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1.  SUMMARY 

The objective of this paper is to provide a summary of the Montreal Protocol’s provisions relating to ozone-

depleting substances (ODS) used as feedstock; an overview of estimates of feedstock production, uses and 

emissions; and examples of existing and potential alternatives.  This paper does not provide policy 

recommendations. 

1.1  Role of ODS feedstock 

A number of ozone-depleting substances serve as chemical building blocks for the manufacture of other 

chemicals.  They are used (directly or indirectly) for the manufacture of a diverse range of products, such as 

refrigerants, foam blowing agents, solvents, polymers, pharmaceuticals and agricultural chemicals (refer to 

ANNEX 6 for further details).   TEAP estimates that the majority of ODS feedstock is used for the production of 

three groups of chemicals:  other ODS (e.g. HCFCs, CFCs), HFCs and fluoropolymers.1   

In a review of ozone protection issues facing the Montreal Protocol, TEAP reported a rapid growth in the use of 

ODS feedstock, particularly HCFCs, and noted that feedstock use and emissions pose several issues in the 

medium-term:  

‘As a result of this growth, the emissions arising from feedstock uses are taking on greater importance. 

It will be necessary to understand the magnitude of these emissions over time, and to identify options 

for avoiding them if these uses are to continue without harming the ozone layer.’ 2 

1.2  Montreal Protocol provisions 

When the Montreal Protocol (MP) was drawn up, parties generally believed that feedstock uses of ODS were 

entirely converted to other chemicals and did not emit ODS to the atmosphere.  Article 1 of the MP therefore 

created an exemption, when calculating a Party’s annual ODS production and consumption, for amounts of 

ODS that are entirely used as feedstock in the manufacture of other chemicals.3   As a result, ODS feedstock are 

not subject to the MP’s phase-out schedules. 

However, feedstock are considered to be controlled substances (under Articles 1 and 7, and Decisions 1/12B 

and VII/30), which means that feedstock are subject to many of the provisions that apply to controlled 

substances in general (section 2.3 below).  Parties have also been urged to minimise emissions under Decisions 

IV/12 and IV/24. 

The MP has adopted various information requirements relating to feedstock (section 3.1 and Table 2).  For 

example, Article 7 requires Parties to report annually on the amount of ODS used for feedstock, for each 

controlled substance.  Decision VII/30 requires importers of feedstock, prior to export, to provide exporters 

with a commitment that the ODS will be used as feedstock. 

Recently, Decision XXIV/6 has encouraged Parties to exchange information on several aspects of feedstock, 

namely (a) known alternatives to ODS feedstock uses; (b) systems for qualifying a specific ODS use as 

feedstock; and (c) systems for identifying or monitoring ODS containers intended for feedstock uses, such as 

reporting or labelling requirements. 

                                                                 
1
  CTOC (2007) 2006 Assessment report of CTOC, p.26-27. 

2
  TEAP (2009) Progress Report, May 2009, vol. 1, p.6. 

3
  Ozone Secretariat (2012) Handbook for the Montreal Protocol on Substances that Deplete the Ozone Layer. 9th 

edition, UNEP, p.4 
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1.3  Reported feedstock production 

TEAP has indicated that the reported data on feedstock production are incomplete, so the quantitative 

estimates shown below should be regarded as minimum values.  Figure 1 shows the recent trend in reported 

ODS feedstock production from 2007 to 2011.  Global production increased by 35% in this five-year period, 

rising from 823,787 to 1,111,308 metric tonnes per year.  Article 2 (A2) countries produced almost twice as 

much feedstock as Article 5 (A5) countries in 2011.  However, feedstock production is increasing at a rapid 

pace in A5 countries, as seen in Figure 1. (Further details in section 4). 

If feedstock production continues to increase in future at the same rate as observed in recent years,4  ODS 

feedstock production would exceed 1,500,000 metric tonnes by 2015, and would exceed 2,000,000 metric 

tonnes by 2020.  The associated emissions may rise in parallel with any future increases in production. 

Figure 1:  Trend in reported feedstock production, 2007-2011 (metric tonnes) 

 

Data source:  Ozone Secretariat database of data reported by parties under Article 7. 

1.4  Feedstock substances and uses 

Figure 2 illustrates the main ODS substances used as feedstock in 1991, 2000 and 2010.  CTC was the dominant 

feedstock substance in 1991, but the main substances have changed substantially since that time.  HCFCs 

(shown in blue in Figure 2) now dominate the picture, comprising 55% of feedstock production in 2011, 

followed by CTC (17%), CFCs (17%) and TCE (10%) (refer to sections 4.5 and 4.6 for further details). 

Notably, HCFC feedstock production has tripled between 2000 and 2011, rising to about 615,107 metric tonnes 

in 2011.  This mainly comprises HCFC-22 (77%) and HCFC-142b (18%) (section 4.7). 

TEAP has noted that ‘knowledge of ODS feedstock use .... is incomplete.’ 
5
   Seventy-eight different uses of ODS 

feedstock have been identified to date (details in section 5.2 and ANNEX 6).  However, the majority of ODS 

feedstock is used for the production of only three groups of chemicals, namely HFCs, fluoropolymers, and 

other ODS.  These three groups comprised an estimated 42%, 37% and 21%, respectively, of ODS feedstock use 

in 20086 (section 5.1).   

                                                                 
4
  Feedstock production increased by 35% in the five-year period from 2007 to 2011. 

5
  TEAP (2011) TEAP 2010 Assessment report, p.2. 

6
  More recent estimates are not available. 
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Figure 2:  Trends in substances used as feedstock, 1991, 2000 and 2010 (metric tonnes) 

 

Data source:  Ozone Secretariat (2012) Information provided by parties in accordance with Article 7 of the Montreal 

Protocol, UNEP/OzL.Pro.24/3, p.65, Annex XIII.  Feedstock ‘use’ was calculated by the Ozone Secretariat based on reported 

ODS production and imports per party. 

1.5  Emission factors 

TEAP has noted that ‘the quantities of emissions from ....feedstock remain uncertain’,  particularly because 

global data on specific feedstock uses does not exist.
7
  The lack of data on full life-cycle emissions also means 

that it is not feasible to provide reliable estimates of feedstock emissions at present (section 6.3). 

Recently, CTOC has applied an indicator emission factor of 0.5%, suggesting that feedstock emissions in 2010 

may have been about 5,083 metric tonnes (2,166 ODP-tonnes).  If an emission factor of 0.5% were applied to 

the reported feedstock production for 2011 (1,111,308 metric tonnes), it would suggest emissions of 

approximately 5,557 metric tonnes (equivalent to about 2,170 ODP-tonnes, or 14 million tonnes CO2eq per 

year). 

However, an emission factor of 0.5% is likely to under-estimate the actual emissions because it refers mainly to 

manufacture; it does not include emissions related to use,
8
 and may omit other life-cycle stages (sections 6.5 

and 6.7).  

TEAP previously used a range of 0.2 - 4% when estimating feedstock emissions (section 6.4).  TEAP also noted 

that emissions may be as low as 0.1% in highly automated tight facilities with proper procedures, or up to 5% 

in smaller and less-tight batch processes that have less concern for operational excellence.
9
 

Table 1 summarises the range of emission factors mentioned above, applied to feedstock production in 2011.  

This may suggest emissions in the range of 1,111 - 55,565 metric tonnes in 2011.  This would be equivalent to 

435 - 21,765 ODP-tonnes, or 2.8 - 139.6 million tonnes CO2eq per year.  However, the lack of detailed data 

means that it is not feasible to provide a reliable estimate of feedstock emissions at this time. 

  

                                                                 
7
  TEAP (2011) Progress Report, May 2011, p.47. 

8  CTOC (2007) CTOC 2006 Assessment Report, p.26-27.  Also TEAP (2010) Progress Report, May 2010, p.64. 
9
  TEAP (2012) Progress Report, May 2012, vol.1, p.30. 
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Table 1:  Various TEAP emission factors applied to feedstock production in 2011 

Emission factors 

Estimated annual feedstock emissions in 2011  
calculated by applying the stated emission factors 

metric tonnes ODP-tonnes tonnes CO2eq 

0.5 % 5,557 2,176 13,956,348 

0.2 - 4% 2,223 – 44,452 871 – 17,412 5,582,539 – 111,650,787  

0.1% - 5% 1,111 – 55,565  435 – 21,765  2,791,270 – 139,563,484 

Data sources:  The emission factors mentioned by TEAP (0.5%, 0.2 - 4%, and 0.1 - 5%) were applied to ODS feedstock 

production reported in 2011 = 1,111,308 metric tonnes (reported) ≈ 435,291 ODP-tonnes (estimated) ≈ 2,791,269,681 

tonnes CO2eq (estimated).  Refer to Table 7 for further details on production estimates for 2011.   

1.6  Existing and potential alternatives 

A TEAP report identified alternatives for several feedstock uses and reported that some had been 

commercialised.  TEAP also noted that some CTC feedstock uses could perhaps be replaced by not-in-kind 

manufacturing processes using non-ODS, and stated that:  

Parties may wish to consider CTOC [making a] periodic assessment of available and emerging 

alternatives and substitutes for feedstock uses with a view to restricting exempted uses.’ 10 

To assist information exchange on feedstock alternatives, particularly in the light of Decision XXIV/6(1), 

Touchdown has conducted a literature review and identified a number of examples of potential and existing 

feedstock alternatives (summarised in Table 16).  This initial list would require further detailed examination to 

verify that the methods identified in the literature review can indeed avoid the use of ODS at all stages, and to 

transparently evaluate the technical and economic feasibility for different types of facilities.  The information 

exchange process would be assisted by the development of case studies on facilities that have already adopted 

ODS alternatives (section 7.2). 

 

 

 

 

  

                                                                 
10

  TEAP (2011) TEAP 2010 Assessment Report, p.2. 
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2.  MONTREAL PROTOCOL PROVISIONS RELATING TO FEEDSTOCK 

2.1  Introduction 

A number of ODS serve as chemical building blocks for the manufacture of other substances, such as 

refrigerants, foam blowing agents, solvents, polymers, pharmaceuticals and agricultural chemicals.  According 

to TEAP estimates, the majority of ODS feedstock is used for the production of other ODS (CFCs, HCFCs), HFCs 

and fluoropolymers.11 

In a review of ozone protection issues facing the Montreal Protocol, TEAP reported rapid growth in some 

feedstock uses, particularly HCFC-22, and noted that feedstock use and emissions pose several issues in the 

medium-term: 

‘In parallel with the reduction in ODS consumption for dispersive or emissive uses under the Montreal 

Protocol, consumption for some feedstock uses of ODS are growing rapidly; particularly those using 

HCFC-22.  As a result of this growth, the emissions arising from feedstock uses are taking on greater 

importance.  It will be necessary to understand the magnitude of these emissions over time, and to 

identify options for avoiding them if these uses are to continue without harming the ozone layer.’
12

 

A number of reports have noted another issue: that continued ODS production for feedstock contributes to 

the risk of illegal trade and the risk that ODS may be diverted to unauthorised uses. 
13

 

‘... the continued production of ODS [feedstock] provides opportunities for illegal trade and 

consumption in other sectors where ODS were required to be phased out.’ 14 

Recently Decision XXIV/6(1) has encouraged Parties to exchange information on several aspects of ODS 

feedstock, including alternatives being applied to replace ODS in these uses. 

The objective of this paper is to provide a summary of the Montreal Protocol’s provisions relating to ODS 

feedstock; an overview of data on feedstock production, uses and emissions; and to identify examples of 

existing and potential alternatives. 

The section below summarises the existing Montreal Protocol Articles and Decisions relating to ODS used as 

feedstock. 

2.2  Feedstock exemption and definitions  

When the Montreal Protocol was drawn up, parties generally believed that feedstock uses of ODS were 

entirely converted/transformed and therefore did not emit ODS to the atmosphere. 

Article 1 of the Montreal Protocol (MP) created an exemption for amounts of ODS that are entirely used as 

feedstock in the manufacture of other chemicals when calculating a Party’s annual ODS production (and 

consumption):   

                                                                 
11

  CTOC (2007) 2006 Assessment report of CTOC, p.26-27. 
12

  TEAP (2009) Progress Report, May 2009, p.6. 
13

  Examples: UNEP (2001) Illegal trade in ODS: Is there a hole in the Montreal Protocol? OzonAction Newsletter Special 
Supplement No. 6, p.6 & 13, http://www.unep.fr/ozonaction/information/mmcfiles/3617-e-
oansupplement6IllegalTrade.pdf.  UNEP (2007) Ulaan Baatar Declaration of Public-Private Partnership on Addressing 
Environmental Crime, workshop on  Partnering with private sector for preventing environmental crime: Combating 
Illegal Trade for Compliance with the Montreal Protocol in the Asia Pacific Region, Ulaanbaatar, Mongolia 28 – 29 June 
2007, http://www.unep.fr/ozonaction/information/mmcfiles/4865-e-ulaan_baatar_declaration.pdf  

14
  Touchdown Consulting (2009) OPS4 Technical Document # 2: Future Needs in Ozone Layer Protection, report for the 

Global Environment Facility Evaluation Office, p.10, 
http://www.thegef.org/gef/sites/thegef.org/files/documents/OPS4-TD2-
Future_Needs_in_Ozone_Layer_Protection.pdf  

http://www.unep.fr/ozonaction/information/mmcfiles/3617-e-oansupplement6IllegalTrade.pdf
http://www.unep.fr/ozonaction/information/mmcfiles/3617-e-oansupplement6IllegalTrade.pdf
http://www.unep.fr/ozonaction/information/mmcfiles/4865-e-ulaan_baatar_declaration.pdf
http://www.thegef.org/gef/sites/thegef.org/files/documents/OPS4-TD2-Future_Needs_in_Ozone_Layer_Protection.pdf
http://www.thegef.org/gef/sites/thegef.org/files/documents/OPS4-TD2-Future_Needs_in_Ozone_Layer_Protection.pdf
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ODS production means ‘the amount of controlled substances produced … minus the amount entirely 

used as feedstock in the manufacture of other chemicals...’  (Article 1(5)) 15 

As a result of Article 1(5), ODS that are entirely used as feedstock are not subject to the MP’s production and 

consumption phase-out schedules.   

Decision I/12B on clarification of terms and definitions reiterated that the calculated level of ODS production 

excludes the ODS entirely used as feedstock in the manufacture of other chemicals, as follows: 

‘’Controlled substances produced’ as used in Article 1, paragraph 5 is the calculated level of controlled 

substances manufactured by a Party. This excludes the calculated level of controlled substances 

entirely used as a feedstock in the manufacture of other chemicals.’ 16 

Decision IX/28(3) adopted forms with instructions for Parties reporting Article 7 data, which provided a further 

description of feedstock as being completely transformed in the manufacturing process. 

‘When calculating a Party's consumption, substances used as feedstock for the production of other 

chemicals are exempted. Substances so used are completely transformed in the manufacturing 

process of the new chemical.’ 
17

 

TEAP also offered the following informal definition of feedstock in 1995, based on Article 1 and the Decisions 

above: 

Feedstock:  ‘a controlled substance that undergoes transformation in a process in which it is entirely 

converted from its original composition, taking into account Decision IV/12 which describes allowed 

insignificant and trace emissions’. 18 

ANNEX 1 and ANNEX 2 provide the text of relevant MP Articles and Decisions. 

2.3  Status as controlled substances 

Although feedstock are exempt from the calculation of national production/consumption and the phase-out 

schedules, feedstock are considered to be controlled substances under Article 1 and a number of MoP 

Decisions, as illustrated by the following examples: 

 Article 7(3) on reporting of data:  ‘Each Party shall provide to the Secretariat statistical data on its 

annual production ... of each of the controlled substances listed in Annexes A, B, C and E and, 

separately, for each substance, .... [inter alia] amounts used for feedstocks ….’ 

 Decision I/12B on clarification of terms and definitions:  ‘’Controlled substances produced’ as used in 

Article 1, paragraph 5 is the calculated level of controlled substances manufactured by a Party. This 

excludes the calculated level of controlled substances entirely used as a feedstock in the manufacture 

of other chemicals.’ 

 Decision VII/30 on export and import of controlled substances to be used as feedstock: ‘That the 

amount of controlled substances produced and exported for the purpose of being entirely used as 

feedstock in the manufacture of other chemicals ....’ 

                                                                 
15

  Ozone Secretariat (2012) Handbook for the Montreal Protocol on Substances that Deplete the Ozone Layer, UNEP, 
http://ozone.unep.org/Publications/MP_Handbook/MP-Handbook-2012.pdf.  TEAP has noted that another clause in 
Article 1(5) is also relevant to ODS feedstock: ‘The amount recycled and reused is not to be considered as “production”’.  
Some ODS feedstock are recovered during chemical manufacturing processes and fed back into the production system. 

16
  Decision  VII/30 also confirmed that ODS exported for use entirely as feedstock should not be included in the 

calculation of ODS production/consumption in the exporting country. 
17  UNEP (2009) Report of 9

th
 Meeting of the Parties to the Montreal Protocol, UNEP/OzL.Pro.9/12, Decision IX/23 and 

Annex VII.  
18

  TEAP (1995) Report of the Chemical Process Agents Working Group, May 1995, p.3, section 2.1. 

http://ozone.unep.org/Publications/MP_Handbook/MP-Handbook-2012.pdf
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Decision IV/12 (in 1992) clarified the definition of a controlled substance and may have given the impression 

that feedstock are not covered by this term.  It stated that insignificant quantities of ODS originating from 

specific processes are not considered to be controlled substances, as follows. 

‘insignificant quantities of controlled substances originating from inadvertent or coincidental 

production during a manufacturing process, from unreacted feedstock, ... or that are emitted during 

product manufacture or handling, shall be considered not to be covered by the definition of a 

controlled substance contained in paragraph 4 of Article 1 of the Montreal Protocol’  

However, the phrase ‘originating from’ suggests that the Decision refers to emissions or outputs rather than 

use or consumption.  Notably, a recent preambular statement in Decision XXIII/7 indicated that Decision IV/12 

refers to emissions: 

‘Recalling that according to decision IV/12 emissions of insignificant quantities of controlled 

substances ... are not considered to be controlled substances as defined in Article 1 of the Montreal 

Protocol.’ 

TEAP has also inferred that Decision IV/12 refers to emissions, as illustrated by the following examples: 

 ‘...  Decision IV/12 which describes allowed insignificant and trace emissions.’ 19 

 ‘ ... insignificant trace emissions as allowed by Decision IV/12.’ 20 

In conclusion, feedstock are considered to be controlled substances under the MP and therefore they are 

normally subject to the MP measures and Decisions referring to controlled substances, such as ODS reporting 

by Parties, licensing systems, minimisation of emissions, and annual reports by TEAP. 

2.4  Preventing and minimising emissions  

Various Articles and Decisions encourage or require Parties to take steps to prevent or minimise emissions of 

controlled substances in general, including feedstock. 

The preamble of the MP notes the Parties’ determination to protect the ozone layer by taking measures to 

control global ODS emissions, with the ultimate objective of eliminating them:  

‘Determined to protect the ozone layer by taking precautionary measures to control equitably total 

global emissions of substances that deplete it, with the ultimate objective of their elimination on the 

basis of developments in scientific knowledge, taking into account technical and economic 

considerations and bearing in mind the developmental needs of developing countries ....’  21 

Article 9(1) of the MP requires the Parties to co-operate in promoting research, development and exchange of 

information on best technologies for reducing ODS emissions, as well as alternatives. 

‘The Parties shall co-operate, consistent with their national laws, regulations and practices and taking 

into account in particular the needs of developing countries, in promoting, directly or through 

competent international bodies, research, development and exchange of information on: 

(a) best technologies for improving the containment, recovery, recycling, or destruction of controlled 

substances or otherwise reducing their emissions; 

(b) possible alternatives to controlled substances, to products containing such substances, and to 

products manufactured with them; ...’  

In addition Decision IV/12(2) urges Parties to minimize ODS emissions from various manufacturing processes, 

taking steps such as avoiding the creation of emissions, using control technologies or process changes, etc. 

                                                                 
19

  TEAP (1995) Report of the Chemical Process Agents Working Group, May 1995, p.3. 
20

  TEAP (2001) Report of the Process Agents Task Force, p.7. 
21

  Ozone Secretariat (2012) Handbook for the Montreal Protocol, 9
th

 edition, p.3 
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‘To urge Parties to take steps to minimize emissions of such substances, including such steps as 

avoidance of the creation of such emissions, reduction of emissions using practicable control 

technologies or process changes, containment or destruction.’  

Other MP Decisions also urge Parties to reduce or prevent emissions (releases) of controlled substances.  For 

example, Decision IV/24 urges all Parties ‘to take all practicable measures to prevent releases of controlled 

substances into the atmosphere ....’ 

Recently, Decision XXIV/6 recalled several of the above decisions and encouraged Parties to exchange 

information on several aspects of feedstock, namely (a) known alternatives to ODS feedstock uses; (b) systems 

for qualifying a specific ODS use as feedstock; and (c) systems for identifying or monitoring ODS containers 

intended for feedstock uses, such as reporting or labelling requirements. 

‘1. To encourage parties to exchange information on known alternatives being applied to 

replace ozone-depleting substances in feedstock uses; 

2. To encourage parties with feedstock uses to exchange information on systems they 

have in place for qualifying a specific ozone depleting substance use as feedstock use and for 

identification and/or monitoring of containers placed on the market and intended for feedstock uses, 

for example reporting or labelling requirements.’ 
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3.  MONITORING AND REPORTING ON FEEDSTOCK 

3.1  Monitoring and reporting by Parties 

MP Articles and Decisions have required or requested Parties to carry out various monitoring and reporting 

activities related to feedstock. 

Article 7 of the MP requires Parties to report annually on the amounts used for feedstocks, for each ODS 

substance separately.  Decision VII/30(1) emphasised that Parties who import ODS for feedstock must report 

the volumes to the Ozone Secretariat.  Also, Decision I/11 states that ‘each Party is required to report its 

annual production, imports and exports of each individual controlled substance.’   

In accordance with the Article and Decisions above, the official Article 7 reporting forms adopted under 

Decision IX/28 require data on feedstock imports, feedstock exports and feedstock production, for each ODS 

substance. 

Decision I/12B(b) stated that ‘each Party should establish accounting procedures to implement’ the definition 

(and calculation) of ODS production.  Inter alia, this means that Parties should have relevant accounting 

procedures that allow calculation of the amounts of ODS entirely used as a feedstock.  

Decision VII/30(1) on exports and imports of feedstock adopted a requirement for importers of feedstock to 

provide exporters with a commitment that the ODS will be entirely used as feedstock.  This commitment has to 

be provided before the feedstock is exported. 

‘Importers shall, prior to export, provide exporters with a commitment that the controlled substances 
imported shall be used for this purpose.’  (i.e. for the purpose of being entirely used as feedstock in the 
manufacture of other chemicals). 

The MP’s main monitoring and reporting requirements relating to feedstock specifically are summarised in 

Table 2 below.   

Table 2:  Requirements for monitoring and reporting on feedstock by Parties  

MP Articles or Decisions Main requirements relating to feedstock 

Article 7 

(1987) 

In annual data reports to the Ozone Secretariat, each Party reports on the 
amounts used for feedstock

22
 for each substance. 

The reporting forms and instructions adopted under Decision IX/28 require data 
on feedstock imports, exports and production 

Decision I/12B 

(1989) 

Each party should establish accounting procedures to implement the definition of 
the calculated level of controlled substances, including ODS entirely used as 
feedstock 

Decision VII/30(1) 

(1995) 

Importing Parties shall report on the volumes of ODS imported for feedstock 

Decision VII/30(1) 

(1995) 

Before feedstock are exported, importers shall provide exporters with a 
commitment that the ODS shall be used for feedstock 

 

It should be noted that reporting requirements that refer to controlled substances would also normally apply 

to feedstock as well.  For example, Article 9 states that each party shall submit to the Secretariat, every two 

years, a summary of the activities it has conducted under Article 9.  Inter alia, this refers to co-operation in 

                                                                 

22  MP Article 1(5) describes this as ‘the amount entirely used as feedstock in the manufacture of other chemicals’.   This 
description is reiterated in Decision I/12B(1) on clarification of terms and definitions. 
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promoting R&D and information exchange on best technologies for reducing emissions of controlled 

substances, possible alternatives, and the costs and benefits of control strategies. 

3.2  Decisions requesting reports by TEAP and SAP 

MP Decisions have requested the Technology and Economic Assessment Panel (TEAP), and in some cases the 

Scientific Assessment Panel (SAP), to investigate and report on a number of topics relating to feedstock.  Table 

3 below provides a list of the report topics requested by Decisions.  These include emissions of CTC and other 

feedstock, alternatives, and the feasibility of reducing or eliminating feedstock use and emissions.  (ANNEX 2 

provides the text of relevant Decisions). 

In addition, Decision IV/13(2) requested TEAP to report annually to OEWG on the technical progress in 

reducing the use and emissions of controlled substances, and to assess the use of alternatives (including 

global-warming effects).  As controlled substances, updates on feedstock are included in TEAP’s annual 

progress reports when TEAP has new information.  
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Table 3:  Decisions requesting reports on feedstock by TEAP and SAP 

Decision Feedstock topics to be addressed by reports 
(a)

 

Decision IV/13 

(1992) 

TEAP annual reports to OEWG: 

 Technical progress in reducing the use and emissions of controlled substances 

 Assess the use of alternatives, particularly their direct and indirect global-
warming effects 

Decision IV/12 

(1992) 

TEAP report for March 1994: 

 Estimate total emissions during product manufacture and handling losses 

Decision X/12 

(1998) 

TEAP report  for MoP-12 in 2000: 

 CTC emissions from feedstock; options for reducing such emissions; 

 Impact of CFC production phase-out on future use of CTC feedstock and 
related emissions; 

 Emissions of other ODS arising from feedstock uses 

Decision XVI/14 

(2004) 

TEAP report for MoP-18 in 2006: 

 Assess global emissions of CTC from feedstock and other sources; 

 Assess potential solutions for the reduction of CTC emissions 

Decision XVIII/10 

(2006) 

TEAP report for OEWG-27 in 2007: 

 Continue assessing CTC emissions as in Decision XVI/14 and others, especially - 

 Obtain better data for industrial emissions to enable resolution of the 
discrepancy with atmospheric measurements; 

 Investigate various sources and emissions 

Decision XXI/8 

(2009) 

TEAP Assessment report in 2011: 

 Investigate ODS alternatives for exempted feedstock uses, and alternatives to 
products made with feedstocks; 

 Assess the technical and economic feasibility of reducing or eliminating such 
use and emissions. 

TEAP and SAP report for OEWG-31 in 2011: 

 Review ODP and lifetime of CTC with a view to reconciling the discrepancy 

Decision XXIII/7 

(2011) 

TEAP progress report in 2012: 

 Review the use of CTC for the production of vinyl chloride monomer 
(classification as feedstock or process agent) 

Decision XXIII/8 

(2011) 

TEAP report for MoP-24 in 2012, with SAP: 

 Continue to investigate reasons for the discrepancy in CTC emissions 

(a)  In some cases the reports were published later than the year mentioned in the Decisions. 

 

  



Feedstock page 15 of 72 

4.  DATA ON FEEDSTOCK PRODUCTION, IMPORTS AND EXPORTS 

4.1  Sources of data 

This section provides an overview of available data on feedstock production, imports and exports.     

The primary source of global data on ODS feedstock is the data reported annually to the Ozone Secretariat by 

Parties to the Montreal Protocol.  As part of the reporting requirements under Article 7, Parties report 

quantitative data on the production, imports and exports of feedstock for each ODS substance.  The Ozone 

Secretariat and TEAP have occasionally published this data aggregated by substance, without identifying 

individual Parties (due to potential commercial sensitivities).  The most recent global data on feedstock, 

derived from Article 7 data, is found in the following reports: 

 Reported data on feedstock production, imports and exports in 2010, for each substance (TEAP 

Progress Report of May 2012) 23 

 Estimated feedstock use, calculated from reported production and import data for several decades, 

for each group of ODS substances (Ozone Secretariat report on Article 7 data, September 2012).24 

Data on specific feedstock uses or processes using feedstock are not collected under the Montreal Protocol.  

However TEAP reports have regularly published lists of specific feedstock uses that have been identified to 

date (see section 5 for details).  

TEAP has indicated that the reported data on feedstock are not complete, so the data presented in this section 

should also be regarded as incomplete.  TEAP has highlighted a number of gaps and issues relating to ODS 

feedstock data, such as the following: 

 ‘There is a lack of reporting of use of ODSs as feedstocks. ... ’ 
25

 

 ‘The volumes used in the [CTOC] report have been built up from expert knowledge and cannot be 

verified directly. There is poor reporting of use of ODSs as feedstocks.’ 
26

 

 ‘The reporting of ODS volumes for each feedstock uses by Parties through the Ozone Secretariat may 

enable a more complete quantification of this activity.’ 
27

 

TEAP’s 2010 Assessment Report also noted that the HFC production data reported to UNFCCC may assist in 

compiling ODS feedstock data, because ODS are used as feedstock for HFC production: 

Developed countries, in their inventory reporting, report to UNFCCC emission data for HFCs. Thus, 

discussions with UNFCCC may assist in developing new estimated sources of data for HFC production 

(which may have utilized ODSs as feedstock in their preparation).
28

 

4.2  Reported feedstock production in A2 and A5 countries 

Figure 3 shows the trend in global ODS feedstock production from 2007 to 2011.  Reported feedstock rose 

from 823,787 to 1,111,308 metric tonnes per year, indicating a global increase of 35% during this five-year 

period.   

                                                                 
23

  TEAP (2012) Progress Report, May 2012, vol. 1, p.31-33, 
http://ozone.unep.org/Assessment_Panels/TEAP/Reports/TEAP_Reports/teap-progress-report-may2012.pdf 

24
  Ozone Secretariat (2012) Information provided by parties in accordance with Article 7 of the Montreal Protocol, 

UNEP/OzL.Pro.24/3 - UNEP/OzL.Pro/ImpCom/49/2, Annex XIII, http://conf.montreal-protocol.org/meeting/mop/mop-
24/presession/PreSession%20Documents/MOP-24-3E.pdf  

25
  TEAP (2011) 2010 Assessment report of TEAP, p.17. 

26
  TEAP (2011) 2010 Assessment report of TEAP, p.31. 

27
  TEAP (2011) 2010 Assessment report of TEAP, p.18. 

28
  TEAP (2011) 2010 Assessment Report of TEAP, February 2011, p.32. 

http://ozone.unep.org/Assessment_Panels/TEAP/Reports/TEAP_Reports/teap-progress-report-may2012.pdf
http://conf.montreal-protocol.org/meeting/mop/mop-24/presession/PreSession%20Documents/MOP-24-3E.pdf
http://conf.montreal-protocol.org/meeting/mop/mop-24/presession/PreSession%20Documents/MOP-24-3E.pdf
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Global production of 1,111,308 metric tonnes in 2011 is equivalent to about 435,290 ODP-tonnes, or about 

2,791 million tonnes CO2eq. per year.  Further details are provided in ANNEX 3 and ANNEX 4 below. 

The best-fit trendline (shown as a thin black line in Figure 3) indicates a continued steep upward trend in global 

production in future, despite a temporary decline in 2009.29   If a more conservative linear trend is assumed for 

the coming decade, ODS feedstock production would exceed 1,700,000 metric tonnes by 2020. 

Figure 3:  Trend in reported feedstock production, 2007-2011 (metric tonnes) 

 

Data source:  Ozone Secretariat database of data reported by parties under Article 7. 

 

Feedstock production rose by 8% in Article 2 countries during 2007-2011, but the increase in Article 5 

countries has been much greater (135%), as seen in Figure 3.   

Table 4 provides a breakdown of reported feedstock production in A2 and A5 countries in the period 2007-

2011.   A2 countries accounted for the great majority (almost 80%) of global feedstock production in 2007, and 

still account for a large proportion (63%) in 2011.  

A5 countries accounted for 21% of total reported feedstock production in 2007, rising to 37% of the global 

total in 2011.  Growth is expected to continue in both A2 and A5 countries, but especially in the latter. 

Table 4:  Reported ODS production for feedstock in 2007-2011, in A2 and A5 countries (metric tonnes) 

Region 
Reported feedstock production (metric tonnes) % of global production 

2007 2008 2009 2010 2011 2007 2008 2009 2010 2011 

A2 countries 648,084 653,169 557,890 666,418 698,517 79% 71% 67% 66% 63% 

A5 countries 175,704 260,427 269,153 350,280 412,791 21% 29% 33% 34% 37% 

Global total 823,787 913,596 827,044 1,016,697 1,111,308 100% 100% 100% 100% 100% 

Source: Data in metric tonnes from Ozone Secretariat database on reported feedstock production under Article 7.   

 

                                                                 
29
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4.3  Geographic regions 

It is not feasible to provide a breakdown of the global feedstock data according to specific geographic regions 

because this breakdown is not publicly available.  However, several papers have indicated that the majority of 

feedstock production and use occurs in North America, Asia and Europe.  For example, a MLF study estimated 

that CTC production (for feedstock and non-feedstock uses) occurred mainly in Asia (40%), North America 

(32%) and Europe (26%) in 2007.30    

Some limited feedstock data is available for the European Union:  Currently the EU uses an amount 

somewhere between 100,000 and 200,000 metric tonnes per year, accounting for 9% to 18% of global 

feedstock use.31   The EU uses between 14% and 28% of total feedstock in A2 countries, suggesting that North 

America probably uses more than 60% of the 695,517 metric tonnes produced in A2 countries in 2011 (Table 

4).   Most ODS feedstock is used in the Party in which it is produced (see section 4.4).  The above information 

supports the view that the majority of feedstock production and use occurs in North America and Asia, and, to 

a lesser extent, in the EU. 

4.4  Feedstock exports and imports 

TEAP has published some global data on feedstock imports and exports in 2010.32   Reported exports totalled 

34,423 metric tonnes compared to reported imports of 39,423 metric tonnes.  The discrepancy between 

exports and imports was 5,000 metric tonnes, indicating that the reporting was incomplete for feedstock 

exports in particular.  

Table 5:  Reported feedstock exports and imports in 2010 (metric tonnes) 

ODS substance 

Reported 
feedstock 

production (a) 

Reported 
feedstock 

exports (b) 

Reported 
feedstock 

imports (b) 

Discrepancy 
between 

reported exports 
and imports 

Exports/imports 
as % of 

feedstock 
production 

BCM 764 1,597 875  723 115 - 209 % 

CFCs 212,882 172 1,221 1,049 < 0.6 % 

CTC 178,088 877 880 4 0.5 % 

Halons 900 0 0 0 0 % 

HBFCs 29 < 1 < 1 0 1 % 

HCFCs 500,969 31,176 35,706 4,530 6 - 7 % 

MB 6,344 601 742 140 9 - 12 % 

TCE 116,723 0 0 0 0 % 

Total 1,016,697 34,423 39,424 5,000 3 - 4 % 

Compiled from data in TEAP (2012) Progress Report, May 2012, vol.1, p.32-33. 

(a)  These data include reported process agents which may amount to approx. 1500 metric tonnes (TEAP (2012) Progress 

Report, May 2012, vol.1, p.28). 

(b)  This may include a small amount of ODS used as process agents. 

                                                                 
30

  MLF (2009) Report on emission reductions and phase-out of CTC, UNEP/OzL.Pro/ExCom/58/50, p.3 and 8, Tables 1 and 
4. 

31
  ODS feedstock are currently used in 13 of the 27 EU member countries.  Data source: European Environment Agency. 

32
  TEAP (2012) Progress Report, May 2012, vol.1, p.31-33. 
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The reported exports and imports comprised only 3-4% of the total reported feedstock production in 2010 

(Table 5).  This suggests that the vast majority of ODS feedstock is used in the country33 where it is produced, 

except for bromochloromethane (which appears to be totally exported 34). 

HCFC-22 is the only feedstock that is traded internationally in significant quantities; the reported HCFC-22 

exports amounted to more than 31,000 metric tonnes in 2010.  Nevertheless the majority of HCFC-22 (about 

93%) appears to be used in the country where it is produced. 

4.5  Changes in feedstock substances since 1991 

All types of ODS substances have been, and continue to be, used as feedstock: CFCs, HCFCs, HBFCs, carbon 

tetrachloride (CTC), 1,1,1-trichloroethane (TCE), methyl bromide (MB), bromochloromethane (BCM), and 

halons.   However, there have been significant changes in the major groups of ODS produced and used as 

feedstock in the period from 1990 to 2010, as illustrated by Figure 4 below.   

CTC was the main feedstock substance in 1991, accounting for 65% of the global feedstock reported in metric 

tonnes, as seen in Figure 4 below.   

Figure 4:  Feedstock substances in 1991, 2000 & 2010, based on reported production/import data (metric 

tonnes) 

 

Data source:  Ozone Secretariat (2012) Information provided by parties in accordance with Article 7 of the Montreal 

Protocol, UNEP/OzL.Pro.24/3, Annex XIII.  These data represent feedstock use, calculated by the Ozone Secretariat as the 

sum of reported feedstock production and feedstock imports within each Party. 

 

By 2000, the main feedstock substances were CTC, CFCs, TCE and HCFCs in almost equal proportions.   

However, Figure 4 shows that the breakdown changed yet again by 2010, when HCFCs dominated the picture 

at more than 50% of calculated feedstock use, followed by CFCs at 20% and CTC at 17%. 

Table 6 is based on the same data as Figure 4.  It shows the change in the percentage of each ODS 

substance/group from 1991 to 2010, ranked by the percentage of each substance in 2010. 

 

                                                                 
33

  Or group of countries in the case of the EU member states. 
34

  The data in Table 5 suggests that all BCM production may have been exported.  The reported exports and imports of 
BCM in fact exceeded the reported production in 2010 (Table 5), indicating export of stocks and/or potential mis-
reporting. 
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The most notable changes in ODS feedstock substances since 1991 are as follows: 

 Four major substances (CTC, TCE, CFCs, HCFCs) have accounted for 98-99% of feedstock since 1991; 

 Reported total production of these four substances has more than tripled since 1991; 

 CTC was the dominant feedstock in 1991 (65%), but now accounts for less than 17% of feedstock; 

 The use of TCE, CFCs and HCFCs grew markedly between 1991 and 2000; 

 The tonnage of CFCs increased in some years after 2000, falling back slightly since 2007.  But the 

tonnage of CFCs remained higher in 2010 than it was in 2000. 

 HCFC is the only feedstock that has continued to increase in substantial volumes after 2000 (further 

details in section 4.7)  It accounted for about 26% of total feedstock in 1991, rising to 55% of total 

feedstock in 2011 (details in section 4.6). 

Table 6:  Feedstock substances in 1991, 2000 & 2010, based on reported production/import data (metric 

tonnes) 

Feedstock substance 

1991 2000 2010 

metric 
tonnes 

% 
metric 
tonnes 

% 
metric 
tonnes 

% 

HCFC 80,687 26% 184,011 23% 536,674 51% 

CFCs 19,727 6% 196,911 25% 214,103 20% 

CTC 202,764 65% 200,169 25% 178,968 17% 

1,1,1-trichloroethane 5,410 2% 190,030 24% 116,723 11% 

Methyl bromide 3,610 1% 13,927 2% 7,086 1% 

Bromochloromethane  -   -  -  0.0% 1,638 0.2% 

Halons -  -  400 0.1% 900 0.1% 

HBFC  -   -  3 0.0% 29 0.0% 

Total reported 312,199 100% 785,452 100% 1,056,121 100% 

Data source:  Ozone Secretariat (2012) Information provided by parties in accordance with Article 7 of the Montreal 

Protocol, UNEP/OzL.Pro.24/3, Annex XIII.  These data represent feedstock use, calculated by the Ozone Secretariat as the 

sum of reported feedstock production and feedstock imports within each Party. 

 

4.6   Feedstock substances in A2 and A5 countries, 2007-2011 

This section examines more recent trends in feedstock substances produced in A2 and A5 countries, based on 

data for the five-year period from 2007 to 2011.  

Figure 5 shows some fluctuations in feedstock production in A2 countries in recent years, but growth overall.  

A2 production of HCFCs, TCE and CTC increased by 32%, 26% and 11%, respectively, between 2007 and 2011, 

while CFC production fell somewhat.   

In 2007 CFCs, followed by HCFCs, were the dominant feedstock in A2 countries.  The most notable change 

during 2007-2011 is that CFCs have fallen from 37% to 27% of A2 production, while HCFCs have increased from 

35% to 42% of A2 production.  

In 2011, HCFCs dominate feedstock production in A2 countries comprising 42% of the reported production, 

followed by CFCs (27%), TCE (16%) and CTC (15%).  Further details are available in ANNEX 3. 
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Figure 6 shows the breakdown of feedstock production in A5 countries, drawn to the same scale as Figure 5 to 

provide a direct comparison.  Feedstock production in A5 countries more than doubled in the five-year period, 

showing much less fluctuation than the production in A2 countries. 

Only two feedstock substances are significant in A5 countries, namely HCFCs (77% in 2011) and CTC (22%).  A5 

production of CTC feedstock rose by 69% between 2007 and 2011, while HCFC feedstock increased by 167%.  

 

Figure 5:  Trend in feedstock substances produced in A2 countries, 2007-2011 (metric tonnes) 

 

Data source:  Ozone Secretariat database of data reported by Parties under Article 7.  

The ‘others’ category comprises methyl bromide mainly, also small amounts of halon, HBFC and bromochloromethane. 

 

 

Figure 6:  Trend in feedstock substances produced in A5 countries, 2007-2011 (metric tonnes) 

 

Data source:  Ozone Secretariat database of data reported by Parties under Article 7.  

The ‘others’ category comprises methyl bromide mainly, also some halon. 
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4.7  Major feedstock substances in 2011 

In 2011, the main substances (or groups of substances) produced for feedstock were estimated as follows, 

calculated in metric tonnes, ODP-tonnes and tonnes CO2eq (details in Table 7 below):  

 Metric tonnes:  HCFC was the major feedstock substance (55%), followed by CTC (17%), CFCs (17%) 

and TCE (10%). 

 ODP-tonnes: CTC (49%) and CFCs (37%) were the main feedstock substances, followed by HCFC (8%). 

 Tonnes CO2eq:  CFC was the main feedstock substance (49%), followed by HCFC (41%) and CTC (10%). 

ANNEX 3 and ANNEX 4 provide more detailed production data on feedstock substances. 

Table 7:  Production of major feedstock substances in 2011 (metric tonnes, ODP-tonnes and tonnes CO2eq) 

Feedstock 
substance 

Reported  

metric tonnes 

Estimated  

ODP-tonnes 
(a)

 

Estimated  

tonnes CO2eq 
(a)

 ODP 
(a)

 GWP 
(a)

 

mt % ODP-t % tCO2eq % 

HCFCs 
(b)

 615,106 55% 35,714 8% 1,134,225,331 41% 0.058  1843.9 

CTC 194,004 17% 213,405 49% 271,605,876 10% 1.1 1400 

CFCs 
(c)

 185,195 17% 159,735 37% 1,359,286,746 49% 0.863 7339.7 

TCE 110,926 10% 11,093 3% 16,195,210 1% 0.1 146 

MB 4,220 0.4% 2,532 1% 21,102 ~ 0% 0.6 5 

Halons 
(d)

 1,270 0.1% 12,698 3% 9,066,622 0.3% 10  7140 

BCM 514 ~ 0% 62 ~ 0% 842,796 ~ 0% 0.12 1640 

HBFCs 72 ~ 0% 53 ~ 0% 25,999 ~ 0% 0.738  362 

Total 1,111,308 100% 435,291 100% 2,791,269,681 100%     

Compiled from:  Ozone Secretariat data reported by Parties under Article 7 in metric tonnes, using the method 

described in note (a) below.   

(a) Touchdown estimated the ODP-tonnes and tCO2eq by multiplying metric tonnes by the estimated ODP and GWP, 

respectively.  The average ODP and 100-year GWP for each ODS group was calculated using TEAP’s detailed feedstock 

substance breakdown for 2010 (in TEAP (2012) Progress Report, vol. 1, p.32-33), as shown in ANNEX 4. The values 

shown in this table have been rounded. 

(b)  The main HCFCs in 2010 were HCFC-22 (77%), 142b (18%), 141b (3%) and 123 (1%) (details in ANNEX 4). 

(c)  The main CFCs in 2010 were CFC-113 and CFC-114 (details in ANNEX 4). 

(d)  The main halon in 2010 was halon-1301 (details in ANNEX 4). 

 

 

TEAP has provided a more detailed breakdown of feedstock production by specific ODS substance in 2010.  

Table 8 shows the main individual feedstock substances that were produced in volumes greater than 5,000 

metric tonnes in 2010.  HCFC-22 is the major feedstock substance, accounting for 38% of reported production 

in 2010.  CTC and CFC-113 are the next most important feedstocks, accounting for 17% and 14%, respectively, 

in 2010.   These are followed by TCE (11%), HCFC-142b (9%), CFC-114 (7%), as shown in Table 8.   Together, 

these six substances accounted for 81% of global feedstock production in 2010.  Further details are provided in 

ANNEX 4. 
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Table 8:  Production of specific feedstock substances in 2010 (metric tonnes) 

Ranking in 
2010 

Feedstock 
substance 

Reported 
production in 

2010 
(a)

 

% of production 
in 2010 

1 HCFC-22 386,349 38% 

2 CTC 176,793 17% 

3 CFC-113 146,333 14% 

4 TCE 116,723 11% 

5 HCFC-142b 91,838 9% 

6 CFC-114 66,544 7% 

7 HCFC-141b 15,022 1% 

8 MB 6,344 0.6% 

9 HCFC-123 6,187 0.6% 

10 Others 4,566 0.4% 

Total  1,016,697 100% 

Data source: TEAP (2012) Progress Report, May 2012, vol.1, p.32-33. 

(a)  These data include reported process agents which may amount to approx. 1500 metric tonnes (TEAP (2012) Progress 

Report, May 2012, vol.1, p.28). 

 

4.8  Trends in HCFC feedstock production 

The reported data on HCFCs indicate the following trends in the past decade from 2000 to 2011: 

 HCFC feedstock has tripled since 2000, increasing from about 184,011 to 615,107 metric tonnes.  

 Apart from a slight dip in 2009, global HCFC feedstock has increased each year since 2000. 

 The average annual rate of increase in HCFC feedstock was 21% per year during 2000-2011. 

 The main feedstock HCFCs produced in 2010 were HCFC-22 (77%), HCFC-142b (18%), HCFC-141b (3%) 

and HCFC-123 (1%) (details in ANNEX 4). 

 

As noted in the section above, HCFC-22 is the main feedstock substance, accounting for 38% of global 

feedstock production in 2010.  HCFC-22 feedstock production increased further in 2011.  TEAP recently 

reported that HCFC-22 feedstock production in A5 countries has doubled every three years during the last 

decade.
35

 

Figure 7 shows the trends in reported HCFC-22 feedstock production in industrialised (A2) and developing (A5) 

countries from 1950 to 2010, published by Miller et al (2010).36   Feedstock accounted for 37% of total HCFC-22 

production for all uses in 2007.
37

    Figure 7(a) indicates that HCFC-22 feedstock has increased much more 

rapidly in A5 countries (solid blue line) than in A2 countries (red, green and turquoise lines) since 2000.  Figure 

7(b) shows the contrasting trend in non-feedstock production: it has declined in A2 countries since 1995 (red 

and green lines) and in A5 countries since 2009 (solid blue line). 

                                                                 
35

  Ozone Secretariat (2011) Report of MoP-23, UNEP/OzL.Pro.23/11, p.89, para.9. 
36

  Miller et al (2010) HFC-23 (CHF3) emission trend response to HCFC-22 (CHClF2) production and recent HFC-23 emission 
abatement measures, Atmos. Chem. Phys., 10, 7875-7890, http://dx.doi.org/10.5194/acp-10-7875-2010.  

37
  Ozone Secretariat Article 7 data reported by Montzka et al (2010) Factsheet: Recent increases in global HFC-23 

emissions, 
ftp://ftp.cmdl.noaa.gov/hats/hfcs/Montzka%20et%20al%20HFC23_Factsheet_for%20GRL_2009GL041195.pdf  

http://dx.doi.org/10.5194/acp-10-7875-2010
ftp://ftp.cmdl.noaa.gov/hats/hfcs/Montzka et al HFC23_Factsheet_for GRL_2009GL041195.pdf
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Miller & Kuijpers (2011) have estimated that global HCFC-22 feedstock production could rise to 700,000 metric 

tonnes per year by 2025, if recent trends continue.38 

 

Figure 7:  Trend in HCFC-22 production for (a) feedstock and (b) controlled uses 1950-2010  

(a) HCFC-22 production for feedstock in A2 and A5 countries (thousand metric tonnes)

 

7b:  HCFC-22 production for controlled uses in A2 and A5 countries (thousand metric tonnes) 

 

 

Reproduced from:  Miller et al (2010) HFC-23 (CHF3) emission trend response to HCFC-22 (CHClF2) production and recent 
HFC-23 emission abatement measures, Atmos. Chem. Phys., 10, 7875-7890, http://dx.doi.org/10.5194/acp-10-7875-2010.  

 

 

 

 

 

 

  

                                                                 
38

  Miller & Kuijpers (2011) Projecting future HFC-23 emissions, Atmos. Chem. Phys., 11, 13259–13267,  Supplement, p.5, 
Figure S1,  http://www.atmos-chem-phys.net/11/13259/2011/acp-11-13259-2011-supplement.pdf and 
http://www.atmos-chem-phys.net/11/13259/2011/acp-11-13259-2011.pdf. 

http://dx.doi.org/10.5194/acp-10-7875-2010
http://www.atmos-chem-phys.net/11/13259/2011/acp-11-13259-2011-supplement.pdf
http://www.atmos-chem-phys.net/11/13259/2011/acp-11-13259-2011.pdf
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5.  FEEDSTOCK USES 

5.1  Main products made from ODS feedstock 

CTOC’s data indicate that the vast majority of ODS feedstock is used for the production of other ODS (CFCs, 

HCFCs), HFCs, and fluoropolymers (e.g. Teflon).
39

   CTOC has provided some estimates of the amount of 

feedstock used for major production processes in 2002 and 2008, summarised below in Table 9.   Based on 

CTOC’s figures, Touchdown has estimated that about 42% of feedstock was used for the production of HFCs, 

about 37% for fluoropolymers, and 21% for the production of ODS (CFCs and HCFCs) in 2008.  In total, about 

63% of feedstock was used for the production of HFCs and ODS in 2008. 

More recent data are not available.  Currently, it is likely that the percentage of ODS feedstock used for CFC 

production has fallen, while the percentage of feedstock used for HFC and HCFC production has increased 

greatly. 

Table 9:  Major processes using ODS feedstock in 2002, 2008 and 2010 (metric tonnes) 

Major processes 
ODS used as 
feedstock 

(a)
 

Estimated feedstock production Estimated % of feedstock 

2002 2008 2010 2002 2008 2010 

Production of 
HFCs 

CFC-113, CFC-114a, 
CTC, TCE, HCFC-22, 
122, 123, 124, 133a, 
142b 

293,000 351,000 n.d. 34% 42% ↑ n.d. 

Production of 
fluoropolymers 

HCFC-22, HCFC-142b 225,000 307,000 n.d. 26% 37% ↑ n.d. 

Production of 
HCFCs 

TCE, CFC-113, HCFC-
21 

282,175 175,000 n.d. 33% 21% ↑ n.d. 

Production of 
CFCs 

CTC 50,000 2,859 n.d. 6% 0.3% ↓ n.d. 

TEAP total  850,175 835,859
(b)

 1,016,697 ~100% ~100%  

Data sources: TEAP (2008) Progress Report, p.54;  TEAP (2010) Progress Report, p.64.; TEAP (2012) Progress Report, p.30.  
n.d. = no data. 

(a)  This list of ODS substances used as feedstock was compiled from TEAP (2012) Progress Report, vol.1, p.30;  IPCC & TEAP 
(2005) Special report on ozone and climate, chapter 11 (full version), Figure 11A, p.429-430;  and list of feedstock uses in 
ANNEX 6. 

(b)  The Ozone Secretariat subsequently reported a higher total of 945,215 metric tonnes in 2008. 

 

Table 10 (below) provides examples of the main chemical production pathways (chemical manufacturing 

routes) that use ODS feedstock for the production of HCFCs and HFCs, as described by IPCC and TEAP.  A report 

by IPCC and TEAP in 2005 noted that, in general, the companies that have, or are currently, manufacturing 

CFCs and/or HCFCs are now producing HFCs.40 

5.2  Number of feedstock uses 

TEAP has compiled lists of known uses of ODS feedstock, while also noting that ‘knowledge of ODS feedstock 

use .... is incomplete.’ 
41

    

                                                                 
39

  CTOC (2007) 2006 Assessment report of CTOC, p.26-27.  TEAP (2010) Progress Report, p.64.  TEAP (2012) Progress 
Report, p.30.   

40
  IPCC & TEAP (2005) Special Report on Ozone and Climate (SROC), chapter 11 (full version), Appendix 11A, p.429, 

http://www.ipcc.ch/pdf/special-reports/sroc/sroc11.pdf 
41

  TEAP (2011) TEAP 2010 Assessment report, p.2. 

http://www.ipcc.ch/pdf/special-reports/sroc/sroc11.pdf
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Table 10:  Examples of manufacturing pathways using ODS feedstock for production of HCFCs and HFCs 

ODS feedstock Production of ... Manufacturing pathway 

CFC-113 HCFC-124 CFC-113 → CFC-1113 → HCFC-124 

CFC-114a HCFC-124 CH2=CH2 → CFC-114a → HCFC-124 

CFC-114a HFC-134a CH2=CH2 → CFC-114a → HFC-134a 

HCFC-22 HFC-32 CHCl3 → HCFC-22 also CH2Cl2 → HFC-32 

HCFC-123 HFC-125 CCl2=CCl2 → HCFC-123 → HFC-125 

HCFC-133a HCFC-123 CHCl=CCl2 → HCFC-133a → HCFC-123 

HCFC-133a HFC-134a CHCl=CCl2 → HCFC-133a → HFC-134a 

HCFC-133a HFC-143a CHCl=CCl2 → HCFC-133a → HFC-143a 

HCFC-124 HFC-134a CCl2=CCl2 → HCFC-124 → HFC-134a 

CTC HFC-245fa CCl4 + CHCl=CH2 → CHCl2CH2CCl3 → HFC-245fa 

CTC HFC-245fa CCl4 + CH2=CCl2 → CCl3CH2CCl3 → CHCl2CH2CCl3 → HFC-245fa 

CTC HFC-365mfc CCl4 + CH=CClCH3 → CCl3CH2CCl2CH3 → HFC-365mfc 

Source:  IPCC & TEAP (2005) Special report on ozone and climate (SROC), chapter 11 (full version), Figure 11A, p.429-430, 

http://www.ipcc.ch/pdf/special-reports/sroc/sroc11.pdf. 

Table 11:  Number of ODS feedstock uses and high-volume uses identified to date 

ODS feedstock 
Number of feedstock uses 

High volume feedstock uses identified to date 
(incomplete list) 

No. % No. Brief description 

HCFCs (mainly HCFC-22, 
and 142b, 141b, 123**

(a)
, 

minor use of 21, 122, 124, 
133, 235)  

22 28% 3 

 HCFC-22 for 
tetrafluoroethylene (TFE) 

 HCFC-142b for vinylidene 
fluoride 

 HCFC-142b for HFC-143a 

Methyl bromide 15 19% -  

Carbon tetrachloride 13 17% 2 

 CTC for tetrachloroethene 
(perchloroethylene) 

 CTC for 1,1,1,3,3-
pentachlorobutane 

CFCs (mainly CFC-113 and 
114, minor use of 11, 12, 
112, 217) 

11 14% 2 
 CFC-113 & 113a for HFC-134a 

and HFC-125 

Bromochloromethane 6 8% -  

1,1,1-trichloroethane 4 5% 2 
 TCE for HCFC-141b 

 TCE for HCFC-142b 

HBFCs (mainly HBFC-22 
B1, minor use of 21 B2, 31 
B1) 

4 5% -  

Halons (mainly 1301, 
minor use of 2402) 

3 4% -  

Total 78 100% At least 9  

Source:  Compiled from list of feedstock uses in ANNEX 6 below. 

(a)  This refers to HCFC-123** (not HCFC-123), as indicated in Annex C Group I of the Montreal Protocol. 

http://www.ipcc.ch/pdf/special-reports/sroc/sroc11.pdf
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TEAP’s recent progress reports have identified about 17 feedstock uses (including several groups of uses).
42

   

To date, Touchdown has compiled a list of 78 reported uses of ODS feedstock, summarised in Table 11 below.  

A more detailed list of uses and products can be found in ANNEX 6. 

HCFCs, methyl bromide and carbon tetrachloride have the largest number of feedstock uses, comprising 28%, 

19% and 17% (respectively) of the total number of uses (78) identified to date.  It is likely that the list of 

feedstock uses evolves and changes over time, with new uses being adopted, and some uses ceasing.   

In general, quantitative data are not available for specific ODS feedstock uses.  However, some historical data 

are available for CTC in 2006-2008 (details in ANNEX 5). 

5.3  High volume uses identified to date 

TEAP and the European Environment Agency (EEA) have identified about ten high-volume feedstock uses, as 

shown in Table 12, however this list is likely to be incomplete.  The estimated quantities are highly uncertain 

because quantitative information is not generally available for individual feedstock uses. 

 

Table 12:  High volume feedstock uses identified by TEAP and EEA 

ODS feedstock Production of ... 
Estimated quantity of feedstock 

used (metric tonnes) 

CFC-113 and CFC-113a HFC-134a and HFC-125  ~ 351,000 (in 2008) 

HCFC-22  
Tetrafluoroethylene (TFE, PTFE, Teflon), 
other fluoropolymers 

~ 307,000 (in 2008) 

TCE HFCs ~ 175,000 (in 2008) 

HCFC-142b  vinylidene fluoride (VF2) >> 10,000 (in 2011) 

TCE  HCFC-141b n.d. 

TCE  HCFC-142b >> 10,000 (in 2011) 

CTC tetrachloroethene (perchloroethylene) >> 10,000 (in 2011) 

CTC 1,1,1,3,3-pentachlorobutane >> 5,000 (in 2011) 

HCFC-142b  HFC-143a n.d. 

Data compiled from: TEAP (2010) Progress Report, vol.2, p.64; TEAP (2012) Progress Report, vol.1, p.29-30;  EEA (2012) List 

of ODS feedstock uses. 

 

   

   

  

                                                                 
42

  TEAP (2011) Progress Report, May 2011, vol.1, p.61-62, 83. TEAP (2012) Progress Report, May 2012, vol.1, p.29-30, 49. 
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6.  FEEDSTOCK EMISSIONS 

6.1  Sources of emissions 

CTOC considers that feedstock, as raw materials, are converted to other products except for de minimus 

residues and emissions.  CTOC has noted that emissions from feedstock can occur during production, storage, 

transport (if transport is necessary), and transfers.  ODS feedstock can either be fed directly into the chemical 

process as a raw material stream, or they can be produced as an intermediate in the synthesis of another 

product.  They can also be recovered during the process and fed back into the system.  Intermediate 

substances used as feedstock are normally stored and used at the same site and so fugitive leaks are 

somewhat lower in this case.
43

   Feedstocks that are directly fed into a process tend to have somewhat higher 

fugitive leakage because losses can occur during transport (if it occurs) and transfers.
44

  

CTOC reports that highly automated, tight and well-instrumented facilities with proper procedures and close 

monitoring can have emission levels as low as 0.1% of the amount used as feedstock. On the other extreme, 

CTOC notes that batch processes of limited scale with less tight equipment and less concern for operational 

excellence can have emission levels up to 5%.
45

   Facilities using the largest volumes of feedstock tend to have 

emissions at the lower end of the scale because large capacity plants have the most investment and in general 

they are able to control emission levels better. 

The level of emissions will vary greatly from facility to facility, according to factors such as the year of 

construction, plant design, technology and process used, plant size, national and local regulations, type of 

storage vessels, level of investment in emission controls, and other parameters.
46

  

Discussions on emissions often refer to on-site emissions only, that is, emissions arising from a specific 

chemical facility or site.  However, emissions can occur during the entire life-cycle of production and use, 

including storage and transport (if any), and emissions from any off-site transfers or off-site waste disposal.47  

Emissions can also arise from residues of feedstock in the final products.48 

A MLF study on CTC also noted that no production process is totally without losses, and provided examples of 

sources of CTC emissions related to production, storage and transportation and use (details in Box 1). 

‘No production process is totally without losses. Losses to a greater or lesser extent will occur at the 
production, storage, transhipment, delivery and subsequent use stages as well as in maintenance and 
cleaning of the production equipment and disposal of residues. While the use of best industry practice can 
minimise such losses, not all plants conform to best practice standards all the time. There are usually large 
differences in loss levels between old and new plants.’ 49 

Many facilities worldwide have made substantial efforts to reduce and minimise ODS emissions, however it is 

not technically feasible to eliminate emissions altogether.50  Table 26 in ANNEX 8 (below) identifies many 

routes by which emissions may potentially occur, even in well-designed and well-managed facilities that use 

the best available techniques for controlling emissions. 

                                                                 

43  TEAP (2012) Progress Report, May 2012, vol.1, p.29, section 3.4.3. 
44

  TEAP (2005) Progress Report, May 2005, p.85. 
45

  TEAP (2012) Progress Report, May 2012, vol.1, p.30. 
46  TEAP (2005) Progress Report, May 2005, p.86;  European Commission (2003) Integrated Pollution Prevention and 

Control (IPPC) Reference Document on Best Available Techniques in the Large Volume Organic Chemical Industry. 
47

  European Commission (2003) Integrated Pollution Prevention and Control (IPPC) Reference Document on Best 
Available Techniques in the Large Volume Organic Chemical Industry;  US EPA (2011) Toxic Chemical Release Inventory 
Reporting forms and instructions, http://www.epa.gov/tri/reporting_materials/rfi/ry2011rfi.pdf  

48
  TEAP (2012) Progress Report, May 2012, vol.1, p.28. 

49
  MLF (2009) Report on emission reductions and phase-out of CTC, UNEP/OzL.Pro/ExCom/58/50, Annex I, p.10. 

50
  European Commission (2003) Integrated Pollution Prevention and Control (IPPC) Reference Document on Best 

Available Techniques in the Large Volume Organic Chemical Industry. 
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Aside from ODS emissions, the production and use of ODS feedstock may generate other greenhouse gases as 
by-products.  An IPCC report on national GHG inventories has noted that ‘A large number of fluorine containing 
greenhouse gases can be produced as by-products of fluorochemical manufacture and emitted into the 
atmosphere.’ 

51
   In principle this may include GHG by-products that are non-ODS and ODS.   

 

Box 1:  Examples of sources of CTC feedstock emissions 

A MLF study highlighted a number of areas where CTC emissions may arise from production and handling in 
the chemical industry:52 

 Emissions when plants are shut down for annual maintenance; the magnitude of losses depends on 
management practices. 

 Immediately following production, CTC emissions will occur at the site of bulk storage. Some storage 
installations are at atmospheric pressure and vented to the atmosphere. The principal avenue for 
emissions is on filling the tanks. There can also be evaporation losses when ambient temperatures are 
high. While many countries require the capture of vent emissions for re-use or destruction, that is 
often not the case in some countries. 

 International transportation of bulk CTC in ship’s tanks will lead to evaporation losses on filling, 
emptying and cleaning of the tank.  

 Transport by road takes place in either bulk tankers or large drums, both of which are typically filled 
by hose from a bulk production tank. Losses may occur through displacement of vapour from the tank 
or drum, tank cleaning and use, and disposal of the drums and the residue in them, and could be up 
to 1% from filling and 2% from use, cleaning and disposal. Large scale feedstock applications may 
have more efficient bulk transport and delivery mechanisms. 

 No production process is totally without losses. Losses to a greater or lesser extent will occur at the 
production, storage, transhipment, delivery and subsequent use stages as well as in maintenance and 
cleaning of the production equipment and disposal of residues. While the use of best industry 
practice can minimise such losses, not all plants conform to best practice standards all the time. 

 CTC has an intrinsic minimum value arising from the value of the chlorine it contains, so it is often 
recovered.  However recovery or destruction entails cost, and in some situations it may be cheaper to 
emit CTC by venting or adding it to surface water, where it would evaporate within a relatively short 
period of time.53 

 

 

6.2  Emission minimisation techniques 

TEAP has reported that ODS feedstock emissions can be minimised by techniques such as the following: 

 Using tight equipment;  

 Using monitoring equipment allowing for detection of leaking material;  

 Strict procedures that call for rapid repair when leaks are detected;   

 Procedures to evacuate, recover and reuse material from all lines prior to opening for servicing; 

 Carrying out all transfers in closed loop systems with no venting of tanks or lines to the environment; 

 Connecting all process vents to scrubbing/destruction devices to avoid leakage to the atmosphere; 

 Generating the ODS in close proximity to the facility where it is used as feedstock (line-to-line 

arrangement) so that transportation emissions are minimized.
54

 

                                                                 
51

  IPCC (2006) IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3, chapter 3: Chemical Industry 
Emissions, Intergovernmental Panel on Climate Change, p.3.102, http://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol3.html  

52
  MLF (2009) Report on emission reductions and phase-out of CTC, UNEP/OzL.Pro/ExCom/58/50, Annex I, p.10-12. 

53
  MLF (2009) Report on emission reductions and phase-out of CTC, UNEP/OzL.Pro/ExCom/58/50, Annex I, p.10-12. 

54
  TEAP (2012) Progress Report, May 2012, vol.1, p.30 

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol3.html
http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol3.html
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TEAP has highlighted the need to ensure that ‘Best Available Techniques (BAT) and Best Environmental 

Practices (BEP) ... are employed for all feedstock and process agent applications.’ 
55

    And also recently noted 

that ‘better emission control mechanisms need to be developed’. 
56

    

6.3  Limitations in emissions data 

TEAP has reported various limitations in estimating ODS feedstock emissions, as seen in the examples below.  

In particular TEAP has highlighted problems arising from the lack of data on feedstock volumes by use, which is 

a necessary component for making more reliable estimates of emissions. 

 ‘Knowledge of ODS feedstock use and emissions is incomplete.’ 
57

 

 TEAP noted ‘the need for a more complete understanding of emissions resulting from use of ODS as 
feedstock.’ 

58
    

 ‘The quantities of emissions from ....feedstock remain uncertain’,  particularly because global data on 
specific feedstock uses does not exist.

59
  

 ‘Although parties are required under Article 7 of the Montreal Protocol to report ODS production for 
feedstock uses, reported global uses of ODS feedstocks do not exist and the basis for estimates are 
anecdotal. This created serious disagreement [in TEAP/CTOC] concerning both the data and sources. 
Much of the estimated levels were based on proprietary unpublished market information which, by 
necessity, was aggregated for competitive reasons. Further, until such time as parties are required to 
report such feedstock volumes by use, estimates of emissions will be uncertain and subject to 
disagreement.’ 

60
 

 ‘Further complicating such efforts are how to properly estimate levels of emissions during feedstock 
use from storage facilities, transfers, transportation, fugitive losses, etc. No commonly accepted 
guidelines are in place which has resulted in non-productive disagreements.’ 

61
 

 

TEAP has reported on several occasions that the uncertainties in feedstock emissions could be reduced if TEAP 

had access to data on volumes of feedstock uses, as illustrated by the comments below. 

 ‘In order that a better understanding may be gained of the feedstock uses of ODS and actual or 
estimated emissions arising from these uses, Parties may wish to consider requiring reporting of all 
feedstock uses of ODS. Disclosure of confidential information can usually be avoided by aggregation at 
country level. Where possible, annual quantities for each type of use should be given but at minimum 
there should be reporting of the nature of all feedstock uses.’ 

62
 

 ‘Should Parties wish quantification of feedstock emissions, reporting of ODS used in feedstock 
applications will be recommended.’ 

63
  .... ‘The reporting of ODS volumes for each feedstock uses by 

Parties through the Ozone Secretariat may enable a more complete quantification of this activity.’ 
64

 

 ‘To improve the estimate of use and emissions, it will be necessary to identify more complete public 
sources or for all Parties to report feedstock usage.’ 

65
  

                                                                 
55

  TEAP (1995) Evaluation of the use of ODS as chemical process agents and alternatives, Report of the chemical Process 
Agents Working Group, May 1995, p.6.  PAWG recommended BAT/BEP criteria such as those adopted by the Oslo and 
Paris Commission. 

56
  TEAP (2011) TEAP 2010 Assessment Report, p.17. 

57
  TEAP (2011) TEAP 2010 Assessment Report, p.2. 

58
  TEAP (2009) Progress Report, May 2009, p.3. 

59
  TEAP (2011) Progress Report, May 2011, p.47. 

60
  TEAP (2011) Progress Report, May 2011, p.62. 

61
  TEAP (2011) Progress Report, May 2011, p.62. 

62
  TEAP (2011) Progress Report, May 2011, p.47 & 62. 

63
  TEAP (2011) TEAP 2010 Assessment Report, p.17. 

64
  TEAP (2011) TEAP 2010 Assessment Report, p.18. 

65
  TEAP (2011) TEAP 2010 Assessment Report, p.31. Also CTOC (2011) CTOC 2010 Assessment Report, p.2 & 11. 
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 ‘Developed countries, in their inventory reporting, report to UNFCCC emission data for HFCs. Thus 
discussions with UNFCCC may assist in developing new estimated sources of data for HFC production 
(which may have utilized ODSs as feedstock in their preparation). The reporting of ODS volumes for 
each feedstock uses by Parties through the Ozone Secretariat may enable a more complete 
quantification of this activity.’ 66 

 

6.4  Emission estimates based on emission factors 

It is not feasible to provide any reliable estimates of ODS feedstock emissions at present, due to the lack of 

quantitative data on ODS feedstock uses and a lack of independent data on emissions from the entire life-cycle 

of feedstock production and use.  In the absence of better information, CTOC reports have attempted to 

provide approximate estimates using various different default emission factors.  Emission factors are rough 

default indicator values used in some situations for calculating emissions as a percentage of the production 

and/or use of a chemical.  If an emission factor of 0.5% is selected, for example, the quantity of emissions 

might be calculated as 0.5% of the total ODS feedstock production tonnage.  The following sections provide an 

overview of estimates provided by CTOC since 2005. 

6.4.1  Estimates of emissions based on 0.2 - 4% emission factor 

In 2005, CTOC made an approximate estimate of ODS feedstock emissions based on emission factors ranging 

from 0.2 - 4%, as follows: 

 0.5 - 4% emission factor as a guidance level for products transported and used as raw materials; 

 0.2 - 2% emission factor as a leakage rate for intermediates with no interplant transport.
67

    

CTOC applied an emission factor of 0.5 - 4% to ODS feedstock that are used in fluoropolymer production, and 

an emission factor of 0.2 - 2% for ODS feedstock used for CFC and HFC production, as indicated in Table 13 

below. 

Table 13:  CTOC estimates of ODS feedstock emissions in 2002 based on 0.2 - 4% emission factor 

Process using ODS 
feedstock 

Estimated feedstock Estimated ODS emissions in 2002 

metric tonnes Emission factor metric tonnes ODP-tonnes 

Production of HFCs 334,000 0.2 - 2 % 668 - 6,680 315 - 3,150 

Production of 
fluoropolymers 

225,000 0.5 - 4 % 1,125 - 9,000 62 - 496 

Production of CFCs 107,000 0.2 - 2 %  214 - 2,140 235 - 2,350 

CTOC total 666,000  2,000 - 18, 000 612 - 6,000 

Adjustment to reflect 
higher Ozone Secretariat 
total (a) 

(a)  854,859   2,440 - 21,960  747 - 7,320  

Compiled from data in TEAP (2005) Progress Report, May 2005, p.86-87. 

(a) A recent Ozone Secretariat publication
68

 indicates that feedstock in 2002 was significantly higher than was known when 

CTOC made this analysis.   This row shows CTOC’s estimate adjusted (revised upward by 22%) to reflect the higher total 

now reported for 2002. 

 

Using this method, CTOC estimated ODS feedstock emissions in the order of 2,000 - 18,000 metric tonnes in 

2002; which would be equivalent to about 612 - 6,000 ODP-tonnes.
69

  

                                                                 
66

  TEAP (2011) TEAP 2010 Assessment Report, p.31. Also CTOC (2011) CTOC 2010 Assessment Report, p.2 & 11. 
67  TEAP (2005) Progress Report, May 2005, p.86. 
68

  Ozone Secretariat (2012) Information provided by parties in accordance with Article 7 of the Montreal Protocol, 
UNEP/OzL.Pro.24/3, p.65. 
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Subsequently, Ozone Secretariat data indicated that the feedstock production/imports in 2002 were about 

22% higher than the total used in CTOC’s estimates.  Table 13 therefore also shows CTOC’s figures adjusted by 

22%.  This would indicate feedstock emissions in the order of 2,440 - 21,960 metric tonnes in 2002, which 

would be equivalent to about 747 - 7,320 ODP-tonnes. 

If the same emission factor (0.2 - 4%) were applied to reported feedstock production in 2011 (1,111,308 metric 

tonnes), it would suggest feedstock emissions of approximately 2,220 – 44,450 metric tonnes in 2011.  This 

would be equivalent to about 870 – 17,410 ODP-tonnes, or 5.6 – 111.7 million tonnes CO2eq in 2011.70 

6.4.2  Estimates of emissions based on 0.5% emission factor 

More recently, when estimating feedstock emissions, CTOC has applied an IPCC indicator value (a default 

emission factor) of 0.5% emission, which was developed in the context of estimating emissions from HFC 

production plants.
71

   CTOC has described its current approach for estimating ODS feedstock emissions, as 

follows: 

 ‘The IPCC recommends that emissions can be estimated from production facilities at 0.5% for HFCs.... 

This includes fugitive and transport emissions.’ 
72

 

 ‘By using volumes suggested by members of the CTOC and following guidelines for emission 

calculations suggested by the IPCC for the UNFCCC, estimates of emissions from these feedstocks have 

been generated.’  
73

 

CTOC considers that, in the context of ODS feedstock, ‘the IPCC guidelines are maximal values and actual 

emissions may be lower at well-managed facilities.’ 
74

   

Applying an emission factor of 0.5%, CTOC estimated that ODS feedstock emissions in 2002 were 

approximately 4,251 metric tonnes (1,650 ODP tonnes).
75

    Using the same emission factor (0.5%), CTOC 

estimated that emissions from feedstock in 2010 were about 5,083 metric tonnes (2,166 ODP-tonnes).  This 

would indicate an increase of 20% in feedstock emissions between 2002 and 2010, as shown in Table 14.   

If the emission factor of 0.5% were applied to reported ODS feedstock production in 2011 (1,111,308 metric 

tonnes), it would suggest emissions of approximately 5,557 metric tonnes.  This would be equivalent to about 

2,170 ODP-tonnes, or 14 million tonnes CO2eq in 2011.76 

However, CTOC has noted several limitations relating to the 0.5% emission factor when estimating ODS 
emissions: 

 ‘Numbers could be higher if actual emissions were higher than the 0.5% guideline’. 
77

 

 ‘These data are only for emissions associated with manufacture and do not include any emissions 

related to uses.’ 
78

    

                                                                                                                                                                                                       

 

 

 

69
  TEAP (2005) Progress Report, May 2005, p.87. 

70
  Calculated by applying emission factors of 0.2 - 4% to estimated feedstock production of 435,291 ODP-tonnes and 

2,791,269,681 tonnes CO2eq, respectively (refer to Table 7 for details of feedstock production estimates for 2011). 
71  TEAP (2012) Progress Report, May 2012, vol.1, p.30. 
72  CTOC (2007) CTOC 2006 Assessment Report, p.26-27. 
73

  TEAP (2011) TEAP 2010 Assessment Report, p.31. 
74

  TEAP (2011) TEAP 2010 Assessment Report, p.17. 
75  TEAP (2008) Progress Report, May 2008, p.53. 
76

  Calculated by applying an emission factors of 0.5% to estimated feedstock production of 435,291 ODP-tonnes and 
2,791,269,681 tonnes CO2eq, respectively (refer to Table 7 for details of feedstock production estimates for 2011). 

77
  TEAP (2010) Progress Report, May 2010, p.64. 
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The IPCC emission factor of 0.5% was intended as an indicator level (called a default emission factor) for 

estimating fugitive emissions from HFC production facilities for the purpose of compiling national greenhouse 

gas inventories.
79

   The emission factor of 0.5% was based on data supplied to AFEAS by a number of 

companies that produce fluorocarbons.
80

   The IPCC report does not indicate whether independent 

measurements or determinations were carried out.  The 0.5% factor covers fugitive and by-product emissions. 

It assumes that abatement is not used during production of the substance, but does not take account of 

emissions that occur during transport, transfer of materials, storage and use.  

In fact, the IPCC Guidelines indicate that, in countries where fluorochemical production is significant, the 

default emission factor of 0.5% should not be used.  Instead, emissions data should be collected from 

individual plants.
81

 

Table 14:  CTOC estimates of ODS feedstock emissions in 2002-2010 based on 0.5% emission factor (metric 

tonnes) 

Process using ODS 
Estimated ODS feedstock production Emission 

factor 
Estimated ODS emissions 

(a)
 

2002 2008 2010 2002 2008 2010 

Production of HFCs 293,000 351,000 n.d. 0.5% 1,465 1,758 n.d. 

Production of 
fluoropolymers 

225,000 307,000 n.d. 0.5% 1,125 1,364 n.d. 

Production of HCFCs 282,175 175,000 n.d. 0.5% 1,411 870 n.d. 

Production of CFCs 50,000 2,859 n.d. 0.5% 250 14 n.d. 

TEAP total 850,175 835,859 1,016,697 0.5% 4,251 4,006 5,083 

Data sources: TEAP (2008) Progress Report, p.54.  TEAP (2010) Progress Report, p.64.  TEAP (2012) Progress Report, p.30.  

(a)  CTOC noted that ‘these data are only for emissions associated with manufacture and do not include any emissions 
related to uses’ (CTOC (2007) CTOC 2006 Assessment Report, p.26-27.  Also TEAP (2010) Progress Report, May 2010, 
p.64). 

 
 

6.4.3  Estimates of emissions based on 0.1 – 5% emission factor 

CTOC has also noted that emissions may be as low as 0.1% in highly automated tight facilities with proper 

procedures, or up to 5% in smaller and less-tight batch processes that have less concern for operational 

excellence.82 

If emission factors ranging from 0.1% to 5% were applied to ODS feedstock production in 2011 (reported at 

1,111,308 metric tonnes), it would suggest emissions of about 1,110 - 55,565 metric tonnes.  This would be 

equivalent to approximately 435 - 21,765  ODP-tonnes, or 2.8 - 139.6 million tonnes CO2eq in 2011.83 

                                                                                                                                                                                                       

 

 

 

78  CTOC (2007) CTOC 2006 Assessment Report, p.26-27.  Also TEAP (2010) Progress Report, May 2010, p.64. 
79

   IPCC (2006) Guidelines for National Greenhouse Gas Inventories, volume 3, chapter 3.10,  http://www.ipcc-
nggip.iges.or.jp/public/2006gl/index.html.  These Guidelines provide methodologies for estimating national inventories 
of anthropogenic emissions of specific types of greenhouse gases/sources. 

80
  IPCC (2006) Guidelines for National Greenhouse Gas Inventories, vol. 3, chapter 3.10.2.2, p.3.104. 

81
  IPCC (2006) Guidelines for National Greenhouse Gas Inventories, vol. 3, chapter 3.10.2.2, p.3.105, Figure 3.17.  The 

Guidelines note that it is considered ‘good practice’ to choose an emission calculation method using the decision tree 
in Figure 3.17 (p.3.103).  The decision tree indicates that if fluorochemical production is significant, emissions data 
should be collected from individual plants instead of using the default emission factor. 

82
  TEAP (2012) Progress Report, May 2012, vol.1, p.30. 

http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
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6.4.4  Summary of emission factors 

Table 15 summarises the default emission factors mentioned above, and the related estimates of emissions if 

those factors were to be applied to the reported ODS feedstock production data for 2011.   The broadest range 

of emission estimates in this list (0.1 – 5%) would suggest emissions between about 1,111 and 55,565 metric 

tonnes, or 435 to 21,765 ODP-tonnes in 2011.  This would be equivalent to 2.8 to 139.6 million tonnes CO2eq 

per year.  

These values indicate that ODS feedstock emissions have a negative impact on the ozone layer and the global 

climate.  An emission factor towards the lower end of the range, such as 0.5% (which appears to under-

estimate feedstock emissions) suggests emissions of 2,176 ODP-tonnes in 2011 (Table 15).   This figure would 

have a greater impact on ozone, for example, than recent CFC essential use exemptions (about 1,263 ODP-

tonnes in 201184) which are due to be phased-out. 

An emission factor towards the upper end of the range, such as 4%, suggests feedstock emissions of 17,412 

ODP-tonnes in 2011 (Table 15).   This would be 42% of the eventual ozone impact of recent HCFC consumption 

(41,105 ODP-tonnes in 2011).   The climate impact of such emissions would also be substantial, amounting to 

about 111.6 million tonnes CO2eq in 2011. 

If feedstock production continues to increase at the rate seen in recent years (35% in the five-year period from 

2007 to 2011), feedstock production would almost double by 2020, reaching more than 2 million metric 

tonnes.  If feedstock production increases at a slower rate than seen since 2009, feedstock production could 

still exceed 1.7 million metric tonnes by 2020.  Under a business-as-usual scenario, the emission levels shown 

in Table 15 could be expected to increase in a similar manner. 

Table 15:  TEAP emission factors applied to feedstock production in 2011 

Emission factors 
Estimated annual feedstock emissions in 2011  

calculated by applying TEAP’s default emission factors 

metric tonnes ODP-tonnes tonnes CO2eq 

0.5 % 5,557 2,176 13,956,348 

0.2 - 4% 2,223 – 44,452 871 – 17,412 5,582,539 – 111,650,787  

0.1% - 5% 1,111 – 55,565  435 – 21,765  2,791,270 – 139,563,484 

Data source:  Emission factors listed in table were applied to ODS feedstock production in 2011 = 1,111,308 metric tonnes 

(reported) ≈ 435,291 ODP-tonnes (estimated) ≈ 2,791,269,681 tonnes CO2eq (estimated). Refer to Table 7 for further 

details on production estimates for 2011. 

 

CTOC considered that feedstock emissions may be as low as 0.1% in highly automated, tight, well-

instrumented facilities with closely observed and proper procedures.  At the other end of the scale, feedstock 

emissions may be up to 5% in facilities using batch processes of limited scale with less tightness and less 

concern for operational excellence.
85  CTOC noted that the facilities processing the largest volumes of ODS 

feedstock have emissions at the lower end of the scale (towards 0.1%) because large capacity plants have the 

                                                                                                                                                                                                       

 

 

 

83
  Calculated by applying an emission factors of 0.1 - 5% to estimated feedstock production of 435,291 ODP-tonnes and 

2,791,269,681 tonnes CO2eq, respectively (refer to Table 7 for details of feedstock production estimates for 2011). 
84

  Authorised essential uses for 2011, Ozone Secretariat online Data Access Centre. 
85

  TEAP (2012) Progress Report, May 2012, vol.1, p.30. 
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most investment and are able to control emission levels well.  CTOC currently uses an emission factor of 0.5% 

as described in section 6.5 above.   

However, an emission factor of 0.5% appears to under-estimate ODS feedstock emissions, as indicated by the 

following points: 

 Importantly, CTOC has noted that its estimates based on a 0.5% emission factor ‘are only for 

emissions associated with manufacture and do not include any emissions related to uses.’ 
86

  It is 

therefore necessary to consider emissions arising from the entire life-cycle, including production, use, 

storage and transport (if any), and emissions from any off-site transfers or off-site waste disposal.87  

Emissions can also arise from residues of feedstock in the final products.88   

 From a technical or engineering perspective, there are many routes by which emissions may 

potentially occur (examples are provided in Table 26 in ANNEX 8), even in well-managed and 

regulated facilities that use emission control technologies. 

 A MLF study on CTC in 2009 estimated that global inadvertent losses from CTC feedstock could be of 

the order of 5% per year in 2006-2008, giving rise to annual emissions of up to 6,818 metric tonnes.89   

This is substantially higher than 0.5%, and yet CTC emissions have been regulated for a number of 

years in many countries because CTC is highly toxic, as well as being an ODS. 

 ODS emissions have been reported at levels higher than 0.5% in well-resourced chemical 

manufacturing facilities in industrialised countries that have for many years been subject to 

regulatory restrictions relating to pollutant emissions and ODS.  These types of facilities would be 

expected to have very low ODS emissions at or below 0.1%, yet they can be substantially higher: 

 CFC-113 examples:   A facility producing CFC-113 in an A2 country reported on-site CFC-113 

emissions of 112 tonnes which comprised mainly air emissions but also some discharges to 

water. These on-site emissions amounted to 1.7% of the facility’s CFC-113 production level in 

2011.  Air emissions of 154 metric tonnes CFC-113 in 2011 also were reported at another facility 

producing high-performance fibres, but the percentage emission cannot be calculated because 

the CFC production data are not available for that facility.90  The data above do not include other 

CFC-113 emissions arising from off-site transfers and other parts of the life-cycle. 

 HCFC-22 examples:   On-site HCFC-22 air emissions reported by chemical processing facilities in 

an A2 country amounted to about 1,200 tonnes in 2011, which indicates average emissions 

around 0.9% of the national HCFC-22 production in 2011.91   A facility that produces HCFC-22 

reported on-site emissions of 337 tonnes of HCFC-22, amounting to 2.3 % of its HCFC-22 

production in 2010.  The same facility also reported HFC-23 air emissions of 263 metric tonnes, 

amounting to 1.8% of its HCFC-22 production.92   The HCFC figures above exclude the emissions 

arising from off-site transfers and other parts of the life-cycle.  (Although some of the HCFC-22 in 

these examples would be used for non-feedstock uses, a substantial portion (roughly 50%) of the 

HCFC-22 production in A2 countries is for feedstock – refer to Figure 7 above.) 

                                                                 

86  CTOC (2007) CTOC 2006 Assessment Report, p.27.  Also TEAP (2010) Progress Report, May 2010, p.64. 
87

  European Commission (2003) Integrated Pollution Prevention and Control (IPPC) Reference Document on Best 
Available Techniques in the Large Volume Organic Chemical Industry;  EPA (2011) Toxic Chemical Release Inventory 
Reporting forms and instructions, http://www.epa.gov/tri/reporting_materials/rfi/ry2011rfi.pdf  

88
  TEAP (2012) Progress Report, May 2012, vol.1, p.28. 

89
  MLF (2009) Report on emission reductions and phase-out of CTC, UNEP/OzL.Pro/ExCom/58/50, Annex I, p.13, para.52. 

90
  These data were sourced from a government database of pollutant releases and production reported by chemical 

processing companies.  The source details have been withheld. 
91

  These data were sourced from a government database of pollutant releases and production reported by chemical 
processing companies.  The source details have been withheld. 

92
  These data were sourced from government databases of pollutant releases, production, and greenhouse gas emissions 

reported by chemical processing companies.  The source details have been withheld. 
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6.5  HFC-23 by-product emissions from ODS feedstock 

As noted in section 4, production of HCFC-22 feedstock has increased greatly, reaching 386,349 metric tonnes 

globally in 2010.
93

   HFC-23, a potent greenhouse gas (GHG), is formed as an unwanted by-product during the 

production of HCFC-22.
94

   Various factors influence the quantity of HFC-23 formed, including the technology 

used and the processing parameters.  An IPCC/TEAP report in 2005 estimated that the amount of HFC-23 by-

product produced varies from 1.4 to 4.0% of the HCFC-22 production.95  The UNFCCC subsequently reported 

that the HFC-23 waste generation in plants in Clean Development Mechanism (CDM) projects varied from 0.9 

to 5.4% according to project design documents and monitoring reports.
96

 

While a small amount of HFC-23 is used in plasma-etching processes in semiconductor manufacturing, as a fire 

suppressant, and in cryogenic refrigeration, the vast majority of HFC-23 by-product is not used.  It may be 

either emitted, captured or destroyed.   Thermal oxidation, for example, can reduce HFC-23 emissions to less 

than 1% of HCFC-production.97  (For technical reasons, when facilities employ HFC-23 destruction technologies 

some HFC-23 is always released into the atmosphere.
98

)   

Technologies that reduce HFC-23 emissions can be deployed in both A2 and A5 countries,
99

 however these 

entail both capital and operating costs.
100

   

Most HCFC-22 producers in A2 countries have implemented process optimization and/or destruction 

processes to reduce HFC-23 emissions. However, emissions can still be significant in A2 facilities. For example, 

a major HCFC-22 production facility in an A2 country reported HFC-23 air emissions of 263 metric tonnes 

(equivalent to 3.7 million tonnes CO2eq) in 2010, amounting to 1.8% of its HCFC-22 production.101  Substantial 

HFC-23 emissions have been reported recently at several other A2 facilities.102   

A number of facilities in A5 countries have installed destruction technology to reduce HFC-23 emissions, 

funded through CDM projects which provide certified emission reduction (CER) credits.  By April 2011,19 CDM 

projects had issued 277 million CERs, which corresponded to 48% of the total CERs issued by the CDM by April 

2011.
103

  TEAP (2007) estimated that about 67–68 % of the HCFC-22 production volume in A5 countries in 2006 

was covered under the CDM.
104

   

However, HFC-23 continues to be vented to the atmosphere from a number of HCFC-22 production facilities 

that do not have CDM projects, including new HCFC-22 production.
105

   The existing CDM project credits are 

due to expire during the period 2014-2029 (depending on the project).
106

  

                                                                 
93

  TEAP (2012) Progress Report, May 2012, vol.1, p.32. 
94

  HFC-23 has a 100-year GWP of 14,800 according to the 4th Assessment Report of IPCC.  UNFCCC Secretariat (2011) 
Implications of the establishment of new hydrochlorofluorocarbon-22 (HCFC-22) facilities seeking to obtain certified 
emission reductions for the destruction of hydrofluorocarbon-23 (HFC-23), FCCC/TP/2011/2, p.6. 

95
  IPCC & TEAP (2005) Special Report: Safeguarding the Ozone Layer and the Global Climate System, chapter 10 (full 

version), p.394. 
96

  UNFCCC Secretariat (2011) Implications of the establishment of new hydrochlorofluorocarbon-22 (HCFC-22) facilities 
seeking to obtain certified emission reductions for the destruction of hydrofluorocarbon-23 (HFC-23), FCCC/TP/2011/2, 
p.7. 

97
  IPCC & TEAP (2005) Special Report: Safeguarding the Ozone Layer and the Global Climate System, chapter 11 (full 

version), p.410. 
98

  UBA (2012) National inventory report for the German greenhouse gas inventory, submission to UNFCCC, p.327 
99

  IPCC & TEAP (2005) Special Report: Safeguarding the Ozone Layer and the Global Climate System, chapter 10 (full 
version), p.394-397. 

100
  UNFCCC Secretariat (2011) FCCC/TP/2011/2, p.6-7. 

101
  These data were sourced from government databases of pollutant releases, production, and greenhouse gas emissions 

reported by chemical processing companies.  The source details have been withheld. 
102

  For example: Keller et al. (2011) Evidence for under-reported western European emissions of the potent greenhouse 
gas HFC-23, Geophysical Research Letters, vol.38, L15808, doi:10.1029/2011GL047976. 

103
  UNFCCC Secretariat (2011) FCCC/TP/2011/2, p.8 

104
  UNFCCC Secretariat (2011) FCCC/TP/2011/2, p.8, citing TEAP (2007). 

105
  UNFCCC Secretariat (2011) FCCC/TP/2011/2, p.8. 
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The climate impact of HFC-23 is expected to continue increasing in future years, largely as a result of increases 

in HCFC-22 feedstock production, as shown in Figure 8 (below).  This chart shows historical and projected 

trends in HFC-23 emissions from 1990 to 2035, published by Miller & Kuijpers (2011).   Global HFC-23 

emissions were approximately 10,000 metric tonnes per year in 2009, which is equivalent to 148 million 

tonnes CO2eq per year.  The blue line indicates that global HFC-23 emissions are expected to double by 2030.  

Annual emissions of HFC-23 from HCFC-22 feedstock production alone are projected to exceed 23,000 metric 

tonnes by 2035.  This would be more than 340 million tonnes CO2eq per year. 

Figure 8:  Projected HFC-23 production, emissions and destruction (thousand tonnes per year) 

 

Reproduced from:  Miller & Kuijpers (2011) Projecting future HFC-23 emissions, ACPD, 11, 23081–23102. 

Notes on Figure 8: 

 Solid line (a) shows bottom-up HFC-23 emissions in developed countries (UNFCCC, 2010).  

 Solid lines (b), (c) and (d) show HFC-23 production and incineration in developing countries (Miller et al., 
2010).  

 Solid blue line shows bottom-up global HFC-23 emissions, which are the annual sum of each of the above 
components.  

 The dotted lines show projected bottom-up emissions, production and incineration to 2035 based on a 
Reference Case scenario which suggests that the historical trend in emission growth of ~200 tonnes per 
year continues during much of the coming two decades. CDM project accreditation is scheduled to end by 
2030, after which global emission growth quadruples to 800 tonnes per year linked to the unrestricted 
production of HCFC-22 for feedstock use.  Note that this increase is expected despite the complete phase 
out of HCFC-22 for dispersive (controlled) uses by 2030.  

                                                                                                                                                                                                       

 

 

 

106
  US EPA (2012) Benefits of addressing HFCs under the Montreal Protocol, p.20, 

http://www.epa.gov/ozone/downloads/Benefits%20of%20Addressing%20HFCs%20Under%20the%20Montreal%20Pro
tocol,%20June%202012.pdf  

http://www.epa.gov/ozone/downloads/Benefits%20of%20Addressing%20HFCs%20Under%20the%20Montreal%20Protocol,%20June%202012.pdf
http://www.epa.gov/ozone/downloads/Benefits%20of%20Addressing%20HFCs%20Under%20the%20Montreal%20Protocol,%20June%202012.pdf
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 The solid black line (with uncertainties in grey) shows the top-down global emission estimates of Miller et 
al. (2010). 

 
 
A UNFCCC paper on the implications of HFC-23 and new HCFC-22 production facilities has highlighted various 

issues relating to the Montreal protocol: 

 ‘The accelerated phase-out of HCFCs for emissive uses [under the Montreal Protocol] may result in a 
shift in HCFC-22 consumption for emissive uses to feedstock applications.  Hence, HFC-23 from new 
HCFC-22 facilities may ... continue to be generated and vented to the atmosphere in the absence of 
economic incentives or regulations requiring its abatement.  According to a report by the TEAP, HFC-
23 emissions could reach 0.45 billion tonnes of CO2eq by 2039, which represents around 35 per cent of 
the total GHG emissions from usage of ozone-depleting substances.’ 

107
  

 ‘incentives for new HFC-23 destruction may result in higher HCFC-22 production, leading to a negative 
impact on the objectives of the Montreal Protocol.’ 

108
 

 ‘Some [UNFCCC] Parties were of the view that the destruction of HFC-23 in new HCFC-22 facilities 
should not be eligible under the CDM and that the HFC-23 emissions may be abated through other 
incentives, including funding through channels other than the CDM. One way of funding could be the 
MLF, if Parties to the Montreal Protocol agree to address HFC emissions under the Protocol.’ 

109
 

 

  

                                                                 
107

  UNFCCC Secretariat (2011) FCCC/TP/2011/2, p.11, citing TEAP (2007). 
108

  UNFCCC Secretariat (2011) FCCC/TP/2011/2, p.15. 
109

  UNFCCC Secretariat (2011) FCCC/TP/2011/2, p.17. 
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7.  FEEDSTOCK ALTERNATIVES 

7.1  Introduction 

Recently, Decision XXIV/6(1) has encouraged Parties to exchange information on known alternatives being 

applied to replace ODS feedstock uses. 

Decision XXI/8(3) also requested TEAP to investigate and report (in its Assessment report in 2011) on 

alternatives for feedstock uses, and alternatives to products made with feedstock, as follows: 

‘To request the TEAP, in its next assessment report in 2011, to investigate chemical alternatives to ODS 

in exempted feedstock uses and investigate alternatives, including not-in-kind alternatives, to products 

made with such process agents and feedstocks and provide assessment of the technical and economic 

feasibility of reducing or eliminating such use and emissions...’ 110 

TEAP has not as yet published this detailed investigation of feedstock alternatives requested by Decision XXI/8. 

However TEAP’s Assessment report published in 2011 briefly noted that some CTC feedstock uses could 

perhaps be replaced by not-in-kind processes: 

‘Perhaps some carbon tetrachloride (CTC) feedstock uses could be replaced by not-in-kind 

manufacturing processes using non-ozone depleting substances (non-ODS).’ 
111

 

CTOC has expressed the view that ODS feedstock uses are important and may be technically difficult and/or 

expensive to replace, as follows: 

ODS ‘have been carefully selected as feedstocks in these uses so there are no other technologically and 

economically viable alternative routes at this time’ 112 

Since feedstock are not subject to phase-out schedules, CTOC also commented that feedstock uses are 

expected to continue for the foreseeable future either until the products derived from ODS feedstock are no 

longer needed, or until economically attractive alternative technologies are commercialised.113 

TEAP’s Assessment report in 2011 noted that CTOC could be requested to prepare a periodic assessment of 

alternatives for feedstock uses:   

‘Parties may wish to consider CTOC [making a] periodic assessment of available and emerging 

alternatives and substitutes for feedstock uses with a view to restricting exempted uses.’ 114 

7.2  Potential alternatives for specific uses 

To date, relatively little technical information has been published on the topic of feedstock alternatives. 

However there are known cases where ODS feedstock alternatives have been adopted by facilities and the use 

of ODS feedstock consequently ceased.  Sweden, for example, phased-out the use of ODS feedstock 

applications by the late 1990s.   

A  TEAP report in 1995 identified alternatives for several feedstock uses and reported that some had been 

commercialised, indicating that they were technically feasible and suitable for at least some types of facilities. 

They included the following examples:115 

                                                                 
110

  UNEP (2009) Report of MoP-21, Decision XXI/8. 
111

  TEAP (2011) TEAP 2010 Assessment Report , p.2. 
112

  TEAP (2012) Progress Report, May 2012, vol.1, section 3.4, p.28-29. 
113

  TEAP (2012) Progress Report, May 2012, vol.1, p.29. 
114

  TEAP (2011) TEAP 2010 Assessment Report , p.2. 
115

  TEAP (1995) Report of the Chemical Process Agents Working Group of the TEAP, May 1995, p.32-33. 
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 Alternative to CTC in perchloroethylene production: using chlorinated hydrocarbons in other 

manufacturing routes; reported to be in commercial use. 

 Alternatives to CTC in HCl production: (a) reacting salt with sulphuric acid, or (b|) reacting NaCl , H2O 

and SO2, or (c) combustion of H2 and Cl2; reported to be in commercial use. 

 Alternative to 1,1,1-trichloroethane in production of HFC-143a: using perchloroethylene; reported to 

have commercial status. 

The TEAP report also commented that industries could be encouraged to voluntarily switch to ozone-benign 

techniques: 

‘Parties could encourage their industries to voluntarily switch to the most ozone benign techniques 

and practices for all applications, including feedstock, taking into account potential implications for 

health, safety and the environment.’ 
116

 

To assist information exchange on feedstock alternatives, as mentioned in Decision XXIV/6, Touchdown has 

carried out a literature review with the aim of identifying examples of potential and existing feedstock 

alternatives.  The results are summarised in Table 16 below.  This initial list will require further detailed 

examination to verify that the methods identified in the literature review can indeed avoid the use of ODS at 

all stages. 

Some of the alternative methods listed in Table 16 have been reported as being used in commercial practice.  

However, for a number of uses, these methods may be specific to certain types of facilities.  

Further assessment would be needed in order to check that all steps in the processes identified below can be 

carried out without ODS, and to independently identify the technical and economic feasibility of such 

alternatives.  This may be assisted by the development of case studies on facilities which have adopted ODS 

alternatives.  

Table 16:  Initial list of potential and existing ODS feedstock alternatives 

ODS 
feedstock 

Product resulting from 
feedstock use 

Examples of potential and existing alternatives 
Commercial 

status 

BCM 2-(thiocyanomethylthio) 
benzothiazole, TCMTB 
(CAS 21564-17-0) 

 Reaction of formaldehyde + sodium thiocyanate 
+ 2-mercaptobenzothiazole (chloromethylation / 
dehydrochlorination).117 

 Reaction of 2-chloromethylthio benzothiazole 
and an alkali metal thiocyanate or ammonium 
thiocyanate in the presence of a glycol ether 
solvent.118 

 Reaction of a water-soluble salt of 2-
mercaptobenzothiazole with chloromethyl 
thiocyanate in the presence of water and a 
phase transfer catalyst.119 

 Reaction of 2-chloromethylthiobenzothiazole 
with an alkali metal thiocyanate or ammonium 

n.d. 

                                                                 
116

  TEAP (1995) Evaluation of the use of ODS as chemical process agents and alternatives, Report of the chemical Process 
Agents Working Group, May 1995, p.5-6. 

117
  Ashford, RD (1994) Ashford's Dictionary of Industrial Chemicals, Wavelength Publications Ltd., p. 884. 

118
  US patent 5073638 (1991) http://www.patentstorm.us/patents/5073638/fulltext.html  and Australian patent 

AU1989041356 (1992) assigned to Buckman Laboratories, a former or current manufacturer of TCMTB, 
http://www.ipaustralia.com.au/applicant/buckman-laboratories-international-inc/patents/AU1989041356/.  

119
  Japan patent application 60-132971 (1985) cited in US patent 5073638, 

http://www.patentstorm.us/patents/5073638/fulltext.html.  

http://www.patentstorm.us/patents/5073638/fulltext.html
http://www.ipaustralia.com.au/applicant/buckman-laboratories-international-inc/patents/AU1989041356/
http://www.patentstorm.us/patents/5073638/fulltext.html
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ODS 
feedstock 

Product resulting from 
feedstock use 

Examples of potential and existing alternatives 
Commercial 

status 

thiocyanate in the presence of water (or organic 
solvents) to produce TCMTB.120 

CFC-113 Chlorotrifluoroethylene  
(CAS 79-38-9) 

 Chlorotrifluoroethylene is produced 
commercially by dechlorination of 1,1,2-
trichloro-1,2,2-trifluoroethane (C5H6Cl3F3O), with 
zinc in methanol.121 

 Dechlorination in the gas phase, for example on 
an aluminum fluoride-nickel phosphate 
catalyst.122 

Commercial use 
in some cases 

CFC-113a Tefluthrin 
(CAS 79538-32-2) 

 Prepared from 2,3,5,6-tetrafluoro-4-
methylbenzyl alcohol (C8H6F4O).123 

n.d. 

CTC Aluminium trichloride 
(CAS 7446-70-0) 

 Prepared from aluminum metal in heated 
stream of hydrochloric acid gas.124 

 Reaction of purified gaseous chlorine with 
molten aluminum.125 

 Reaction of bauxite with coke and chlorine at 
about 875°C.126 

 Hydrated aluminium trichloride is prepared by 
dissolving aluminium oxides in hydrochloric 
acid.127 

Commercial use 
in some cases 

CTC CFC-11  
(CAS 75-69-4)  
and CFC 12  
(CAS 75-71-8) 

 Reaction of natural gas + chlorine + hydrogen 
fluoride (Montedison single-step process).128 
Comment:  The products are ODS (CFC-11, CFC-
12), so it is desirable to identify methods for 
producing non-ODS products. 

n.d. 

CTC DV acid chloride 
(CAS n.d.) 

 Dichloromethane or chloroform.
129

 n.d. 

CTC Hydrochloric acid, 
hydrogen chloride 

(CAS 7647-01-0) 

Comment:  Most HCl is produced as a by-
product from the production of chlorinated 
solvents, fluorocarbons, isocyanates, organics, 
magnesium, and vinyl chloride monomer.130 

 Produced industrially by reaction of salt (sodium 
chloride) and sulphuric acid (Manheim 
process).131 

 Reaction of sodium chloride, water, oxygen/air 
and sulphur dioxide (Hargreaves process); in 

Commercial use 
in some cases 

                                                                 
120

  US patent 3669981 cited in US patent 5073638, http://www.patentstorm.us/patents/5073638/fulltext.html  
121

  Gerhartz, W (1985-) Ullmann's Encyclopaedia of Industrial Chemistry, 5th edition, Vol A1, VCH Publishers, Deerfield 
Beach, FL, p. VA11 364.  

122
  Gerhartz, W (1985-) Ullmann's Encyclopaedia of Industrial Chemistry, 5th edition, Vol A1, VCH Publishers, Deerfield 

Beach, FL, p. VA11 364. 
123

  Kirk-Othmer Encyclopedia of Chemical Technology (1994), 4
th

 edition, vol.1, John Wiley & Sons, New York, p. V11 583. 
124

  Merck (2001) Biologicals, 13th edition, Merck and Co., Whitehouse Station, NJ, p. 61. 
125

  Lewis, RJ (1997) Hawley's Condensed Chemical Dictionary, 13
th

 edition, John Wiley & Sons, New York, p. 42. 
126

  Lewis, RJ (1997) Hawley's Condensed Chemical Dictionary, 13
th

 edition, John Wiley & Sons, New York, p. 42.  
127

  Helmboldt et al (2007) Ullmann’s Encyclopaedia of Industrial Chemistry, Wiley, doi:10.1002/14356007.a01_527.pub2 
128

  Ashford, RD (1994)Ashford's Dictionary of Industrial Chemicals, Wavelength Publications, p. 906. 
129

  UNEP Factsheet No 26: Alternatives for carbon tetrachloride CCl4 (CTC) in laboratory and analytical uses, UNEP DTIE, 
Paris, p.3, http://www.uneptie.org/ozonaction/information/mmcfiles/4766-e-26AlternativesCTC.pdf  

130
  Chemical Profile Hydrochloric Acid (1995), Chemical Marketing Reporter, 25 September 1995, Schnell Pub. Co. New 

York. 
131

  TEAP (1995) Report of the Chemical Process Agents Working Group, May 1995, Table A7.1, p.33.   O'Neil, MJ (2006) 
Merck Index: Encyclopedia of Chemicals, Drugs, and Biologicals. Merck and Co, Whitehouse Station, NJ, p. 830. 

http://www.patentstorm.us/patents/5073638/fulltext.html
http://www.uneptie.org/ozonaction/information/mmcfiles/4766-e-26AlternativesCTC.pdf
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ODS 
feedstock 

Product resulting from 
feedstock use 

Examples of potential and existing alternatives 
Commercial 

status 

commercial use.132 

 Produced industrially by burning chlorine with 
hydrogen gas in a combustion chamber.133  

CTC Tetrachloroethene   

(CAS 127-18-4) 

 Produced by oxyhydrochlorination, 
perchlorination, and/or dehydrochlorination of 
hydrocarbons (such as methane, ethane, or 
propane) or chlorinated hydrocarbons (such as 
1,2 dichloroethane, propylene, propylene 
dichloride).134 135 

 Manufactured by catalytic oxididation of 1,1,2,2-
tetrachloroethane, or by catalytic chlorination of 
acetylene.136 

Commercial use 
in some cases 

HCFC-22 Tetrafluoroethylene 
(CAS 116-14-3)  

 Reaction of any source of fluorine with carbon at 
>1500°C to form difluorocarbene radicals (-CF2-) 
which combine under appropriate conditions to 
yield tetrafluoroethylene.137 

 Pyrolysis of HFC-23.138 

Commercial use 
in some cases 

HCFC-123 Tetrafluoroethylene 
(CAS 116-14-3)  

 Reaction of any source of fluorine with carbon at 
>1500°C to form difluorocarbene radicals (-CF2-) 
which combine under appropriate conditions to 
yield tetrafluoroethylene.139 

 Pyrolysis of HFC-23.140 

Commercial use 
in some cases 

TCE HCFC-142b  

(CAS 75-68-3) 

 Produced by hydrofluorination of vinylidene 
chloride (C2H2Cl2) in the liquid phase.141 

Comment:  The product is an ODS (HCFC-142b), 
so it is desirable to identify methods for 
producing non-ODS products. 

Commercial use 
in some cases 

TCE HFC-143a  

(CAS 420-46-2) 

 Produced using perchloroethylene (C2Cl4).142 Commercial use 
in some cases 

 

n.d. = no data identified to date. 

                                                                 
132

  TEAP (1995) Report of the Chemical Process Agents Working Group, May 1995, Table A7.1, p.33.   O'Neil, MJ (2006) 
Merck Index: Encyclopedia of Chemicals, Drugs, and Biologicals (as above), p. 830. 

133
  TEAP (1995) Report of the Chemical Process Agents Working Group, May 1995, Table A7.1, p.33.   - (2003) Ullmann's 

Encyclopaedia of Industrial Chemistry, 6th edition, vol.1, Wiley-VCH Verlag GmbH, p. V17 67. 
134

  CTC can be produced as a by-product. For example, when hydrocarbons such as methane, ethane, or propane are 
simultaneously chlorinated and pyrolyzed they yield >95% perchloroethylene, plus hydrochloric acid and CTC as by-
products.  Source: NCBI http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=31373#x321. 

135
  WHO (1984) Environmental Health Criteria No. 31: Tetrachloroethylene (127-18-4), World Health Organisation, 

Geneva.   TEAP (1995) Report of the Chemical Process Agents Working Group, May 1995, Table A7.1, p.33. 
136

  O'Neil, MJ (2006) Merck Index: Encyclopedia of Chemicals, Drugs, and Biologicals. Merck and Co, Whitehouse Station, 
NJ, p. 1581. 

137
  International Labour Office (1971) Encyclopedia of Occupational Health and Safety, vol.I and II, McGraw-Hill Book Co, 

New York, p. 1396.  NCBI http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=8301#x321.  
138

  International Labour Office (1971) Encyclopedia of Occupational Health and Safety, vol.I and II, McGraw-Hill Book Co, 
New York, p. 1396. 

139
  International Labour Office (1971) Encyclopedia of Occupational Health and Safety, vol.I and II, McGraw-Hill Book Co, 

New York, p. 1396.  NCBI http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=8301#x321.  
140

  International Labour Office (1971) Encyclopedia of Occupational Health and Safety, vol.I and II, McGraw-Hill Book Co, 
New York, p. 1396. 

141
  WHO (1992) Environmental Health Criteria 139: Partially Halogenated Chlorofluorocarbons (Ethane Derivatives), World 

Health Organisation, Geneva.  
142

  TEAP (1995) Report of the Chemical Process Agents Working Group, May 1995, Table A7.1, p.32. 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=31373#x321
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=8301#x321
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=8301#x321
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ANNEX 1:  MONTREAL PROTOCOL ARTICLES AND DECSIONS ON FEEDSTOCK 

 

Table 17:  Vienna Convention and Montreal Protocol Articles on feedstock 

Article Text of Articles 

VC Articles [Feedstock is not mentioned in the text of the Vienna Convention] 

MP Article 1 
(4), (5) and (6) 

Definitions 

4. “Controlled substance” means a substance in Annex A, Annex B, Annex C or Annex E to 
this Protocol, whether existing alone or in a mixture. It includes the isomers of any such 
substance, except as specified in the relevant Annex, but excludes any controlled substance 
or mixture which is in a manufactured product other than a container used for the 
transportation or storage of that substance. 

5.  “Production” means the amount of controlled substances produced, minus the amount 
destroyed by technologies to be approved by the Parties and minus the amount entirely 
used as feedstock in the manufacture of other chemicals. The amount recycled and reused 
is not to be considered as “production”. 

6.  “Consumption” means production plus imports minus exports of controlled substances. 

MP Article 7(3) Reporting of data 

3.  Each Party shall provide to the Secretariat statistical data on its annual production (as 
defined in paragraph 5 of Article 1) of each of the controlled substances listed in Annexes A, 
B, C and E and, separately, for each substance, 

– Amounts used for feedstocks, …. 
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Table 18:  MP Decisions relating to feedstock uses 

Decision Text of MP Decisions on feedstock uses 

Decision I/12B 

(1989) 

Clarification of terms and definitions: Controlled substances produced 

(a) to agree to the following clarification on the definition of “controlled substances 
produced” in Article 1, paragraph 5: 

“Controlled substances produced” as used in Article 1, paragraph 5 is the calculated 
level of controlled substances manufactured by a Party. This excludes the calculated 
level of controlled substances entirely used as a feedstock in the manufacture of other 
chemicals. Excluded also from the term “controlled substances produced” is the 
calculated level of controlled substances derived from used controlled substances 
through recycling or recovery processes; 

(b) each Party should establish accounting procedures to implement this definition. 

Decision IV/12 

(1992) 

Clarification of the definition of controlled substances 

1. that insignificant quantities of controlled substances originating from inadvertent or 
coincidental production during a manufacturing process, from unreacted feedstock, or from 
their use as process agents which are present in chemical substances as trace impurities, or 
that are emitted during product manufacture or handling, shall be considered not to be 
covered by the definition of a controlled substance contained in paragraph 4 of Article 1 of 
the Montreal Protocol; 

2. to urge Parties to take steps to minimize emissions of such substances, including such 
steps as avoidance of the creation of such emissions, reduction of emissions using 
practicable control technologies or process changes, containment or destruction; 

3. to request the Technology and Economic Assessment Panel: 

(a) to give an estimate of the total emissions resulting from trace impurities, emission 
during product manufacture and handling losses; .... 

Decision VII/30 

(1995) 

Export and import of controlled substances to be used as feedstock 

1. That the amount of controlled substances produced and exported for the purpose of 
being entirely used as feedstock in the manufacture of other chemicals in importing 
countries should not be the subject of the calculation of “production” or “consumption” in 
exporting countries.  Importers shall, prior to export, provide exporters with a commitment 
that the controlled substances imported shall be used for this purpose. In addition, 
importing countries shall report to the Secretariat on the volumes of controlled substances 
imported for these purposes; 

2. That the amount of controlled substances entirely used as feedstock in the manufacture 
of other chemicals should not be the subject of calculation of “consumption” in importing 
countries. 

Decision XXI/8 

(2009) 

Sources of carbon tetrachloride emissions and opportunities for reductions of ODS 
emissions 

Recalling Decision XVII/10 on sources of carbon tetrachloride (CTC) emissions and 
opportunities for reduction, and the difficulties expressed by Technology and Economic 
Assessment Panel (TEAP) in reconciling reported emissions data and atmospheric 
concentrations, 

Reiterating the concern regarding the large discrepancy between reported emissions and 
observed atmospheric concentrations, which suggests that emissions from industrial 
activity are significantly under reported and underestimated, or that atmospheric 
measurements of CTC emissions need to be reconciled, 

Acknowledging that CTC can be emitted from processes, stockpiles or containers in the form 
of vapour or released from the same sources in liquid or solid waste stream(s) and via 
products, all of which would also be considered as emissions, 

Mindful of the obligations to ensure compliance with control measures under Article 2D of 
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Decision Text of MP Decisions on feedstock uses 

the Montreal Protocol regarding production and consumption of carbon tetrachloride, 

Desiring to reduce emissions to background concentration levels, 

Noting the report UNEP/OzL.Pro/ExCom/58/50 of the 58th Executive Committee on 
emission reductions and phase-out of carbon tetrachloride in light of decision XVIII/10 of 
the Eighteenth Meeting of the Parties and its verbal report to the Twentieth Meeting of the 
Parties concluding that the rapid decrease in model-estimated bottom-up emissions (i.e. 
based on information from industry and Article 7 data) is significantly lower than emissions 
derived from atmospheric measurements for the range of scientifically determined 
atmospheric lifetimes. 

1. To encourage Parties having any carbon tetrachloride and other chloromethane 
production and/or consumption of CTC in pharmaceutical manufacturing processes to 
review their national data on CTC production, consumption and where possible estimated 
emissions and to provide any new data to the TEAP via the Ozone Secretariat by September 
2010; 

2. For the purpose of clarification the reference to “emissions” in paragraph 1 means any 
release from processes, stockpiles, products, and waste streams, either in the form of 
vapour or in the form of liquid; 

3. To request the TEAP ..... [details in ANNEX 2 below] .... 

6. To encourage all parties to provide support for atmospheric research in the measurement 
of emissions of CTC with a particular focus on regions in which there is a need for improved 
data. 

Decision XXIV/6 

(2012) 

Feedstock uses 

Recalling Article 7 of the Montreal Protocol, which mandates, inter alia, reporting on 
amounts of controlled substances used for feedstock, 

Recalling paragraph 1 of decision VII/30, in which, inter alia, the parties specified that 
importing countries shall report the quantities of ozone-depleting substances imported for 
feedstock uses and that importers shall, prior to export, provide exporters with a 
commitment that the substances imported shall be used for this purpose, 

Recalling also decision IV/12, in which the parties clarified that insignificant quantities of 
ozone-depleting substances originating from inadvertent or coincidental production during 
a manufacturing process, from unreacted feedstock, or from their use as process agents 
which are present in chemical substances as trace impurities, or that are emitted during 
product manufacture or handling, shall be considered not to be covered by the definition of 
an ozone-depleting substance contained in paragraph 4 of Article 1 of the Montreal 
Protocol, 

Recalling further that in decision IV/12, the parties were urged to take steps to minimize 
emissions of such substances, including such steps as avoidance of the creation of such 
emissions and reduction of emissions using practicable control technologies or process 
changes, containment or destruction, 

1. To encourage parties to exchange information on known alternatives being applied to 
replace ozone-depleting substances in feedstock uses; 

2. To encourage parties with feedstock uses to exchange information on systems they have 
in place for qualifying a specific ozone depleting substance use as feedstock use and for 
identification and/or monitoring of containers placed on the market and intended for 
feedstock uses, for example reporting or labelling requirements;  ... 

4. To request parties with vinyl chloride monomer production facilities in which carbon 
tetrachloride is used and that have not yet reported the information requested by the 
parties in decision XXIII/7 to provide such information to the Panel before 28 February 2013 
to allow it to clarify whether the use in a particular facility is a feedstock use or process 
agent use. 
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ANNEX 2:  MP DECISIONS REQUESTING REPORTS ON FEEDSTOCK BY TEAP & OTHER BODIES 

 

Table 19:  MP Decisions requesting reports on feedstock by TEAP and the Scientific Assessment Panel 

Decisions MP Decisions requesting reports by TEAP & SAP 

Decision IV/12 

(1992) 

Clarification of the definition of controlled substances 
1. that insignificant quantities of controlled substances originating from inadvertent or 
coincidental production during a manufacturing process, from unreacted feedstock, or from 
their use as process agents which are present in chemical substances as trace impurities, or 
that are emitted during product manufacture or handling, shall be considered not to be 
covered by the definition of a controlled substance contained in paragraph 4 of Article 1 of 
the Montreal Protocol; 

2. to urge Parties to take steps to minimize emissions of such substances, including such 
steps as avoidance of the creation of such emissions, reduction of emissions using 
practicable control technologies or process changes, containment or destruction; 

3. to request the Technology and Economic Assessment Panel: 

(a) to give an estimate of the total emissions resulting from trace impurities, emission 
during product manufacture and handling losses; 

(b) to submit its findings to the Open-ended Working Group of the Parties to the Montreal 
Protocol not later than 31 March 1994. 

Decision IV/13 

(1992) 

Assessment panels 

2. To request the Technology and Economic Assessment Panel and its Technical and 
Economic Options Committees to report annually to the Open-ended Working Group of the 
Parties to the Montreal Protocol the technical progress in reducing the use and emissions of 
controlled substances and assess the use of alternatives, particularly their direct and 
indirect global-warming effects...’ 

Decision X/12 

(1998) 

Emissions of ozone-depleting substances from feedstock applications 

Noting the report of the Technology and Economic Assessment Panel that emissions from 
the use of carbon tetrachloride as feedstock in the manufacture of CFCs are estimated to be 
around 30,000 tonnes per year, 

Concerned that this level of emissions may pose a threat to the ozone layer, 

Aware that technology exists to reduce such emissions, 

To request the Technology and Economic Assessment Panel to investigate further and to 
report to the Parties at their Twelfth Meeting on: 

(a) Emissions of carbon tetrachloride from its use as feedstock, including currently available 
and future possible options individual Parties may consider for the reduction of such 
emissions; 

(b) Emissions of other ozone-depleting substances arising from the use of controlled 
substances as feedstock; 

(c) The impact of CFC production phase-out on the future use of carbon tetrachloride as 
feedstock and emissions from such use. 

Decision XVI/14 

(2004) 

Sources of carbon tetrachloride emissions and opportunities for reductions 

Noting with appreciation the 2002 report of the Scientific Assessment Panel and the April 
2002 report of the Technology and Economic Assessment Panel on destruction 
technologies, 

Recognizing the need to understand the latest technology and best practices for mitigating 
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Decisions MP Decisions requesting reports by TEAP & SAP 

emissions and destruction of carbon tetrachloride, 

Expressing concern that measured atmospheric concentrations of carbon tetrachloride are 
significant, 

Recognizing the need to access further the sources of carbon tetrachloride being measured 
in the atmosphere, 

1. To request the Technology and Economic Assessment Panel to assess global emissions of 
carbon tetrachloride being emitted: 

(a) From feedstock and process agent sources situated in Parties not operating under 
paragraph 1 of Article 5; 

(b) From sources situated in Parties operating under paragraph 1 of Article 5 already 
addressed by existing agreements with the Executive Committee of the Multilateral 
Fund; 

(c) From feedstock and process agent uses of carbon tetrachloride applied in Parties 
operating under paragraph 1 of Article 5 not yet addressed by agreements with the 
Executive Committee of the Multilateral Fund; 

(d) From sources situated both in Parties operating under paragraph 1 of Article 5 and in 
those not so operating that co-produce carbon tetrachloride; 

(e) From waste and incidental quantities of carbon tetrachloride that are not destroyed 
in a timely and appropriate manner; 

2. To request the Technology and Economic Assessment Panel to assess potential solutions 
for the reduction of emissions for the categories above; 

3. To request the Technology and Economic Assessment Panel to prepare a report for the 
consideration of the Parties at the Eighteenth Meeting of the Parties in 2006. 

Decision 
XVIII/10 

(2006) 

Sources of carbon tetrachloride emissions and opportunities for reductions 

Noting with appreciation the information presented by the Technology and Economic 
Assessment Panel and its Chemicals Technical Options Committee in its May 2006 progress 
report, 

Mindful of the obligations to ensure control measures under Article 2D of the Montreal 
Protocol regarding production and consumption of carbon tetrachloride, 

Desiring to reduce emissions to background concentration levels, encourage earlier 
adaptation of ozone-safe alternatives and set limits on emissions that occur during interim 
use, 

Expressing concern regarding the large discrepancy in reported emissions and observed 
atmospheric concentrations, which clearly indicates that emissions from industrial activity 
are being significantly underestimated (as of 2002 they were still in the order of 70,000 
tonnes (plus or minus 6,000 tonnes)), 

1. To request the Technology and Economic Assessment Panel to continue its assessment of 
global emissions of carbon tetrachloride, as set out in decision XVI/14 and other related 
decisions such as decision XVII/19, paragraph 6, paying particular attention: 

(a) To obtaining better data for industrial emissions to enable resolution of the 
significant discrepancy with atmospheric measurements; 

(b) To further investigating issues related to production of carbon tetrachloride 
(including its production as a by-product and its subsequent use, storage, recycling or 
destruction); 

(c) To estimating emissions from other sources such as landfills; 

2. To request that the Technology and Economic Assessment Panel prepare a final report on 
the assessment referred to in paragraph 1 in time for the twenty-seventh meeting of the 
Open-ended Working Group for the consideration of the Nineteenth Meeting of the Parties 
in 2007. 
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Decisions MP Decisions requesting reports by TEAP & SAP 

Decision XXI/8 

(2009) 

Sources of carbon tetrachloride emissions and opportunities for reductions of ODS 
emissions 

Recalling Decision XVII/10 on sources of carbon tetrachloride (CTC) emissions and 

opportunities for reduction, and the difficulties expressed by Technology and Economic 
Assessment Panel (TEAP) in reconciling reported emissions data and atmospheric 
concentrations, 

Reiterating the concern regarding the large discrepancy between reported emissions and 
observed atmospheric concentrations, which suggests that emissions from industrial 
activity are significantly under reported and underestimated, or that atmospheric 
measurements of CTC emissions need to be reconciled, 

Acknowledging that CTC can be emitted from processes, stockpiles or containers in the form 
of vapour or released from the same sources in liquid or solid waste stream(s) and via 
products, all of which would also be considered as emissions, 

Mindful of the obligations to ensure compliance with control measures under Article 2D of 
the Montreal Protocol regarding production and consumption of carbon tetrachloride, 

Desiring to reduce emissions to background concentration levels, 

Noting the report UNEP/OzL.Pro/ExCom/58/50 of the 58th Executive Committee on 
emission reductions and phase-out of carbon tetrachloride in light of decision XVIII/10 of 
the Eighteenth Meeting of the Parties and its verbal report to the Twentieth Meeting of the 
Parties concluding that the rapid decrease in model-estimated bottom-up emissions (i.e. 
based on information from industry and Article 7 data) is significantly lower than emissions 
derived from atmospheric measurements for the range of scientifically determined 
atmospheric lifetimes. 

... 3. To request the TEAP, in its next assessment report in 2011, to investigate chemical 
alternatives to ODS in exempted feedstock uses and investigate alternatives, including not-
in-kind alternatives, to products made with such process agents and feedstocks and provide 
assessment of the technical and economic feasibility of reducing or eliminating such use and 
emissions; 

4. To request TEAP and the Scientific Assessment Panel (SAP) to review the ozone depletion 
potential and atmospheric lifetime of CTC with a view to possibly reconciling the large 
discrepancy between emissions reported and those inferred from atmospheric 
measurements and to report their findings in the next quadrennial review; 

5. To request the TEAP and SAP to coordinate their relevant findings, taking into account 
the information received in relation to paragraphs 1, 3 and 4, and report in time for the 
thirty-first meeting of the Open-ended Working Group for the consideration of the Twenty-
third Meeting of the Parties in 2011;  ... 

Decision XXIII/8 

(2011) 

Investigation of carbon tetrachloride discrepancy  

‘Noting the report from the Technology and Economic Assessment Panel and the Scientific 
Assessment Panel indicating the existence of a discrepancy between the emissions derived 
from reported production and consumption data from both parties operating under 
paragraph 1 of Article 5 and those not so operating and those inferred from atmospheric 
measurements,  

Noting that the Technology and Economic Assessment Panel is continuing its work and will 
provide information as called for in decision XXI/8 relating to carbon tetrachloride,  

1. To request the Technology and Economic Assessment Panel, in cooperation with the 
Scientific Assessment Panel, to continue to investigate the possible reasons for the 
identified discrepancy, considering in particular the extent to which the discrepancy could 
be due to:  

(a) Incomplete or inaccurate historical reporting of carbon tetrachloride produced;  

(b) Uncertainties in the atmospheric life-time of carbon tetrachloride;  

(c) Carbon tetrachloride from unreported or underestimated sources from both parties 
operating under paragraph 1 of Article 5 and those not so operating;  
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Decisions MP Decisions requesting reports by TEAP & SAP 

2. To request the Technology and Economic Assessment Panel to report on its work in 
response to paragraph 1 above to the Twenty-Fourth Meeting of the Parties.’ 
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ANNEX 3:  REPORTED FEEDSTOCK PRODUCTION BY ODS GROUP, 2007-2011 

Table 20:  Trend in reported feedstock production in A5 and A2 countries, 2007-2011 (metric tonnes) 

Substance/region   

Reported feedstock production (metric tonnes) % of global feedstock production 

2007 2008 2009 2010 2011 

Recent 
trend 

2009-2011 

2007 2008 2009 2010 2011 

A5 countries:            

CFCs 83 73 0 0 0 - 0% 0% 0% 0% 0% 

Carbon tetrachloride 54,120 60,867 66,263 81,741 91,709 ↑ 7% 7% 8% 8% 8% 

Trichloroethane 0 0 0 0 0 - 0% 0% 0% 0% 0% 

HCFCs 119,651 197,502 199,769 266,433 319,102 ↑ 15% 22% 24% 26% 29% 

Others (a) 1,850 1,986 3,121 2,106 1,981 ↓ 0.2% 0.2% 0.4% 0.2% 0.2% 

A5 total 175,704 260,427 269,153 350,280 412,791 ↑ 21% 29% 33% 34% 37% 

A2 countries:                 

CFCs 239,312 212,472 207,797 212,882 185,195 ↓ 29% 23% 25% 21% 17% 

Carbon tetrachloride 92,126 97,783 76,300 96,346 102,295 ↑ 11% 11% 9% 9% 9% 

Trichloroethane 87,759 108,966 99,274 116,723 110,926 ↑ 11% 12% 12% 11% 10% 

HCFCs 224,233 229,183 169,669 234,536 296,005 ↑ 27% 25% 21% 23% 27% 

Others (b) 4,652 4,766 4,850 5,931 4,095 ↔ 1% 1% 1% 1% 0.4% 

A2 total 648,084 653,169 557,890 666,418 698,517 ↑ 79% 71% 67% 66% 63% 

Global total 823,787 913,596 827,044 1,016,697 1,111,308 ↑ 100% 100% 100% 100% 100% 

Data source:  Ozone Secretariat data reported by Parties under Article 7. 

(a)  In A5 countries, ‘others’ refers to methyl bromide primarily, with a smaller amount of halons. 

(b)  In A2 countries, ‘others’ refers to methyl bromide primarily, with smaller amounts of halons, HBFCs and bromochloromethane. 
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ANNEX 4:  REPORTED FEEDSTOCK PRODUCTION BY ODS SUBSTANCE, 2010 

This annex summarises data on the production of specific ODS substances for feedstock, published by CTOC in 

2012.  The data were reported to the Ozone Secretariat by Parties under Article 7.  Some discrepancies 

between reported exports and imports indicate that the data are not complete. 

Table 21:  Reported feedstock production, imports & exports by substance in 2010 (metric tonnes) 

Substance 

Data reported under Article 7 
Production as % 

of total (a) 

Discrepancy between 

exports and imports 
Feedstock 

production 

Feedstock 

exports 

Feedstock 

imports 

BCM 763.7 1,597.2 874.6    

BCM total 763.7 1,597.2 874.6 0.1% - 723 

CFC-12   20.0 20.0    

CFC-112     24.0    

CFC-113 146,332.8 152.0 1,177.0    

CFC-114 66,544.3        

CFC-217     0.01    

CFC total 212,877.1 172.0 1,221.0 21% 1,049 

CTC 176,792.6 876.8 880.4    

CTC total 176,792.6 876.8 880.4 17% 4 

Halon-1301 899.9        

Halon-2402     0.0    

Halon total 899.9 0.0 0.0 0.1% 0 

HBFC-22 B1 28.3   0.3    

HBFC-31 B1 0.3 0.4 0.1    

HBFC total 28.6 0.4 0.4 0.003% 0 

HCFC-22 386,348.8 23,813.3 27,543.0    

HCFC-122     0.03    

HCFC-123 ** 6,186.6 4,844.6 5,676.1    

HCFC-124   22.9      

HCFC-124 ** 82.4 22.9      

HCFC-133 1,490.1 180.0      

HCFC-141b** 15,021.5        

HCFC-142b** 91,838.4 2,292.1 2,486.4    

HCFC-235 1.1        

HCFC total 500,968.9 31,175.8 35,705.5 49% 4,530 

MB 6,344.2 601.3 741.6    

MB total 6,344.2 601.3 741.6 0.6% 140 

TCE 116,722.5        

TCE total 116,722.5     12% 0 

Total 1,015,397.4 34,423.4 39,423.5 100% 5,000 

Compiled from production data in TEAP (2012) Progress report, May 2012, vol.1, p.32-33, Table 3-2.  Process agents (~1500 

tonnes) have been deducted from the data reported by TEAP. 

(a)  Reported feedstock production for each substance/group, expressed as percentage of total feedstock production. 

(**)  Asterisk indicates specific types of HCFC as stated in Annex C of the Montreal Protocol. 
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Table 22:  Reported feedstock production, imports & exports by substance in 2010 (ODP-tonnes & tCO2eq) 

ODS ODP 

Data reported under Article 7 
(ODP-tonnes) 

% of 
total 

product-
ion 

 Estimated feedstock 
production 

(tonnes CO2eq) 
(b)

 Feedstock 
production 

Feedstock 
imports 

Feedstock 
exports 

GWP 
(a)

 

tCO2eq % 

BCM 0.12 91.6 104.9 191.7   [1,640] 1,252,468   

BCM total   91.6 104.9 191.7 0.02 %   1,252,468 0.05 % 

CFC-12 1.0   20.0 20.0   10,900     

CFC-112  1.0   24.0     [10,000]     

CFC-113 0.8 117,066.2 941.6 121.6   6,130 897,020,064   

CFC-114 1.0 66,544.3       10,000 665,443,000   

CFC-217  1.0   0.01     [10,000]     

CFC total   183,610.5 985.6 141.6 43 %   1,562,463,064 57 % 

CTC 1.1 194,471.9 968.4 964.5   1,400 247,509,654   

CTC total   194,471.9 968.4 964.5 45 %   247,509,654 9 % 

Halon-1301 10.0 8,999.0       7,140 6,425,286   

Halon-2402 6.0   0.0     1,640     

Halon total   8,999.0 0.0 0.0 2 %   6,425,286 0.2 % 

HBFC-22 B1 0.74 20.9 0.2     [362] 10,245   

HBFC-31 B1 0.73 0.2 0.0 0.3   [362] 105   

HBFC total   21.1 0.2 0.3 0.005 %   10,350 0.0004 % 

HCFC-22 0.055 21,249.2 1,514.9 1,309.7   1,810 699,291,382   

HCFC-122 0.08   0.0     [609]     

HCFC-123 ** 0.02 123.7 113.5 96.9   77 476,367   

HCFC-124 0.04     0.9   609     

HCFC-124 ** 0.022 1.8   0.5   609 50,182   

HCFC-133 0.06 89.4   10.8   [609] 907,471   

HCFC-141b** 0.11 1,652.4       725 10,890,573   

HCFC-142b** 0.065 5,969.5 161.6 149.0   2,310 212,146,635   

HCFC-235 0.52 0.6       [609] 682   

HCFC total   29,086.6 1,790.0 1,567.8 7 %   923,763,292 34 % 

MB 0.6 3,806.5 445.0 360.7   5 31,721   

MB total   3,806.5 445.0 360.7 1 %   31,721 0.001 % 

TCE 0.1 11,672.3       146 17,041,485   

TCE total   11,672.3     3 %  17,041,485 0.6 % 

Total   431,759.5 4,294.1 3,226.6 100 %  2,758,497,319 100 % 

Data sources: Data in ODP-tonnes from TEAP (2012) Progress report, May 2012, vol.1, p.32-33, Table 3-2.  Data in tCO2eq 
was extrapolated from TEAP’s data in metric tonnes in Table 21 above.  Process agents (~1500 tonnes) were deducted from 
the data reported by TEAP. 

(a)  Source of 100-year GWPs:  IPCC (2007) Climate Change 2007, AR4 Working Group I, Technical Summary, p.33, Table 
TS.2;  WMO/SAP (2010) Scientific Assessment of Ozone Depletion: 2010, chapter 5, p.5.47 - 5.49;  In cases where IPCC and 
WMO did not publish GWPs,  the following assumptions were made: GWP of BCM was assumed to be similar to halon-
2402; GWPs of CFC-112, CFC-217 were assumed similar to CFC-114; and GWPs of HCFC-122, HCFC-133 and HCFC-235 were 
assumed to be similar to HCFC-124. 

(b) Estimated feedstock production in tCO2eq (GWP-tonnes) was calculated by multiplying metric tonnes (shown in Table 
21 above) by the respective GWP. 

(**) Asterisk indicates specific types of HCFC as stated in Annex C of the Montreal Protocol. 
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ANNEX 5:  END-USES OF CTC PRODUCTION, 2006-2008 

Quantitative estimates of the end uses of specific ODS feedstock are not generally available for recent years.  However, a MLF study provided an estimated breakdown of 

global CTC production by end-use in 2006-2008, shown in Table 23 below.  Approximately 73% of total CTC production was used as feedstock, with similar tonnage used in A2 

and A5 countries at that time.  However the end-uses varied by region.  A2 countries used CTC feedstock mainly for HFC production and perchloroethylene, while A5 

countries used CTC mainly for other specialty chemicals, such as DV acid chloride (DVAC, a new use for CTC feedstock which commenced in several countries in recent 

years
143

). 

Note that the breakdown shown below has probably changed since 2008.  The use of CTC for CFC production has declined slightly due to the phase-out date of controlled 

uses of CFCs in 2010, while the use of CTC for HFC production may have increased.  

Table 23:  Estimated breakdown of CTC production by end use, average of 2006-2008 (metric tonnes) 

  

Regions 

Total CTC 
production 

Destroyed 
Used as 
process 
agents 

Used as feedstock 

Used for 
perchloro-
ethylene 

production 

Used for 
HFC 

production 

Used for CFC 
production 

Used for 
other 

chemicals 
(a)

 

Total CTC 
feedstock 

A2 & A5 % 
of CTC 

feedstock 

Feedstock as 
% of CTC 

production 

A2 countries 
(b)

 
120,000 26,000 7,000 24,000 37,000 5,000 6,000 72,000 53% 38% 

A5 countries 68,000 1,000 8,000 12,000 2,000 7,000 44,000 65,000 47% 35% 

Total 188,000 27,000 15,000 36,000 39,000 12,000 50,000 137,000 100% 73% 

Data source:  Estimated data in MLF (2009) Report on emission reductions and phase-out of CTC, UNEP/OzL.Pro/ExCom/58/50, Annex I, p.6, Table 3. 

(a) Primarily used for production of DV acid chloride (DVAC, approx. 13,640 – 14,550 metric tonnes), conversion to methyl chloride, and specialty chemicals. 

(b) About 15,000 metric tonnes of the total production in A2 countries was exported for unspecified uses which are not shown in this table.  These exports were probably used mainly as 

feedstock and process agents. 

 

                                                                 
143

  DVAC is typically used as a starting point for the production of synthetic pyrethroid type pesticides (agrochemicals).  Sources: MLF (2008) Study for the phase-out of CTC in the chlor-alkali 
sector, UNEP/OzL.Pro/ExCom/55/49, p.8;  and MLF (2009) Report on emission reductions and phase-out of CTC, UNEP/OzL.Pro/ExCom/58/50, Annex I, p.6. 
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ANNEX 6:  LIST OF ODS FEEDSTOCK USES 

Table 24 provides a list of uses that have been stated to be ODS feedstock uses.  The information was compiled 

primarily from reports by TEAP and the European Environment Agency/EU.  

Please refer to Table 11 (above) for a numerical summary of the feedstock uses identified to date. 

Cautionary notes: 

 Inclusion in this list should not be regarded as confirmation that the use complies with the Montreal 

Protocol’s definition of feedstock; some of the uses listed below may not fully comply. 

 Information about feedstock uses is available from limited sources and regions, so the list below is 

incomplete.  

 Touchdown conducted a literature review in order to compile examples of product uses for the final 

column below.  The list of uses of end-products is not complete, and some of the recorded uses may be 

obsolete.  

Table 24:  List of stated ODS feedstock uses, and examples of uses of products 

ODS feedstock 
(a)

 
Feedstock use: Process or 

product produced 
(a)

 
CAS number 
of product 

(b)
 

Examples of uses of products 
(c)

 

Bromochloro 
methane 

   

BCM Carbenoid precursor for 
cyclopropanation, for 
production of 
cyclopropanes 

75-19-4 Cyclopropanes used in synthesis of pyrethroids 
(agrochemicals) and other organic chemicals.

144
  

Formerly used as anaesthetic 
(pharmaceutical).

145
 

BCM 6-fluoro-2-oxiranyl-
chroman (C11H11FO2) 

99199-90-3 n.d. 

BCM Fosamprenavir 226700-81-8 Fosamprenavir calcium is a pharmaceutical 
product.

146
 

BCM MB/BCM gas mixture  Gas mixture used in light bulbs 

BCM RHG-656  n.d. 

BCM 2-(thiocyanomethylthio) 
benzothiazole (TCMTB, 
C9H6N2S3) 

21564-17-0  
and        

6441-45-8 

Fungicide, wood preservative and microbiocide 
in industrial processes and water systems (e.g. 
pulp & paper mill systems, sewage systems) 
and materials preservative (e.g. pulp/paper 
products, tanned leather production, paint, 
latex, carpet, textiles, wallpaper).

147
 

CFCs    

CFC-11 Purified graphite 7782-42-5 Used in batteries, electronics, lubrication, other 
applications.

148
 

CFC-12 Purified graphite 7782-42-5 Used in batteries, electronics, lubrication, other 
applications.

149
 

CFC-112 Fluorovinyl ethers 700874-87-9  Used for fluoropolymers, e.g. weather-resistant  

                                                                 
144

  Wong et al. (1989) Chemical Reviews  vol. 89 (1), p.165–198, http://pubs.acs.org/doi/abs/10.1021/cr00091a005.  
145

  PubChem  http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=126677991&loc=es_rss#x321. 
146

  https://msdsmanagement.msdsonline.com/ViewPDF.aspx?LibraryID=BAZ226&Page=3&InNewWindow=1&Track=1.  
147

  US EPA http://www.epa.gov/oppsrrd1/REDs/tcmtb_red.pdf, p.1;  and 
http://www.patentstorm.us/patents/5073638/fulltext.html  

148
  US Geological Survey http://minerals.usgs.gov/minerals/pubs/commodity/graphite/graphmyb04.pdf.  

149
  US Geological Survey http://minerals.usgs.gov/minerals/pubs/commodity/graphite/graphmyb04.pdf.  

http://pubs.acs.org/doi/abs/10.1021/cr00091a005
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=126677991&loc=es_rss#x321
https://msdsmanagement.msdsonline.com/ViewPDF.aspx?LibraryID=BAZ226&Page=3&InNewWindow=1&Track=1
http://www.epa.gov/oppsrrd1/REDs/tcmtb_red.pdf
http://www.patentstorm.us/patents/5073638/fulltext.html
http://minerals.usgs.gov/minerals/pubs/commodity/graphite/graphmyb04.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/graphite/graphmyb04.pdf
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ODS feedstock 
(a)

 
Feedstock use: Process or 

product produced 
(a)

 
CAS number 
of product 

(b)
 

Examples of uses of products 
(c)

 

and   

144728-59-6 

resins for the coatings industry.
150

 

CFC-112 Hexafluoro-1,3-butadiene 
(C4F6) 

685-63-2 Compressed gas stored in cylinders, used as 
etching gas in electronics industry.

151
 

CFC-113 2-chloro-1,1,2-
trifluoroethyl methyl ether 
(C3H4ClF3O) 

425-87-6 Anaesthetic;
152

  cleaning agent, solvent e.g. 
cleaning flux residues from copper-coated 
boards.

153
 

CFC-113 Chlorotrifluoroethylene 
intermediate, which is 
polymerized to 
polychlorotrifluoroethylen
e and other substances 

79-38-9 

 

Intermediate which is polymerised to 
polychlorotrifluoroethylene (PCTFE) (possibly 
[CF2CF(Cl)]n, CAS 9002-83-9)

154
 and other 

polymers.  Barrier resins used in moisture-
resistant packaging, road signs or graffiti-
resistant surfaces.

155
  Polymer resins, high 

performance lubricants, plastics and 
elastomers.

156
 

CFC-113 HCFC-124 (C2HF4Cl) 2837-89-0 

(HCFC-124) 

Used in refrigerant blends, component of some 
sterilant mixtures, minor use as fire 
extinguishing agent.

157
  Feedstock for HFC-125 

and HFC-134a (see under HCFC-124 below) 

CFC-113, 

CFC-113a 

HFC-134a (C2H2F4) and  

HFC-125 (C2HF5) 

High volume feedstock 
use

(d)
 

811-97-2 
(HFC-134a) 

354-33-6 
(HFC-125) 

HFC-134a used as a refrigerant, foam blowing 
agent, aerosol propellant, fire suppressant.

158
 

HFC-125 used in refrigerant blends, fire 
suppressant.

159
  

CFC-113a Lambda-cyhalothrin 
(C23H19ClF3NO3) 

91465-08-6 Pyrethroid insecticide (agrochemical).
160

 

CFC-113a Tefluthrin (C17H14ClF7O2) 79538-32-2 Intermediate for producing pyrethroid 
insecticides (agrochemicals).

161
 

CFC-114 Vinylidene compounds  Probably used as chemical intermediates and 
various polymers e.g. thermoplastic resins or 
plastics.

162
 

CFC-114a HCFC-124 (C2HF4Cl) 2837-89-0 

(HCFC-124) 

Used in refrigerant blends, component of some 
sterilant mixtures, minor use as fire 
extinguishing agent.

163
  Feedstock for HFC-125 

and HFC-134a (see under HCFC-124 below) 

                                                                 
150

  http://cdn4.lumiflonusa.com/wp-content/uploads/FluoropolymerDispersionsForCoatingsS.pdf.  
151

  http://www.airproducts.com/e-newsletters/solutions_update/SolutionsUpdateVol1.htm  and 
http://www.patentgenius.com/patent/7812202.html.   

152
  http://asd.molfield.org/php/view_details.php?id=81.  

153
  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9877.  

154
  Honeywell 

http://www51.honeywell.com/sm/common/documents/Public_Risk_Summary_GPS0055_Ethene_chlorotrifluoro_hom
opolymer_Feb_2012.pdf.  

155
  Honeywell http://www51.honeywell.com/sm/barrierfilms/common/documents/Films_HydroBlock__DS.pdf.  

156
  Toxnet http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+79-38-9.  

157
  UNEP http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx  

158
  DuPont http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf  and US EPA 

http://www.epa.gov/ozone/geninfo/gwps.html.  
159

  US EPA http://www.epa.gov/ozone/geninfo/gwps.html.  
160

  http://npic.orst.edu/factsheets/l_cyhalogen.pdf.  
161

  http://sitem.herts.ac.uk/aeru/footprint/en/Reports/617.htm.  
162

  EPA (2009) http://nepis.epa.gov/EPA/html/DLwait.htm?url=/Exe/ZyPDF.cgi?Dockey=P1009B30.PDF.  
163

  UNEP http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx  

http://cdn4.lumiflonusa.com/wp-content/uploads/FluoropolymerDispersionsForCoatingsS.pdf
http://www.airproducts.com/e-newsletters/solutions_update/SolutionsUpdateVol1.htm
http://www.patentgenius.com/patent/7812202.html
http://asd.molfield.org/php/view_details.php?id=81
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9877
http://www51.honeywell.com/sm/common/documents/Public_Risk_Summary_GPS0055_Ethene_chlorotrifluoro_homopolymer_Feb_2012.pdf
http://www51.honeywell.com/sm/common/documents/Public_Risk_Summary_GPS0055_Ethene_chlorotrifluoro_homopolymer_Feb_2012.pdf
http://www51.honeywell.com/sm/barrierfilms/common/documents/Films_HydroBlock__DS.pdf
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+79-38-9
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx
http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf
http://www.epa.gov/ozone/geninfo/gwps.html
http://www.epa.gov/ozone/geninfo/gwps.html
http://npic.orst.edu/factsheets/l_cyhalogen.pdf
http://sitem.herts.ac.uk/aeru/footprint/en/Reports/617.htm
http://nepis.epa.gov/EPA/html/DLwait.htm?url=/Exe/ZyPDF.cgi?Dockey=P1009B30.PDF
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx
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ODS feedstock 
(a)

 
Feedstock use: Process or 

product produced 
(a)

 
CAS number 
of product 

(b)
 

Examples of uses of products 
(c)

 

CFC-114a HFC-134a (C2H2F4)  811-97-2 
(HFC-134a) 

Refrigerant, foam blowing agent, aerosol 
propellant, fire suppressant.

164
 

CFC-217 n.d.  n.d. 

CTC    

CTC Aluminium trichloride 
(AlCl3) 

7446-70-0 Catalyst in chemical industry, e.g. Friedel-Crafts 
reaction

165
 for producing detergents, rubbers, 

lubricants, ethylbenzene, dyes, other chemical 
products. Used in antiperspirant sprays, as 
pharmaceutical astringent, other products.

166
 

CTC Brominated compound 
(unspecified) 

 Unspecified uses in chemical industry 

CTC 

 

CFC-11 
(trichlorofluoromethane, 
CCl3F) and CFC-12 
(dichlorodifluoromethane, 
CCl2F2), and others.  Very 
high volume in the past (d) 

75-69-4  

(CFC-11) 

75-71-8  

(CFC-12) 

CFC-11 and CFC-12 used as feedstock. 
Production for other uses has been phased-out 
except for authorised essential uses and 
process agent uses. 

CTC Chlorocarbons, used as 
feedstock in production of 
HFC-245fa (C3H3F5), HFOs 
and other fluorochemicals 

460-73-1 
(HFC-245fa) 

HFC-245fa used as foam blowing agent, 
potential refrigerant in future.

167
 

HFOs being introduced as refrigerants, foam 
blowing agents. 

CTC Reaction with 2-
chloropropene, eventually 
leading to production of 
HFC-365mfc (C4H5F5) 

406-58-6 

(HFC-365mfc ) 

Solvent for precision cleaning, electronics 
cleaning & carrier applications,

168
 blowing 

agent for polyurethane foam.
169

 

CTC Hydrochloric acid, 
hydrogen chloride (HCl) 

7647-01-0 Hydrochloric acid used in the production of 
chlorides, refining ore for tin production, 
pickling and cleaning metal products, 
electroplating, removing scale from boilers, 
neutralization of basic chemicals, laboratory 
reagent, catalyst and solvent in organic 
syntheses, manufacture of fertilizers and dyes, 
hydrolyzing starch and proteins in the 
preparation of various food products, 
photographics, textiles, rubber industry.

170
 

CTC Methyldichlorophosphane 
(CH3Cl2P) 

676-83-5 n.d. 

CTC 1,1,1,3,3-
pentachlorobutane 
(C4H5Cl5) 

21981-33-9 n.d. 

CTC Synthetic pyrethroids and 
other chemicals 

 Synthetic pyrethroids (agrochemicals), and 
other chemicals 

CTC Tetrachloroethene 127-18-4 Chemical intermediate in synthesis of CFC-113, 

                                                                 
164

  DuPont http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf  and US EPA 
http://www.epa.gov/ozone/geninfo/gwps.html.  

165
  Sigma Aldrich http://www.sigmaaldrich.com/chemistry/chemistry-products.html?TablePage=16257686.  

166
  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=24012#x321 and Toxnet 

http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~acQH6O:1.  
167

  US EPA http://www.epa.gov/ozone/geninfo/gwps.html.  
168

  Arkema Inc. http://www.arkema-inc.com/fluorochemicals/forane-foams-solvents-aerosols/forane-365mfc.  
169

  DuPont http://www2.dupont.com/Formacel/en_US/assets/downloads/white_paper_FEA-1100.pdf.  
170

  US EPA http://www.epa.gov/ttnatw01/hlthef/hydrochl.html#ref5.  

http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf
http://www.epa.gov/ozone/geninfo/gwps.html
http://www.sigmaaldrich.com/chemistry/chemistry-products.html?TablePage=16257686
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=24012#x321
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~acQH6O:1
http://www.epa.gov/ozone/geninfo/gwps.html
http://www.arkema-inc.com/fluorochemicals/forane-foams-solvents-aerosols/forane-365mfc
http://www2.dupont.com/Formacel/en_US/assets/downloads/white_paper_FEA-1100.pdf
http://www.epa.gov/ttnatw01/hlthef/hydrochl.html#ref5
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ODS feedstock 
(a)

 
Feedstock use: Process or 

product produced 
(a)

 
CAS number 
of product 

(b)
 

Examples of uses of products 
(c)

 

(perchloroethylene, C2Cl4) 

High volume feedstock in 
some regions 

(d)
 

114, 115 and 116.  Used as solvent, cleaning 
agent, used in textile manufacture, insulating 
fluid in electric transformers.

171
 

CTC Triamcinolone benetonide 
(C35H42FNO8) 

31002-79-6 n.d. 

CTC Vinyl chloride monomer 
(chloroethene, C2H3Cl) 

75-01-4 

(VCM) 

9002-86-2 

(PVC) 

VCM intermediate used to create polymers, 
primarily polyvinyl chloride (PVC), used in many 
applications e.g. electronics, construction, 
packaging.

172
   Very minor use of VCM in 

chlorinated solvent manufacture.
173

 

CTC Used in reaction with 
vinylidene chloride 
(C2H2Cl2) 

75-35-4 
(vinylidene 
chloride) 

690-39-1 
(HFC-236fa) 

Preparation of HFC-236fa (C3H2F6) used as 
refrigerant and fire suppressant.

174
 

Halons    

Halon-1301 Pharmaceuticals  Unspecified pharmaceuticals 

Halon-1301 Fipronil (C12H4Cl2F6N4OS) 120068-37-3 Used as insecticide (agrochemical) 

Halon-2402 Various ionic liquids  Unspecified ionic liquids 

HBFCs    

HBFC-21 B2  HBFC-31 B1 
(bromofluoromethane, 
CH2BrF) 

373-52-4 

(HBFC-31 B1 ) 

Used as feedstock (see uses below) 

HFBC-22 B1 n.d.  n.d. 

HBFC-31 B1 Fluticasone (C22H27F3O4S) 90566-53-3 n.d. 

HBFC-31 B1 Fluticasone propionate 80474-14-2 Pharmaceutical: anti-inflammatory, 
management of symptoms of allergy and 
asthma.

175
 

HCFCs    

HCFC-21 HCFC-225 (C3HF5Cl2) 127564-92-5 

(HCFC-225) 

Solvent for specialised uses; cleaning of some 
surgical medical devices.

176
 

HCFC-22 HFC-32 (difluoromethane, 
CH2F2) 

75-10-5 

(HFC-32) 

Component of numerous refrigerant blends.
177

 

HCFC-22 Isoflurane (C3H2ClF5O) 26675-46-7 Anaesthetic (pharmaceutical).
178

 

HCFC-22 N-(4-
difluoromethoxyphenyl) 
acetamide (C9H9F2NO2) 

22236-11-9  

HCFC-22 Tetrafluoroethylene (TFE, 
CF2:CF2)  

Very high volume 
feedstock use 

(d)
 

116-14-3 TFE is the building block of many 
fluoropolymers (e.g.  polytetrafluoroethylene 
(PTFE), Teflon), used in automobiles, textiles, 
construction

179
 and other sectors. Reacts with 

                                                                 
171

  Toxnet http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+127-18-4.  
172

  http://www.vinylinfo.org/vinyl-info/about-vinyl/how-is-vinyl-made/  and http://www.vinylinfo.org/uses-of-vinyl/.  
173

  EC (2003) BREF on large volume organic chemical industry, p.291. 
174

  US EPA http://www.epa.gov/ozone/geninfo/gwps.html.  
175

  Toxnet http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~y9zlyc:1  
176

  UNEP http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx  
177

  US EPA http://www.epa.gov/ozone/geninfo/gwps.html  
178

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?q=drua&sid=134997135.  
179

  Miller & Kuijpers (2011) Projecting future HFC-23 emissions, Atmos. Chem. Phys., 11, 13259–13267, 
http://www.atmos-chem-phys.net/11/13259/2011/acp-11-13259-2011.pdf.  

http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+127-18-4
http://www.vinylinfo.org/vinyl-info/about-vinyl/how-is-vinyl-made/
http://www.vinylinfo.org/uses-of-vinyl/
http://www.epa.gov/ozone/geninfo/gwps.html
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~y9zlyc:1
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx
http://www.epa.gov/ozone/geninfo/gwps.html
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?q=drua&sid=134997135
http://www.atmos-chem-phys.net/11/13259/2011/acp-11-13259-2011.pdf
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ODS feedstock 
(a)

 
Feedstock use: Process or 

product produced 
(a)

 
CAS number 
of product 

(b)
 

Examples of uses of products 
(c)

 

perfluoronitrosoalkanes to produce so-called 
nitroso rubbers.  Also used in the production of 
low molecular mass compounds and 
intermediates, e.g. for manufacture of 
iodoperfluoroalkanes.

180
   

HCFC-122 Chlorodifluoroacetyl 
chloride (C2Cl2F2O) 

354-24-5 Intermediate in the production of various 
(unspecified) agricultural and pharmaceutical 
chemicals.

181
 

HCFC-122 HFC-125 (1,1,1,2,2-
pentafluoroethane, C2HF5) 

354-33-6 

(HFC-125) 

HFC-125 used in refrigerant blends, as fire 
suppressant.

182
  

HCFC-123 Fluorolacton (C9H9Cl2F3O2) 187592-70-7 n.d. 

HCFC-123 Gamma-cyhalothrin 
(C23H19ClF3NO3) 

76703-62-3 n.d. 

HCFC-123 HFC-125 (1,1,1,2,2-
pentafluoroethane, C2HF5)  

354-33-6 

(HFC-125) 

HFC-125 used in refrigerant blends, fire 
suppressant.

183
 

HCFC-123 Tetrafluoroethylene (TFE, 
CF2:CF2 ) 

116-14-3 TFE forms the building block of many 
fluoropolymers both by homopolymerization 
and copolymerization.

184
 

HCFC-123 Trifluoroacetyl chloride 
(C2ClF3O) 

354-32-5 Intermediate used for introducing 
trifluoromethyl groups into 

more complex molecules. Used in production of 
pharmaceutical and 

agricultural chemicals, and many other 
specialized applications.

185
  

HCFC-123 Agricultural chemicals  Unspecified agricultural chemical uses 

HCFC-123 & 

HFC-123a 

Pharmaceuticals 

 

 Unspecified pharmaceutical uses 

HCFC-124 HFC-125 (C2HF5) 354-33-6 

(HFC-125) 

HFC-125 used in refrigerant blends, fire 
suppressant.

186
   

HCFC-124 HFC-134a (C2H2F4)  811-97-2 
(HFC-134a) 

Refrigerant, foam blowing agent, aerosol 
propellant, fire suppressant.

187
 

HCFC-133 n.d.  n.d. 

HCFC-133a HCFC-123 (2,2-Dichloro-
1,1,1-trifluoroethane, 
C2HF3Cl2) 

306-83-2 

(HCFC-123) 

Refrigerant in large air-conditioning chillers and 
deep mines; used in portable fire extinguishers; 
minor use in specialty solvents. Feedstock for 
HFC-125, TFE, pharmaceutical and agricultural 
products (see under HCFC-123 above).

188
 

HCFC-133a HFC-134a (C2H2F4)  811-97-2 
(HFC-134a) 

Refrigerant, foam blowing agent, aerosol 
propellant, fire suppressant.

189
 

                                                                 
180

  http://cdn4.lumiflonusa.com/wp-content/uploads/FluoropolymerDispersionsForCoatingsS.pdf and Toxnet 
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+116-14-3.  

181
  Halocarbon Products Corp. http://www.halocarbon.com/halocarbon_media/ChlorodifluoroacetylChloride_51.pdf  

182
  US EPA http://www.epa.gov/ozone/geninfo/gwps.html.  

183
  US EPA http://www.epa.gov/ozone/geninfo/gwps.html.  

184
  http://cdn4.lumiflonusa.com/wp-content/uploads/FluoropolymerDispersionsForCoatingsS.pdf.  

185
  Halocarbon Products Corp. http://www.halocarbon.com/halocarbon_media/TrifluoroacetylChloride_199.pdf  

186
  US EPA  http://www.epa.gov/ozone/geninfo/gwps.html.  

187
  DuPont http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf  and US EPA 

http://www.epa.gov/ozone/geninfo/gwps.html.  
188

  UNEP http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx  
189

  DuPont http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf  and US EPA 
http://www.epa.gov/ozone/geninfo/gwps.html.  

http://cdn4.lumiflonusa.com/wp-content/uploads/FluoropolymerDispersionsForCoatingsS.pdf
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+116-14-3
http://www.halocarbon.com/halocarbon_media/ChlorodifluoroacetylChloride_51.pdf
http://www.epa.gov/ozone/geninfo/gwps.html
http://www.epa.gov/ozone/geninfo/gwps.html
http://cdn4.lumiflonusa.com/wp-content/uploads/FluoropolymerDispersionsForCoatingsS.pdf
http://www.halocarbon.com/halocarbon_media/TrifluoroacetylChloride_199.pdf
http://www.epa.gov/ozone/geninfo/gwps.html
http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf
http://www.epa.gov/ozone/geninfo/gwps.html
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx
http://www2.dupont.com/Refrigerants/en_US/assets/downloads/h45945_hfc134a_push.pdf
http://www.epa.gov/ozone/geninfo/gwps.html
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ODS feedstock 
(a)

 
Feedstock use: Process or 

product produced 
(a)

 
CAS number 
of product 

(b)
 

Examples of uses of products 
(c)

 

HCFC-133a HFC-143a (1,1,1-
trifluoroethane, C2H3F3) 

420-46-2 

(HFC-143a) 

HFC-143a used in refrigerant blends.
190

 

HCFC-133a Pharmaceuticals 

 

 Unspecified pharmaceutical uses 

HCFC-141b n.d.  n.d. 

HCFC-142 2-chloro-1,1,-
difluoroethane 

338-65-8 Possibly used as anaesthetic.
191

 

HCFC-142 Crop protection agents  Unspecified pesticides (agrochemicals) 

HCFC-142b HFC-143a (1,1,1-
trifluoroethane, C2H3F3) 

420-46-2 

(HFC-143a) 

HFC-143a used in refrigerant blends.
192

 

HCFC-142b Vinylidene fluoride (VF2, 
1,1-difluoroethene, 
C2H2F2) 

High volume feedstock 
use in some regions 

(d)
 

75-38-7 

(VF2) 

24937-79-9 

(PVdF) 

Vinylidene fluoride is polymerized to 
polyvinylidene fluoride (PVdF, an engineering 
fluoro-polymer), or to co-polymers which are 
used as specialty elastomers 

HCFC-235 n.d.  n.d. 

Methyl 
bromide 

   

MB Benzenaminium, 3-
[(dimethylamino)oxy]-
N,N,N-trimethylbromide 

114-80-70 n.d. 

MB Clemastine fumarate 
(C25H30ClNO5) 

14976-57-9 Pharmaceutical.
193

 

MB Clidinium bromide 
(C22H26BrNO3) 

3485-62-9 Pharmaceutical.
194

 

MB Dimethylbenzylidene 
cyclopentanone 
(C14H15ClO) 

131984-21-9 Fungicide (agrochemical).
195

 

MB Embutramide (C17H27NO3)  15687-14-6 Used for euthanasia of animals.
196

 

MB MB/BCM gas mixture  Gas mixture used in light bulbs  

MB Meldonium (C6H14N2O2) 76144-81-5 Pharmaceutical.
197

 

MB Methylmagnesium 
bromide 

75-16-1  

MB Methylprednisolone 50700-72-6  

MB Non-ionic detergents  Detergents 

MB Otilonium bromide 
(C29H43BrN2O4) 

26095-59-0 Pharmaceutical.
198

 

MB Pipecuronium bromide 
(C35H62Br2N4O4) 

52212-02-9 Pharmaceutical.
199

 

MB Pipenzolate bromide 125-51-9 Pharmaceutical.
200

 

                                                                 
190

  US EPA  http://www.epa.gov/ozone/geninfo/gwps.html.  
191

  PubMed  http://www.ncbi.nlm.nih.gov/pubmed/1981732  
192

  US EPA  http://www.epa.gov/ozone/geninfo/gwps.html.  
193

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=26986&loc=ec_rcs#x321.  
194

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=144074956&loc=es_rss#x94  
195

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=53421021#x393  
196

  http://en.wikipedia.org/wiki/Embutramide.  
197

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=123868#x393  
198

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=72092  
199

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=65332#x94   
200

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=657306#x281  

http://www.epa.gov/ozone/geninfo/gwps.html
http://www.ncbi.nlm.nih.gov/pubmed/1981732
http://www.epa.gov/ozone/geninfo/gwps.html
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=26986&loc=ec_rcs#x321
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?sid=144074956&loc=es_rss#x94
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=53421021#x393
http://en.wikipedia.org/wiki/Embutramide
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=123868#x393
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=72092
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=65332#x94
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=657306#x281
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ODS feedstock 
(a)

 
Feedstock use: Process or 

product produced 
(a)

 
CAS number 
of product 

(b)
 

Examples of uses of products 
(c)

 

(C22H28BrNO3) 

MB Tetradecyltrimethylammo
nium bromide (cetrimide, 
C17H38BrN) 

1119-97-7 Pharmaceutical.
201

 

MB Vecuronium bromide 
(C34H57BrN2O4) 

50700-72-6 Pharmaceutical.
202

 

1,1,1-
trichloroethane 

   

TCE HCFC-141b  
(dichlorofluoroethane, 
C2H3Cl2F)  

High volume feedstock 
use 

(d)
 

1717-00-6 

(HCFC-141b) 

Blowing agent for rigid polyurethane foams, 
integral skin foams and minor use in phenolic 
foam. Solvent for e.g. lubricants, coatings, 
cleaning fluids for aircraft, electrical, electronic 
and photographic equipment, document 
preservation sprays.

203
   Feedstock for 

unspecified use(s). 

TCE HCFC-142b (1-chloro-1,1-
difluoroethane, C2H3ClF2) 

High volume feedstock 
use in some regions 

(d)
 

75-68-3 

(HCFC-142b) 

Blowing agent in extruded polystyrene board 
foam, minor use in polyethylene foam. 
Component of some refrigerant blends.

204
 

Feedstock for production of vinylidene fluoride 
and polymers (see above).

205
 

TCE HFC-143a (1,1,1-
trifluoroethane, C2H3F3)  

420-46-2 

(HFC-143a) 

Used in refrigerant blends,
206

 propellant in 
canned air products used to clean electronic 
equipment 

TCE Quartz tube cleaning   Quartz tube cleaning 

(a)  This list of ODS feedstock uses was compiled from the following sources: 

 CTOC (2007) CTOC 2006 Assessment Report, p.25-26. 

 EC (2011) Data reporting to the European Commission. Report on process agent or feedstock uses during 2011, 

Annex I, http://circa.europa.eu/Public/irc/env/review_2037/library?l=/reporting_article&vm=detailed&sb=Title.    

 European Environment Agency (2012) List of feedstock uses reported in the EU. 

 IPCC & TEAP (2005) Special report on ozone and climate (SROC), chapter 11 (full version), Figure 11A, p.429-430, 

http://www.ipcc.ch/pdf/special-reports/sroc/sroc11.pdf 

 TEAP (1995) Report of Chemical Process Agent Working Group (PAWG), p.31-33.  

 TEAP (2011) TEAP 2010 Assessment Report, p.20. 

 TEAP (2012) Progress Report, May 2012, vol.1, p.29-30.   

 UNEP DTIE OzonAction HCFC Help Centre, Where HCFCs are used (webpage), 

http://www.uneptie.org/ozonaction/topics/hcfc_applications.htm  

(b)  CAS numbers were compiled from Chem ID Plus online database, US National Library of Medicine, 

http://chem.sis.nlm.nih.gov/chemidplus/chemidlite.jsp  

(c)  Examples of product uses were compiled from the following sources.  Note that some of the reported uses may now be 

out-of-date: 

                                                                 
201

  PubChem http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=14250  
202

  http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=39764#x321  
203

  UNEP OzonAction 
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx  

204
  UNEP OzonAction 

http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx  
205

  http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+75-68-3  
206

  US EPA  http://www.epa.gov/ozone/geninfo/gwps.html.  

http://circa.europa.eu/Public/irc/env/review_2037/library?l=/reporting_article&vm=detailed&sb=Title
http://www.ipcc.ch/pdf/special-reports/sroc/sroc11.pdf
http://www.uneptie.org/ozonaction/topics/hcfc_applications.htm
http://chem.sis.nlm.nih.gov/chemidplus/chemidlite.jsp
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=14250
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=39764#x321
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx
http://toxnet.nlm.nih.gov/cgi-bin/sis/search/r?dbs+hsdb:@term+@rn+@rel+75-68-3
http://www.epa.gov/ozone/geninfo/gwps.html
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 EINECS European Inventory of Existing Commercial Chemical Substances, 

http://esis.jrc.ec.europa.eu/index.php?PGM=ein  

 ESIS European Chemical Substances Information database, http://esis.jrc.ec.europa.eu/  

 PubChem, NCBI National Center for Biotechnology Information, US National Institutes of Health, 

http://www.ncbi.nlm.nih.gov/guide/  

 PubMed, US National Library of Medicine, US National Institutes of Health, 

http://www.ncbi.nlm.nih.gov/pubmed  

 Toxnet Toxicology Data Network, US National Library of Medicine, http://toxnet.nlm.nih.gov/  

 UNEP OzonAction HCFC Help Centre, 

http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx 

 US EPA  http://www.epa.gov/ozone/geninfo/gwps.html  

 US Geological Survey, http://minerals.usgs.gov/index.html  

(d)  High volume uses reported by CTOC and the EEA. 

 

 

  

http://esis.jrc.ec.europa.eu/index.php?PGM=ein
http://esis.jrc.ec.europa.eu/
http://www.ncbi.nlm.nih.gov/guide/
http://www.ncbi.nlm.nih.gov/pubmed
http://toxnet.nlm.nih.gov/
http://new.unep.org/ozonaction/Topics/HCFCHelpCentre/HCFCApplications/tabid/52068/Default.aspx
http://www.epa.gov/ozone/geninfo/gwps.html
http://minerals.usgs.gov/index.html
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ANNEX 7:  FORMAT FOR COMPILING INFORMATION ON FEEDSTOCK USES AND ALTERNATIVES 

Table 25 provides an example of a format that may assist the process of compiling information about ODS 

feedstock uses and alternatives, in order to assist the exchange of information encouraged under Decision 

XXIV/6. 

Table 25:  Example of format for compiling information on feedstock uses and alternatives 

ODS feedstock use: [ODS name] used in the production of [end product name]  

ODS substance used as 
feedstock 

ODS substance:  

Montreal Protocol Annex & Group:   

Ozone-depleting potential (ODP): 

Global-warming potential (100-year GWP):   

End-product resulting from 
ODS feedstock use 

(a)
 

Common name:  

CAS number:  

IUPAC name:   

Chemical formula:  

Description of the chemical 
process which uses ODS 
feedstock 

Batch or continuous process: 

Starting materials: 

Intermediate materials: 

End products, including by-products:  

Main reaction pathways: 

Description of the role played by the ODS during the process: 

Re-circulation of ODS during process (if any):   

Global quantity of ODS 
produced, consumed or used 
as feedstock per year 

Global production in tonnes:     (state the calendar year) 

Global consumption in tonnes:    (state the calendar year) 

Global use in tonnes:    (state the calendar year) 

Regional data (if any):    (state the calendar year) 

Stages during which ODS may 
be emitted to air, water, 
liquid waste or solid waste.  

If available, provide 
quantitative data (e.g.  data 
published in US EPA Toxics 
Release Inventory, EU 
Pollutants Release and 
Transfer Register, etc.) 

ODS releases during feedstock production: 

ODS releases during feedstock use or processing 

ODS releases during storage: 

ODS releases during transfers (if any): 

ODS releases during transportation (if any): 

ODS releases during packaging (if any): 

ODS releases during destruction (if any): 

ODS releases from waste: 

ODS releases from residues in products: 

ODS releases during other life-cycle stages:  

Quantitative information on ODS emissions: 

Emission reduction 
techniques 

Examples of emission-reduction equipment or procedures used in commercial 
practice at present: 

Other equipment or procedures that could be used to reduce 
emissions/releases of ODS: 

Estimated impact of ODS on 
ozone and climate 

Estimated global ODS emissions in tonnes per year:          

ODP (as listed in Montreal Protocol Annexes): 

Estimated global emissions in ODP-tonnes per year: 
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100-year GWP (IPCC AR4 or WMO/SAR report): 

Estimated global emissions in tonnes CO2eq per year:   

Regional data (if any):   

Other impacts and issues Life-cycle energy consumption during ODS feedstock production, use, 
transportation and destruction, etc.:   

Air quality issues: 

Human health issues: 

Other impacts:  

Description of ODS-free 
methods or pathways for 
producing the end-product 

Alternative process 1 (brief description): 

Commercial status:  

Examples of current commercial use (if any):   

Technical constraints and barriers, and steps that could be taken to overcome 
the barriers: 

Economic aspects:  

Sources of information: 

Alternative process 1 (brief description): 

Commercial status:  

Examples of current commercial use (if any):   

Technical constraints and barriers, and steps that could be taken to overcome 
the barriers: 

Economic aspects:  

Sources of information: 

Alternative process 1 (brief description): 

Commercial status:  

Examples of current commercial use (if any):   

Technical constraints and barriers, and steps that could be taken to overcome 
the barriers: 

Economic aspects:  

Sources of information: 

Case studies on commercial 
use of ODS-free processes 

Type of production facility:   

ODS-free process used:   

Production volume of end-product:   

Number of years for which ODS-free method has been used:   

Main changes that had to be made in facility when ODS-free process was 
adopted: 

Capital and other costs of converting to ODS-free process (US$): 

Current differences in operating costs and profitability compared to ODS 
process (US$):  

Comments by facility manager on economic feasibility of ODS-free process:   

Comments by facility manager on technical feasibility of ODS-free process:  

Main barriers and problems encountered when adopting ODS-free process: 

Benefits of ODS-free process:   

Uses of the end-product 
(a)

 List of end-product uses: 

 

 

Alternative products or Alternative end-product (or method) 1: 
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methods for key uses of the 
end-product, and methods to 
avoid the use of products 
made with ODS feedstock 

(a)
 

Technical constraints and barriers, and steps that could be taken to overcome 
the barriers: 

Economic aspects:  

Sources of information: 

Alternative end-product (or method) 2: 

Technical constraints and barriers, and steps that could be taken to overcome 
the barriers: 

Sources of information: 

 Alternative end-product (or method) 3: 

Technical constraints and barriers, and steps that could be taken to overcome 
the barriers: 

Sources of information: 

Key reports and sources of 
further information 

 

Other information  

(a) If several end products are produced, each end-product should be listed separately. 
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ANNEX 8:  POTENTIAL SOURCES OF EMISSIONS 

The table below provides examples of potential sources of emissions from large-volume organic chemical manufacture, including facilities that produce and/or use ODS as 

feedstock.  The information was compiled from the following reference document: European Commission (2003) Integrated Pollution Prevention and Control (IPPC) 

Reference Document on Best Available Techniques in the Large Volume Organic Chemical Industry. 

Although many facilities have made substantial efforts to reduce and minimise ODS emissions, it is not technically feasible to eliminate emissions altogether.  Table 26 

identifies many routes by which emissions may potentially occur, even in well-designed and well-managed facilities that use the best available techniques for controlling 

emissions. 

The main air pollutants from this industry sector are volatile organic compounds (VOCs), which include emissions of ODS and HFCs.  VOCs typically arise from: process 

vents; the storage and transfer of liquids and gases; fugitive sources and intermittent vents. Losses are greatest where the feedstock or process stream is a gas; in these 

cases VOC losses of all types can exceed 2% of total production. Point sources of VOCs have been well controlled over recent years and losses of fugitives (from pumps, 

valves, tanks etc.) have become the major source of on-site VOC emissions from many plants.  The following categories of water pollutants may include some ODS:  

adsorbable organic halogens (AOX), extractable organic halogens (EOX) and volatile organic compounds (VOCs).207 

As noted in section 6, the character and scale of emissions varies from facility to facility, but is often closely related to plant age. Emissions will also depend on such factors 

as: raw material composition, product range, nature of intermediates, use of auxiliary materials, process conditions, extent of in-process emission prevention, and type of 

end-of-pipe treatment.  The waste streams from each process may also vary over time, depending on the operating situation.
208

 

 

Table 26:  Potential sources of emissions from chemical manufacturing 

On-site 
production and 
use stages 

Potential sources of air emissions Potential sources of water emissions 
Potential sources of emissions from waste  

(solid or liquid) 

Pre-treatment 
and handling of 
raw materials 

 Vents on distillation columns and stripping 
columns for removal of impurities in raw 
materials  

 Vents on pre-mixing vessels (VOCs) 

 Storage tank overflows 

 Mixing vessels (e.g. overflows, wash-down) 

 Off-specification raw materials 

Synthesis  Discrete vents serving reaction equipment  Addition of water as reactant solvent or  Spent catalysts and catalyst support. 

                                                                 
207

  EC (2003) Integrated Pollution Prevention and Control (IPPC) Reference Document on Best Available Techniques in the Large Volume Organic Chemical Industry, p.72, 74. 
208

  EC (2003) Integrated Pollution Prevention and Control (IPPC) Reference Document on Best Available Techniques in the Large Volume Organic Chemical Industry, p.69. 
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On-site 
production and 
use stages 

Potential sources of air emissions Potential sources of water emissions 
Potential sources of emissions from waste  

(solid or liquid) 

(e.g. purges, inert vents from condensers, 
letdown vessels, process scrubbers) 

 Vents associated with catalyst preparation 
and catalyst regeneration (containing VOCs) 

 Relief devices to maintain safe operation 
(e.g. pressure relief valves, bursting discs) 

carrier 

 Reaction water is formed in the process 
(e.g. from a condensation reaction) 

 Water present in the raw material 

 Process purges and bleeds (especially of 
‘mother liquors’) 

 Quenching of organic vapour streams 

Catalysts may become spent because of 
chemical deactivation, physical degradation 
or fouling. The composition of catalysts 
varies greatly;  many are based on 
expensive, exotic metals and this prompts 
recovery (either on or off site) 

 Wastes on shutdown (e.g. organic residues) 

 Corrosion and erosion products inside 
equipment (e.g. oxides of iron and other 
metals) 

Product 
separation and 
refinement 

 Vents serving separation equipment (e.g. 
distillation columns, stripping columns, 
crystallisers, condensers) 

 Particulate from drying and handling of 
solids 

 VOCs from the regeneration of purification 
beds 

 Solvent regeneration 

 Water used for product washing picks up 
traces of products / wastes 

 Spent neutralising agents (acid or alkali) 

 Regeneration of ion exchange resins 

 Solvent recovery 

 Spent purification media. Diverse media are 
used to remove impurities such as water or 
unwanted side products (e.g. activated 
carbon, molecular sieves, filter media, 
desiccants, ion exchange resins) 

 Unwanted by-products 

 Process residues e.g. heavy organic residues 
from distillation columns (e.g. tars and 
waxes), sludges in vessels. But may have 
value as a by-product, feedstock for 
another process or as a fuel 

 Spent reagents e.g. organic solvents – these 
may be valuable to recover/re-use, or to 
use a fuel to capture the calorific value 

 Off-specification products 

Product storage 
and handling 

 Losses from vapour displacement during 
filling, decanting, maintenance and cleaning 
of storage tanks 

 Losses resulting from blanket gases (e.g. 
nitrogen) used in storage tanks 

 Tank losses from relief valves when pressure 
exceeds set pressure limit; breathing during 
ambient temperature variations (mainly 

 Tank overflow 

 Spills during loading/unloading 

 Leakage from tanks and pipe systems 

 Spillage from drums and IBCs 

 Waste packaging (e.g. spent drums, sacks) 

 Product polymerisation in tanks 
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On-site 
production and 
use stages 

Potential sources of air emissions Potential sources of water emissions 
Potential sources of emissions from waste  

(solid or liquid) 

VOCs, with rate of loss depending on vapour 
pressure) 

 Loading and unloading of containers and 
vessels (tankers for road, rail or ship) 

 Evaporative losses from spills 

 Losses from sampling systems 

Infrastructure  Fugitive losses (especially VOCs) from 
equipment (e.g. compressors, pumps, waste-
water collection and treatment systems) and 
fittings (e.g. flanges, valves, safety valves) 

 Cooling water contaminated with process 
streams (e.g. from equipment leakage) 
passing through cooling towers 

 Workspace ventilation: although the 
pollutant concentrations are very low in 
ventilation air, there may be significant mass 
releases to the atmosphere over time 
because of the high air volumes involved 

 Analysers and sampling ports 

 Equipment evacuation and cleaning in 
preparation for access (e.g. maintenance) 

 Cleaning operations (washing of vessels, 
pipes and other equipment to facilitate 
access e.g. for maintenance purposes) 

 Diffuse sources (e.g. leaks, spills from 
process equipment) 

 Contamination of condensate from steam 
ejectors used to create vacuum 

 Water gland seals on vacuum pumps 

 Vapour condensates in pipe runs 

 Effluents from laboratories 

 Water-curtains for hydrocarbon 
containment and /or acid gases absorption 

 Contamination of water cooling systems 
(e.g. from equipment leakage) 

 Steam condensate contaminated with raw 
material, product, or waste (e.g. from 
equipment leakage). 

 Fire-fighting water 

 Decommissioned plant equipment 

 Contaminated construction materials (e.g. 
metal, concrete, insulation) 

 Wastes from laboratories 
 
 

Management 
systems 

 Process upsets or accidents due to the 
inadequacies of management systems or the 
failure of operators to adhere to expected 
procedures 

 Insufficient expenditure on maintenance of 
equipment, slow response to leaks, delayed 
repairs 

 Process upsets or accidents due to the 
inadequacies of management systems or 
the failure of operators to adhere to 
expected procedures 

 Insufficient expenditure on maintenance 
of equipment, slow response to leaks, 
delayed repairs 

 Process upsets or accidents due to the 
inadequacies of management systems or 
the failure of operators to adhere to 
expected procedures 

 Insufficient expenditure on maintenance of 
equipment, slow response to leaks, delayed 
repairs 

Emission 
abatement 

 VOC emissions from maintenance of the 
process or abatement equipment; down-

 Air abatement systems (e.g. spent 
scrubber liquor) 

 Adsorbents used for spill clean-up 



Feedstock page 68 of 72 

On-site 
production and 
use stages 

Potential sources of air emissions Potential sources of water emissions 
Potential sources of emissions from waste  

(solid or liquid) 

time of the abatement equipment can be a 
significant source of VOC emissions 

 Stripping of waste water (with air or steam) 
will transfer dissolved organic chemicals into 
the gaseous phase 

 VOCs from waste water collection systems 
(e.g. drains, balancing tanks) 

 Vaporisation of VOCs from waste water 
treatment facilities 

 VOCs and particulates from storage and 
treatment of solid wastes 

 De-watering of sludges 

 Water bleed from seals drums and knock-
out drums 

 Solids produced by the abatement of air 
pollutants 

 Solids produced by the abatement of water 
pollutants (e.g. catalyst solids settled from 
waste water, filter cake) 

Off-site stages    

Off-site 
production of 
feedstock (in 
cases where ODS 
feedstock is 
produced in 
another location) 

 Similar list of emission sources as all of the 
on-site stages listed above 

 Similar list of emission sources as all of the 
on-site stages listed above 

 Similar emission sources as the on-site 
stages listed above 

Off-site storage  Filling, emptying and cleaning of storage 
tanks 

 Vapour displacement during filling and 
nitrogen blanketing 

 Relief valves when the pressure exceeds the 
set pressure 

 Stock-tank venting before vessel inspections 

 Flexible connections before and after tanker 
transfers 

 Sample-points during analytical sampling 

 Leakage from flanges, pump seals, valve 
glands, etc. 

 Disposal of storage drums with any residues 
inside 

 Maintenance and cleaning of storage tanks 

 Leakage from flanges, pump seals, valve 
glands, etc. 

 Disposal of storage drums with any 
residues inside 

 Cleaning of residues in storage tanks 

 Disposal of storage drums with any residues 
inside 
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On-site 
production and 
use stages 

Potential sources of air emissions Potential sources of water emissions 
Potential sources of emissions from waste  

(solid or liquid) 

Transport of 
feedstock 

 Filling and emptying bulk tankers or drums 
for road or rail, using hose or flexible 
connections; losses may occur through 
displacement of vapour from the tank or 
drum during use and cleaning 

 Filling and cleaning of bulk tanks in ships 

 Accidents or incidents in ships, road or rail 
transport 

 Cleaning of bulk tankers or drums 

 Filling and cleaning of bulk tanks in ships 

 Accidents or incidents in ships, road or rail 
transport 

 Disposal of transportation drums with 
residues inside 

Transport of 
waste for off-site 
incineration or 
disposal 

 Filling and emptying bulk tankers or 
containers using flexible connections; losses 
may occur through displacement of vapour 
from the vessels during use and cleaning 

 Accidents or incidents in road or rail 
transport 

 Cleaning of bulk tankers or drums 

 Accidents or incidents in road or rail 
transport 

 Cleaning of bulk tankers or drums 

 Disposal of transportation drums with 
residues inside 

 Accidents or incidents in road or rail 
transport 

 

Residues in final 
products 

 Release of volatile compounds during 
product storage, use and disposal 

 Releases to surface-water or groundwater 
after disposal e.g. in landfill 

 Releases after disposal of products, e.g. in 
landfill 

Compiled from:  European Commission (2003) Integrated Pollution Prevention and Control (IPPC) Reference Document on Best Available Techniques in the Large Volume Organic Chemical 

Industry, p.59-61, 69-77, 296-314, 317-321. 
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ANNEX 9:  ACRONYMS AND ABBREVIATIONS 

 

A2:  Article 2 Party, non-Article 5 Party 

A5:  Article 5 Party  

BCM:  bromochloromethane 

CDM:  Clean Development Mechanism of United Nations Framework Convention on Climate Change 

CFC:  chlorofluorocarbon 

CO2:  carbon dioxide  

CO2eq:  carbon dioxide equivalent  

CTC:  carbon tetrachloride 

CTOC:  Chemicals Technical Options Committee of TEAP 

EC:  European Commission  

EU:  European Union  

ExCom:  Executive Committee of the Multilateral Fund 

F-gas:  fluorinated greenhouse gas 

GHG:   greenhouse gas  

GWP:  Global Warming Potential  

HBFC:  hydrobromofluorocarbon 

HC:  hydrocarbon 

HCFC:  hydrochlorofluorocarbon 

HFC:  hydrofluorocarbon 

IPCC:  Intergovernmental Panel on Climate Change  

MB:  methyl bromide 

MoP:  Meeting of the Parties 

MLF:  Multilateral Fund of the Montreal Protocol 

MP:  Montreal Protocol 

ODP:  Ozone Depletion Potential  

ODS:  ozone depleting substance  

OEWG:  Open ended Working Group of the Montreal Protocol 

OzSec:  Ozone Secretariat  

SAP:  Scientific Assessment Panel  

TCE:  1,1,1-trichloroethane, methyl chloroform 

TEAP:  Technology and Economic Assessment Panel  

UNEP:  United Nations Environment Programme  

UNFCCC:  United Nations Framework Convention on Climate Change 

VC:  Vienna Convention 

VOC:  volatile organic compound 


