended-working-group-parties-montreal-protocol. 
6 The specific times will be announced in the “meeting information” section of the portal for the forty-third 
meeting of the Open-ended Working Group. 
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9. During the online technical meeting, participants should either use the virtual “raise hand” 
function of the Interprefy meeting platform to request for the floor or submit their comments in 
writing, in English, using the online chat function. Participants are encouraged to take the floor rather 
than using the chat room, so that their statements can be interpreted and a summary thereof be 
included in the report of the meeting. 

 III. Unexpected emissions of CFC-11  

 A. Background 

10. Following the global phase-out of the production and consumption of CFC-11 in 2010, as 
mandated under the Montreal Protocol, global CFC-11 emissions and atmospheric abundances were 
expected to decrease steadily. However, scientific research published in early 2018 provided evidence 
of an unexpected increase in global CFC-11 emissions in the period 2014‒2016. This led parties to 
engage in extensive discussions that resulted in the adoption of decisions XXX/3 and XXXI/3 in 2018 
and 2019.  

11. In paragraph 1 of decision XXX/3, the Scientific Assessment Panel was requested to present to 
the Thirty-Second Meeting of the Parties in 2020 a summary report on the unexpected increase of 
CFC-11 emissions, which would supplement the information in its 2018 quadrennial assessment, 
including additional information regarding atmospheric monitoring and modelling, including 
underlying assumptions, with respect to such emissions. 

12. In paragraph 2 of the same decision, the Technology and Economic Assessment Panel was 
requested to provide the parties with information on potential sources of emissions of CFC-11 and 
related controlled substances from potential production and uses, as well as from banks, that may have 
resulted in emissions of CFC-11 in unexpected quantities in the relevant regions; and to provide a 
preliminary report to the Open-ended Working Group at its forty-first meeting in 2019 and a final 
report to the Thirty-First Meeting of the Parties in the same year. The Panel established a task force on 
CFC-11 and prepared its reports as requested.7 

13. Upon consideration of this matter, the Thirty-First Meeting of the Parties, in paragraph 7 of 
decision XXXI/3, requested the Technology and Economic Assessment Panel to furnish the parties 
with an update to the information provided pursuant to paragraph 2 of decision XXX/3, and to provide 
a report thereon to the Thirty-Second Meeting of the Parties. In particular, the Panel was asked to 
include in the report any new compelling information that became available and to provide 
information on the following: (a) an analysis of CFC-11 banks; (b) linkages between the level of 
production of anhydrous hydrogen fluoride and carbon tetrachloride and unexpected emissions of 
CFC-11; (c) the types of CFC-11 product, the disposition of any such products and opportunities and 
methods for detecting such products and potentially recovering the associated CFC-11; and 
(d) identification of possible drivers of illegal production of and trade in CFC-11. The Panel 
re-established its task force on CFC-11 to prepare the requested report in time for consideration by the 
Thirty-Second Meeting of the Parties in November 2020. 

14. Due to the pandemic, the Thirty-Second Meeting of the Parties, held in November 2020 
combined with the twelfth meeting (part I) of the Conference of the Parties to the Vienna Convention 
for the Protection of the Ozone Layer, was conducted online with a reduced agenda. The issue of 
CFC-11 was not discussed and was therefore deferred for consideration in 2021. Furthermore, the 
preparation of the report by the Scientific Assessment Panel, originally scheduled for publication in 
late 2020 as mandated in decision XXX/3, was delayed until early 2021 to allow for the inclusion of 
updated measurements and analysis on CFC-11 provided in two scientific articles published in 
February 2021. Similarly, the report by the Technology and Economic Assessment Panel was delayed 
until 2021 to enable that Panel’s task force to take into consideration the new findings in the report by 
the Scientific Assessment Panel. 

15. In the light of the above, the report of the Scientific Assessment Panel in response to decision 
XXX/3 and that of the Technology and Economic Assessment Panel in response to decision XXXI/3 
are to be considered during the corresponding online technical meeting organized under the forty-third 
meeting of the Open-ended Working Group. While associated policy issues will not be discussed 
during the online meeting, they may be considered at the combined twelfth meeting (part II) of the 

 
7 https://ozone.unep.org/system/files/documents/TEAP_Task_Force_Dec_XXX-3_on_Unexpected_ 
CFC-11_Emissions_May_2019.pdf; and https://ozone.unep.org/system/files/documents/TEAP-TF-DecXXX-3-
unexpected_CFC11_emissions-september2019.pdf. 
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Conference of the Parties to the Vienna Convention for the Protection of the Ozone Layer and 
Thirty-Third Meeting of the Parties to the Montreal Protocol later in the year.  

16. The key messages and the executive summaries of the two reports are reproduced in annexes I 
and II to the present note, as received by the Secretariat, without formal editing. A summary of the 
information provided in the reports is set out in sections B and C below.  

 B. Scientific Assessment Panel report on the unexpected emissions of CFC-11 

17. The Scientific Assessment Panel report was prepared by a team of experts convened by the 
co-chairs and was peer reviewed by independent experts. In accordance with the parties’ request in 
decision XXX/3, the report addresses current and past observations of CFC-11 atmospheric 
abundances; global and regional CFC-11 emissions and trends; global emissions of CFC-12 and 
carbon tetrachloride associated with CFC-11 production; estimates of CFC-11 banks (i.e. CFC-11 
produced but not yet emitted); scenarios of future emissions and atmospheric concentrations; and the 
impact of the unexpected increase in CFC-11 emissions on the stratospheric ozone layer. 

18. Global emissions of CFC-11 can be derived from measured atmospheric concentrations at 
remote sites around the globe, while regional emissions can be derived from observations at sites 
located immediately downwind of source regions. The Panel reports that the annual decline rate in the 
atmospheric concentrations of CFC-11 in recent years evolved from 0.8 per cent in the period  
2002–2012 to 0.5 per cent in 2014–2018 and then to 0.7 per cent in 2018–2019. Analysis of observed 
concentrations led to the 2018 scientific finding that the mean value derived for annual global 
emissions for the period 2014–2016 (67 ± 3 kilotonnes per year) was 13 ± 5 kilotonnes per year larger 
than for the period 2002–2012, indicating an unexpected global increase in CFC-11 emissions.  

19. While emissions in 2018 (70 ± 10 kilotonnes per year) were subsequently found to be similar 
to the 2014–2017 mean, global emissions in 2019 were 18 ± 6 kilotonnes per year lower than they had 
been during the 2014‒2018 period. This abrupt decline in 2019 returned global CFC-11 emissions to a 
level comparable to pre-2013 levels. 

20. The report indicates that a large fraction of the unexpected global increase in CFC-11 
emissions (60 ± 40 per cent) during the period 2014‒2017 is attributed to eastern mainland China, with 
multiple lines of evidence suggesting new production and use in this region.  

21. The Panel points out that current and future CFC-11 emissions depend on bank magnitudes 
and release rates and acknowledges that these variables are difficult to assess. It notes, however, that 
top-down and bottom-up analyses suggest that the unexpected increase in global emissions during the 
period 2014‒2018 is unlikely to be due to emissive losses from pre-existing 2010 CFC-11 banks. 
Improved understanding of present bank emissions from pre-2010 and likely post-2010 production is 
required to quantify more precisely the magnitude of unreported CFC-11 production and its impact on 
emissions during the last decade. 

22. To furnish further evidence for unreported CFC-11 production, the report also explores global 
emissions of two other ozone-depleting substances whose controlled uses were also phased out 
globally in 2010: CFC-12, typically (but not necessarily) co-produced during the manufacture of 
CFC-11; and carbon tetrachloride, used most commonly as chemical feedstock in the production of 
CFC-11. According to the Panel, global CFC-12 emissions have declined since the mid-1990s, with 
the trend exhibiting a slower decline in the period 2010‒2017 than in the period 2000‒2009 and a 
significant decline after 2017. A sudden decline in regional CFC-12 emissions was also detected 
around 2016 in eastern China.  

23. Global emissions of carbon tetrachloride did not decline in the period 2010‒2019. Regional 
emissions from eastern China, on the other hand, exhibit an increase after 2012, followed by a decline 
over the period 2017‒2019. The Panel points out, however, that the reasons for the elevated levels of 
global carbon tetrachloride emissions are not fully understood, a main one being the continued 
production and consumption of carbon tetrachloride for use as chemical feedstock and as a process 
agent. Although recent studies have narrowed the gap between bottom-up and top-down estimates of 
carbon tetrachloride emissions, there are still longstanding gaps in our understanding and it therefore 
seems unlikely that unreported CFC-11 production is the primary cause of the unexpectedly high 
tetrachloride emissions.  

24. With respect to the impacts of the recent unexpected CFC-11 emissions on the anticipated 
recovery of stratospheric ozone to 1980 levels, the Panel concludes that the recovery will not be 
delayed substantially, because the emissions increase took place only for a short period (2014‒2019). 
With the cumulative unexpected emissions of CFC-11 being 120–440 kilotonnes in the period  
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2012–2019, the recovery delay is estimated to be 0.4–1.3 years for the global ozone and 0.5–3.1 years 
for the Antarctic ozone hole. 

25. Furthermore, the additional emissions of CFC-12 and carbon tetrachloride, possibly associated 
with the increased CFC-11 emissions, are estimated to have small additional impacts on ozone 
recovery. Additional recovery delays may also occur if substantial amounts of the unreported CFC-11 
production were added to foam banks after 2010. Assuming future compliance with the Montreal 
Protocol, emission scenarios project continued decline in CFC-11 atmospheric abundances.  

 C. Technology and Economic Assessment Panel task force report on the 
unexpected emissions of CFC-11 

26. The report of the Technology and Economic Assessment Panel task force includes highlights 
of the 2019 task force report on the same matter; key scientific findings since 2019, discussed in the 
Scientific Assessment Panel report on CFC-11; a comprehensive description of its modelling work 
using a refined inventory-based model built on historically reported global CFC-11 production and 
use; and responses to the requests of the parties set out in decision XXXI/3 (noted in paragraph 13 
above). 

27. The 2019 task force report had concluded that the likely dominant cause for the emission 
increase after 2012 was resumed use of newly produced CFC-11 in closed-cell foams in some regions 
due to the technical ease and economic advantage of its use. The 2021 task force built on the 
modelling work done in 2019, employing the same inventory-based model but refined it by using 
varying chiller and foam lifetimes instead of the average lifetimes used in the model for the 2019 task 
force report. Additional refinements pertained to the development of regional and product-based 
models for both banks and emissions, which were incorporated into the modelling work.  

28. The task force used the refined model to reconcile the differences between the estimated 
inventory-based emissions and those derived from atmospheric concentrations, assuming that the 
CFC-11 emissions derived from atmospheric concentrations were associated with closed-cell foam 
production and use (as was concluded in the 2019 task force report). In this manner, the task force 
estimated the additional CFC-11 production that would be needed to align the inventory-based 
expected emissions with the emissions derived from atmospheric observations.  

29. The model results concur with previous research indicating that the banks are not sufficient to 
explain the increase in CFC-11 emissions observed from 2012 to 2018. The task force arrives at a new 
conclusion, however, which is that unreported CFC-11 production would seem to have been already 
occurring in the period 2007‒2012. In this regard, it estimates that the cumulative total unreported 
CFC-11 production in the period 2007‒2019 was 320‒700 kilotonnes. Assuming CFC-11 use in 
closed-cell foam production, this cumulative total unreported CFC-11 production would lead to an 
estimated increase of 300 kilotonnes in the magnitude of the CFC-11 bank by the end of 2019.  

30. The task force also addresses the association of CFC-12 and carbon tetrachloride with the 
unexpected increase in CFC-11 emissions. With regard to CFC-12, it concludes that despite the 
substantial uncertainties involved, there are a number of factors that would appear to support the 
association of global CFC-12 emission changes with unreported CFC-11 production, such as the 
indication of increased global CFC-12 emissions in the period 2010‒2017, the subsequent significant 
reduction in 2019 and the geographic origin of these changes. With regard to carbon tetrachloride, the 
task force has estimated the annual amounts required to supply annual CFC-11 production that would 
account for the increased CFC-11 emissions in the period 2013‒2018, and notes that a cumulative 
quantity of at least 360 kilotonnes of carbon tetrachloride would be required to produce 
320-700 kilotonnes of CFC-11 in the period 2007‒2019.  

31. Additional information provided by the task force in response to the parties’ requests in 
decision XXXI/3 includes the following findings: 

(a) The majority of reported global CFC-11 production in closed-cell foams was in  
non-Article 5 parties, specifically in North America and Europe, used primarily for construction and 
refrigeration; nearly all foams used in appliances have been decommissioned (landfilled or destroyed).  

(b) The linkage of carbon tetrachloride production with unreported CFC-11 production 
and emissions is more important than that of the production of anhydrous hydrogen fluoride. 
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(c) The total active and inactive CFC-11 bank (foams, refrigerants and storage)8 in 2021 is 
1,500 ± 100 kilotonnes, out of which the total active CFC-11 bank is 800 ± 50 kilotonnes (3.8 Gt 
CO2eq, in 2021). Opportunities to recover CFC-11 from products containing the substance are limited 
to active banks, mainly of insulation foams, and, to a lesser extent, centrifugal chillers. Recovering 
CFC-11 foams is challenging, however. The greatest benefits can be accrued by combining foam 
wastes containing ozone-depleting substances and hydrofluorocarbons (HFCs). 

(d) Once recycling and reclamation/reuse opportunities are exhausted, one of the most 
cost-effective subsectors for recovery and destruction of ozone-depleting substances and HFCs is 
stationary air conditioning, including centrifugal chillers. In the case of foam banks, the opportunity 
for CFC-11 recovery and destruction lies in higher management of active foam banks at end of life, 
with potential diversion of foam wastes towards destruction rather than landfills and emissive 
secondary usage. 

(e) Recovery costs constitute the largest portion of total costs of recovery and destruction 
and depend on various factors, such as sector waste type, infrastructure, logistics and transport 
distances. Although investment and operating costs in ozone-depleting substance waste recovery and 
destruction are relatively high when compared with cheaper forms of disposition (venting and landfill 
disposal), they can be weighed against the externalized costs to society of future health and 
environmental impacts of emissions from venting or landfill disposal. The evolution of net zero carbon 
requirements and circular economy considerations may improve end-of-life choices. 

(f) There are a number of drivers that might encourage illegal production of and trade in 
CFC-11, including the lack of availability and higher pricing of HCFC-141b as it is phased out 
globally, technical challenges pertaining to the phase-out of HCFC-141b in the spray foam sector and 
in small and medium-sized enterprises, challenges with alternatives and the technical ease of 
conversion to CFC-11. 

32. In closing, the task force suggests that parties may wish to consider reviewing their 
enforcement programmes and associated training to ensure that opportunities to detect CFC-11 (or any 
controlled substance) are not being overlooked, and to investigate incentives and tools that would 
encourage increased industry reporting of potentially illegal or suspicious activities to authorities. 

 D. Issues for discussion 

33. As indicated in paragraph 3 of the present note, the objective of the online technical meeting 
on CFC-11 is to discuss the technical aspects of the reports prepared by the two panels. Policy-related 
matters are expected to be discussed at the combined twelfth meeting (part II) of the Conference of the 
Parties to the Vienna Convention and Thirty-Third Meeting of the Parties to the Montreal Protocol to 
be held in October 2021. 

34. After discussing the technical aspects of the reports, the Open-ended Working Group may 
wish to suggest a way forward. 

 

 
8 In the task force report a bank is characterized as active if the product is still in use and as inactive if the product 
has been landfilled. 
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Annex I  

Report by the Scientific Assessment Panel  

  Report on the Unexpected emissions of CFC-11  

  Executive summary 
Global emissions of CFC-11 were expected to steadily decrease after 2010 because of the full 
phaseout of production and consumption (see Figure ES.1, blue shading). Surprisingly, CFC-11 
emissions increased starting in 2013 and were at elevated levels in the 2014-18 period (Figure ES.1, 
purple). After the 2018 publication of this emission increase, emissions were substantially lower by 
2019. A large fraction of this emission increase was attributed to Eastern China based on regional 
emission estimates. These regional emissions also substantially declined from 2017 to 2019. The 
increase of global CFC-11 emissions was not a result of increased bank releases. Amounts of CFC-11 
in banks and release rates from these banks remain highly uncertain (see Figure ES.1, blue-shaded 
range). The emission increases observed to date are small enough so that they will not have a major 
impact on CFC-11 atmospheric abundances and therefore will not have a major impact on the 
expected stratospheric ozone recovery. However, increases in banks and how they might augment 
future emissions remains to be tightly constrained. 

Figure ES.1. Annual averaged global CFC-11 emissions derived from NOAA and AGAGE 
observations (purple line and points). Expected bank emissions from a range of bottom-up 
inventory analyses of past uses, sales, and emission release functions (blue shading). Linear fit of 
emissions to the observations over the 2002–2012 period (orange solid line). Extrapolation of this 
linear fit to the 2013–2019 period (orange dashed line). The purple-orange shaded area between 
the observations (purple) and extrapolation (orange dashed) shows the lower limit of total 
emissions of 120 Gg (gigagrams) over the 2012–2019 period. Larger estimates for summed 
unexpected emissions during 2012–2019 (440 Gg) are derived by comparing observed emissions 
to TEAP’s expectations from bank-related emissions (blueshading). See Section 3 in main body 
for additional details.  

  ES.1 KEY FINDINGS  

  ES.1.1 CFC-11 emissions 

 The unexpected increase of global CFC-11 emissions first emerged in 2013 and persisted 
through 2018; emissions then declined to pre-2013 levels by 2019 (Figure ES.1). These 
emission changes are derived from atmospheric observations that enable estimates of globally 
averaged abundances and their changes inter-annually. The data are provided by the Advanced 
Global Atmospheric Gases Experiment (AGAGE) and National Oceanic and Atmospheric 
Administration (NOAA) global networks, which continually monitor the atmospheric 
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abundances of CFC-11 and other ozone-depleting substances at remote sites across the globe. 
(See Section 3)  

o The unexpected increase in global CFC-11 emissions emerged in 2013 and was first 
publicly reported in 2018. By 2019, emissions had decreased to values consistent with 
those observed during the 2008–2012 period. (See Section 3)  

o The unexpected emissions were first detected as a slowing of the long-term decline in 
global CFC-11 abundances from 0.8% yr-1 (2002–2012) to 0.5% yr-1(2014–2018), and 
a concurrent increase in the hemispheric concentration difference. (See Sections 2 
and 3)  

o Global CFC-11 emissions as derived on an annual basis from observations highlight 
the important changes that have occurred in the last decade (See Figure ES.1, 
Section 3): 

 In the initial publication announcing unexpected emissions, the mean value for 
2014–2016 (67 ± 3 Gg yr-1) was estimated to be 13 ± 5 Gg yr-1 larger than for 
2002–2012. (Gg = gigagram, 1 Gg = 1 kilotonne = 109 g)  

 Emissions in the following year, 2018, of 70 ± 10 Gg yr-1 were similar to the 
2014–2017 mean.  

 Emissions notably declined in 2019 by 18 ± 6 Gg yr-1, which is 26 ± 9% lower 
than the mean values of 2018 and 2014–2017. 

o Observations of the interhemispheric differences in CFC-11 abundances strongly 
suggest that the sources of unexpected emissions from 2012 to 2018 were 
predominantly in the northern hemisphere. (See Section 2)  

o CFC-11 atmospheric concentrations declined at –0.8% yr-1 (2002–2012), slowed down 
to approximately –0.5% yr-1 (2014–2018), then declined more strongly again 
at -0.7% yr-1 (2018–2019). (See Section 2)  

 The regional source of a large fraction of the unexpected global CFC-11 emissions 
enhancement during 2014–2017 is attributed to Eastern Mainland China. These 
emissions decreased substantially from 2014–2017 to 2019. Regional emissions of trace 
gases can be derived from observations at sites located immediately downwind of source 
regions. The distribution and magnitude of sources are derived from concentration 
enhancements measured in pollution plumes. Emissions from relatively few regions of the 
world currently are characterized in this way. (See Section 4)  

o Regional CFC-11 emissions estimated in this way show a significant increase in 
emissions from Eastern Mainland China (a rise of 7 ± 4 Gg yr-1 between the  
2008–2012 and 2014–2017 periods). This increase explains 60 ± 40% of the global 
increase in CFC-11 emissions between these periods. (See Section 4)  

o Emissions of CFC-11 from Eastern China declined by 10 ± 3 Gg yr-1 between the years 
2014–2017 and 2019. This decrease accounts for 60 ± 30% of the global decline 
during this same time period. (See Section 4)  

o Multiple lines of evidence suggest that the CFC-11 emissions increase from Eastern 
Mainland China was due to new production and use, not from an increase in emissions 
from pre-existing CFC-11 banks. (See Sections 3 and 5, TEAP [2019b])  

  ES.1.2 Banks 

 Current and future CFC-11 emissions are dependent on bank magnitudes and release 
rates. Estimates of the CFC-11 bank magnitudes are highly uncertain and the release 
rates from these banks, and how they vary with time, are difficult to assess. Global 
CFC-11 emissions from the existing bank were expected to continually decrease after 2010 
with compliance with Montreal Protocol control measures. The failure of compliance, with 
unreported production since 2010, led both to new emissions directly into the atmosphere and 
to a likely enhancement of the bank. Although precise quantification of the bank enhancement 
is not possible at present, some estimates have been made. (See Sections 3 and 5)  

o A bottom-up analysis estimates the global CFC-11 bank magnitude to be as high as 
1475 Gg for 2018, while an analysis that uses both top-down and bottom-up 
information shows a bank range of 900–2300 Gg for 2018 (both analyses were made 
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without considering unreported production). Both analyses also suggest that the 
elevated emissions during 2014–2018 are unlikely to be from enhanced emissive losses 
from the pre-existing 2010 bank. (See Section 5)  

o Estimates based on top-down regional emissions suggest that the net increase in the 
bank size in 2019 for Eastern China was as large as 112 Gg (upper 95% uncertainty 
interval) due to new production that occurred between 2013 and 2018. (See Section 4)  

 To quantify a more precise magnitude of unreported CFC-11 production in the last 
decade and its future impact on emissions requires an improved understanding of 
present-day bank emissions from pre-2010 production and the likely enhancement from 
unreported production since 2010. 

o The extent to which emissions in 2019 (Figure ES.1, purple) remain elevated above 
projected emissions from the 2010 bank (Figure ES.1, blue shading) is highly uncertain 
(1 to 50 Gg yr-1). This value is poorly constrained because of large emission 
uncertainties associated with pre-2010 production and how banks might have changed 
from 2010 to 2019 (Figure ES.1). (See Section 3)  

o Relative to the global emission decline expected from the projected decrease in the 
global CFC-11 bank after 2010, a cumulative global emission enhancement of 120 to 
440 Gg is estimated through 2019 due to unreported production (see Figure ES.1). 
(See Section 3)  

  ES.1.3 CFC-12 AND CARBON TETRACHLORIDE EMISSIONS 

 Global CFC-12 (CCl2F2) emissions have declined since the mid-1990s, but the rate of 
decline was slower in the 2010–2017 period as compared to the 2000–2009 period. There 
was a significant reduction in emissions after 2017. Unexpected CFC-12 emissions were a 
possibility together with the unexpected CFC-11 emissions increase because CFC-12 is 
typically (but not necessarily) co-produced during the manufacture of CFC-11. Like CFC-11, 
CFC-12 is a primary ozone-depleting substance (ODS) and powerful greenhouse gas (GHG). 
Reported CFC-12 production ceased by 2010 under the Montreal Protocol, except for essential 
small-quantity exemptions to manufacture metered-dose inhalers (which additionally were 
curtailed in 2015). (See Section 3)  

o While global CFC-12 emissions decreased at 12 ± 2% yr-1 during 2000–2009, the 
mean decline slowed to only approximately 5 ± 2% yr-1 during 2010–2017. 
(See Section 3)  

o Global CFC-12 emissions in 2019 were 21 ± 7 Gg yr-1, which is 38 ± 15% lower than 
estimated for 2018, indicating a significant reduction in global CFC-12 emissions, 
which is similar to the timing of the global CFC-11 emission decline. (See Section 3)  

o Regional CFC-12 emissions declined suddenly around 2016 in Eastern China. 
(See Section 4)  

 Global carbon tetrachloride (CCl4) emissions have not declined in the 2010–2019 period. 
Inverse analysis suggests that CCl4 emissions from Eastern China increased after 2012 
and subsequently decreased around 2017. CCl4, CFC-11, and CFC-12 can be co-emitted 
during CFC-11 production since CCl4 is a feedstock for CFC-11 and CFC-12. (See Section 3)  

o Global CCl4 emissions did not significantly decline during the 2010–2019 period 
(0.1 ± 0.2 Gg yr-1); this is in contrast to the steady decline in the 2000–2009 period 
(1.6 ± 0.3 Gg yr-1). The uncertainties associated with annual estimates and year-to-year 
changes, and the extensive global activity in CCl4 production, the United States and 
their associated emissions preclude any robust assessment of global emission changes 
concurrent with CFC-11. Global CCl4 emissions have remained elevated above 
expectations for many years. (See Section 3)  

o Regional emissions of CCl4 from Eastern China increased from 6.0 ± 1.4 Gg yr-1 
during 2011–2012 to 10 ± 2 Gg yr-1 for 2014–2017, before declining over 2017–2019 
to values consistent with the 2011–2012 average. (See Section 4)  

  ES.1.4 Impacts of Recent CFC-11 Emissions 

 The anticipated recovery from stratospheric ozone depletion will not be substantially 
delayed by these enhanced CFC-11 emissions because they were significantly elevated 
only for a brief period (2014–2019). If elevated emissions had persisted, they had the 
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potential to significantly delay the recovery of the Antarctic ozone hole and the return of 
stratospheric chlorine (Cl) abundances to 1980 values. In light of the new results for 2019, a 
substantial ozone impact is now not expected, assuming future compliance with the Montreal 
Protocol phaseout of CFC-11 production. (See Section 6)  

o The cumulative unexpected emissions of CFC-11 during 2012–2019 were 120-440 Gg, 
which will increase stratospheric chlorine loading in future years by 15–57 parts per 
trillion Cl and will have only a small impact on stratospheric ozone. The maximum 
future decrease in mean global column ozone is less than 0.3 Dobson Units (DU) or 
0.1% and the additional September Antarctic ozone loss is less than 2.5 DU (1%). 
Ozone recovery, measured as a return to 1980 levels, is delayed by only 0.4–1.3 years 
globally and by 0.5–3.1 years for the Antarctic ozone hole. (See Section 6)  

o The additional CFC-12 and CCl4 emissions, possibly associated with the enhanced 
CFC-11 production, will lead to small additional impacts on future ozone depletion, 
delayed ozone recovery, and greater climate forcing. (See Sections 5 and 6)  

 The anticipated recovery of stratospheric ozone will also be delayed if substantial 
amounts of the unreported CFC-11 production were added to foam banks after 2010. 
Analyses by the Technology and Economic Assessment Panel (TEAP) concludes that the 
mostly likely use of the unreported CFC-11 production was for insulating foams. If true, this 
would result in additional CFC-11 in foam banks that would continue to augment future 
CFC-11 emissions above expectations. (See Sections 5 and 6) 

o Uncertainty in bank estimates and future emissions of CFC-11 (and potentially 
CFC-12) from these banks leads to a lack of precision in estimates of future ozone 
depletion associated with the unexpected CFC-11 emissions. (See Section 5)  

o Sustained CFC-11 emissions at the elevated 2014–2017 levels would have caused 
additional stratospheric ozone loss and led to an ozone recovery delay. The impact 
varies with region and scales with the total additional CFC-11 emissions. Globally, 
column ozone is decreased by 0.4–0.7 DU and 1980 return dates are delayed by 
3 years per 1000 Gg of cumulative CFC-11 emissions. For the Antarctic, models show 
a near-linear decrease of 5 DU in springtime column ozone and a delay of 4–7 years 
for September 1980 return dates per 1000 Gg of cumulative CFC-11 emissions. 
(See Section 6)  

 CFC-11 atmospheric abundances are projected to continue to decline in emission 
scenarios that assume future compliance with the Montreal Protocol. These scenarios also 
assume decreasing CFC-11 emissions from banks. (See Section 5)  

o The projected global cumulative CFC-11 emissions for 2020–2060 are 580–780 Gg 
(3–4 cumulative Gt CO2-equivalent), based upon CFC-11 scenarios from previous 
Assessments. The unexpected CFC-11 emissions after 2012 are projected to add an 
additional 60–200 Gg (0.3–1.0 cumulative Gt CO2-equivalent) emissions for  
2020–2060, depending on the assumed rate of release from the banks. (Gt = gigatonne, 
1 Gt = 109 tonnes = 1015 g) (See Section 5) 
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Annex II  

Report by the Technology and Economic Assessment Panel 
(May 2021) Volume 3  

  Decision XXXI/3 Task Force report on unexpected emissions of 
trichlorofluoromethane (CFC-11) 

  Key messages 
 Based on refined global and regional inventory-based modelling of CFC-11 production, usage, 

and a comparison of resulting emissions against derived CFC-11 emissions, the 2021 Task 
Force has confirmed results of the 2019 Task Force and concluded new results, as outlined 
below. 

 The 2021 Task Force analysis shows a difference between the inventory-based model’s 
estimation of expected CFC-11 emissions and CFC-11 emissions derived from atmospheric 
observations. This difference is indicative of unreported CFC-11 production and use; 
emissions from CFC-11 banks alone cannot explain the unexpected increase in CFC-11 
emissions between 2013 and 2018.  

 A new conclusion of the 2021 Task Force is that unreported CFC-11 production would seem 
to have been already occurring in the period from 2007 to 2012. This unreported production is 
necessary to explain the difference between inventory-based expected emissions and derived 
CFC-11 emissions during this earlier period1. 

 Based on estimations of the additional CFC-11 production necessary for the inventory-based 
expected emissions to align with the derived emissions, unreported CFC-11 production can be 
estimated to be:  

o 10 to 40 kilotonnes per year between 2007-2012  

o 40 to 70 kilotonnes per year between 2013-2018, the same as estimated in the 2019 
Task Force Report for this period 

o 15 to 40 kilotonnes of new production, or use from recent inventory, for 20192. 

 The estimated cumulative total of unreported CFC-11 production is 320-700 kilotonnes in the 
period 2007-2019. Assuming usage in closed-cell foam production, this cumulative unreported 
CFC-11 production would lead to an estimated increase in the magnitude of the CFC-11 bank 
of 300 (266-333) kilotonnes by the end of 2019. 

 Any additional unexpected emissions of CFC-12 are likely to be as a co-product associated 
with the production of CFC-11, rather than from any specific production initiated to supply 
CFC-12 in its own applications. 

 Between 45 to 120 kilotonnes of CTC would be required to supply between 40 to 
70 kilotonnes of CFC-11 production annually in the period 2013 to 2018, depending on the 
proportion of co-produced CFC-12 and expected to be at the lower end of the range. In the 
period 2007-2019, the cumulative CTC quantity required to produce 320-700 kilotonnes of 
CFC-11 is at least 360 kilotonnes. 

 

 
1 It is important to note that there is a difference between the estimated CFC-11 emissions from foams in banks 
(including landfills), based on observed foam emission rates (<1.5%), and the derived atmospheric emissions 
(3-4%), including in regions where CFC-11 has not likely been used in foam manufacture in decades. This 
continues to be an important disparity between the inventory-based model and derived emissions, which was also 
noted in the 2019 Task Force Report. 
2 It is plausible that unreported CFC-11 produced in the years immediately prior was carried over as inventory to 
be used in 2019.  



UNEP/OzL.Pro.WG.1/43/2/Add.2 

12 

  Executive summary 
Following reported scientific findings of an unexpected increase in global emissions of CFC-11 after 
2012 and the 2019 Task Force Report in response to decision XXX/3, parties at the Meeting of the 
Parties in 2019 requested the Technology and Economic Assessment Panel (TEAP) to provide an 
update report, including any new available compelling information and a response to specific 
instructions in decision XXXI/3, paragraph 7.  

CFC-11 (trichlorofluoromethane, CFCl3) was used primarily as a foam-blowing agent (for flexible and 
polyurethane closed-cell insulating foams), as an aerosol propellant, as a refrigerant (for centrifugal 
chillers used in large commercial buildings), and in a range of other smaller uses, including asthma 
inhalers, and tobacco expansion. A bank of CFC-11 remains present in closed-cell foams and 
centrifugal chillers, from which CFC-11 is released slowly into the atmosphere over time, until 
reaching end-of-life. 

Global reported production of CFC-11 peaked in 1987 at 434 kilotonnes in mostly non-Article 5 
parties, and in 1997 at 46 kilotonnes in Article 5 parties. Under the Montreal Protocol, the phase-out of 
CFC-11 production and consumption were mandated in non-Article 5 parties by 1996 and by 2010 in 
Article 5 parties. Exceptions were made for small amounts of CFC-11 production for essential uses 
(i.e., metered dose inhalers for the treatment of asthma and chronic obstructive pulmonary disease), as 
authorised by parties, and for non-Article 5 parties to produce CFC-11 for the basic domestic needs of 
Article 5 parties. 

Despite these successful measures, Montzka et al. 3, in a letter to Nature in 2018, reported the 
estimated mean global emission derived for 2014–2016 (67 ± 3 kilotonnes yr-1) to be 13 ± 5 kilotonnes 
yr-1 larger than for 2002–2012, which was an unexpected, global increase in CFC-11 emissions. 
Emissions in 2018 (70 ± 10 kilotonnes yr-1) were subsequently found to be similar to the 2014–2017 
mean in an updated study. CFC-11 atmospheric concentrations declined at a mean rate of –0.7% yr-1 
from 2018 to 2019. The faster concentration decline measured after 2018 indicated that global 
emissions in 2019 were 18 ± 6 kilotonnes yr-1 lower than they had been during the 2014-2018 period. 
The abrupt decline of CFC-11 emissions in 2019 returned global emissions to a level comparable to 
pre-2013, before the unexpected increase in CFC-11 emissions occurred, according to a new study by 
Montzka et al.4  

Increasing hemispheric differences in CFC-11 concentrations (with larger values in the northern 
hemisphere) suggest that the sources of unexpected emissions from 2012 to 2018 were predominantly 
in the northern hemisphere. Rigby et al.5 reported increased emissions of CFC-11 from eastern 
mainland China, with emissions shown to be 7.0 ± 3.0 (±one standard deviation) kilotonnes (or 
gigagrams) per year higher in 2014–2017 than in 2008–2012, arising primarily from the northeastern 
provinces of Shandong and Hebei. In an updated study6 in 2021, emissions from Eastern China in 
2019 had declined by 10 ± 3 kilotonnes yr-1 relative to emissions during 2014 to 2017. This regional 
emission decrease accounted for 60 ± 30% of the global decline. 

Emissions of carbon tetrachloride (CCl4) and CFC-12 were higher than expected after 2013 and then 
declined by 2019. The presence and location of elevated emissions of CCl4 and CFC-12 were 
suggestive of CFC-11 production in eastern China between 2013-2017. CCl4 is used as a feedstock for 
the production of CFC-11, and CFC-12 is co-produced with CFC-11. Global CCl4 emissions have 
remained elevated above expectations for many years, and year-to-year changes have significant 
uncertainty, which currently precludes a robust assessment of the relationship between global 
emissions of CCl4 and CFC-11.  

 
3 Montzka, S. et al., An unexpected and persistent increase in global emissions of ozone-depleting CFC-11, 
Nature, 2018, 557, 413–417. https://doi.org/10.1038/s41586-018-0106-2. 
4 Montzka, Stephen A., Geoffrey S. Dutton, Robert W. Portmann, Martyn P. Chipperfield, Sean Davis, Wuhu 
Feng, Alistair J. Manning, et al., A decline in global CFC-11 emissions during 2018-2019, Nature, 2021, 590, 
428–432 (2021). https://doi.org/10.1038/s41586-021-03260-5.  
5 Rigby, M. et al., Increase in CFC-11 emissions from eastern China based on atmospheric observations, Nature, 
2019, 569, 546-550. https://doi: 10.1038/s41586-019-1193-4. 
6 Park, Sunyoung, Luke M. Western, Takuya Saito, Alison L. Redington, Stephan Henne, Xuekun Fang, 
Ronald G. Prinn, et al., A decline in emissions of CFC-11 and related chemicals from eastern China, Nature, 
2021, 590, 433–437. https://doi.org/10.1038/s41586-021-03277-w. 
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Based on modelling of CFC-11 production, usage, emissions and comparison against 
atmospheric-derived emissions, the 2019 Task Force Report7 concluded that: 

 It was unlikely that past production and historic usage could account for the unexpected 
CFC-11 emissions, including from foam banks.  

 It was unlikely that there has been a resumption of newly produced CFC-11 usage in 
refrigeration and air-conditioning uses, flexible foams, aerosols, solvents, feedstock uses, 
tobacco expansion and other miscellaneous applications.  

 It is likely that there has been a resumption of newly produced CFC-11 usage in closed-cell 
foams. 

Building on the modelling work of the 2019 Task Force, an inventory-based model has been utilised 
by the 2021 Task Force; the inventory-based model is a detailed inventory and representation of 
historic reported global CFC-11 production and use. The model represents the behaviour of CFC-11 
over time at points in the life cycle of CFC-11 production, usage, in products, at end-of-life, and is 
based on available information, such as emissions rates, product lifetimes, sectoral and regional 
practices. The CFC-11 that remains in products and equipment is described as a bank, which is 
characterised as active if the product is still in use or as inactive if the product has been landfilled. The 
compilation of emissions from different products and at different stages produces the expected 
emissions profile of CFC-11. A range of assumptions is tested and bound based on literature and 
expert input. The expected emissions produced by the inventory-based model are then compared to 
global emissions derived for CFC-11 from atmospheric concentration measurements (derived 
emissions) and our understanding of its global loss rate, or lifetime. The Task Force incorporated 
updated derived emissions estimations from 1979 through 2019 based on NOAA and AGAGE data 
using the same methodologies given in Engel and Rigby et al. 20188 into this updated inventory-based 
analysis.  

For this report, the Task Force refined the model using a Weibull distribution9 to better represent 
varying chiller and foam lifetimes rather than using average lifetimes, which were used in the model 
for the 2019 Task Force Report10. The model also incorporates new information regarding refrigerant 
management practices, especially with respect to reclaimed refrigerant.  

The Task Force also developed regional and product-based foams models for both banks and 
emissions to respond to the decision of the parties and incorporated the total results into the overall 
model. The regional and product-based models provided similar emissions results but have some 
marked differences in timing of retirement of foams containing CFC-11, and consequently, the timing 
of the transitions of CFC-11 from the active bank to the inactive bank.  

A mid-range scenario was developed by the 2019 Task Force titled the “most-likely” scenario using 
assumptions defined by that Task Force, which is illustrated in the Figure below as the solid blue line. 
The 2021 Task Force investigated a range of assumptions, resulting in the range of emissions 
uncertainties represented by the blue ribbon. The purple shaded area indicates the range of derived 
CFC-11 emissions, whereas the dashed line indicates the mean atmospherically derived emissions. 

 
7 Report of the Technology and Economic Assessment Panel, September 2019, Volume 1: Decision XXX/3 
TEAP Task Force Report on Unexpected Emissions of CFC-11, Final Report, September 2019. 
https://ozone.unep.org/system/files/documents/TEAP-TF-DecXXX-3-unexpected_CFC11_emissions-
september2019.pdf. 
8 Engel, A. and Rigby, M.: Chapter 1: Update on Ozone Depleting Substances (ODSs) and Other Gases of Interest 
to the Montreal Protocol, in: Scientific Assessment of Ozone Depletion: 2018, vol. 58, World Meteorological 
Organization, Geneva, Switzerland, 2019. 
9 The Weibull distribution is widely used in reliability and life data analysis due to its versatility. Depending on 
the values of the parameters, the Weibull distribution can be used to model a variety of life behaviours. 
http://reliawiki.org/index.php/The_Weibull_Distribution.  
10 Report of the Technology and Economic Assessment Panel, September 2019, Volume 1: Decision XXX/3 
TEAP Task Force Report on Unexpected Emissions of CFC-11, Final Report, September 2019. 
https://ozone.unep.org/system/files/documents/TEAP-TF-DecXXX-3-unexpected_CFC11_ 
emissions-september2019.pdf. 
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Figure ES.1 CFC-11 derived emissions and inventory-based estimated emissions (kilotonnes) 

 

The refinement of the model yielded similar results to those of the 2019 Task Force Report. Although, 
the use of a lifetime distribution for both chillers and closed-cell foams resulted in a more stable 
emissions curve. 

The analysis shows a difference between inventory-based estimated expected CFC-11 emissions 
(represented by the blue band and line) and the derived CFC-11 emissions (the purple band and dashed 
line). With the inventory-based model representing expected emissions based on historic CFC-11 
production and use, the difference with derived emissions, and the period over which the difference 
occurs, is indicative of unreported CFC-11 production and use; emissions from CFC-11 banks alone 
cannot explain the unexpected increase in CFC-11 emissions between 2013 and 2018. Based on this 
analysis, unreported CFC-11 production and use would seem to have been already occurring earlier in 
the period 2007-2012.  

The model was used to reconcile the differences between the estimated inventory-based emissions and 
those derived from atmospheric concentrations, assuming that those emissions were associated with 
closed-cell foam production and use (as concluded in the 2019 Task Force Report) 11. Based on 
estimations of the additional CFC-11 production necessary for the inventory-based expected emissions 
to align with the derived emissions, unreported CFC-11 production can be estimated to be: 

 10 to 40 kilotonnes per year between 2007-201212  

 40 to 70 kilotonnes per year between 2013-2018, the same as estimated in the 2019 Task Force 
Report for this period13 

 15 to 40 kilotonnes of new production, or use from recent inventory, for 201914.  

Based on this analysis, the estimated cumulative total of unreported CFC-11 production is 
320-700 kilotonnes in the period 2007-2019. Assuming usage in closed-cell foam production, this 
cumulative unreported CFC-11 production would lead to an estimated increase in the magnitude of the 
CFC-11 bank of 300 (266-333) kilotonnes by the end of 2019. 

 
11 It is important to note that there is a difference between the estimated CFC-11 emissions from foams in banks 
(including landfills), based on observed foam emission rates (< 1.5%), and the derived atmospheric emissions 
(3-4%), including in regions where CFC-11 has not likely been used in foam manufacture in decades. This 
continues to be an important disparity between the inventory-based model and derived emissions, which was also 
noted in the 2019 Task Force Report. 
12 A new conclusion of the 2021 Task Force is that unreported CFC-11 production would seem to have been 
already occurring in the period from 2007 to 2012. This unreported production is necessary to explain the 
difference between inventory-based expected emissions and derived CFC-11 emissions during this earlier period. 
13 These estimates for unreported production are identical to those for the period 2013-2018 included in the 2019 
Task Force Report.  
14 It is also plausible that unreported CFC-11 produced in the years immediately prior was carried over as 
inventory to be used in 2019.  
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Response to decision XXXI/3, paragraph 7(a): An analysis of CFC-11 banks by geographic location 
and by market sector  

An analysis of CFC-11 foam banks by geographic location and foam type is reported in response to 
decision XXXI/3. The majority of reported global CFC-11 production and use in closed-cell foams 
was in non-Article 5 parties, specifically in North America and Europe. The quantities of CFC-11 used 
in closed-cell foams in Article 5 parties were much smaller. The majority of this CFC-11 was used in 
closed-cell insulating foams for construction and refrigeration. The majority of the remaining global 
CFC-11 active bank remains in closed-cell insulating foams used in construction in North America 
and Europe. Nearly all foams used in appliances have been decommissioned and either landfilled or 
destroyed.  

Globally, there are an estimated 750 ± 50 kilotonnes of CFC-11 in active foams banks, the majority 
remaining in building stock in North America and Europe, and an estimated 700 ± 50 kilotonnes in 
inactive foam banks in 202115. For refrigeration foams, there are only an estimated 100 kilotonnes of 
CFC-11 blown foams remaining in the active bank in appliances and an estimated 400 kilotonnes 
remaining in the inactive bank in addition to the construction foam banks. The active bank of CFC-11 
used in chillers is estimated to be small compared to the active banks for closed-cell foams.  

The possible fate of any co-produced CFC-12 

The quantity of CFC-12 co-produced with CFC-11 is dependent on the production route chosen, and 
how the plant is set up and operated. With CFC-11 as the target chemical, the range of CFC-12 
co-production is up to 30% of total CFC-11/12 production for the most likely production routes. While 
substantial uncertainties exist, a number of factors suggest that global CFC-12 emission changes may 
be associated with unreported CFC-11 production: the indication of increased global CFC-12 
emissions in the 2010 to 2017 period, the subsequent indicated significant reduction in global CFC-12 
emissions in 2019, and the geographic origin of these changes. There are no technical reasons to 
believe that the conclusion of the 2019 Task Force has changed; any additional unexpected emissions 
of CFC-12 are likely to be as a co-product associated with the production of CFC-11, rather than from 
any specific production initiated to supply CFC-12 in its own applications. 

Response to decision XXXI/3, paragraph 7(b): Linkages between production of anhydrous 
hydrogen fluoride and carbon tetrachloride and unexpected emissions of CFC-11 

There are direct linkages between unreported CFC-11 (CCl3F) production, associated unexpected 
CFC-11 emissions, and the production of anhydrous hydrogen fluoride (HF) and carbon tetrachloride 
(CTC or CCl4), based on the normal and most likely chemical production route and its associated 
chemistry. However, there are important differences between the HF and CTC production linkages 
with CFC-11 production, which make the linkage between CTC production and unreported CFC-11 
production and CFC-11 emissions the most important linkage. 

Between 45 to 120 kilotonnes of CTC would be required to supply between 40 to 70 kilotonnes of 
CFC-11 production annually, to account for the increased CFC-11 emissions in the period 2013 to 
2018, depending on the proportion of co-produced CFC-12. The CTC quantity required for CFC-11 
production is expected to be at the lower end of the range if, as predicted, the objective is higher 
CFC-11 selectivity. In the period 2007-2019, the cumulative CTC quantity required to produce 
320-700 kilotonnes of CFC-11 is at least 360 kilotonnes and could be considerably higher depending 
on the CFC-11 selectivity. Given the scale of production and that CTC supply to unreported CFC 
production was undetected for years, it seems more likely that CFC-11 production occurred within the 
same country, and even on the same site. 

CTC is produced in chloromethanes plants as an unavoidable part of the production of 
dichloromethane and chloroform. China (<3,000 kilotonnes/year), the European Union 
(<500 kilotonnes/year), and the United States (<400 kilotonnes/year) have the largest chloromethanes 
production capacities, and therefore also the largest potential availability of CTC. Only China has the 
spare annual capacity on chloromethanes plants that might allow CTC production to supply the 
amounts of CTC required for large-scale CFC-11 production.  

CTC is also produced (or processed) in perchloroethylene/CTC (PCE/CTC) plants, which have the 
flexibility to produce up to 100% of either substance according to demand. Five PCE/CTC plants are 
operative in Europe and the United States, and at least nine are operating in China. Spare global 
capacity to produce CTC by this process is estimated to be between 50-100 kilotonnes/year, existing 

 
15 Excludes estimated additional bank resulting from unreported CFC-11 production and use. 
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mainly in the European Union. Many of the chloromethanes producers in China elected to build CTC 
to PCE plants, which transform otherwise surplus CTC into PCE.  

For China, additional CTC could have been made available either by increasing the amount of CTC 
produced on chloromethane plants or by diverting CTC from PCE production or a combination of 
both. Since 2019, China has imposed additional control measures on enterprises generating CTC as 
by-product to prevent illegal CFC-11 production. The measures require all chloromethanes production 
enterprises to install a whole-process, real-time monitoring system. 

Response to decision XXXI/3, paragraph 7(d): Possible drivers of illegal production of and trade in 
CFC-11 

The higher pricing and lack of availability of HCFC-141b related to the ODS phase-out combined with 
the technical ease of conversion to CFC-11 could have been a driver for reverting to use of CFC-11 as 
a blowing agent. CFC-11 as a blowing could also be of interest to companies who believe that it may 
reduce foam flammability without using expensive fire retardants. It would be economically attractive 
and technically straight-forward to revert to using CFC-11 from HCFC-141b, or another fluorocarbon, 
as the other raw materials and equipment used to produce polyurethane closed-cell foams are 
compatible, with only slight modifications to ingredient ratios. There are a number of drivers that 
might encourage the transition back to CFC-11, including the technical and economic challenges of 
the phase-out of HCFC-141b in the spray foam sector and in SMEs, and challenges with alternatives.  

Based on technical similarities with production routes, a liquid phase plant producing one of 
CFC-11/12, HCFC-22 and HFC-32 can be successfully swung to produce one or the others. 
Production plants with a larger range of allowable operating pressures and temperatures, such as 
purpose designed swing plants, can make a larger range of products. Purpose-built swing plants are 
designed to have the required technical requirements to change products and minimise economic 
impacts when swinging. Large plants built for production of a single product are technically capable of 
swinging to another product, but this can come at the cost of reduced capacity and product quality and 
are economically less suited to swinging. Micro-scale plants would be low tech and low cost, easy to 
relocate, hard to detect, and limited economically by small annual production capacity. 

Response to decision XXXI/3, paragraph 7(c): Types of CFC-11 products and their disposition, and 
opportunities for detection and potential recovery of CFC-11 

Opportunities to recover CFC-11 from products containing CFC-11 are limited to a few: active banks, 
mainly of insulation foams, and to a lesser extent, centrifugal chillers. Other technologies that used 
CFC-11, i.e., aerosols, solvents and other uses, are no longer available for disposal, detection or 
potential recovery of CFC-11. As the definition suggests, inactive banks, primarily as waste foam 
products in landfills, do not present a readily available or economically feasible opportunity to recover 
the associated CFC-11. 

For foams, the most commonly adopted disposal practice globally is to landfill foam waste. The foam 
is buried and often partially crushed in the process, leading to emissions of a portion of the CFC-11 
contained in the foam cells. The remaining CFC-11 is emitted from landfills slowly over time, except 
for possibly some relatively small amounts that may undergo anaerobic degradation. Foam waste is 
occasionally recycled for secondary uses. Up to 50% CFC-11 can be emitted if foam is 
shredded/ground in waste handling.  

Foams and blowing agents are incinerated (using rotary kiln incinerator, cement kiln, or municipal 
solid waste incinerator) in some countries. Economies of scale are important in maximising benefits 
and minimising costs of recovery/destruction of CFC-11 foams. Recovering CFC-11 foams only, and 
in isolation of foams containing other blowing agents, is less practical and less likely to succeed. 
Combining foam wastes containing ODS and HFCs would realise the largest economies of scale and 
accrue the greatest benefits. 

The few remaining CFC-11 centrifugal chillers, largely in the United States, are likely to continue to 
be in operation for the next 10-20 years. Centrifugal chillers leak very little during operation. CFC-11 
is generally carefully recovered for reuse or destruction in the United States. CFC-11 recovery rates 
are thought to be mostly below 10% in developing countries. Once recovered, CFC-11 is either 
destroyed or, if recovered for reuse, is reclaimed for re-sale. Stationary air conditioning, including 
centrifugal chillers, is one of the sub-sectors that is the most cost-effective for recovery/destruction of 
ODS and HFCs (once recycling and reclamation/reuse opportunities are exhausted). 
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The total active and inactive CFC-11 banks (foams, refrigerants and storage) are estimated to be 
1500 ± 100 kilotonnes in 202116. The total active CFC-11 bank is estimated to be 800 ± 50 kilotonnes, 
3.8 Gt CO2eq, in 2021.  

The global peak of decommissioned CFC-11 from the largest portion of active banks (foams), when 
dismantled at end-of-life, is estimated to have occurred around the year 2010, at about 45 
kilotonnes/year, then decreases slowly over time, to less than 10 kilotonnes by 2050. There are 
underlying variations to the regional peaks in CFC-11 foam decommissioning that are obscured within 
the global analysis, where some regions and foam types, are likely yet to reach their decommissioning 
peak, e.g., Europe for foam panels in buildings. The opportunity for CFC-11 recovery and destruction 
lies in higher management of active foam banks at end-of-life, with potential diversion of foam wastes 
away from landfill and emissive secondary usage towards destruction, which mitigates the majority of 
emissions.  

Relative investment and operating costs in ODS waste recovery and destruction present a challenge 
compared with cheaper forms of disposition (venting and landfill disposal). The low internalised waste 
disposal costs for cheaper forms of recovery and disposal can be weighed against the externalised 
costs to society of future health and environmental impacts of ODS emissions from venting or landfill 
disposal. With long building lifetimes, the drivers for recovery and destruction of building insulation 
foams may change over time. The evolution of net zero carbon requirements and the circular economy 
may improve end-of-life choices. 

While encouraging parties to undertake environmentally sound destruction of surplus or contaminated 
end-of-life ODS/HFCs, the Montreal Protocol does not mandate the destruction of ODS or Annex F 
Group I HFCs. The exception is HFC-23 (Annex F, Group II) generated in manufacturing facilities, 
from which emissions must be destroyed to the extent practicable using technologies approved by 
parties. The use of destruction technologies approved by parties applies to the amounts of controlled 
substances destroyed and accounted for within the Protocol’s definition of “production”.  

Whether a destruction technology is approved or not approved for each group of controlled substance 
by the Montreal Protocol does not determine if the technology is suitable to destroy ODS or HFC 
wastes and should not necessarily be considered a barrier to the destruction of ODS wastes. ODS foam 
waste recovery and destruction using a technology with reasonable ODS destruction efficiency will 
still result in significantly less ODS emissions than landfill disposal17. 

Destruction costs represent a minor proportion of total costs of recovery and destruction, with recovery 
costs being the major portion and dependent on factors such as the sector waste type, infrastructure, 
logistics, and transport distances. It is also important to appreciate that the recovery and destruction of 
waste foam is essentially considered to be a broader waste management issue. 

At the global, regional and national level, detection of CFC-11 occurs through the systems of globally 
representative continuous measurement networks and other atmospheric measurements. Highly 
effective methods are used to detect unexpected activities, as evidenced by the discoveries that led to 
increased awareness and mitigating actions being taken by parties. Parties may wish to consider 
reviewing their enforcement programs and associated training to ensure that opportunities to detect 
CFC-11 (or any controlled substance) are not being overlooked through a lack of technical awareness 
about sampling and detection methods. Parties may also wish to investigate incentives and tools to 
encourage increased industry reporting of potentially illegal or suspicious activities to authorities. 

     
 

 
16 Excludes estimated additional bank resulting from unreported CFC-11 production and use. 
17 Destruction technologies must always meet minimum local regulatory environmental standards. 


