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Disclaimer

The United Nations Environment Programme (UNEP), the Technology and 
Economic Assessment Panel (TEAP) Co-chairs and members, the Technical 
and Economic Options Committee, chairs, Co-chairs and members, the TEAP 
Task Forces Co-chairs and members, and the companies and organisations that 
employ them do not endorse the performance, worker safety, or environmental 
acceptability of any of the technical options discussed.  Every industrial 
operation requires consideration of worker safety and proper disposal of 
contaminants and waste products.  Moreover, as work continues - including 
additional toxicity evaluation - more information on health, environmental and 
safety effects of alternatives and replacements will become available for use in 
selecting among the options discussed in this document. 

UNEP, the TEAP Co-chairs and members, the Technical and Economic 
Options Committee, chairs, Co-chairs and members, and the Technology and 
Economic Assessment Panel Task Forces Co-chairs and members, in 
furnishing or distributing this information, do not make any warranty or 
representation, either express or implied, with respect to the accuracy, 
completeness, or utility; nor do they assume any liability of any kind 
whatsoever resulting from the use or reliance upon any information, material, 
or procedure contained herein, including but not limited to any claims 
regarding health, safety, environmental effect or fate, efficacy, or performance, 
made by the source of information. 

Mention of any company, association, or product in this document is for 
information purposes only and does not constitute a recommendation of any 
such company, association, or product, either express or implied by UNEP, the 
Technology and Economic Assessment Panel Co-chairs or members, the 
Technical and Economic Options Committee chairs, Co-chairs or members, 
the TEAP Task Forces Co-chairs or members or the companies or 
organisations that employ them. 
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1 Executive Summary

1.1 Introduction 

Since the 1998 Assessment of the Technology and Economic Assessment Panel 
(TEAP), a large number of technical developments have taken place.  The direction 
many of these developments have taken could not have been predicted in 1998.  
Hydrocarbon refrigerants are capturing greater market share and CO2 is 
commercialised in some refrigeration sub-sectors, including heat pump water heaters, 
and proposed in vehicle air conditioning.  Newly available HFCs are currently being 
introduced into some foam sectors, but price and responsible use criteria are limiting 
the uptake to specific applications where they are needed.  Large quantities of ODSs 
are potentially available for destruction with significant efforts underway in 
Australia, Canada, Europe, and Japan. 

The Panel’s Technical Options Committees, on aerosols, MDIs, miscellaneous uses 
and CTC (ATOC), on foams (FTOC), on halons (HTOC), on methyl bromide 
(MBTOC), on refrigeration and AC (RTOC), and on solvents (STOC) have each 
issued a 2002 Assessment Report.  The Executive Summaries of these reports form 
the body of the 2002 TEAP Assessment Report and their Abstract Executive 
Summaries form the Executive Summary of the 2002 TEAP Assessment Report. 

During the year 2002, separate Task Forces under the TEAP have reported their 
findings, which are part of the TEAP Progress Report, published April 2002.  In 
particular the findings of the Task Force on Collection, Recovery and Storage 
(TFCRS) are interlinked with the results reported by the different TOCs in their 2002 
Assessment Reports.  The summary of these findings was thought to be so important 
that it should again be part of the TEAP 2002 Assessment Report. 

The following structure has been adopted in each section: 
- Current status; what has been achieved 
- What is left to be achieved 
- The way forward. 
This structure does not apply to the Executive Summary of the TFCRS Report. 

1.2 Aerosols, Sterilants, Miscellaneous Uses and CTC TOC 

(a)  MDIs for Asthma and COPD 

Current status 

Asthma and COPD have remained common and their prevalence is increasing world-
wide.  Technical barriers for CFC-free MDIs are currently being overcome.  A range 
of alternatives, including CFC-free MDIs and DPIs, are now available increasingly 
around the world.  In 2001, each of the three inhaler types, i.e., (1) the CFC-
containing MDI inhalers, (2) the CFC-free MDI inhalers and (3) the DPI inhalers had 
one third of the market in the European Union.   
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What is left to be achieved 

The remaining 7,000 ODP tonnes of CFCs used annually in MDIs for asthma/COPD 
can be phased out.  The timing is difficult to predict, but it depends on:  

the availability of affordable alternatives 
the adoption and effectiveness of transition strategies by Parties. 

The way forward 

Parties could aid their transition by collecting data on the local availability of 
alternatives.  However, the availability of alternatives alone does not drive transition 
to completion, and effective transition strategies are needed.  Some non-Article 5(1) 
Parties have developed transition strategies for the phase-out of the production of 
CFC containing MDIs.  As of November 2002, ten Parties (out of 43 non-Article 5(1) 
Parties) had submitted transition strategies to the Ozone Secretariat. 

(b)  Aerosols, Sterilants and Miscellaneous Uses 

    Current status 

In the last four years there has been a substantial phase-out of CFCs in non-MDI 
aerosols.  Between 1997 (14,700 ODP tonnes) and 2001 (4,300 ODP tonnes) there 
was a 71% reduction in the CFC consumption that remained in Article 5(1) Parties 
and CEIT. 

The use of CFCs for sterilisation has been phased out in most non-Article 5(1) 
Parties.  Many alternatives have been developed. 

Most miscellaneous uses have been phased out, whilst some laboratory uses still 
remain under a global exemption.  However three uses (the testing of oil, grease and 
total petroleum hydrocarbons in water; testing of tar in road-paving materials; and 
forensic fingerprinting) were eliminated from the exemption. 

What is left to be achieved 

A complete phase-out for non-MDI aerosols is achievable.  There are difficulties 
including the availability of hydrocarbon aerosol propellants, the conversion of small 
CFC users, and also the conversion of non-MDI pharmaceutical aerosols.  

There remain about 500 ODP tonnes of CFCs used annually in sterilants in some 
Article 5(1) and CEIT Parties. 

Regarding miscellaneous uses, about 1,000 ODP tonnes of CFCs are used for 
tobacco expansion in China and 1,500 ODP tonnes of CFCs and CTC world-wide for 
laboratory and other miscellaneous uses. 

   The way forward 

A complete phase-out of the remaining CFCs for the use in non-MDI aerosols 
requires specific actions from Government/Ozone officers and may need technical 
and financial assistance. 
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Sterilisers are expensive equipment, which are needed to provide good quality health 
care.  Drop-in substitutes are available at a higher cost, reason for which financial 
assistance may be needed in Article 5(1) countries. 

Use of CFCs for tobacco expansion in China is scheduled for phase-out by 2007.
Continued use for laboratory and analytical applications under the global exemption 
requires that all Parties adopt packaging and reporting systems as specified in the 
exemption.  Licensing systems will be needed in order to manage supplies of ODS 
into the laboratory and analytical sector.

(c)  Carbon Tetrachloride 

   Current status 

The primary source of atmospheric emissions of CTC is from manufacturing 
facilities that use it as a feedstock to produce CFCs.  Through closures of facilities 
substantial reductions have been achieved recently and more are expected in the 
future. 

What is left to be achieved 

CTC emissions from process agent use in non-Article 5(1) Parties are estimated at 
220 ODP tonnes annually, but emissions are very difficult to estimate in Article 5 (1) 
Parties.  A number of applications for CTC exist in Article 5(1) Parties, although it is 
not clear which exact amount can be attributed to CFC production, feedstock, process 
agent, and other applications such as solvents; further data on consumption and 
emissions are required.  The extent of inadvertent production of CTC in other 
chemical production processes in both Article 5(1) and non-Article 5(1) countries is 
currently unknown. 

   The way forward 

Emissions from feedstock and process agent uses in Article 5(1) Parties require 
special attention from the Montreal Protocol Parties.  Close co-operation of the 
Technology and Economic Assessment Panel with the Science Assessment Panel 
will be required to better estimate inadvertent emissions and more closely examine 
their implications. 

1.3 Rigid and Flexible Foams TOC 

   Current status 

The phase-out of ODS in the foam sector has forced the industry to innovate faster 
than ever before.  The first technology transition in the early 1990s led to the 
introduction of transitional substances such as HCFCs as well as the increasing use 
of hydrocarbons and other non-ODSs.  This transition step is still taking place in 
Article 5(1) countries.  Meanwhile, attention in non-Article 5(1) countries is on 
phasing out transitional HCFCs.  This is concentrating attention on the emerging 
HFC-based technologies as well as the further optimisation and use of hydrocarbon 
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and CO2 technologies, which are continuing to gain market share in several sub-
sectors.

The phase-out of CFC use in the polyurethane flexible foam sector is now largely 
complete, even in Article 5(1) countries, although some small discontinuous 
processes still represent a challenge.  In the flexible sector there has been little use of 
transitional technologies. 

In the appliance polyurethane rigid foam sector, there has been a tendency to switch 
in one-step transition to hydrocarbons.  The exception is the market in North 
America, which over the coming months is likely to move substantially to HFC use, 
as HCFC-141b is phased-out in the United States.  CFC usage has been all but 
phased out in the construction foam markets, although transitions out of HCFCs are 
proving difficult within the smaller site-applied products such as spray foam. 

 The use of CFCs in foams has been reduced by over 90% since its peak in 1988 and 
HCFC use is also in decline from its peak in 2000.  For the first time, the ozone 
depleting impact arising from new consumption of each class of blowing agent  -if 
and when emitted-  has become comparable in magnitude. 

  What is left to be achieved 

Liquid HFC blowing agents have been commercially introduced and work is ongoing 
to define responsible use criteria in the light of the significant global warming 
potential of these materials.  Nonetheless, HFCs can be used responsibly in many 
applications where they offer additional energy efficiency benefits or particular 
product/process safety. 

The plight of the small- and medium-sized enterprises (SMEs) also remains to be 
addressed.  This is most severe in non-Article 5(1) countries where no transitional 
assistance exists.  However, even in Article 5(1) countries, there is continuing 
concern that uncertainty over the future supply of alternatives is delaying phase-out 
of CFCs.  This is particularly an issue for plants where cost-effectiveness 
considerations dictate the use of transitional technologies. 

As annual consumption of ODSs decreases, the focus is shifting towards the 
management of emissions from delayed release sources such as closed cell foams.  
Both Japan and Europe have already taken steps related to resource recovery and 
ODS destruction from appliances.  However, recovery of ODSs from buildings is 
likely to pose a more significant and costly challenge.  This may be a further driver 
towards HC or CO2 options or wider changes in building practice to facilitate 
recovery.  Progress in this area will also have valuable benefits for the new 
generation of foam technologies. 

The way forward 

For SMEs and particularly low volume users, there is no economically feasible 
solution unless the financial implications of investments are overcome.  In many 
foam sectors, the alternative blowing agents are hydrocarbons, which are less 
expensive than HFC blowing agents but require expensive investments to satisfy 
safety requirements.  A solution might be interest-free loan schemes, even in non-
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Article 5(1) countries, where the investment cost is repaid from savings in blowing 
agent expense.  However, no such schemes are yet being considered. 

The technical and economic feasibility of the recovery of blowing agents from foam 
at end-of-life will continue to be an area of significant study over the next few years.
The requirements of the Montreal Protocol and most national implementation 
procedures provide little economic incentive.  However, recovery and destruction 
would be economic if credit was given to mitigation of greenhouse gas emissions 
also, in addition to the direct benefit to the ozone layer.  Regulatory or trading 
schemes would have to reclassify ODS destruction to engage the necessary economic 
drivers.

1.4 Halons TOC 

Current status 

Halon fire extinguishants are no longer necessary in virtually any new installations, 
with the possible exceptions of engine nacelles and cargo compartments on 
commercial aircraft and crew compartments of combat vehicles.  The very high cost 
of replacing many existing halon systems with substitutes, replacements or other 
alternative fire protection measures continues to be a major impediment to 
eliminating continued use of halons. 

Although potential alternatives exist for both engine nacelles and cargo bays of 
commercial aircraft it is disturbing to report that new airframes are still being 
designed and certified with halons as the required fire extinguishant due to regulatory 
requirements.  Parties may wish to consider requesting the International Civil 
Aviation Organization (ICAO) to act with the TEAP HTOC as a co-ordinating body 
in development of a timely plan of action to eliminate regulatory requirements for 
halons on new airframes.  Airframe Certification Agencies and Airframe 
Manufacturers may want to participate in this effort. 

What is left to be achieved 

Some Parties have enacted regulations requiring existing halon systems to be 
decommissioned and the halons from these systems destroyed.  Although most halon 
1211 and a portion of halon 1301 in inventory will not be required to meet future 
needs such measures require careful planning to ensure that sufficient stocks of halon 
1301 remain available to meet future critical needs of both Article 5(1) and non-
Article 5(1) Parties.  Users that have critical halon needs should consider making 
arrangements to ensure a secure supply, either individually or in partnership with 
other critical users.  This effort would likely include obtaining the additional halon 
necessary to meet their future requirements and expansion of existing or construction 
of new secure storage facilities that would include necessary leak prevention and 
monitoring measures. 

The way forward 

An alternative to the creation of large halon stockpiles would be a decision to allow 
Parties to earn credits for destroyed or converted halon by technologies approved by 
the Parties.  These credits would be eligible to be carried forward for possible future 
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critical uses to be approved (Article 1, Paragraph 5, read with Article 7, allows 
credits for production.  However, since the control measures are for each year, the 
credit is in the year of destruction and not for future use).  Such a provision would be 
an incentive to collect and destroy halons, would deter emissions from halon banks 
which may be found surplus to requirements, and could help eliminate the reluctance 
to retrofit of existing applications that results from the current oversupply of halon.  
A bolder market-based strategy to achieve these objectives could be trading in credits 
obtained by destruction of halons or allowing such credits to be used for 
essential/critical uses of other ODS. 

The HTOC will invite TEAP and its other TOCs to consider the potential advantages 
and disadvantages of such an approach to other ODS use sectors.  In 2003, the Halon 
Technical Options Committees will further explore options to reduce halon 
emissions.  

1.5 Methyl Bromide TOC 

Current status 

Production of MB for controlled uses was reported to be about 62,757 metric tonnes 
in 1998; it was reduced to at least 49,566 tonnes in 1999 and at least 46,055 tonnes in 
2000.  Non-Article 5(1) countries have reduced controlled MB consumption by about 
56% from the 1991 baseline, in advance of the Protocol requirements.  Controlled 
MB consumption in Article 5(1) countries rose from about 8,460 tonnes in 1991 to 
about 17,600 tonnes in 1998.  Based on Ozone Secretariat data reported so far, 
Article 5(1) MB consumption was reduced to about 16,440 tonnes in 2000.  Between 
1998 and 2000, national MB consumption fell by more than 20% in some Article 
5(1) countries. 

The decline in total global consumption of MB is attributed largely to reductions for 
soil fumigation.  This has been achieved mainly by the adoption of transitional 
strategies, such as replacing MB used alone with MB/chloropicrin mixtures, and to a 
lesser extent by adoption of alternatives, principally alternative fumigant mixtures 
and soil-less culture systems.  Alternatives adopted for durable commodity and 
structural treatments are principally phosphine fumigations and, in specific 
situations, heat treatments. 

By December 2002 the Multilateral Fund (MLF) had approved a total of 232 MB 
projects in more than 63 countries.  This included 44 demonstration projects for 
evaluating and customising alternatives, 38 projects for phasing-out MB and 150 
other projects for information exchange, awareness raising, policy development and 
project preparation.  Further MB replacement activities have been funded directly by 
Article 5(1) countries and/or agricultural producers, bilateral assistance and the 
Global Environment Facility. 

With two exceptions (control of ginseng root rot and stabilisation of high-moisture 
fresh dates), the completed demonstration projects, for all Article 5(1) locations and 
all crops or situations tested, identified one or more alternatives comparable to MB in 
their effectiveness in the control of targeted pests and diseases.  In many cases, 
combined techniques have provided more effective results than individual 
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techniques, particularly when they are part of an integrated pest management (IPM) 
program. 

Projects in Article 5(1) countries have demonstrated that a similar range of 
alternatives to those in non-Article 5(1) countries can be successfully adopted.
Differences in costs and resource availability can lead to a preference for different 
alternatives in Article 5(1) compared to non-Article 5(1) countries.  Demonstration 
projects showed that it is feasible to introduce the tested alternatives into Article 5(1) 
countries and adapt them successfully within 2-3 years, in some cases even including 
registration of pesticide products. 

Systems for recapture of methyl bromide based on activated carbon absorption have 
recently been commercialised.  The driving force has been local regulations on air 
quality to protect workers and the general community.  MB recapture is not likely at 
present to be used on farms in a significant way.  Practically, the scope for recovery 
of MB after fumigations is likely to be restricted to treatments carried out in 
enclosures, i.e. space fumigations, particularly QPS-related, of commodities, 
structures and transport, with subsequent destruction of the captured MB. 

What is left to be achieved 

MBTOC could find no existing technical alternatives for about 3200 metric tonnes of 
MB per annum used for non-QPS treatments.  This implies that there are existing 
alternatives for more than 93% of year 2000 consumption of MB, excluding QPS.  
However, some of these alternatives may not be available in practice as a result of 
various constraints, particularly lack of registration for use on the particular crop or 
foodstuff to be treated.  Significant effort must now be undertaken to register and 
implement these alternatives and to optimise their use.  Some countries have 
registered some alternatives in recent years and some large volume consuming 
countries are currently considering registration for certain alternatives.  There is the 
possibility that further registrations for use will be completed prior to the 2005 
phase-out in some non-Article 5(1) countries. 

With regard to Decision IX/5(1e), experience with demonstration and investment 
projects to date, such as those supported by the Multilateral Fund, indicates that the 
many technical, climatic, social and economic barriers to MB alternatives present in 
diverse Article 5(1) regions can be successfully overcome.  The commercial 
availability of certain alternatives for some applications in Article 5(1) countries is of 
continued concern. 

Adapting the alternatives to the specific cropping environment and local conditions 
of particular Article 5(1) countries is essential to success.  For example, local 
materials such as coconut coir and rice hulls have made it possible to adapt substrate 
systems that would normally have required know-how and technically-demanding 
materials (e.g. rockwool) not widely available in Article 5(1) countries. 

The way forward 

MB alone, or in mixtures with chloropicrin, is still being used for preplant soil 
disinfestation to manage the range of crop/pathogen complexes reported in the 1998 
Report.  The major crops for which MB is still widely used in some regions include: 
cucurbits, pepper, tomatoes, perennial fruit and vine crops, ornamentals, strawberry 



2002 Assessment Report of the TEAP 8

fruit and turf.  MB may also be used in the production of propagation material for 
forests, fruit and vine crops, strawberries, ornamental trees and tobacco. 

Although significant progress in developing alternatives to MB has been made since 
the publication of the 1998 report, the complexity of soil pathogen and weed 
problems in different countries and the diversity of environments in agriculture 
require the continuing development and adaptation of non-chemical and chemical 
methods.  Further investment in research and technology transfer will be necessary to 
implement alternative pest management systems effectively in all countries. 

TEAP reported previously that QPS use is increasing in some countries and 
estimated that approximately 22% of MB consumption was used for QPS treatments.  
Following Decision XI/13, MBTOC will, inter alia, report on the feasibility of 
alternatives in 2003.  MBTOC noted more than 300 examples of alternatives to MB 
approved for quarantine treatment of perishables and more than 70 approved as QPS 
treatments for durable commodities.  There is scope for the further development of 
alternatives in the QPS area. 

On the basis of 70% recapturable MB, fitting of recapture and destruction equipment 
to QPS commodity treatments could prevent about 7,000 metric tonnes of MB 
emissions entering the atmosphere.  Existing and anticipated MB projects are due to 
lead to the phase-out of 10,000 tonnes of MB before about 2008 in Article 5(1) 
countries.

1.6 Refrigeration, AC And Heat Pumps TOC 

Current status 

In the last decade, the refrigeration, air conditioning and heat pump industry made 
tremendous technical progress and complied with the Montreal Protocol through 
phasing out CFCs and, in several applications, HCFCs as well.  The mobile air 
conditioning and the domestic refrigeration industries have shifted rapidly from 
CFC-12 to non-ODS refrigerants.  Other applications, such as chillers and 
commercial refrigeration, have shifted from CFCs to HCFCs and HFCs or other 
fluids.

The requirement to phase out CFCs and eventually other ODS, along with 
considerations to reduce global warming impacts, has spurred unprecedented 
transitions.  Differences in timing and in choosing options between countries have 
been influenced by regional and national regulations.  The primary solutions for new 
equipment are summarised below by application: 

domestic refrigeration:  HFC-134a and isobutane (HC-600a), 

commercial refrigeration:  HCFC-22 and mainly R-404A in supermarket 
systems, HCs in some self-contained units as well as in a few indirect systems, 
and to a small extent carbon dioxide (R-744), 
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industrial refrigeration:  ammonia (R-717), HCFCs, HFCs and to some extent 
carbon dioxide for low temperature, 

transport refrigeration:  HFCs for the majority of applications, 

stationary air conditioning equipment:  HCFC-22 (in about 90% of the 
equipment), with the remainder using the currently produced HFCs and HFC 
blends, and, to a lesser extent, HCs, 

chillers:  HCFCs (primarily HCFC-22 in small and HCFC-123 in centrifugal 
chillers), HFCs (primarily HFC-134a and, in smaller equipment, also blends), and 
much less commonly ammonia and HCs, 

heat pump water heaters:  HCFC-22, HFC-134a, propane (HC-290), R-410A, 
and to some extent carbon dioxide, 

mobile air conditioning:  HFC-134a for virtually all new vehicles (being the 
global choice). 

The above solutions are also being applied in Article 5(1) countries, where in several 
sectors the conversion is not complete, however, the number of conversions is 
steadily increasing.  There still is a certain amount of new equipment manufactured 
with CFCs, also in domestic, but particularly in commercial and transport 
refrigeration.

What is left to be achieved

World-wide, a significant amount of installed refrigeration equipment still uses CFCs 
and HCFCs.  As a consequence, service demand for CFCs and HCFCs remains high.  
The refrigerant demand for these service needs is best minimised by preventive 
service, containment, retrofit, recovery and recycling.  Recovery at decommissioning 
or scrapping of equipment, not only in the case of refrigerators, is an important topic, 
which receives increasing attention now that the non-Article 5(1) ODS consumption 
has been restricted to essential uses.  The first step in addressing the refrigerant 
conservation topics cited above is through training of installers and service 
technicians, together with certification and regulations.  Countries where programs 
have been successful have had comprehensive regulations requiring recovery and 
recycling.

The way forward 

Current developments concentrate on increasing use of HFCs as well the non-
fluorocarbon options mentioned above in most sectors, with emphasis on optimising 
system efficiency (COP) and reducing emissions of high-GWP refrigerants.  A high 
degree of containment, in fact, applies to all future refrigerant applications, either for 
decreasing climate impact or for safety reasons.  Additional research and 
development is ongoing all over the world (i) to enhance the development status and 
the quality of the equipment using the current alternatives, and (ii) to investigate the 
potential of other long term in-kind and not-in-kind solutions, seeking both lower 
environmental impact including higher energy efficiency and improved safety 
characteristics.
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1.7 Solvents, Coatings And Adhesives TOC 

Current status 

The achievements of the Solvents, Coatings and Adhesives Technical Options 
Committee (STOC) have further consolidated its past work, while examining new 
developments in terms of replacement technologies, market evolutions, solvents 
toxicology etc.  In particular, the STOC has assessed the market potential for n-
propyl bromide in the light of concern for ozone depletion and health impacts from 
human exposure.  It has also given particular attention to the specific needs of Article 
5(1) countries.  Almost a total phase-out of the use of Annex A, Annex B and Annex 
C, Group III controlled solvents has now been achieved in non-Article 5(1) 
countries.  There are still a few cases of users relying on stockpiled or recycled 
materials, but these stocks must be exhausted in the near future.  A very small 
amount of ODS solvents has been necessary for a few Essential Use Exemptions 
granted by Parties.  The STOC believes that the unexpected 1,1,1-trichloroethane 
emissions measured in Europe probably come from landfills where drums of used 
solvents may have been dumped many years ago.  In addition, HCFC-141b is being 
rapidly phased out as a solvent in the European Union and the USA.  Subsidiaries 
and suppliers of multinational companies in Article 5(1) countries have long ago 
finished their phase-out and the MLF has completed a few major solvents projects.  
However, very few projects have been completed with small and medium enterprises 
(SMEs) and users (SMUs) consuming less than 5 ODP tonnes of solvents.  There are 
many thousands of such users, consuming a major part of the remaining usage. 

What is left to be achieved 

There is much left to be achieved in the Solvents Sector. Effort is still required to 
phase out ODS solvents in Article 5(1) countries, and especially the small- and 
medium-sized users (SMUs). In particular, there is concern about the use of carbon 
tetrachloride (CTC) for solvent applications by both large and small enterprises in 
some countries.  A few important CTC projects are currently being developed by the 
Implementing Agencies, but these represent only a fraction of the total consumption.  
One other obstacle that has been identified is illegal imports into, mostly, Article 5(1) 
countries that have already enacted restrictive legislation.  These may represent a 
considerable proportion of baseline quantities, in some cases, and, of course, are not 
reported.  This, and other factors, may mean that the total global OD solvents 
consumption is currently significantly higher than is reported. 

The way forward 

Delaying the phase-out of production and imports of Annex A and Annex B solvents 
will involve greater difficulty and larger costs than doing it now.  This will inevitably 
cause hardship, especially for the many SMEs.  The STOC is developing an e-mail 
and Internet infrastructure that will allow National Ozone Units (NOUs) to obtain 
detailed expert technical information free-of-charge, for rapid response in each sub-
sector.  This report is the first step with stand-alone, sub-sectoral chapters, for easy 
translation into languages, each with e-mail addresses of experts for consultation.  
The STOC also needs to address the increasing use of HCFC-141b solvents in 
Article 5(1) countries, sometimes as substitutes for non-OD solvents.  There are no 
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technical barriers to a total and immediate phase-out of the use of CTC, CFC-113, 
1,1,1-trichloroethane and HCFC-141b solvents in nearly all applications. 

1.8 Collection, Reclamation and Storage Task Force 

The Task Force on Collection, Reclamation and Storage (TFCRS) assessed use 
patterns, associated emissions and aspects of collection and storage of ODS from all 
relevant use sectors.  The assessment takes into account the different situations in 
Article 5(1) Parties, where production takes place for the Article 5(1) Parties (under 
“Basic Domestic Needs”) and the situation of non-Article 5(1) Parties, some of 
which are still manufacturing.  The TFCRS Report also presents an overview of ODS 
inventories and their management in the different sectors and provides first estimates 
of historic and actual emission patterns from the different use sectors. 

(a)  Types of Emission 

ODS can be emitted at various stages in the lifecycle of production, distribution, use, 
and disposal.  Emission estimates for any given year need to account for early 
emissions of recently ‘consumed’ ODS as well as delayed emissions of historically 
used ODS. This is because emissions from both developed and developing countries 
will continue for many years after the phase-out of ODS production. 

Because the TFCRS Report addresses management of ODS currently in use, it 
categorises sectors based on emissions profiles.  Solvents, aerosol products 
(including MDIs), methyl bromide and flexible foams emit ODS soon after initial 
use, and for a relatively short period of time.  The report terms these “early 
emissions.”  Refrigeration and air conditioning equipment, rigid foams and halon 
equipment emit small quantities of ODS over very long periods of time after initial 
use.  The timeframe over which these uses emit ODS range from years to decades.  
The report terms these “delayed emissions.” 

The main focus of the TFCRS Task Force was on uses with delayed emissions, 
because those are uses that have the largest inventories of ODS and offer the greatest 
opportunities to destroy or recycle large quantities of ODS. 

The focus for early emissions is on non-Article 5(1) Parties essential uses and on 
current and/or recent use in Article 5(1) Parties.  The focus for delayed emissions is 
on inventories of ODS originating from sustained non-Article 5(1) and the increasing 
inventories present in the same applications in Article 5(1) Parties.

(b)  Technical feasibility of Collection, Recovery & Storage 

It is technically feasible to collect and recover all ODS retained in inventories.  In 
refrigeration and halon equipment the ODS is already contained in readily accessible 
containers.  In the case of other applications, the ODS can be in locations which are 
much more difficult to access (e.g. cavity wall rigid foam insulation). 

For many rigid foams including those contained in refrigerators, the recovery and 
destruction steps can be combined and the decision may be made that it is more cost-
effective to directly incinerate a product containing the ODS than to extract the ODS 
for subsequent destruction. 
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It is technically feasible to recover methyl bromide used as a post harvest, structural 
or transport fumigation (about 26 % of current methyl bromide uses, including for 
QPS) for destruction. The surplus methyl bromide can be adsorbed and then directly 
treated for destruction either chemically or by incineration. 

(c)  Inventories and Collection Potential 

It is has been known for quite some time that the ODS inventories stored in delayed 
emission applications are substantial.  This assessment has better quantified these 
amounts.  Inevitably, the assessment has involved a combination of ‘top-down’ and 
‘bottom-up’ modelling and will be the subject of continuous refinement as more 
information emerges. 

Between 350,000 and 400,000 ODP-tonnes of CFCs are estimated to be 
contained in refrigeration equipment in 2002; 
1.25 million ODP-tonnes of CFC-11 are predicted to remain in installed foams in 
year 2010 with the majority in non-Article 5(1) countries; 
450,000 ODP-tonnes of halon 1301 and 330,000 ODP-tonnes of halon 1211 are 
installed in fire fighting equipment in year 2002. 

However, it is important to recognise that not all of this material will be accessible 
for collection and recovery, since decommissioning at end-of-life needs to take place 
first.  The annual quantities of refrigerants potentially available for destruction are 
estimated to be around 9,000 ODP-tonnes.  The quantities of blowing agents 
expected to be recovered from domestic refrigerators, are expected to reach a rate of 
between 10,000 and 11,000 ODP-tonnes per annum with the currently installed 
recovery capacity.  This could be increased by further investment but is likely to 
require additional local legislation. Sizeable amounts of halon 1211 could be 
collected for subsequent destruction. 

(d)  Economic Implications of Collection, Recovery & Storage 

The TFCRS report has not made a detailed assessment of the costs of collection, 
recovery and storage at the global level, since the range of technical options available 
and the cost of local logistics are highly variable.  Economic feasibility is 
demonstrated by examples of established commercial infrastructures.  These exist in 
several sectors and in several regions of the world.  The recovery of blowing agents 
from refrigerator cabinets costs approximately US$60-100 per kg of CFC-11.  The 
cost equates to approximately US$25-35 per tonne of CO2 equivalent.  This is well 
within the range of investments being considered for CO2 emission abatement in 
other sectors. 

(e)  Barriers to Collection, Recovery & Storage 

There are many barriers to the application of effective collection, recovery and 
storage. Examples of these can be listed as follows:  

Lack of appropriate legislation and infra-structures to ensure end-of-life 
decommissioning; 

Financial resistance where the ‘polluter’ (manufacturer or owner) has to pay; 
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Installations of rigid construction foam can be within building structures that prohibit 
effective collection; 

Waste transportation management restricts movements within some countries and 
internationally.

(f)  Conclusions 

The collection, recovery and storage of ODS is technically feasible and economically 
viable.

The adoption of such measures depends to a large degree on the regulatory 
structures, the collection and recovery infrastructures and the way in which the 
financial burden is allocated. 
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Executive Summaries of all 2002 TOC Assessment Reports 

2. Executive Summary of the 2002 Assessment Report of the Aerosols, 
Sterilants, Miscellaneous Uses and CTC TOC 

2.1 Aerosol products (other than MDIs) 

There are no technical barriers for the transition to alternatives for aerosol products 
other than MDIs.  However, some consumption of chlorofluorocarbons (CFCs) in 
aerosols still remains in Article 5(1) countries and countries with economies in 
transition (CEIT).  The remaining main uses for CFCs in these countries have been 
identified as: 

Non-MDI medical aerosols such as local anaesthetics, throat sprays, nasal sprays, 
wound sprays, vaginal products and traditional Chinese medicines. 

Industrial/technical aerosols such as electronics cleaners, spinnerette sprays, anti-
spatter sprays and tyre inflators. 

Personal hygiene products filled in small volume cans.   

Insecticide and disinfectant sprays for use aboard aircraft. 

The Aerosols Technical Options Committee (ATOC) estimates that the consumption 
of CFCs in the non-MDI aerosol sector was approximately 4,300 tonnes in 2001 in 
Article 5(1) countries and CEIT.  This represents less than 1 percent of the 
propellants used in aerosol products in 2001, and a 71 percent reduction in CFC 
consumption from 1997 (14,700 tonnes).  For the first time, ATOC can report that 
CFC consumption in the non-MDI aerosol sector in Article 5(1) countries and CEIT 
has reduced to below that consumed for global CFC MDI manufacture. 

The most progress has taken place in the Russian Federation where, as a result of the 
closure of CFC production facilities, use of CFCs in aerosol products, other than 
MDIs, has dropped from 7,800 tonnes in 1997 to 200 tonnes in 2001, representing a 
97 percent reduction. 

China and India have signed stepwise phase-out plans for CFC production, but the 
effect of these on the aerosol products sector is not yet apparent.  In China the use of 
medical aerosols is increasing and new CFC-propelled products, including traditional 
Chinese medicines, continue to be developed.  Lack of locally produced alternative 
pharmaceutical-grade propellants impedes their reformulation. 

Comprehensive CFC consumption data for aerosol products is difficult to obtain.  An 
estimation showing a regional break down of CFC consumption for 2001 is as 
presented in Table 2-1. 
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Table 2-1 CFC consumption in non-MDI aerosols in 2001 (tonnes) 

ASEAN Countries* 700
China 1,800
South Asian 
Countries**

400

Latin America 400
Middle East, Africa 400
Russian Federation 200
Other CEIT and 
CIS***

400

Total 4,300

* Brunei, Cambodia, Indonesia, Laos, Malaysia, Philippines, Singapore, Thailand, Vietnam 
** Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka 
*** CIS: Successor States of the former Soviet Union 

Specific actions from governments and their national ozone officers will be needed to 
achieve final phase-out.  The reformulation of the non-MDI medical aerosol products 
and industrial/technical aerosols may require technical and financial assistance.  In 
the case of medical aerosols approval by national health and drug authorities will be 
required, after pharmacological and toxicity tests and clinical trials.  Currently, more 
expensive products result if the new replacement products require the use of HFCs. 

HFCs should be used in applications where either pharmaceutical or non-flammable 
propellants are required, but their high price and high global warming potential will 
limit their usage in aerosol products. 

Hydrocarbons are the principal substitutes for CFCs used in aerosols. Suitable 
mixtures of n-butane, iso-butane, and propane are called hydrocarbon aerosol 
propellants (HAPs).  Hydrocarbons are highly flammable and care is required during 
storage, transfer and filling.  Where HAPs supplies were available at reasonable cost, 
transition out of CFCs has already taken place. 

It is important to stress that in the process of replacing CFCs in the aerosol industry 
of Article 5(1) countries and CEIT, every effort should be directed to ensure that 
safety standards at the manufacturing plant and at the consumer level are maintained. 

The declining trend in the use of CFCs in aerosols has accelerated.  There still remain 
the following problem areas: HAPs availability; conversion of small and very small 
CFC users; industrial/technical aerosols; and non-MDI pharmaceutical products.  

2.2 Metered dose inhalers 

Asthma and chronic obstructive pulmonary disease (COPD) are the most common 
chronic diseases of the air passages (airways or bronchi) of the lung and are 
estimated to affect over 300 million people world-wide.  These illnesses account for 
high health care expenditure, cause significant loss of time from work and school and 
COPD in particular, is responsible for premature death.  There are two main 
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categories of treatment for asthma and COPD: bronchodilators (also called acute 
relievers) and anti-inflammatory medication (also called controllers or preventers). 

A metered dose inhaler (MDI) is a complex system designed to provide a fine mist of 
medicament for inhalation directly to the lungs.  MDIs contain either CFCs or more 
recently HFCs as propellants.  Total reported use of CFCs for non-Article 5(1) 
countries manufacturing MDIs for asthma and COPD has fallen by 33 percent from a 
peak of 8,906 tonnes in 1997 to 5,983 tonnes in 2001.  ATOC estimates that a total of 
7,500 tonnes of CFCs were used world-wide for MDI manufacture in 2001, including 
an estimated 1,500 tonnes used in Article 5(1) countries. 

The major alternative methods to CFC MDIs for drug delivery include: 

HFC MDIs – At least one HFC MDI is available in over 60 countries, and 30 
countries have both bronchodilator and preventative drugs approved and used in that 
country.  The number of HFC MDIs used world-wide has increased from 10 million 
in 1998 to an estimated 110 million in 2002.   

Dry powder inhalers (DPIs) – DPIs have been successfully formulated for most 
inhaled therapies, and are widely available.  They are easy to use and are preferred 
by many patients.  Their use has increased to 27 percent of inhaler units world-wide 
as new devices and formulations are introduced in new markets. 

2.3 CFC transition 

The rate of transition from CFC MDIs to CFC-free products has varied from country 
to country.  Even when new products have been introduced, the rate of their uptake 
has varied.  This has occurred for a number of reasons including price considerations, 
differences in medical practice and patient preferences.  Brand-by-brand transition 
has generally occurred at comparable prices but its success is influenced by the 
above factors.  In the European Union, the ratio of CFC MDIs to HFC MDIs to DPIs 
was approximately 1:1:1 in 2001.  

It is clear that the development of HFC MDIs and their registration and launch into 
the market is only partially effective in transition.  Parties may wish to consider 
official action (e.g. a target and timetable approach) to achieve CFC MDI phase-out.   

There has been a lack of awareness by healthcare providers regarding the need for 
change from CFC to CFC-free inhalers.  In developed countries already advanced in 
their transition process, multinational pharmaceutical companies have been more 
effective than governments and NGOs in educating healthcare providers.  This may 
also prove to be the case in developing countries and CEIT.

In several countries there is a large proportion of generic or locally produced CFC 
MDIs that are priced significantly lower than the brand name CFC MDIs and HFC 
alternatives.  Since payors (patients, purchasers, health authorities, insurance 
companies etc.) will continue to favour lower priced medicines, countries will have 
to address the means to have payors accept the CFC-free alternatives.  
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2.4 CFC manufacture 

There are currently three producers of pharmaceutical-grade CFC-11/12 in the 
European Union.  One important producer in the Netherlands will be allowed to 
continue CFC manufacture until 2005, and a second producer of CFC-11/12 in the 
European Union is currently modifying its CFC production to enable the 
manufacture of pharmaceutical-grade CFCs for supply to the United States.  At the 
current time, no CFC production has been approved as pharmaceutical-grade from 
CFC manufacture in Article 5(1) countries. 

Future CFC requirements are difficult to predict and there are a number of 
uncertainties in projecting CFC volume requirements: 

When CFC-free reformulation programmes will be completed; 
The introduction and uptake of CFC-free alternatives; 
The national determinations of non-essentiality; 
The dynamics of the market share between remaining CFC products and 
alternatives; and 
The role of existing CFC stockpiles and their transfer between MDI 
manufacturers. 

The further into the future that a company projects its CFC requirements, the greater 
is the uncertainty.  The ATOC believes that where possible, just in time production 
should be continued.  If final campaign production is required, the Decision to 
initiate should be taken as late as possible, compatible with guaranteed supply (see 
UNEP, Report of the Technology and Economic Assessment Panel, April 2002, 
Volume 1 for further discussion of the timing of campaign production). 

Although the satisfactory storage of pharmaceutical-grade CFCs for extended 
periods, e.g. 3-5 years under controlled conditions appears possible, it is not clear 
that some product would not be lost.  Nevertheless, it is not unreasonable to assume 
that up to 3000 tonnes of CFCs could be the total needed to meet the cumulative 
United States’ requirements for MDI production after 2005.  As MDI producers in 
the United States held an inventory of close to 2000 tonnes at the end of 2001 and 
other storage facilities exist, storage of this size should not pose great operational 
problems.  Similar considerations may hold for other regions/countries.  (Refer to the 
UNEP, Report of the Technology and Economic Assessment Panel Task Force on 
Collection, Recovery and Storage 2002 for further information). 

2.5 Article 5(1) countries and CEIT 

Multinational pharmaceutical producers provide the vast majority of MDIs in most 
Article 5(1) countries and CEIT.  In some countries (e.g. Brazil, Mexico), local 
manufacture accounts for some MDIs, while the majority comes from multinational 
producers.  In a few countries (e.g. People's Republic of China, Cuba and India), 
local manufacture, including that of multinational plants operating in these countries, 
supplies the majority of MDIs to the market.  Continued provision of MDIs in Article 
5(1) countries and CEIT will depend either upon import of products, or local 
production.  The local production of CFC MDIs is likely to continue for some time 
after cessation of their use in non-Article 5(1) countries and will overlap with the 
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importation of CFC-free MDIs by multinational companies (the introduction of the 
latter will require approval by regulatory authorities). 

It is important that countries collect accurate basic data on inhaler use if effective 
transition plans are to be developed.  If such data already exist, the ATOC is not 
aware of them.  Since price is such an important factor, the price of CFC alternatives 
will be a major barrier to transition, unless they are no more expensive than 
comparable CFC products. 

Those countries with CFC MDI manufacture by local companies will require an 
interventionist transition policy.  This may require assistance with the development 
of alternative formulations, modification of manufacturing plant and fulfilling of 
regulatory obligations for marketing.  This assistance may vary, depending on 
whether local manufacture is undertaken independently, or under a licensing 
agreement.  As has been the case in developed countries, an evaluation of whether 
reformulation of a specific drug is technically feasible may be needed.  This and 
similar aspects of transition policy will require input by appropriate pharmaceutical 
and technical experts in order to ensure optimal use of any development funding. 

Most countries do not have local manufacture of CFC MDIs and supply of MDIs is 
wholly or largely by import.  In those countries, national transition policies may be 
less interventionist, as in many developed countries.  Experience in developed 
countries, where the supply of CFC MDIs comes from import by multinational 
companies, is that CFC alternatives can be introduced promptly where it is feasible 
within the regulatory framework of a country (e.g. Canada). 

In Article 5(1) countries, this transition is occurring as a part of the overall phase-out 
of CFCs (with a 50 percent reduction from baseline levels in CFC consumption for 
basic domestic needs in 2005).  Competition for supply of CFC between all uses may 
compromise supply of CFCs for MDIs.  Therefore, ATOC strongly recommends that 
in order to protect patient health, MDI transition strategies be developed now, 
especially by those countries with local MDI manufacture.  The development of 
transition policies could be facilitated by a series of regional workshops. 

2.6 Sterilants 

Use of EO/CFC blends for sterilisation has been successfully phased out in most 
non-Article 5(1) countries and in some Article 5(1) countries.  Although it is difficult 
to estimate, it is believed that the global total use of CFCs in 2001 for this application 
is less than 500 metric tonnes.  Remaining world-wide use can be easily substituted, 
as there are a number of viable alternatives. 

EO/HCFC mixtures that replace EO/CFCs are mostly used in the United States and 
in countries that allow venting of HCFCs to the atmosphere.  The European Union 
has legislation restricting the use of HCFCs in emissive applications such as 
sterilisation.  In 2001, the estimated use of HCFC replacement mixtures is thought to 
be less than 1,700 metric tonnes (some 50 ODP tonnes).  Use has been reduced to 
almost one half of 1998 figures by using less mix per steriliser load, and by hospital 
conversion to other technologies. 
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Hospital units are now used more efficiently due to hospital consolidation.  When 
several hospital sites become part of a single institution, they shut down their under-
utilised sterilisers, and concentrate EO/HCFC sterilisation in one hospital.
Alternative technologies to which hospitals have converted include: use of more 
steam-sterilisable devices; more single-use devices; pure ethylene oxide sterilisers; 
and other methods that will sterilise or disinfect some of the low temperature devices 
used in hospitals.  These other low temperature processes are vapour phase hydrogen 
peroxide-plasma, steam-formaldehyde (in parts of Europe and South America), and 
liquid phase peracetic acid.

Sterilisation of medical devices can be performed in industrial settings with large 
outputs of the same item (such as manufacturers of syringes and droppers) and in 
hospitals with much smaller outputs, but with a great diversity of items.  Process 
requirements for these two settings are very different. 

Quality health care is dependent upon sterility of medical devices.  Validation of 
processes for the intended application is important to avoid either materials 
compatibility problems or deficiencies in the level of sterility.  Not every 
process/sterilant will be compatible with all products.  The nature and size of items to 
be sterilised will vary according to the user.  Some items are more robust than others 
with regard to temperature and radiation.  Thus, a number of different processes can 
be used, and each will offer specific advantages. 

2.7 Miscellaneous uses 

Ozone depleting substances have a number of miscellaneous uses of which tobacco 
expansion is the most significant.  China is believed to be the only remaining country 
to use significant quantities of CFC-11 for tobacco expansion, using about 1,000 
ODP tonnes per year.  According to decisions taken by the Executive Committee, a 
stepwise phase-out is planned by about 2007.  Based on this and the planned 
installation of alternative carbon dioxide technology in China, declining use in this 
country can be expected. 

Most remaining miscellaneous uses are believed to represent only small amounts of 
CFC use.  Miscellaneous uses are difficult to identify and to obtain good data on 
volume and use patterns.  With the phase-out of CFCs in developed countries for 
non-essential uses, the use of CFCs in miscellaneous uses in, for example, leak 
detection or solar panels, is most likely almost non-existent. 

2.8 Laboratory and analytical uses 

Typical laboratory and analytical uses include: equipment calibration; extraction 
solvents, diluents, or carriers for specific chemical analyses; inducing chemical-
specific health effects for biochemical research; as a carrier for laboratory chemicals; 
and for other critical purposes in research and development where substitutes are not 
readily available or where standards set by national and international agencies 
require specific use of the controlled substances. 

Essential uses for ODS for laboratory and analytical uses were authorised by the 
Parties to the Montreal Protocol, Decision VI/9(3).  Manufacture as highly pure 
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chemicals for final marketing in small, labelled containers was to discourage non-
essential use.  The Decision by the Parties allows marketing in blends including 
blends with more than one controlled substance. 

Decision VI/9(3) also requires that Parties report on each controlled substance and, 
that used or surplus ODS be collected, recycled and/or destroyed.  Other relevant 
Decisions include: Decision VII/11, Decision VIII/9(4), Decision IX/17, Decision 
X/19 and Decision XI/15.  This latter Decision eliminated three uses from the global 
exemption: the testing of oil, grease and total petroleum hydrocarbons in water; 
testing of tar in road-paving materials; and forensic fingerprinting.  Three Parties 
required an emergency exemption for the testing of oil, grease and total petroleum 
hydrocarbons in water for the year 2002. 

A number of Parties have now reported on the use of controlled substances for 
analytical and laboratory uses.  The European Community, Australia, the Czech 
Republic and the United States have adopted licensing systems in order to manage 
supplies into these applications.  These systems license supplies to the distributors of 
controlled substances into the laboratory and analytical sector.  Registration of the 
many of thousands of small users in this sector is generally impracticable. 

Although only few data are available for laboratory and analytical uses, it can be 
estimated that the total global use of controlled substances for these applications in 
non-Article 5(1) countries will not exceed a maximum of 500 metric tonnes.  Use in 
CEIT is unlikely to be more than a few hundred metric tonnes.  An estimate of Indian 
use of CTC of 150 metric tonnes as a laboratory reagent would indicate that up to 
500 metric tonnes could be used for analytical and laboratory uses in Article 5(1) 
countries.  An estimate for global use of controlled substances for laboratory and 
analytical uses is 1,500 metric tonnes.  This will reduce as the major uses are phased 
out through the implementation of Decision XI/15. 

In its April 2002 Report (Volume 1), the Technology and Economic Assessment 
Panel (TEAP) recommended a workshop on the elimination of controlled substances 
in laboratory and analytical uses.  Such a workshop could assemble and document 
the methods that have enabled the phase-out of uses under Decision XI/15 and 
identify remaining uses and their potential substitutes. 

2.9 Carbon tetrachloride 

Carbon tetrachloride (CTC) remains a widely available and used chemical.  The main 
uses are: 

as a feedstock for the production of other chemicals, primarily CFC-11 and CFC-
12;
as a process agent (uses are detailed in the UNEP, Report of the Technology and 
Economic Assessment Panel Process Agent Task Force, 2001);
as a solvent; 
as a laboratory or analytical chemical; and 
in miscellaneous applications. 



2002 Assessment Report of the TEAP 22

The primary source of atmospheric emissions of CTC is manufacturing plants that 
use CTC as a feedstock to produce CFCs.  These will decline in line with the phase-
out of CFC production.  Substantial reductions have been achieved recently through 
closures of CFC production facilities in Brazil and the Russian Federation.
Significant emissions result from process agent, other uses, and inadvertent 
emissions. 

CTC consumption in Article 5(1) Parties has been reported to the United Nations 
Environment Programme (UNEP) as 22,934 ODP tonnes in 1999 and 15,487 ODP 
tonnes in 2000.  CTC consumption in non-Article 5(1) Parties has been reported to 
UNEP as 2,040 ODP tonnes in 1999, rising to 4,205 ODP tonnes in 2000.  These 
data exclude reports by Parties of negative consumption, which originate where a 
Party destroys CTC or uses it as a feedstock and do not include data for 2000 from 
China.

CTC consumption for process agents and other uses in non-Article 5(1) Parties is 
low.  Decision X/14 limits the ‘make-up or consumption’ of CTC to 4,501 tonnes 
and emissions to 220.9 tonnes.  CTC consumption for process agents in Article 5 (1) 
Parties has proved very difficult to estimate.  In particular, a number of different 
applications for CTC have been reported without conclusive evidence to determine 
whether these applications are indeed process agents.  The TEAP, in its Assessment 
of the Funding Requirement for the Replenishment of the Multilateral Fund for the 
Period 2003-2005, assumed that around 8,000 ODP tonnes are used as process agents 
in uses approved by Decision X/14, but acknowledged that several thousand tonnes 
could be used in China in uses not approved by Decision X/14.

The estimate of consumption from laboratory and analytical uses of 1,500 tonnes in 
previous reports remains valid. 

If the limit for non-Article 5(1) Parties, and the data reported to UNEP for CTC 
consumption are used, then the global CTC consumption/“make-up” for process 
agent, laboratory and analytical and other uses can be estimated as a maximum of 
25,000 tonnes.  These estimates should improve as a result of studies taking place in 
India and China to identify and quantify CTC use as a process agent. 
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3. Executive Summary of the 2002 Assessment Report of the Rigid and 
Flexible Foams TOC 

3.1 Introduction

Historically, the blowing agent selection made by the foam plastics manufacturing 
industry was based heavily on CFCs. This was particularly the case in closed cell 
insulating foams.  An assortment of CFCs and other ozone depleting substances 
(Doss), including CFC-11, CFC-12, CFC-113, CFC-114, and methyl chloroform 
were used in numerous foam plastic product applications.  However, the effect of the 
phase-out process has been to create further diversification. 

The first technology transition in the early 1990s led to the introduction of 
transitional substances such as HCFCs as well as the increasing use of hydrocarbons 
and other non-ODSs. This transition is still taking place in Article 5(1) countries. In 
non-Article 5(1) countries, particularly in Europe and North America, attention is 
now firmly focused on the second phase of technology transition out of the 
transitional substances. This transition is concentrating attention on the emerging 
HFC-based technologies, although it should be stressed that much consideration is 
still being given to the optimisation of hydrocarbon and CO2 technologies1 and these 
technologies are gaining market share in several sectors. 

As before, this report details for each foam type the technically viable options 
available by each foam type to eliminate CFC and other ODS use as of 2002.  
However, by way of departure from previous reports, this review concentrates 
primarily on the transition status by product group and region and on issues affecting 
transition. Coverage of technical options per se is now located for information 
purposes within the appendices only. 

3.2 Transition Status 

Several developing countries are approaching final phase-out of CFC use in the 
foam sector. However, delays in other developing countries have limited progress 
and are threatening compliance. 

Several developed countries are currently occupied with the management of HCFC 
phase-out strategies. Approaches vary by region and a variety of challenges are 
being faced, both in terms of the readiness of replacement technologies and the 
uncertainty surrounding future product requirements and standards. 

1 Carbon dioxide or CO2 as a blowing agent in polyurethane foam can be chemically 
generated from the reaction between water and isocyanate but also added in both 
polyurethane and other foams as an auxiliary blowing agent in liquid or gas form.  The 
different options are hereafter referred to as CO2 (water), CO2 (LCD) or CO2 (GCD). 



The technical acceptability of hydrocarbons, particularly in polyurethane 
formulations, has expanded as several previous shortcomings have been overcome.
In several key sectors market penetration now exceeds 50%.

The commercial introduction of new HFC blowing agents has taken place and 
HFC-245fa and HFC-365mfc are now readily available in key transitional markets.
There is now also a better view of how HFCs will ultimately be used in practice. 
However, issues remain concerning non-flammable blends and these are receiving 
attention. Issues of responsible use are continually being reinforced to ensure that 
emissions of HFCs are minimised.

In this respect, focus has also increased on end-of-life management of foamed
products. Because of their long application lifetimes (up to 50 years), it has been 
recognised that significant ‘banks’ of ODSs still exist and, in many cases, can be 
managed. Actions are already underway in Europe, Japan and elsewhere in this 
regard.

The market share of insulation foams continues to grow against alternative 
insulation materials because of their excellent insulation efficiency and structural 
integrity. Increased concerns over climate change will continue to drive this 
growth further. 

The chart below illustrates the overall status of transition for Article 5(1) and non-
Article 5(1) countries in the rigid foam sector as at 2001. 

Rigid Foams - Breakdown of Blowing Agent by Type & Region (2001)
(Total ~220,000 tonnes)

Non-Article 5(1) - HCFCs
58.1%

Non-Article 5(1) - HCs
22.7%

Article 5(1) - CFCs
5.4%

Article 5(1) - HCFCs
6.3%

Article 5(1) - HCs
4.5%

Article 5(1) - HFCs
0.0%

Article 5(1) - Other
0.3%

Article 5(1)
16.5%

Non-Article 5(1) - Other
0.6%

Non-Article 5(1) - CFCs
0.1%

Non-Article 5(1) - HFCs
2.0%
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This chart suggests that, for the first time, the ozone depleting impact of HCFC-
based blowing agents is approaching that of on-going CFC use. The following graph 
illustrates the trend further.

Comparative Ozone Depleting Impact of Blowing Agents Used Annually
(1995-2002)
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However, the convergence is caused primarily by the on-going phase-out of CFCs 
rather than any further growth in HCFC use. As can be seen, this peaked in 2000. 

The following graph provides further analysis of some of the regional variations in 
phase-out progress and in preferred technology options: 
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Rigid Foam - Technology comparisons for selected regions as at 2001
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Zero ODP alternatives are currently the substitutes of choice in many foam types and 
applications.  The major zero ODP applications are: 

extruded polystyrene sheet with CO2 (LCD), hydrocarbons and, under certain 
circumstances, HFC-134a and/or HFC-152a; 

polyolefin with hydrocarbons; 

polyurethane packaging with CO2 (water or LCD); 

flexible polyurethane slabstock for cushioning with methylene chloride or CO2
(water or LCD) and flexible moulded polyurethane with CO2 (water, LCD or GCD), 
and methylene chloride (hot cure only); 

extruded polystyrene rigid insulation foams with CO2 (LCD), alone or with 
organic secondary blowing agents, HFC-134a /152a blends, HFC-134a and even 
HCs in specific Japanese markets;

polyurethane rigid insulation foams where energy efficiency and fire safety 
requirements can be met with hydrocarbons, HFC-134a, or CO2 (water);

polyurethane rigid insulating foams, especially in SMEs where insulating value, 
end product fire performance or processing safety considerations are important, and 
can be met with HFCs-245fa or -365mfc (and blends); 

phenolics foams with HFC-245fa or HFC-365mfc (and blends) and, in some
cases, hydrocarbons

polyurethane integral skin where skin quality requirements can be met with CO2
(water), HFC-134a, or hydrocarbons.
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CFC Alternatives

Anticipated in 2005-2010 periodFoam Type Currently in Use 
(2000/2001)

Developed Countries Developing Countries

Phenolic HCFC-141b Hydrocarbons, 2-chloropropane,
HFC-365mfc/227ea, HFC-245fa

HCFC-141b, hydrocarbons

Extruded Polystyrene

Sheet

Boardstock

Primarily hydrocarbons,
HCFCs are not technically
required for this end use

HCFC-22, HCFC-142b

CO2 (LCD), hydrocarbons, inert
gases, HFC-134a, -152a

CO2 (LCD) or with HC blends,
hydrocarbons (Japan only),
HFC-134a, HFC-152a and HC
blends

Hydrocarbons, CO2 (LCD)

HCFC-142b, HCFC-22

Polyolefin HCFC-22, HCFC-142b

Table 3-2 – Alternatives for Other Foams 

3.3 Issues Affecting Transition 

The issues affecting transition are review in detail within Chapter 2 of this Report. 
They encompass factors in both Article 5(1) and non-Article 5(1) environments.
There are several common elements and these often focus on SMEs. Key points to 
highlight at this stage are:

There is concern in some specific sectors about whether HFC technologies can be 
validated, including safety considerations with “non-flammable” blends, in time to 
support HCFC phase-out within the existing regulatory frameworks because of 
extended approval times and changing product requirements

The financial constraints of SMEs remain key factors in many transition 
strategies, both in developing and developed countries 

There remains concern among users about the possibility of a supply/ demand
imbalance for HCFC-141b once the phase-out in developed countries takes place. 
This extends to the maintenance of adequate geographic supply chains.

The sustained availability of CFC-11 at low prices continues to hinder phase-out. 

3.4 Other Significant Issues

The long historic use of CFCs in rigid foams, the long product lifetimes and the slow 
release rates of blowing agents continue to point to the existence of a significant bank 
of future CFC and HCFC emissions.  As noted under the Transition Status review 
earlier in this Summary, this is not only an issue arising from earlier practices, but is 
also impacting decisions about current and future product use. This may result in a 
greater consideration of insulation product design in buildings to facilitate removal at 
end-of-life and to encourage re-use of the building element wherever possible.  These 
issues have been identified previously by the Foams Technical Options Committee
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(FTOC) both in its own reports and those of relevant TEAP Task Forces and are 
addressed in Appendix 4 of the FTOC Assessment Report. 

For the first time in this Report, and in the interests of information dissemination, 
Appendix 2 in the FTOC Assessment report gives a comprehensive overview of the 
physical and chemical characteristics of the blowing agents together with issues that 
need to be considered when handling them. The Technical Options Committee hopes 
that this will be a valuable further dimension for readers. 
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4. Executive Summary of the 2002 Assessment Report of the Halons 
TOC

4.1 Introduction

The following sector summaries show the remarkable progress that has been made to 
significantly reduce the need for halons and discuss the current state of co-operative 
or individual arrangements to ensure adequate stocks of halons to meet future needs: 

4.2 Military 

The military sector has shown leadership in, and devoted considerable effort to, the 
identification, development and testing of suitable halon alternatives, with much of 
the benefit transferring to the civilian and commercial sectors. As a result of this 
effort, much progress has been made and HTOC is unaware of any new facilities or 
new designs of military equipment that now require the use of the halons. The 
conversion of systems in existing, in-service equipment is more challenging, but 
conversion programmes are underway or completed for several important 
applications. In other cases, very significant technical, economic and logistical 
barriers to conversion remain. To maintain Parties’ levels of national security, and 
the safety of military personnel, halon systems may need to continue in service for 
the remainder of the operational life of the equipment concerned. Halon use by the 
sector is well managed. Many organisations have established dedicated halon storage 
and recycling facilities to support Critical Use equipment for as long as is necessary. 
Future Essential Use production of additional quantities of any halon for the military 
sector should therefore not be necessary. 

4.3 Civil Aviation 

The aviation industry continues the search for acceptable replacements for halon, and 
in the meantime has eliminated or reduced emissions in testing, training, 
maintenance operations and use in ground facilities.  Progress has been achieved and 
for some applications, including systems for lavatory waste receptacles and portable 
fire extinguishers, approved replacements are available.  However, for the majority 
of in-flight applications, including systems for engine nacelles and cargo 
compartments, progress has been slow due to a combination of factors.  These range 
from industry and government reluctance to incur additional risk or expense 
associated with new systems, to the need for extensive training of personnel.  An 
active programme of work to find suitable approaches for these remaining areas 
continues, co-ordinated for the commercial aviation industry by an International 
Aircraft Systems Fire Protection Working Group open to all interested parties.  Until 
these projects reach successful conclusions, aircraft will continue to require halon for 
their fire protection and Airworthiness Certification.  To meet the needs of new and 
existing airframes certified with protection systems based on halon, recycling, 
conservation and banking of halon, will be necessary for their minimum expected life 
of some thirty years. It is strongly recommended that commercial airlines and other 
aviation users continue to implement discharge minimisation procedures and 
individually or collectively establish measures to meet their long-term needs for 
recycled halons. 
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In existing aircraft, changeover to approved halon free lavatory waste receptacle fire 
protection systems and portable fire extinguishers should be implemented in a timely 
manner. 

Given the important technical considerations, logistical needs and financial 
implications, and to ensure the safety of the aircraft crew and passengers, the 
International Civil Aviation Organisation (ICAO) would be an appropriate body to 
co-ordinate the development of a timely plan of action to eliminate the need for use 
of halon on new airframes. Certifying Agencies, Airframe Manufacturers and 
Operators will likely wish to participate in this effort.  Aircraft Operators may also 
wish to consider asking ICAO for assistance in developing a co-ordinated program to 
put in place and manage an assured supply of halon to meet the ongoing needs of 
existing airframes certified on the basis of halon fire protection. 

4.4 Merchant Shipping 

The status of halons in merchant shipping must be viewed in two different contexts: 
existing ships already equipped with halons and new ships that are not permitted to 
employ halons.  At the centre of this halon subject is the International Maritime 
Organization (IMO), which has been the cohesive force to address the halon issue in 
both contexts.  In that regard, IMO 

enacted an international ban on the use of halons aboard new ships on 
international voyages, nearly 2 years before the halt of production of halons in 
non-Article 5 countries.
developed and published approval guidelines and test methods for the systems 
using halon alternatives on shipboard applications.
developed recommended procedures for ships with discharged / depleted halon 
systems to safely move from one port to another where system replenishment is 
possible.
established, distributed and has maintained an international listing of halon agent 
replenishment sources for ships needing a system recharged. 

It is important that the marine industry closely monitors the change in availability of 
replenishment halon around the world.  This is a dynamic situation and it will only be 
through pre-planning that owners and authorities can prepare for the eventuality of a 
future halon shortage.  Parties to the Montreal Protocol, in conjunction with the 
International Maritime Organization, may wish to consider specific programs 
directed to owners of vessels to emphasise the need for continued international 
Cupertino to prepare for this potential problem. 

4.5 Oil and Gas Production 

The use of halon 1301 systems in this industry for explosion prevention (inertion) 
has been focused on inhospitable locations such as the Alaskan North Slope in the 
United States and the North Sea in Europe where facilities have had to be enclosed 
due to the harsh climatic conditions. The process areas in the production modules and 
the pumping stations face a constant threat from methane gas and crude oil leaks that 
can lead to potentially explosive atmospheres. Halon 1301 has been the agent of 
choice for mitigating this threat. When reviewing protection measures brought about 
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by the phase out of halon there are two distinct cases to consider, existing facilities 
and new facilities. Halon supplies are only a consideration for existing facilities, as 
new facilities are not being designed to use halon. 

In regions/countries where regulatory actions have forced the decommissioning of 
halon 1301 systems, companies are either stockpiling the resulting surplus (if 
permitted) or are relying on government/private halon ‘banks’ to supply their 
ongoing needs. In some cases, regulations require a company to submit their halon 
requirements to a ‘critical use’ review board to determine whether or not they can 
obtain necessary supplies. 

In regions/countries without regulatory controls on halon use, there currently appears 
to be no compelling reasons to stockpile halon as demand is being met from recycled 
supplies. Companies are making opportune buys as halon comes to market at 
reasonable cost, and larger corporations are generally maintaining stocks at the 3 to 5 
year level. However, the industry should plan for the long term to ensure that 
supplies of recycled halon are available to it for as long as will be needed. 

4.6 Explosion Suppression 

In the past, halons were used to suppress explosions in industries such as Aerosol Fill 
Rooms, Grain Silos, Paper Production and Milk Powder Processing plants. Halon 
1301, halon 1211 and halon 1011 have all been used as explosion suppression agents.
For all known applications alternatives have been developed and tested.  As a result 
all new explosion suppression systems no longer rely upon halons. 

Explosion suppression systems for Aerosol Fill Rooms are a special case.  In the 
past, halon 1301 was the standard suppression agent used in North America, whereas 
aqueous systems were employed in Europe. Since approximately 1996, the standard 
agent for new systems in North America has been water. Retrofit activity from halon 
1301 to water in North America has occurred but only to a limited extent, and 
significant conversion has not been undertaken.  This is due to the very high cost of 
replacement of the entire existing system in the facility with a new aqueous based 
system. 

4.7 Countries with Economies in Transition (CEIT)

The same technical issues and current status of selected uses of halons outlined in 
this Report also apply to all CEIT from a technical point of view. However, the 
difference is in the higher economic cost to retrofit existing halon based fire 
protection systems with alternatives, in particular in CIS. 

The installed capacity of halon 2402 in the Russian Federation is sufficient to assure 
that enough halon 2402 can be removed and recovered to meet the needs of critical 
applications.   Quantities should be sufficient to meet the critical needs of the 
Russian Federation and those CIS requiring halon 2402 for critical applications.
Parties may wish to encourage the Russian Federation government to allow export of 
recycled halon 2402 to help meet critical needs in CIS. 

There should be no further need for an “Essential Use” exemption for any halon in 
CIS. However, all CEIT governments should advise their “critical user sectors” to 
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make appropriate efforts to obtain supplies of recycled halons to support their needs. 
Recovery and recycling of halon 2402 as well as halon 1211 and 1301 is of particular 
importance in the Russian Federation. 

The need for technical training and assistance to CIS to facilitate the transfer of halon 
based fire protection towards long-term, sustainable fire protection alternative 
solutions continues. 

4.8 Article 5(1) Countries 

Halon consumption in Article 5(1) countries has been reduced significantly over the 
past few years.  Based on the current trends, the agreements between the Multilateral 
Fund (MLF) and Article 5(1) countries, and the halon production figures for the year 
2002, it seems certain that production of halon 1211 will stop in China by 2005, and 
the only remaining 1211 production may be a few hundred tonnes in South Korea.  
Similarly, total production of halon 1301 in China and South Korea will also be 
reduced to less than 300 tons from 2005 and until 2009 due to reduced demand. 

Three activities have contributed to this accelerated phase-out achievement in Article 
5(1) countries. Firstly, halon management and banking projects have substantially 
reduced the demand for halon in over 35 of the larger halon consuming Article 5 
countries. This has been achieved through a combination of awareness creating 
activities, promotion and transfer of substitute fire protection technologies, training 
courses for the fire protection industry, and halon recovery and recycling. Based on 
agreements with the Multilateral Fund, those countries will stop import of new 
halons by 2005 and will be able to cover future needs for halons through recovered 
and recycled halons. The second major activity that has enabled the accelerated 
phase-out of halons in Article 5(1) countries is the China Halon Sector Plan. The 
financial support provided by the MLF will result in the closure of halon 1211 
production by 2005 and will reduce the allowed production of halon 1301 to no more 
than 150 tonnes annually from 2006 onwards. The third activity is the halon phase-
out program for India, which has allowed India to accelerate its halon phase-out. As 
part of the MLF support to India, both halon production facilities in India have been 
dismantled. 

While the demand for new halons has been reduced to close to zero, it is also 
necessary to recognise that Article 5(1) countries, like non-Article 5 countries, will 
be depending on the availability of recycled halons for critical uses after 2005. It is 
noted that critical uses in Article 5(1) countries are the same as in non-Article 5(1) 
countries and new technologies are suitable for new installations.  As funds for 
capital expenditures are often scarce in Article 5(1) countries, retrofit of existing 
halon systems poses a particular challenge.  Any assessment of global demand for 
recycled halons should therefore also include the demand in Article 5(1) countries 
after 2005. A real or perceived shortage of recycled halons could lead to the need for 
additional production of new halons. 

4.9 Summary of progress 

The following table provides a summary of the extraordinary progress that has been 
made in the development of alternatives, replacements and new fire protection 
approaches.



Current Status of Selected Uses of Halons Halon Type Alternative Availability Impediments to Alternatives Available for Impediments to
for Existing Use Retrofit of Existing Next Generation Next Generation

Military Uses

Facilities Command Centre 1301 Alternatives Available Cost $$ Alternatives Available None
Research Facility 1301 Alternatives Available Cost $$ Alternatives Available None
Computer Centre 1301 Alternatives Available Cost $$ Alternatives Available None
Electrical Compartment 1301 Alternatives Available Cost $ Alternatives Available None

Airfield Crash Rescue Vehicle 1211 Potential Alternatives Technical Potential Alternatives Technical
Flight Line Portables 1211 Potential Alternatives Technical Potential Alternatives Technical

Aircraft Engine Nacelle 1301, 1211 or 2402 Potential alternatives Technical Alternatives Available None
Auxilliary Power Unit 1301, 1211 or 2402 Potential alternatives Technical Alternatives Available None
Dry Bay 1301, 1211 or 2402 Potential alternatives Technical Alternatives Available None
Cargo Bay 1301 Potential alternatives Technical Potential alternatives Technical
Fuel Tank Inerting 1301 Potential alternatives Technical Alternatives Available None
Lavatory Waste Receptacle 1301 Alternatives Available Cost $ Alternatives Available None
Portable Extinguisher 1301 or 1211 Alternatives Available Cost $ Alternatives Available None

Combat Vehicle Engine Compartment 1301, 1211 or 2402 Alternatives Available Cost $$ Alternatives Available None
Crew Compartmnent 1301 or 2402 Potential alternatives Technical Potential Alternatives Available Technical
Portable Extinguisher 1211 or 1301 Alternatives Available Cost $ Alternatives Available None

Surface Vessel Machinery Space 1301, 1211 or 2402 Potential alternatives Technical Alternatives Available None
Flammable Stores 1301 or 2402 Potential alternatives Technical Alternatives Available None
Electrical Compartment 1301 or 2402 Alternatives Available Cost $$$ Alternatives Available None
Command Centre 1301 or 2402 Alternatives Available Cost $$$ Alternatives Available None
Flight Line/Hangar Portable 1211 Potential alternatives Technical Potential Alternative Technical

Submarine Machinery Space 1301 or 2402 Potential alternatives Technical Alternatives available None
Diesel Generator Space 1301 or 2402 Potential alternatives Technical Alternatives available None
Electrical Compartment 1301 or 2402 Potential alternatives Technical Alternatives available None

Merchant Shipping

Vessels Machinery Space 1301, 1211 or 2402 Alternatives Available Cost $$$ Alternatives available None

Ground Transportation

Railway Locomotive Engine Compartment 1301 Alternatives Available Cost $$ Alternatives Available None
Wagons with Occupied Vehicles 1301 Potential alternatives Technical Potential Alternatives Technical

Commercial Aviaton

Aircraft Engine Nacelle 1301 or 2402 Potential Alternatives Technical Alternatives Available Regulatory Barrier
Auxilliary Power Unit 1301 or 2402 Potential Alternatives Technical Alternatives Available Regulatory Barrier
Cargo Bay 1301 or 2402 Potential Alternatives Technical Potential alternatives Technical
Lavatory Waste Receptacle 1301 Alternatives Available Cost $ Alternatives Available None
Portable Extinguisher 1211 Alternatives Available Cost $ Alternatives Available None

Airfield Crash Rescue Vehicles 1211 or 2402 Alternatives Available Cost $$ Alternatives Available None
Flightline portable 1211 Alternatives Available Cost $ Alternatives Available None

Industrial Uses

Explosion Prevention Oil and Gas Pipeline Pumping Stations 1301 or 2402 Potential Alternatives Technical Alternatives Available None
Enclosed Oil and Gas Production Modules 1301 or 2402 Potential Alternatives Technical Alternatives Available None
Aerosol Fill Rooms 1301 Alternatives Available Cost $$ Alternatives Available None
General Explosion Suppression 1011 or 2402 Alternatives Available Cost $ Alternatives Available None

General Fire Protection Computer Room 1301 Alternatives Available Cost $$ Alternatives Available None

4.10 Conclusions 

Halon fire extinguishants are no longer necessary in virtually any new installations, 
with the possible exceptions of engine nacelles and cargo compartments on 
commercial aircraft and crew compartments of combat vehicles.  The very high cost 
of replacing many existing halon systems with substitutes, replacements or other 
alternative fire protection measures continues to be a major impediment to 
eliminating continued use of halons. 

Although potential alternatives exist for both engine nacelles and cargo bays of 
commercial aircraft it is disturbing to report that new airframes are still being 
designed and certified with halons as the required fire extinguishant due to regulatory 
requirements. Parties may wish to request the International Civil Aviation 
Organization (ICAO) to act with the TEAP HTOC as a co-ordinating body in 
development of a timely plan of action to eliminate regulatory requirements for 
halons on new airframes.  Airframe Certification Agencies and Airframe
Manufacturers will want to participate in this effort.

Some Parties have enacted regulations requiring existing halon systems to be 
decommissioned and the halons from these systems destroyed. Although most halon 
1211 and a portion of halon 1301 in inventory will not be required to meet future 
needs such measures require careful planning to ensure that sufficient stocks of halon 
1301 remain available to meet future critical needs of both Article 5(1) and non-
Article 5(1) Parties.  Users that have critical halon needs should consider making
arrangements to ensure a secure supply, either individually or in partnership with 
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other critical users.  This effort would likely include obtaining the additional halon 
necessary to meet their future requirements and expansion of existing or construction 
of new secure storage facilities that would include necessary leak prevention and 
monitoring measures. 

An alternative to the creation of large halon stockpiles would be a decision to allow 
Parties to earn credits for destroyed or converted halon by technologies approved by 
the Parties.  These credits would be eligible to be carried forward for possible future 
critical uses to be approved (Article 1, Paragraph 5 allows credits for the year of 
destruction and not for future use). Such a provision would be an incentive to collect 
and destroy halons, would deter emissions from halon banks which may be found 
surplus to requirements, and could help eliminate the reluctance to retrofit of existing 
applications that results from the current oversupply of halon. A bolder strategy to 
achieve these objectives could be, through market-based approaches, such as trading 
in credits to be obtained by destruction of halons or allowing such credits to be used 
for essential/critical uses of other ODS. 

The HTOC will invite TEAP and its other TOCs to consider the potential advantages 
and disadvantages of such an approach to other ODS use sectors. 

In 2003, the Halon Technical Options Committees will further explore options to 
reduce halon emissions. 
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5. Executive Summary of the 2002 Assessment Report of the Methyl 
Bromide TOC 

5.1 Introduction 

The Methyl Bromide Technical Options Committee (MBTOC) was established by 
the Parties to the Montreal Protocol on Substances that Deplete the Ozone Layer to 
identify existing and potential alternatives to methyl bromide (MB).  This 
Committee, in particular, addresses the technical feasibility of chemical and non-
chemical alternatives for the current uses of MB, apart from its use as a chemical 
feedstock.

MBTOC reports to the Technology and Economic Assessment Panel (TEAP) which 
advises the Parties on scientific, technical and economic matters related to the control 
of ozone depleting substances and their alternatives.  MBTOC members have 
expertise in the uses of MB and its alternatives.  At December 2002 MBTOC had 34 
members; 10 (29%) from developing and 24 from developed countries and coming 
from 9 Article 5(1) and 10 non-Article 5(1) countries respectively. 

5.2 Mandate and Report Structure 

Under Decision XI/17, taken at the ninth Meeting of the Parties to the Protocol in 
1997, the Parties requested the Assessment Panels, to update their 1998 Assessment 
reports and submit them to the Secretariat for consideration by the Open-Ended 
Working Group and by the fifteenth Meeting of the Parties in 2003. 

This MBTOC 2002 Assessment reports on MB usage; the quantities produced and 
consumed; existing and potential alternative treatments for uses as a soil fumigant; as 
a fumigant of durable commodities and structures; and as a fumigant for quarantine 
and pre-shipment (QPS). 

In addition, the report provides sections in response to Decision IX/5(1e) and also on 
methods for reducing MB emissions. Decision IX/5(1e) notes that, in the light of an 
assessment to be made by the Technology and Economic Assessment Panel, the 
Meeting of the Parties shall decide in 2003 on further specific interim MB reductions 
in Article 5(1) Parties for the period beyond 2005. To aid this assessment, 
information is provided on the extent to which alternatives have been tested and 
evaluated in Article 5(1) countries, and the results of demonstration projects which 
examined efficacy with respect to target pests, ease of application, availability, 
relevance to climatic conditions, soils and cropping patterns found in Article 5(1) 
regions.

5.3 General Features of Methyl Bromide 

MB is a fumigant that has been used commercially for more than 50 years to control 
pests such as fungi, bacteria, soil-borne viruses, insects, mites, nematodes and 
rodents.  It has sufficient phytotoxicity to control many weeds and seeds in soils.  
MB is used mostly for soil fumigation, a lesser amount is used for disinfestation of 
durable and perishable commodities and some is used for disinfestation of buildings, 
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ships and aircraft, and other miscellaneous uses. It has well established uses for 
quarantine and pre-shipment treatment of a diverse range of pests and diseases. 

It has features that make it a versatile material with a wide range of potential 
applications.  In particular, it is a gas that is quite penetrative and usually effective 
over a broad range of temperatures.  Its action is usually sufficiently fast and it airs 
rapidly enough from treated systems to cause relatively little disruption to commerce 
or crop production. 

Methyl bromide was listed under the Montreal Protocol as an ozone depleting 
substance in 1992.  Control schedules leading to phase-out were agreed in 1995 and 
1997.  There are a number of concerns apart from ozone depletion that have also led 
countries to impose restrictions on its use.  These concerns include residues in food, 
toxicity to humans and associated operator safety and public health, and detrimental 
effects on soil biodiversity.  In some countries, pollution of surface and ground water 
by MB and its derived bromide ion are also concerns. 

5.4 Production and Consumption 

The latest year for which production and consumption estimates are available is 
2000. MBTOC used primarily the data reported by Parties to the Ozone Secretariat to 
estimate total production and consumption. Data gaps were filled by using data from 
the previous reported year. 

MB production trends 

Global MB production for all uses (including QPS and feedstock) in 1998, as 
reported to the Ozone Secretariat, was about 75,200 metric tonnes.  Ozone 
Secretariat reports indicate that global MB production for controlled uses (i.e. 
excluding QPS and feedstock) was at least 62,750 tonnes in 1998. This data set is not 
complete and other sources indicate that it was somewhat higher.  Production for 
controlled uses was reported to be at least 49,560 tonnes in 1999 and about 46,050 
tonnes in 2000.  The reductions reflect primarily the production controls 
implemented in non-Article 5(1) countries. Most MB production occurs in the USA 
and Israel.



2002 Assessment Report of the TEAP 39

MB consumption trends 

Parties reported MB consumption of about 60,200 tonnes in 1998 (excluding QPS), 
although some sources indicate higher consumption.  On the basis mainly of Ozone 
Secretariat data, MBTOC estimated that, for controlled uses, at least 49,170 tonnes 
MB was consumed in 1999 and at least 45,360 tonnes in 2000. Although the data set 
is incomplete, the data at country level indicates MB consumption has been reduced 
in non-Article 5(1) counties in line with the Protocol requirements. 

Controlled MB consumption in Article 5(1) countries rose from about 8,460 tonnes 
in 1991 to about 17,600 tonnes in 1998, representing an increase of 15% per year on 
average. However, since 1998 the consumption has decreased at an average rate of 
about 5% per year (1998-2000).  Based on Ozone Secretariat data reported so far, 
MBTOC estimated the total Article 5(1) MB consumption to be around 16,440 
tonnes in 2000. Between 1998 and 2000, national MB consumption fell by more than 
20% in some Article 5(1) countries, but increased significantly in others. 

As at December 2002, the Multilateral Fund had approved 38 MB phase-out projects 
that are designed to eliminate almost 8,000 tonnes of MB in Article 5(1) countries.  
The projects are scheduled to phase out about 75% of this before 2006. The speed of 
planned MB reductions depends on a variety of factors, such as the initial 
consumption level, MB uses/crops and national policies. In the 15 countries that plan 
full phase-out, MB is scheduled to be reduced at an average annual rate of about 
22.5% per year, in a total of 4.4 years on average (range 3-6 years).  This includes 
countries that are small, medium and large MB consumers.

A number of additional MB phase-out projects are under development by the MLF 
and other organisations. The existing and anticipated projects are due to lead to the 
phase-out of about 10,000 tonnes MB before about 2007, eliminating more than 50% 
of the peak consumption in Article 5(1) regions. 

A MBTOC survey of ozone offices and national experts in 2001/2 provided 
information on the breakdown of MB uses in major MB-consuming countries.  In 
2000, an estimated 67% was used for soil and 33% for commodities/structures, 
including QPS. 

5.5 Methyl Bromide Emissions 

Under current usage patterns, the proportions of applied MB eventually emitted to 
the atmosphere are estimated by MBTOC to be 40 - 87%, 85 - 98%, 69 - 79% and 90 
- 98% of applied dosage for soil, perishable commodities, durable commodities and 
structural treatments respectively. These figures, weighted for proportion of use and 
particular treatments, correspond to a range of 50 - 87% overall emission from 
agricultural and related uses, with a best estimate of overall emissions of 73%, or 
40,515 metric tonnes based on production of 55,500 tonnes in 2000. 

5.6 Methyl Bromide Control Measures 

The current control measures, agreed by the Parties at their ninth Meeting in 
Montreal in September 1997, can be paraphrased as: 
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For non-Article 5(1) Parties operating under the Protocol (developed countries) a 
25% cut in production and consumption, based on 1991 levels, from 1 January 1999, 
a 50% cut from 1 January 2001, a 70% cut from 1 January 2003 and phase out by 1 
January 2005 with provision for exemptions for any critical uses.  A freeze on MB 
production and consumption based on 1991 levels already applies from 1 January 
1995.

For Parties operating under Article 5(1) of the Protocol (developing countries) a 20% 
cut in production and consumption, based on the average in 1995-98, from 1 January 
2005 and phase out by 1 January 2015 with exemptions for any critical uses.  There 
is also a freeze on MB production and consumption based on 1995-98 levels from 1 
January 2002 which was agreed at the ninth Meeting of the Parties in 1997.

The Protocol provides an exemption under Article 2H para. 6 for all Parties for the 
amounts of MB used for QPS purposes.  Additionally, certain uses of MB may be 
allowed exemptions from phase-out after 2005 if they are deemed to meet the criteria 
for ‘critical uses’ defined by the Parties. 

5.7 Alternatives to Methyl Bromide 

Definition of an alternative 

MBTOC defined ‘alternatives’ as those non-chemical or chemical treatments and/or 
procedures that are technically feasible for controlling pests, thus avoiding or 
replacing the use of MB.  `Existing alternatives’ are those in present or past use in 
some regions. `Potential alternatives´ are those in the process of investigation or 
development. 

MBTOC assumed that an alternative demonstrated in one region of the world would 
be technically applicable in another unless there were obvious constraints to the 
contrary e.g., a very different climate or pest complex. 

MBTOC is not required in its terms of reference to conduct economic studies on MB 
and alternatives.  Additionally, it was recognised that regulatory requirements, 
environmental issues and social constraints may make an alternative unavailable in a 
specific country or region. MBTOC did not omit alternatives from consideration on 
such grounds.

Availability of alternatives 

MBTOC could find no existing technical alternatives for about 3200 tonnes of MB 
per annum used for non-QPS treatments. Based on this relatively small consumption 
of MB and bearing in mind the above definition of an alternative, there are existing 
alternatives for more than 93% of current consumption of MB, excluding QPS.  
Significant effort must now be undertaken to transfer, register and implement these 
alternatives and to optimise their use. 

While an alternative may be technically appropriate as an MB replacement for a 
given situation, it may not be available in practice. For example, registration is a 
major constraint affecting the availability of certain alternatives, particularly novel 
chemicals or chemicals applied to new uses. .  In many countries, the pesticide 
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registration process requires the generation of a substantial amount of health and 
safety data.  The potential health and environmental risks must be assessed 
thoroughly and appropriate mitigation controls put in place before an alternative can 
be registered. Overall, the registration and approval process is often costly and 
protracted, with the outcome uncertain from the point of view of the potential 
registrants. In addition, the market size for a particular MB application may be too 
small to justify the commercial risk and investment involved. These problems are 
particularly noted where use on foodstuffs is involved and registration costs are high, 
such as with MB alternatives for many postharvest applications, including QPS. 
However, some countries have registered some alternatives in recent years and some 
large MB-volume consuming countries are currently considering registration for 
additional alternatives.  There is the possibility that further registrations for use will 
be completed prior to 2005 phase-out in some non-Article 5(1) countries. 

Alternatives for soil treatments 

The reduction in consumption of MB for soil fumigation has been the major 
contributor to the overall reduction in global consumption of MB as most non-Article 
5(1) countries have met or exceeded the 50% reduction schedules for soil use agreed 
under the Montreal Protocol. 

Since the 1998 MBTOC Report, clearer trends have developed in the adoption of 
alternatives to replace MB as a preplant soil fumigant. These include alternatives that 
either provide broad-spectrum control of pests, diseases and weeds (e.g. chemicals 
and their combinations, steam and solarisation) or cultural practices which avoid the 
need for MB. 

MB used alone, or in mixtures with chloropicrin, is still being used for preplant soil 
disinfestation to manage a similar range of crop/pathogen complexes to those that 
were recorded in the 1998 Report.  The major crops for which MB is still widely 
used in some regions include; cucurbits, pepper, tomatoes, perennial fruit and vine 
crops, cut flowers and bulbs, strawberry fruit and turf.  MB may also be used in the 
production of propagation material for forests, fruit and vine crops, strawberries, 
ornamental trees and tobacco. 

Although significant progress in alternatives to MB has been made since the 1998 
report, MBTOC recognises that the complexity of soil pathogen and weed problems 
in different countries and the diversity of environments in agriculture require the 
continued development and adaptation of non-chemical and chemical methods. 
Further investment in research and technology transfer will be necessary to 
implement alternative pest management systems effectively in all countries. 

Feasibility and adoption of alternatives to MB may be affected by local availability, 
registration status, market requirements, costs, labour inputs and efficacy against 
pests, disease and weed complexes and, in some cases, by reduction of crop yield or 
quality. Alternatives need to demonstrate sufficient efficacy and yields over several 
seasons, before confidence is obtained for their commercial use.  

To date, reductions in the amount of MB used for soil disinfestation have been 
achieved mainly by the adoption of transitional strategies and to a lesser extent by 
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adoption of alternatives in non-Article 5(1) countries. In Article 5(1) countries 
reductions have been made largely by adopting alternatives.  

The main transitional strategies used include:  

MB/chloropicrin mixtures with lower concentrations of MB, the use of lower 
doses of MB and/or to a lesser extent the adoption of barrier films. 

Less frequent fumigation. 

The major alternatives adopted to offset the use of MB include: 

Fumigants and other chemical pesticides applied alone or as mixtures. 1,3-
dichloropropene (1,3-D) and mixtures of 1,3-dichloropropene/chloropicrin (1,3-
D/PIC) are the most common fumigant alternatives being adopted, followed by 
metham sodium, dazomet and chloropicrin used alone. Combinations of 1,3-D, 
PIC, metham and dazomet, with or without additional herbicides and fungicides, 
or other non-chemical alternatives have been proven as effective as MB in 
research trials, but need further commercial validation.  

Solarisation, alone or combined with biofumigation, has gained wider acceptance 
to replace MB in areas with hot climates and where it suits the cropping season 
and the pest and disease complex.  

Steaming is being adopted for high value crops grown in protected agriculture 
e.g. greenhouses, particularly when quick turn around times are required or where 
fumigant use is impractical.  

Soilless culture is a rapidly expanding cropping practice, primarily for protected 
agriculture, which has offset the need for MB, especially in some floricultural 
crops, vegetables and seedling production.  In particular, flotation systems, based 
on soilless substrates and hydroponics, have replaced over 80% of MB for 
tobacco seedling production worldwide. The adoption of this technique is 
currently expanding into cut flower and some vegetable production.  

Grafting, resistant rootstocks and resistant varieties are commonly used practices 
to control soilborne diseases in vegetables, flowers and fruit trees and are being 
more commonly adopted as part of an integrated pest control system.  Although 
grafting is used widely to control specific diseases of many crops for which 
methyl bromide is still used, MBTOC did not have the data to determine the 
extent to which these practices have replaced MB for soil disinfestation.

In addition to the above specific technologies, integrated pest management (IPM) 
strategies have also been developed for control of pests, diseases and weeds using 
combinations of a range of other chemical and non-chemical alternatives.  IPM 
strategies have been developed for specific pests, climatic regions and soil types 
but further development is required in many countries, before IPM can be 
expected to provide the broad spectrum control that is presently achieved by MB. 

Potential alternatives include: 
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Methyl iodide, propargyl bromide and sodium azide which have each been 
demonstrated in research trials to be effective as direct replacements for MB in 
some cropping systems where MB is currently used.   

Biological control agents, organic amendments, and incorporation of green
manures into the soil, have been subjected to a considerable amount of research 
and have a role in integrated systems. Significant advances in the use of these 
techniques have been accomplished for the control of soilborne diseases in 
horticultural crops. There are specific crop/pest combinations where green 
manures have successfully replaced MB when combined with other methods, 
particularly solarisation. 

MBTOC estimates that the reductions in MB consumption from 1991 baseline 
consumption for non-Article 5(1) Parties for soil fumigation result from mainly from 
transitional strategies (about 30% of the reduction), use of alternative fumigants and 
chemical treatments (10%) and use of soilless systems (5%). Other measures, 
steaming and solarisation, account for less than 1% of the present reduction in use, 
though they are important as alternatives in some particular situations.  

Projects in Article 5(1) countries have demonstrated that a similar range of 
alternatives to those in non Article 5(1) countries can be successfully adopted. Costs 
and different resource availability can lead to preference for different alternatives in 
Article 5(1) compared to non-Article 5(1) countries. 

Research has not yet determined conclusively that MB can be replaced in certain 
production systems to give similar outcomes, notably certain perennial crops and 
some other replant situations, and production of certain propagation materials 
meeting legislated requirements for pest-free status.  Also, several diseases of certain 
crops are proving difficult to control, including root rot of ginseng in China and a 
soilborne virus (cucumber green mottle mosaic virus) in Japan. Since the 1998 
Report, MBTOC has revised its estimate of the annual quantity of MB required for 
these difficult situations world-wide from 2500 to 3000t. 

Alternatives for treatment of durables, wood products and structures (non-QPS) 

Durables are commodities with a low moisture content that, in the absence of pest 
attack, can be safely stored for long periods. They include foods such as grains, dried 
fruits, cocoa beans, animal feeds and non-foods such as wood products, wool, cotton, 
and tobacco. Wood products include artefacts and other items of historical 
significance; unsawn timber, timber products and bambooware; wooden packaging 
materials and manufactured articles. All these commodities may sometimes be 
treated at present with MB for control of insects and other pests. 

Structures include entire buildings and portions thereof, including mills,  food 
production and storage facilities, and   transport vehicles, including ships, aircraft, 
freight containers and other vehicles, These all may all sometimes  be treated  with 
MB to control stored product or wood destroying insects, rodents and other pests. 

It is estimated that approximately 15% of the annual world non-feedstock usage of 
MB is for the disinfestation of durable commodities and about 2.5% for structures. 
MBTOC estimates that 5-10% of controlled MB usage for durables has been 
replaced since 1998.
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There are several existing alternatives to MB for disinfestation of durable 
commodities and structures, though MB may be used in preference because of 
traditional practice, perceived reliability or speed of action, or for contractual 
reasons. The principal alternatives in use for durables are phosphine, heat, cold and 
contact pesticides; for wood products, they are sulphuryl fluoride, chemical wood 
preservatives, and heat; for structures, they include sulphuryl fluoride, and heat. The 
choice of appropriate alternatives is dependent on the commodity or structure to be 
treated, the situation in which the treatment is required, the accepted level of 
efficacy, the desired speed of action required and the cost, and registration status of 
alternatives.

There are a small number of current non-QPS uses of MB for which MBTOC did not 
identify any existing alternatives.  For durables, these are: disinfestation of fresh 
chestnuts, disinfestation of fresh walnuts for immediate sale, stabilisation and 
disinfestation of high moisture fresh dates, elimination of seed-borne nematodes from 
alfalfa and some other seeds for planting, and control of organophosphate-resistant 
mites in traditional cheese stores.  In treatment of mills and food processing facilities 
where IPM systems have not proved adequate, or are very difficult to implement, and 
where heat treatment is not feasible, it may be necessary to resort to occasional use of 
MB. In addition there is no recognised alternative for control of fungi in historical 
structures. The total requirement of MB for these uses is unlikely to exceed 150 
tonnes per annum. 

Phosphine is the only available in-kind alternative extensively used on durables. 
Cylinder-based formulations are now available in several countries.  Phosphine has 
the potential to act as a direct substitute for MB in many situations but can also act as 
a component of an IPM process to avoid MB use.  Its action against pests is much 
slower than MB, particularly at low temperatures. Insect populations are capable of 
developing resistance to phosphine more readily than MB. There are continued 
concerns over potential corrosion of some metals and electronic components that 
impact acceptability of phosphine as an MB alternative for some structural 
fumigations.   

There are several other chemicals that may have some potential as alternatives for 
MB, but the small market size, and consequent poor return for investment for 
registrants, limits prospects for their availability.  This is particularly a problem for 
durable and QPS treatments, due to the wide variety of commodities involved. In 
addition fumigants require specialist training to achieve adequate standards of safety 
and efficacy. Although hydrogen cyanide was once widely used for treatment of 
structures and durable commodities, its availability and limitations related to health 
and safety issues inhibit its immediate substitution for current uses of MB in many 
countries. Ethyl formate, carbon bisulphide, propylene oxide and ethylene oxide have 
been or are useful in selected situations.  Sulphuryl fluoride is used for controlling 
wood destroying pests in residences, other buildings and wood products and 
registration is being sought in the US and Europe for commodities.  Carbonyl 
sulphide is under consideration in Australia for registration for use on various 
durable commodities. 

Treatment with controlled atmospheres (CA) based on carbon dioxide or nitrogen 
offers an alternative to fumigation for insect pest control, but while the growth of 
fungi is inhibited in the atmosphere, growth resumes after treatment. MB has been 
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replaced in many countries by CA for disinfestation of artefacts. High pressure CO2
acts even more rapidly than MB and is an alternative for some export situations, 
though installation costs are relatively high. CA at normal pressure is much slower 
acting than MB except at elevated temperatures.  

Vacuum technologies using low cost plastic enclosures have recently been 
commercialised. These simple systems provide a means of holding an insecticidal 
low oxygen atmosphere at low cost, and also they aid the effectiveness of some 
fumigants. 

Where registered for use, synthetic pesticides including contact insecticides and 
insect growth regulators may provide persistent protection against reinfestation. 
Dichlorvos where registered, can provide a rapid control of externally feeding insect 
stages in grain. Contact insecticides are not normally registered for use on processed 
food commodities or dried fruit, nuts and cocoa beans. Botanical compounds, such as 
plant powders, extracts and oils have minor and traditional applications as 
insecticides in Article 5(1) countries.

Physical methods of insect control, including mechanical measures during handling 
and processing, cold, heat and irradiation treatments, offer further potential as non-
chemical alternatives in individual circumstances. Cold treatments are now used on 
their own in specific situations or, more commonly, as part of IPM systems for stored 
products and artefacts.  Heat treatment technologies are increasingly used for 
structures and some commodities and match the speed of treatment afforded by MB 
and other fast-acting fumigants.  Heating can also assist other treatments, for 
example fumigants, controlled atmospheres and inert dusts. Inert dusts such as those 
based on diatomaceous earth can provide effective pest control in dry grain and as 
part of an IPM program in structures. 

Alternatives evaluated in Article 5(1) countries – Response to Decision IX/5(1e) 

Several MB alternatives have been selected in Article 5(1) countries for extensive 
adoption as part of MB phase-out (investment) projects, following successful 
demonstration projects, and progress in MB reductions in Article 5(1) regions. 

By December 2002 the Multilateral Fund (MLF) had approved a total of 232 MB 
projects in more than 63 countries.  This included 44 demonstration projects for 
evaluating and customising alternatives, 38 MB investment projects for phasing-out 
MB and 150 other projects for information exchange, awareness raising, policy 
development and project preparation. Further MB replacement activities have been 
funded directly by Article 5(1) countries and/or agricultural producers, bilateral 
assistance and the Global Environment Facility. 

MB phase-out projects approved to December 2002 are scheduled to eliminate major 
uses of MB in 35  Article 5(1) countries.  The projects aim to achieve the widespread 
commercial adoption of alternatives that were found effective during demonstration 
projects and/or used in similar climates and conditions in other countries. 

Demonstration projects have been carried out in Article 5(1) countries using a wide 
range of chemical and non-chemical alternatives, in diverse situations, climates, soil 
types and cropping systems, and for many different types of MB users, ranging from 
small producers with less than 0.5 ha, to medium and large producers, who produce 
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under low, medium and higher levels of technical sophistication (which does not 
necessarily correlate with size of operation).

Twenty-nine demonstration projects evaluated and customised alternatives in the soil 
sector, covering all the MB-using major crops in Article 5(1) regions, (tomato, 
cucumber, pepper, strawberry fruit, melon, cut flowers, nurseries and tobacco 
seedbeds).  About 16 of the projects (completed and on-going) evaluated alternatives 
for post-harvest uses of MB, such as on stored grains, pulses, peanuts, seeds and 
dates.

The completed demonstration projects to date show that for all locations and all 
crops or situations tested, except control of ginseng root rot and stabilisation of high-
moisture fresh dates, one or more of the alternatives have proven comparable to MB 
in their effectiveness in the control of pests and diseases targeted in the projects in 
these Article 5(1) countries. In many cases, combined techniques have provided more 
effective results than individual techniques, particularly when they are part of an 
integrated pest management (IPM) program.   

The results indicate that particular attention needs to be paid to appropriate, effective 
application methods.  Adapting the alternatives to the specific cropping environment 
and local conditions is essential to success. For example, local materials such as 
coconut coir and rice hulls have made it possible to adapt substrate systems that 
would normally have required know- and how technically-demanding materials (e.g. 
rockwool)not widely available in developing countries.  These demonstration 
projects also showed that the tested alternatives could be introduced into an Article 
5(1) country and adapted successfully within 2-3 years, in some cases even including 
registration of pesticide products. 

The main techniques found effective in demonstration projects and/or being 
implemented in follow-up investment projects for the main MB-using crops/uses are: 

Tobacco seedbeds:  The soilless float system is an effective MB alternative, 
applicable to most regions where tobacco is grown.  Countries now implementing 
MB phase-out projects in tobacco have primarily chosen to adopt float systems. 
Their use is increasing in countries like Brazil, Cuba, Zimbabwe, Argentina, 
Macedonia and Croatia, and has very good potential in China. In some countries, 
effective results in tobacco seedbeds were also achieved with dazomet and dazomet + 
solarisation.

Cut flowers: Steam + IPM, metham sodium, substrates, and dazomet were all 
identified as effective alternatives to MB in diverse conditions. Countries 
implementing phase-out projects in the cut-flower sector have chosen to adopt these 
same treatments. Steam with organic amendments is used commercially in, for 
example, Colombia. Commercial adoption of substrates in greenhouse flower 
production is increasing in Colombia, Brazil, Ecuador and many other countries.  

Tomato, cucumber, melon, peppers, eggplant and other vegetables: The
demonstrations identified solarisation + biofumigation, solarisation + metham 
sodium or dazomet, and grafting as treatments with effects comparable to MB for the 
control of soilborne pests and diseases. Examples of commercial use include 
solarisiation + metham and solarisation + biofumigation in tomato and pepper 
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production in Uruguay. Solarisation with biofumigation is widely used by tomato and 
cucumber growers in the Jordan Valley. Use of grafted tomato plants + IPM is now a 
common practice among farmers in Morocco and is being introduced in Lebanon.
Countries who are implementing MB phase-out projects for vegetables/melons have 
chosen to adopt alternatives such as substrates, grafted plants, direct seeding, 
solarisation combined with fumigants or organic matter or biofumigation, and steam 
+ biocontrol agents. 

Strawberries (fruit production): Demonstrations identified metham sodium, 
dazomet, solarisation and combinations of these as effective alternatives to MB under 
Article 5(1) conditions. Solarisation alone or in combination with biofumigation or 
Trichoderma was reported as having high potential for commercial adoption in 
Turkey. Dazomet + 1,3-D and chloropicrin are being adopted commercially in some 
CEIT countries. Countries that are implementing MB phase-out projects in the 
strawberry sector have chosen to adopt alternatives such as solarisation combined 
with metham sodium or with manure and Trichoderma. Biofumigation + 1,3-D and 
steam have also been selected, the precise combination of techniques depending on 
the climate, the soil type and target pests, as for all other crops.

Banana and fruit trees: Dazomet has proved an efficient alternative to MB for 
controlling Moko disease of bananas. This chemical is now widely used 
commercially in banana plantations (e.g. in Colombia and the Philippines). Countries 
who are implementing MB phase-out projects for banana plan to adopt combinations 
of steam, 1,3-D, metham sodium or solarisation. For fruit trees Article 5(1) countries 
plan to adopt alternative fumigants + selected chemicals for replant problems, and 
steam or steam + biocontrols for fruit tree nurseries. 

Stored products (durables): Many former storage uses of MB in Article 5(1) 
countries have already been replaced by phosphine, as noted in previous MBTOC 
reports. In most cases the current choice of alternative treatments lies between 
phosphine, carbon dioxide, combinations of these gases with raised temperatures and 
high or low pressures, other modified atmosphere systems, heating, and vacuum-
hermetic treatments. While the limited choice at present is strategically undesirable, 
the range of available alternatives is expected to increase in future. However, the 
techniques available at present can achieve effective (non-QPS) disinfestation of 
almost all stored products without recourse to MB.  

The completed demonstration projects identified one or more technically effective 
alternatives to MB for all the stored products tested, except high moisture fresh dates. 
Projects generally concluded that alternatives should be implemented together with 
integrated commodity management (IPM) programmes.   

The projects found that phosphine was technically effective against target pests in 
stored wheat, maize, rice, peanuts for seed, spices and dried fruit. The demonstration 
project in Egypt concluded that phosphine (combined with improved gastightness) is 
an effective alternative for grains in bag stacks, silos and warehouses. Vacuum-
hermetic treatments were found to provide an effective treatment for cocoa beans in 
Côte d’Ivoire. Modern hermetic storage has been recently adopted commercially in 
the Philippines for stored grains.
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Countries that are implementing MB phase-out projects have chosen to adopt 
phosphine with integrated commodity management (ICM) for stored wheat, maize 
and peanuts.  For dried fruits they have chosen carbon dioxide with raised 
temperature. 

The projects described above show that substantial progress has been made in the 
identification of suitable alternatives in Article 5(1) countries. They indicate that it 
will be technically feasible for Article 5(1) countries to make substantial reductions 
in MB use.  Experience with demonstration and investment projects to date, such as 
those supported by the Multilateral Fund, indicate that the many technical, climatic, 
social and economic barriers to MB alternatives can be successfully overcome in 
diverse Article 5(1) regions and that alternatives can be adopted within a relatively 
few years. Commercial availability of certain alternatives for application in Article 
5(1) countries is of continued concern.

Alternatives to methyl bromide for quarantine and pre-shipment applications 
(perishables, durable commodities and structures)

Many perishable and durable commodities in trade or storage lose quality and value 
when they are attacked by pests such as insects, mites and fungi.  These commodities 
may also carry pests and diseases that can be a threat to agriculture, health and the 
environment.  There are a wide variety of QPS measures that can be taken so that any 
potential losses and risks can be mitigated, including fumigation with methyl 
bromide (MB) or the use of a range of alternatives to MB.  

For quarantine and pre-shipment purposes, MB fumigation is currently a preferred 
treatment of commodities in trade world-wide, particularly for insect pest control, as 
it has a well-established, successful reputation amongst plant regulatory authorities. 
MB may also be approved for QPS treatments of snails, nematodes, other 
invertebrate pests, some fungi, and vertebrate pests. Mandatory MB treatments may 
be required if the pest present is of quarantine concern, and particularly if it is 
difficult to detect but there is a risk it is present.  In some cases, MB may be used for 
devitalisation as well as for disinfestations (e.g. for some cut flower types). 
Quarantine pests, detected in a country or region previously free of them, can result 
in considerable cost caused by restriction of exports, eradication measures and 
implementation of disinfestation treatments if eradication is not achievable. 

Article 2H exempts MB used for quarantine and pre-shipment (QPS) treatments from 
phase-out, while Decision VII/5(c) urges Parties to adopt recapture technology for 
QPS applications. The European Community is one of the few Parties that has placed 
conditions additional to those under the Protocol on MB consumed for QPS, 
including a cap on the amount that can be used and further reporting requirements.  
Japan has mandated application of coloured labels to the cylinders to differentiate 
MB used for QPS or non-QPS. 

TEAP reported previously that approximately 22% of MB global consumption was 
used for QPS treatments.  As requested by the Parties in Decision XI/13, MBTOC 
will inter alia undertake a survey in 2002 and report in the 2003 on the consumption 
and use of MB for QPS treatments. 
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MBTOC categorised thirteen different categories of alternative treatments such as 
heat, cold and irradiation that are approved by regulatory agencies as QPS treatments 
in one or more countries for disinfestation of perishable and durable commodities. 
Only a small proportion of commodities in commercial trade are treated in the export 
country using these alternatives as most countries have specific requirements for 
proving the efficacy for each commodity-pest combination.  Post-entry alternative 
treatments used by the importing country are particularly problematical because 
many alternatives have neither been approved for treating a specific product on 
arrival, nor are they easy to implement.  To solve this problem, development of a 
range of alternatives is urgently needed to cope with a large and highly varied 
volume of produce entering via multiple air and sea ports.  Such treatments would 
need to be able to treat perishable commodities quickly to avoid congestion at busy 
ports and, for perishable commodities, allow the product to be placed on the market 
within a few hours of receival. 

Alternatives to MB for quarantine treatments are difficult to develop and 
commercialise.  The success of any replacement for MB depends on a number of 
factors that include: proven treatment efficacy; commodity tolerance; equipment 
design and commercial availability; regulatory approval, often including bilateral or 
multilateral agreements; cost competitiveness; and technology transfer, logistical 
capability and ease-of-use.  Given all of these factors, the time from conception to 
implementation of an alternative disinfestation treatment as a quarantine treatment 
for perishable and durable commodities can vary from 2 to more than 10 years, 
depending mainly on the technical difficulties. On the other hand, a pre-shipment 
treatment that, by definition, target non-quarantine pests may require less time for 
implementation if the proposed treatment is non-chemical, but it could be equally as 
long as a quarantine treatment if registration for use on foodstuffs is necessary. 

Existing alternatives to MB for QPS treatment of perishable and durable 
commodities are based on (1) pre-harvest practices and inspection procedures; (2) 
non-chemical (physical) treatments; and (3) chemical treatments.   

For perishable products, pest control based on pre-harvest practices must describe the 
cultural techniques leading to pest reduction, they must have an agreement on the 
area of the pest-free zones, and be subject to inspection in order to receive 
certification.  In these cases, regulatory approval depends on a number of factors 
including knowledge of the pest-host biology, evidence of commodity resistance to 
the pest, trapping and field treatment results, monitoring of pests and diseases, and 
careful documentation.  Some countries must also maintain a pest-free zone free of 
pests by placing restrictions on the movement of commodities into the zone and/or by 
disinfesting vehicles and commodities that are categorised as high risk before or on 
entry.

Non-chemical treatments kill pests by exposure to changes in temperature and/or 
atmospheric conditions, or high energy processes such as irradiation and 
microwaves, or physical removal using air or water jets.  Often a combination of 
these is required to kill pests or pest complexes because they can tolerate a single 
treatment.  Chemical fumigation QPS treatments are often technically feasible for 
both perishable and durable foodstuffs, but the range of chemicals is limited at 
present mainly because companies are reluctant to make submissions for registration 
due to the high costs of demonstrating compliance with health and safety standards 
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and small market for the product.  For non-foodstuffs (e.g. timber, cut flowers) that 
require a lesser investment in testing, alternative chemical treatments may be less 
expensive to develop. 

For each category of alternative to MB, MBTOC noted country-specific regulatory 
agency approval for specific perishable and durable commodities or several 
commodities within a class (e.g. citrus): 24 heat treatments for 15 perishable 
commodities (babaco, cucumber, citrus, mango, papaya, bell pepper, eggplant, 
grapefruit, melon, narcissus, pineapple, squash, sweet potato, tomato and zucchini) 
and 33 heat treatments for 12 durable commodities (animal feed, bagasse, bulbs, 
grain, maize, horseradish, museum artefacts, packing material, rice straw and hulls, 
seeds, tobacco and timber); 7 chemical treatments for perishable commodities 
(asparagus, bulbs, cut-flowers, ornamental material) and 7 chemical treatments for 
durable commodities (bamboo, bulbs, cocoa, cotton, dried fruit, hay, ship holds and 
seafreight containers, seeds and dried pods, tick-infested articles, timber and logs, 
tobacco and wooden artefacts; more than 240 cold treatments for 27 perishable 
commodities (apples, apricots, avocado, carambola, cherries, citrus, clemantines, 
durian, ethrog, grapes, grapefruit, kiwifruit, litchi, loquats, nectarines, oranges, 
papaya, peaches, pears, persimmons, plums, plumcots, pomegranate, pommelo, 
quinces, tangerines and Ya pears) and 4 heat treatments for durable commodities 
(items infested with insects in soil, hickory, museum artefacts and pecans); one 
example of controlled atmospheres for perishable products (apples) and 12 
treatments for 13 durable products (cocoa, dried figs, cereals, dried fruit, furniture, 
grain, museum artefacts, nuts, pulses, rice, seeds, spices and tobacco); 10 
combination treatments for perishable products (apricots, cherimoya, durian, limes, 
litchi, ornamentals, seeds for planting and tomatoes) and one combination treatment 
for a durable commodity (timber, as logs); 5 examples of irradiation of perishable 
and durable commodities (garlic, papaya, carambola, litchi, plums, wooden 
artefacts); 30 examples of pest-free zones for 9 perishable commodities (cucurbits, 
grapes, kiwifruit, immature banana, melons, nectarines, peaches, strawberries and 
tomatos); 6 examples of pre-shipment inspection for perishables (apples, apricots, 
cut-flowers, garlic, nectarines and vegetables); and tthhrreeee examples of the systems
approach for perishables (apples, avocado and citrus).  In summary, MBTOC noted 
more than 300 alternatives approved for quarantine treatment of perishables and 
more than 70 approved as QPS treatments for durable commodities. 

Currently, there are no approved alternatives to MB for QPS for exports such as 
apples, pears, stonefruit and walnuts that are hosts to codling moth; for internal 
quarantine pests of berryfruit; for grapes infested with mites exported to some 
countries; for many root crops exported by countries if soil is present or pests of 
concern are detected on arrival; for cut-flowers (roses, carnations and statice) exported 
to Europe, USA, Scandinavia and Japan; for logs imported into the European Union 
potentially contaminated with oak wilt fungus; for ship hold disinfestation in most 
countries; and for seed-borne nematodes potentially infesting seeds for planting. 

5.8 Reduction of Emissions from Methyl Bromide Use 

Emissions from fumigation operations occur through leakage and permeation during 
treatment (inadvertent emissions) and from venting at the end of a treatment 
(intentional emissions). Estimates of the proportion of MB used that is released into 
the atmosphere vary widely because of: differences in usage pattern; the condition 
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and nature of the fumigated materials; the degree of gas-tightness; and local 
environmental conditions. Some MB may also be converted to non-volatile materials 
making it incorrect to equate production with emissions.

Emission volume release and release rate to the atmosphere during soil fumigation 
depend on a large number of key factors. Of these, the type of surface covering and 
condition; period of time that a surface covering is present; soil conditions during 
fumigation; MB injection depth and rate; and whether the soil is strip or broadacre 
fumigated are considered to have the greatest effect on emissions. Under ideal 
conditions, when all these factors are controlled and impermeable films are used, 
emission volumes as low as 3% have been observed. It is unlikely, however, that 
these results will ever be repeated in the field due to the handling difficulties of 
laying plastic sheets during fumigation and leakage from the edges, tears, cracks and 
other events. The use of Virtually Impermeable Film (VIF) sheeting and reduced 
application rates of MB, offer the greatest potential for immediate reduction of 
emissions from soil fumigations during the interim phase-out period and for any 
post-phase-out critical use exempted treatments. Use of VIF has been mandated in 
the EU. However, elsewhere, cost and several non-air quality related environmental 
and health issues (recycling, disposal and possibility of increased bromide ion 
concentration in soil) are seen as barriers to their adoption. 

For commodity and structural fumigations, techniques such as improved sealing of 
enclosures for decreasing MB leakage are in limited use world-wide. Their adoption 
is constrained particularly by lack of incentives, lack of promotion of relevant 
technologies and by perceived or real increases in costs and logistical problems. A 
high degree of containment is a prerequisite for efficient recovery of the used MB. 
Many facilities used for fumigating perishables, particularly for quarantine, already 
have a high standard of gastightness leading to very low leakage rates (often less than 
5% of applied dosage). 

There has been limited research into the development of recovery and recycling 
systems for MB. Systems reported on in the 1998 MBTOC report would have had 
high running costs associated with energy requirements and many would require a 
level of technical competence to operate, not normally found at fumigation facilities. 
Since then two systems based on activated carbon absorption have been 
commercialised. There are now several examples of recovery equipment in current 
commercial use. Adoption of these systems has been driven by considerations other 
than ozone layer protection, e.g. local air quality. 

Practically, the scope for recovery of MB after fumigations is likely to be restricted 
to treatments carried out in enclosures, i.e. space fumigations of commodities, 
structures and transport, with subsequent destruction of the captured MB. At this 
time no system for recovery of MB from soil fumigation has been commercialised 
and there are no systems known to MBTOC under development. Furthermore, since 
the phase-out of MB for soil uses in non-Article 5(1) countries is imminent (2005), 
such systems are unlikely to be developed. In 2000, total space (durables, perishables 
and structures) treatments in Article 5(1) and QPS uses in non-Article 5(1) countries 
were 9,300 - 10,400 tonnes. On the basis of 70% recapturable MB, this corresponds 
to about 7,000 metric tonnes of emissions that could be prevented from entering the 
atmosphere by the fitting of recapture and destruction equipment. 
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Unlike some other ozone depleting substances where the interim needs of Article 
5(1) countries can be met in part by banks of recycled material, it is unlikely that this 
method will be practical for MB. This is because some of the MB used in any 
application reacts and breaks down (it is not unusual to lose most of the MB applied 
in some more reactive commodities such as oilseed meals). Some Parties may not 
permit reuse of recaptured MB as it does not conform to their labelling requirements. 

If recovery is to be recognised as an acceptable method of reducing MB emissions to 
the atmosphere, it will be necessary to set specifications on aspects of fumigation 
such as equipment efficiency and acceptable levels of emission. 
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6. Executive Summary of the 2002 Assessment Report of the 
Refrigeration, AC and Heat Pumps TOC 

6.1 Refrigerants 

This chapter summarises data for refrigerants and specifically those addressed in 
other sections.  It discusses thermophysical (both thermodynamic and transport) 
properties as well as heat transfer, compatibility, and safety data.  The chapter also 
provides similar information for heat transfer fluids (sometimes referred to as 
“secondary refrigerants”) for air-conditioning, heat pump, and refrigeration systems. 

The tabular data summaries are updated from prior assessments to reflect current 
data, from consensus assessments and published scientific and engineering literature 
where possible.  The summaries address: 

refrigerant designations 
chemical formulae 
molecular mass 
normal boiling point (NBP) 
critical temperature (Tc)
critical pressure (Pc)
occupational exposure limits 
lower flammability limit (LFL) 
heat of combustion (HOC) 
safety classification 
atmospheric lifetime ( atm)
ozone depletion potential (ODP) 
global warming potential (GWP) 
control status

The summary tables also add new blends introduced since the 1998 assessment 
report.  The new chapter clarifies the significance of between modelled, semi-
empirical, time-dependent, and regulatory bases for Ozone Depletion Potentials 
(ODPs) and tabulates comparative modelled and regulatory values for controlled, 
single-compound refrigerants.  The updated chapter adds guidance for ODPs and 
GWPs for regulatory reporting. 

This chapter does not address the suitability, advantages, and drawbacks of 
individual refrigerants or refrigerant groups for specific applications; such discussion 
is addressed for specific applications where relevant in subsequent chapters. 

6.1.1 Status of Refrigerant Data 

The status of data for the thermophysical properties of refrigerants, which include 
both thermodynamic properties (such as density, pressure, enthalpy, entropy, and 
heat capacity) and transport properties (such as viscosity and thermal conductivity), 
is generally good and excellent for the most common alternative HFCs.  Data gaps 
exist, however, for the thermodynamic and transport properties of blends and less-
common fluids as well as the transport properties of many fluids (but especially so 
for blends).  The data situation for the less-common fluids is more variable; there is a 
need to collect and evaluate the data for such candidates. 
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A major uncertainty for all of the refrigerants is the influence of lubricants on 
properties.  The working fluid in most systems is actually a mixture of the refrigerant 
and the lubricant carried over from the compressor(s).  Concerted research on the 
refrigerant-lubricant mixtures is in the early stages.  It is complicated by the great 
variety of lubricants in use and by the often highly proprietary nature of the chemical 
structure of the lubricant and/or additives. 

The updated chapter reviews the status heat transfer and compatibility data for 
refrigerants.  It recommends further research of: 

further test data for shell-side boiling and condensation of zeotropic mixtures 
local heat transfer data determined at specific values of vapour quality 
microchannel heat exchanger refrigerant-side heat transfer data including flow 
distribution effects 
effects of lubricants on heat transfer, especially for hydrocarbons, ammonia, 
and carbon dioxide 
accurate plain tube and microfin tube evaporation and condensation data for 
hydrocarbons
inside-tube condensation heat transfer data for carbon dioxide at low 
temperatures such as –20 C
heat transfer correlations for carbon dioxide supercritical heat rejection and 
two-phase evaporation 

The chapter similarly outlines current understanding of materials compatibility data 
for refrigerant systems as well as safety data and classifications.  It notes that efforts 
are underway to develop recommended refrigerant concentration limits for 
unplanned exposures and to improve flammability test methods and data. 

6.1.2 Heat Transfer Fluids (“Secondary Refrigerants”) for Indirect Systems 

The expanded update adds information on heat transfer fluids (HTFs) — also 
referred to as secondary refrigerants — for indirect systems.  Although HTFs have 
been used for many years in industrial applications, they have recently become more 
popular in commercial applications for the purposes of reducing the primary 
refrigerant charge and/or mitigating emissions of refrigerants that have notable 
environmental warming impact or when regulatory or safety constrains apply. HTFs 
are divided into two categories, namely single phase and phase-change fluids. 
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Single phase fluids are in common use and include the following chemical groups: 
Glycol solutions 
Salt solutions 
Synthetic oils 
Hydrofluoroethers

The use of phase-change fluids in indirect systems is becoming more popular due to 
favourable thermal and transport properties leading toward energetic benefits. The 
most common phase change fluids are carbon-dioxide and ice-slurries, although 
other suspensions such as water/ice-filled capsules, hydrophilic material slurries, and 
frozen emulsions have been considered, but these are largely in developmental 
stages. With the benefit of much greater heat capacities, and generally improved heat 
transfer coefficient associated with change of phase, they offer systems potential 
benefits from lower flow rates and pumping costs, smaller pipe sizes and heat 
exchangers.

6.2 Domestic Refrigeration 

The transition from CFC refrigerants in new equipment is complete in non-Article 
5(1) countries and is accelerating in Article 5(1) countries. The 15 to 25 year typical 
life span for domestic refrigerators results in older product manufactured using CFC-
12 refrigerant still comprising the majority of units in the installed base.  This in-turn 
significantly retards the rate of reduction in the demand for CFC-12 refrigerant in the 
servicing sector.

HC-600a and HFC-134a continue to be the dominant alternative refrigerant 
candidates to replace CFC-12 in new domestic refrigeration equipment. Both of these 
have demonstrated mass production capability for safe, efficient, reliable and 
economic use.  In practice, similar product efficiencies result from the use of either 
refrigerant. Independent studies have concluded that other design parameters 
introduce more efficiency variation opportunities than is presented by the refrigerant 
choice.  Comprehensive refrigerant selection criteria include safety, environmental, 
functional and performance requirements.  A grossly simplified summary of relative 
considerations for these two refrigerants is: 

HC-600a is compatible with historically accepted mineral oils as a lubricant.  
Designs must take care to properly deal with the flammable nature of the 
refrigerant.

HFC-134a uses moisture-sensitive polyolester oils.  Manufacturing processes 
must take care to properly maintain low moisture levels.  Long-term reliability 
requires more careful avoidance of contaminants during production or servicing 
compared to previous CFC-12 based designs. 

No significant new technology options are expected to emerge which will 
significantly alter options for conversion to ozone-safe refrigerants in the remaining 
Article 5(1) countries still using CFC-12 in new equipment.  All required 
technologies are mature and readily available; availability and prioritisation of 
capital resources are dictating conversion timing.  Current technology designs 
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typically use less than one-half the electrical energy required by the units they 
replace.  This reliable performance is provided without resorting to higher cost or 
more complex designs.  Anticipated enhancements with leading edge technologies 
will provide further incremental improvements in unit performance and/or energy 
efficiency.  In some cases this efficiency will be provided at the cost of increased 
complexity or reduced tolerance to abnormal conditions. Government regulations 
and voluntary agreements on energy efficiency and labelling programs have 
demonstrated effectiveness in modifying product offerings in several countries. 

6.3 Commercial Refrigeration 

Commercial refrigeration types of equipment are very different in term of size, 
mainly depending on the country and the kind of shops. Commercial refrigeration 
equipment consists of 3 main different system types. 

Stand-alone equipment includes integrated display cases, ice machines, vending 
machines, and an array of small equipment installed in stores or public areas in 
developed countries as well as in many Article 5(1) countries. It is estimated that 
there are, 44.7 million units in this category world-wide. Refrigerant charges 
range between 0.2 and 1 kg. HFC-134a is the usual refrigerant replacing CFC-12. 
HCs (HC-600a and HC-290) are now being used in some European countries. 
Beverage and ice cream vending machines are estimated at 14.7 million units. 
Several large food and beverage  companies have indicated that they will refrain 
from using HFCs within a few years where suitable alternatives are available. 
HFC-134a is clearly the dominant option at present. 

Condensing units are typically installed in specialised shops.  The refrigerant 
charge varies between 1 and 5 kg, and the estimated global number is on the 
order of 32.5 million.  The refrigerant of choice depends on the  temperature 
range required.  Both HFC-134a and the HFC blend R-404A are the preferred 
options for medium temperatures , and R-404A for low temperatures.  Due to 
safety concerns, HCs are not a common option for the charge amount normally 
present in condensing units. 

Centralised systems are installed in super- and hyper-markets.  The estimated 
number of supermarkets where a wide range of refrigerating capacities is 
installed is estimated as 340,000; this number includes 18,000 hyper-markets, 
i.e., very large supermarkets.  In centralised systems, the refrigerant charge varies 
from 100 kg up to 2,000 kg.  The refrigerating system is installed in a machinery 
room and the refrigerant circulates between this machinery room and the display 
cases installed in the sales area. The choice of refrigerants largely depends on 
national regulations. 

CFC-12 is still being used in Article 5(1) countries, but new supermarkets in 
these countries use the same refrigerant as is used in non-Article 5(1) countries.  
HCFC-22 is still widely used in the United States, but R-404A is gaining market 
share in the USA.  In Europe, the use of HCFC-22 in new equipment has been 
banned since 1 January 2001. R-404A is the preferred choice there. In Japan 
CFC-12 has been replaced by HFC-134a and sometimes by R-407C. 
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In Europe, indirect systems are receiving more and more attention in order to 
limit the refrigerant charge (whatever the type of refrigerant) or to allow the use 
of ammonia or hydrocarbons. CO2 is being evaluated as a heat transfer fluid or as 
a low temperature refrigerant. Several hundred of indirect systems have been 
installed in the last four years, especially in Northern Europe. 

The energy consumption of both direct and indirect systems is being evaluated.  
However, the reference base varies widely as there are many variables such as the 
size of sales areas, the type of display cases (with or without doors), the control 
system, and the climatic zones, etc.   Particularly at the medium temperature 
level, well-designed indirect systems may show equal or even slightly better 
energy consumption compared to the usual, centralised direct systems. 

It should be mentioned that indirect systems need a more complex and a more 
expensive design.   The initial costs are higher, whereas currently the operating 
costs and the maintenance costs are still being evaluated.  For large store 
companies, the initial costs still form the main driver; it is for this reason that 
centralised direct expansion systems still form the most common technology for 
supermarkets. 

6.4 Large Size Refrigeration (Industrial, Cold Storage and Food Processing) 

The applications covered in this chapter are industrial refrigeration, cold storage, 
food processing and large industrial heat pumps.  The major concern for the systems , 
which are described in this chapter, is the reduction of energy consumption. The 
systems are mainly custom made and often erected on site.  As a refrigerant, 
ammonia (NH3) is used in approximately 75-85% of the current installations 
followed by HCFC-22, CFCs and HFCs. 

Industrial Refrigeration covers a wide range of cooling and freezing applications, 
including chemical and pharmaceutical industries, petrochemical, oil and gas 
industries, metallurgical industry, plastic moulding, civil engineering, sports and 
leisure facilities, industrial ice making, air liquefaction and others. 

Food Processing is one of the fastest developing industries in the world.  Food 
processing covers a wide range of cooling and freezing applications, including the 
processing and storage of meat, fish, cheese, beer, eggs, fruits and vegetables. 
Refrigeration is used to preserve food from harvest, catch or slaughter, through 
processing, transport, storage and distribution to retail sales and markets. 

Cold Storage is related to both raw materials and finished products in a food 
processing factory.  Modern cold storage warehousing typically consist of a one level 
building with elevated loading banks for the rational handling of full pallets. 

In 2000, the world-wide consumption of frozen food was 30 million tonnes. The 
United States accounts for more than half of this, with more than 63 kg per capita.  
The average figure for the European Union (EU) is 25 kg and for Japan 16 kg.
Chilled foods form 10 -15 times the frozen product quantity.  Total quantity of 
temperature controlled products is estimated at 350 million tonnes (1995), where the 
annual growth is estimated as 5 %. 
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Most systems use NH3 with a tendency emerging to reduce the charge through 
indirect systems using brines or cascade systems using refrigerants.  Beside 
traditional brines “ice slurries” have been introduced as a new option (in breweries 
first).  It is expected that the market share will increase for such systems where a 
reduction of refrigerant charge is required.  At low temperatures (below –40 to –
45°C) a clear global trend can be observed towards cascade systems, where CO2 is 
used in the low temperature stage of the system.  Particularly in Europe, large 
cascade systems with cooling capacities of several MW have been built utilising 
NH3/CO2 cascade systems.  For new systems no CFCs or HCFCs have been used. In 
applications, where, for various reasons, NH3 cannot be utilised, HFCs are used. 

The retrofit of industrial refrigeration plants is difficult due to the fact that these are 
custom made installations.  Most existing systems that use CFCs and HCFC-22 are 
still in operation, although in some special cases end-users have already converted 
HCFC-22 systems to operate on CO2 or NH3.

In Article 5(1) countries the use of NH3 is not so common as in the developed 
countries, but there is a significant number of –mostly old- systems still in operation.  
Systems based on HCFC-22 have been installed there more often, with CFC units to 
a much lesser extent. 

6.5 Transport Refrigeration 

Transport refrigeration includes refrigeration in ships, fishing vessels, containers, 
road transport equipment and railcars. For transport air conditioning only merchant 
ships and railcars are covered. 

Most systems which still used CFCs in 1998 have been retrofitted or scrapped and 
the remaining uses are concentrated on old refrigerated containers and trucks with a 
short remaining operational lifetime, yet the existing CFC fleet remains still 
significant.

In ships, most existing systems use HCFC-22, though R-407C and R-404A/R-507 are 
options already used today in Europe for new systems. For the future, R-410A is 
expected to play an important role. 

On merchant ships most systems use HCFC-22, and CFC use is reducing 
significantly since 1998. R-404A/R-507 is dominating new systems, and fishing 
fleets and naval vessels form a significant part of this sector. 

Out of the about 550,000 refrigerated containers fleet, only a small portion still uses 
CFC-12, and some may be in use beyond the year 2003. They could be retrofitted 
with an interim solution to cope with their remaining lifetime. For new units HFC-
134a and R-404A predominate the market. Besides, some development of carbon 
dioxide based units has started.

There are about 1,200,000 refrigerated road vehicles in use. Half of these still use 
CFC-12 or R-502. Current production uses HFC-134a, R-404A, or HCFC-22 (to a 
lesser extent) and some units with R-410A are available. Research and tests of 
hydrocarbon, solar and cryogenic systems with liquid air or liquid carbon dioxide are 
in progress. 
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Numbers of refrigerated railcars and swap-bodies remain relatively small. 

Railcar air conditioning is moving from HCFC-22 with relatively high leakage rates 
to R-134a or R-407C, which require specific attention for system containment. 
Railcar air conditioning exhibits increasing market penetration. 

Generally, HFCs offer today the preferred future options for new systems, though 
there is development work on alternatives including hydrocarbons, ammonia, air 
cycle and CO2.

HFC and HC retrofit options exist for systems in use. Application of some of these 
could be restricted by local legislation in some countries. 

There is a need to concentrate on containment, training and efficiency issues, and to 
accept the imminent restrictions on HCFC use in some countries. 

6.6 Air Conditioning & Heat Pumps (Refrigerant-To-Air) 

Globally, air-cooled air conditioners (including heat pumps) comprise a vast majority of 
the air conditioning market.  Air-cooled air conditioners fall into four categories: 
window-mounted, non-ducted split residential and commercial, ducted split residential, 
and ducted commercial air conditioners.  Nearly all air-cooled air conditioners 
manufactured prior to 2000 used HCFC-22 as a working fluid. 

It is estimated that 131 million window-mounted and through-the-wall air conditioners 
are in operation globally—containing an installed HCFC-22 bank of approximately 
85,000 tonnes. During this assessment period, there has been a significant shift away 
from the use of window-mounted air conditioners to non-ducted split residential air 
conditioners as the entry-level air conditioning product in developing countries--
particularly in Asia.  An estimated 158 million non-ducted or duct-free Split air 
conditioners are installed world-wide—containing a refrigerant bank of 199,000 tonnes.
An estimated 60 million ducted split residential air conditioners are currently in service 
world-wide.  The total estimated inventory of HCFC-22 in the installed population of 
ducted systems has been estimated to be 164,000 tonnes.  Approximately 19 million air-
cooled Ducted Commercial Split and Packaged air conditioners and heat pumps are 
installed world-wide containing and estimated refrigerant bank of 101,000 tonnes. 

Since the last assessment, the primary non-ODS refrigerants used in these products have 
been R-407C, R-410A and to lesser extent HC-290.  A significant shift to non-ODS 
alternatives has been observed in Europe and Japan.  A shift of approximately 5% has 
been observed in the US.  In the remainder of the world there has been minimal 
conversion to non-ODS alternatives in air conditioning applications.  A rough estimate 
would indicate that globally 85 to 90% of the air-cooled air conditioners and heat pumps 
currently produced globally still use HCFC-22 as the refrigerant.  HFC refrigerants and 
hydrocarbon refrigerants, to a lesser extent, will have the greatest impact on the industry 
transition for the next 10-15 years. 

The primary retrofit refrigerant is the zeotropic blend, R-407C.  Hydrocarbon 
refrigerants are viewed as unlikely retrofit options because of high cost and complexity 
of safely retrofitting existing HCFC-22 systems. 
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Demand for HCFC-22 may continue to increase until approximately 2005 and gradually 
decline as developed countries expand their usage of non-ODS alternatives to meet 
regional and Montreal Protocol phase-out dates. 

Most of the technology required to phase-out ODS substances in developing 
countries has been developed and is slowly being transferred to the Article 5(1) 
countries.  As the penetration of these technologies increases, costs will fall, resulting 
in increased conversion to non-ODS refrigerants in the developing countries. 

6.7 Chillers and Heat-Pump Water Heaters 

Chillers, also known as water chillers, cool water or heat transfer fluids for air 
conditioning and process cooling.  The heat removed is rejected to ambient air in air-
cooled chillers or to water in water-cooled chillers. 

Heat pump water heaters are reversible chillers capable of drawing heat from an air 
or water source and using it for service (sometimes indicated as sanitary) supply or 
for hydronic heating systems employing convectors, fan coils, or other heat 
exchangers.

New Equipment since 1998 

In, general, the types of available equipment have not changed since 1998, but there 
have been subtle changes in the relative importance of various refrigerants. CFCs are 
decreasing in importance as the older machines are phased out in the developed 
countries and are being replaced largely by HCFCs and HFCs. There is some growth 
of machinery using non-ODS refrigerants, primarily ammonia, hydrocarbons in small 
machines, and CO2 in some heat pump water heaters. In chillers employing positive 
displacement compressors, reciprocating compressors are being displaced by screw 
compressors (above 140 kW) or scroll compressors (below 140kW). 

Options to Replace Current Systems 

The technological options available to the systems designer or machine purchaser 
have not changed substantially since 1998.  The most significant changes have been: 

1. Increases in efficiency, 

2. Elimination of production of HCFC-22 centrifugal machines, 

3. Migration from HCFC-22 towards towards HFCs in screw and large scroll 
chillers,

4. Softening of the absorption chiller market, 

5. Growing chiller industry in some developing countries (especially China and 
Korea),

6. Decreased optimism for the prospects for CO2 except in water-heating 
applications, and 

7. Less optimism for the commercial viability of new low pressure refrigerants R-
236fa and R-245fa. 
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Market Characteristics 

The market for centrifugal and large screw chillers is divided among the USA (40%), 
Asia (25%-30%), and smaller percentages in Europe and the Middle East. The 
market for smaller positive displacement chillers is much larger in numbers and in 
market revenues world-wide than for the other chiller types. The market for 
absorption chillers is concentrated in Japan, China, and Korea. The market for heat-
pump water heaters is growing and is found primarily in Western Europe and Japan. 

Developing Countries / Technology Transfer 

Chillers are technologically sophisticated machines. In developing countries, they are 
normally first seen in large hotels, resorts, well-funded industries, commercial 
buildings, and hospitals. As the economy grows, so does the use of chillers. 

Some developing countries have developed domestic production capacity for chillers, 
largely as a result of joint venture technology transfer. This is perhaps most 
noticeable in China, but also in India and some Latin American countries. The joint 
venture partner companies are typically Japanese, Korean, or American. 

6.8 Vehicle Air Conditioning 

Vehicles (cars, trucks, and buses) built before the mid-1990’s used CFC-12 as the 
refrigerant.  Since then, in accord with the Montreal Protocol, new vehicles with A/C 
have been equipped with HFC-134a, a zero ODP chemical, as the refrigerant.  As a 
result, HFC-134a has now replaced CFC-12 as the globally accepted mobile A/C 
(MAC) refrigerant and the industry is busy expanding global production to meet the 
increasing demand.  By 2008, almost all vehicles on the road are expected to be 
using HFC-134a and the transition from CFC-12 will be complete. 

HFC-134a is considered a potent greenhouse gas and, due to concerns about 
emissions of HFC-134a from MAC systems, vehicle makers and their suppliers are 
reducing their system leakage and improving energy efficiency, and are searching for 
a replacement refrigerant.  In the timeframe 1998-2002, the leading potential 
replacement refrigerant has been carbon dioxide (R-744) for which many global 
vehicle manufacturers and suppliers have demonstrated prototype cars.   Recently, 
the use of HFC-152a (with a global warming potential less than one-tenth that of 
HFC-134a) has been proposed and publicly demonstrated in two prototype car 
systems. 

On-site recycling of refrigerant at service shops has been proven to be quite effective 
for HFC-134a systems; a full 60% of the original charge can be recycled and reused 
during service.  Combining this with service frequency scenarios allows an 
estimation of the current and future refrigerant emissions from MAC systems.  Such 
emission estimates can be useful when calculating the cost benefit analysis of 
proposed changes. 

6.9 Refrigerant Conservation 

Refrigeration conservation is an effort to extend the life span of used refrigerant by 
establishing efforts to recover, recycle, and reuse refrigerants.  Refrigerant 
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conservation is now a major consideration in refrigerating system design, 
installation, and service.  The benefits of refrigerant conservation include not only 
environmental protection, but they also include a decreases on the dependency on 
newly manufactured refrigerant.  Refrigerant conservation has several basic 
elements:  

proper design and installation of new refrigeration and air-conditioning 
equipment so as to minimise actual or potential leaks;  

leak-tighten existing refrigeration and air-conditioning systems so as to reduce 
emissions; 

improve service practices, including use of refrigerant recovery equipment and 
technician training; and 

safe disposal techniques that provide for refrigerant recovery for systems at the 
point of final disposal. 

There has been a great deal of success in the creation and implementation of 
conservation programs since the 1994-1998 assessment, most visibly in the creation 
of governmental regulations to restrict the use or reuse of CFCs and mandate training 
for service technicians. 

Developed countries have begun to see the results and consequences of conservation 
programs.  The Japan End-Of-Life Appliance Recycling And Destruction 
Technologies Program has been established to reduce emissions of ozone-depleting 
refrigerants.  European Union countries have established programs mandating 
recovery, mandating service technician training, forbidding CFC top-off, forbidding 
reuse of CFCs, and mandating the use of non-HCFC refrigerants in new equipment. 
The United States has seen an increase in the number of service technicians certified 
and the amounts of refrigerant reclaimed and placed back into commerce. 

Developing countries have the opportunity to leverage the knowledge gained from 
developed countries during their implementation of conservation programs.  If a 
government plans to create a program to recover, recycle, and reclaim refrigerant or 
phase-out the use of CFCs, the government must establish economic assessments that 
make owners of systems take conservation efforts or enforce government 
requirements by means of financial or other penalties.  Developing countries have 
also seen increases in the number of certified technicians and establishment of 
conservation programs. For example, Brazil is implementing several reclaim centres 
capable of handling recovered refrigerant.  Several African countries have seen an 
increase in the use of portable recovery equipment in their efforts to reduce 
emissions of ozone-depleting refrigerants. 

When establishing refrigerant conservation controls, governments must also establish 
disposal means for systems.  The government should include means of properly 
disposal of refrigeration and air-conditioning systems.  Refrigerant containers pose a 
problem, in that efforts must be implemented to recover remaining refrigerant 
(commonly called the can heel) at the point of container disposal. 

Governments should also be proactive in combating illegal imports and the 
establishment of illegal markets for CFCs that can be a by-product of conservation 
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efforts.  Governments should include training of customs officials as a part of their 
conservation efforts. 
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7. Executive Summary of the 2002 Assessment Report of the Solvents, 
Coatings And Adhesives TOC 

7.1 Introduction 

The 2002 report is considerably different from previous reports of the Solvents 
Technical Options Committee (STOC). The physical structure has been designed so 
that each sub-sector has a self-contained chapter that summarises new, essential, 
information and the technology choices available. It is intended that these individual 
chapters may be extracted for copying to interested parties, while remaining short 
enough for translation into local languages and subsequently distributed. To achieve 
this, the older technological details are not as complete as in previous editions. 
Readers requiring a more complete treatise are referred to the 1998 report. 

Committee members have observed progress being made in phasing out ODS 
throughout the world. While great progress has been made in developing countries, 
there have been some challenges in Article 5(1) countries, where the final phase-out 
will occur over the next few years. 

There are no substantial technical barriers to phasing out ODS. Alternatives are 
available that will meet the needs of all solvent users with very few exceptions.  

There is still limited use of CFC-113 and 1,1,1-trichloroethane (methyl chloroform) 
in solvents applications in non-Article 5(1) countries; these are being met with 
stockpiled products and recycled material. Eventually, these will run out and 
alternatives will need to be implemented.  Most enterprises in this situation have 
plans and will make the conversion once the supply of controlled materials is 
terminated. 

The major obstacles in eliminating ODS use are in Article 5(1) countries and a 
separate chapter is devoted to this subject. The main barrier in overcoming such 
obstacles in these countries is communication and education of suitable alternatives. 

The question as to what can be done to assist in the complete phase-out of ODS in 
developing countries has been studied, resulting in the following remarks: 

Greater co-operation would be beneficial between the STOC and other international 
and national organisations, including within UNEP. 

Parties may wish to consider new measures to ease the financial burden of the 
numerous small and medium users (SMUs), which represent the majority of 
emissions in the sector. 

Since the phase-out of the widely used CFCs and 1,1,1-trichloroethane in non-Article 
5(1) countries, a number of new solvents that claim to be direct replacements have 
been marketed.  The critical parameter for alternatives has been, and continues to be, 
that they should be non-ozone depleting.  A notable exception is that of some 
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hydrochlorofluorocarbons which possess small ozone-depletion values.  These 
chemicals are Annex B Group 1 compounds and are scheduled to be phased out. 
Several promising alternatives have emerged from a review of historical data and by 
conducting new research.  However, no single solvent or process was found to be a 
direct replacement for the CFCs and 1,1,1-trichloroethane. Hydrofluoroethers, 
hydrofluorocarbons, and hydrochlorofluorocarbons are among the organic solvents 
most widely used as substitutes. These materials have advantageous properties for 
many applications.  Aqueous techniques are used in many cases. These are not the 
only acceptable alternatives.  Descriptions of these and other alternatives are reported 
in this Assessment and in previous editions of the UNEP Solvents Technical Option 
Committee Assessment Reports.  The potential user has the responsibility of 
evaluating and assessing an alternative as it applies to the specifics of the application. 

Reference to n-propyl bromide (nPB) is limited. More details of this solvent are 
found in Appendix 1. Its use is not recommended at this time. New chemical solvents 
and processes are evaluated as they are marketed. However, a major break-through is 
rather unlikely in the near future. 

7.2 Sub-sectors 

Each sub-sector, which may cover a range of applications, is treated in a separate 
chapter.

7.2.1 Electronics Defluxing 

Ozone-depleting solvents (ODS) use in the electronics industry is a major source of 
emissions although the only significant use is in defluxing. This process removes the 
residues from the soldering operation to ensure maximum reliability and consistent 
performance. Several technologies may be used to achieve this but the selection is 
not always easy. The list of methods provides basic advice, but it is by no means 
exhaustive. Further details can be found in the 1998 and earlier Solvents Technical 
Options Committee Assessment Reports. In many cases, the advice in this chapter 
will be sufficient for enterprises to short list the technologies down to two or even 
one. From there, qualification testing will be required to select the most suitable 
materials, equipment, and processes. In most cases, it is possible to reduce 
production costs of the overall soldering and cleaning (if any) processes. This is 
therefore a candidate application to significantly reduce ODS emissions rapidly and 
effectively in many Article 5(1) countries. 

7.2.2 Precision Cleaning 

Since the phase-out of the widely used CFCs and 1,1,1-trichloroethane in non-Article 
5(1) countries, a number of new solvents that claim to be direct replacements have 
been marketed.  Unfortunately, no single solvent or process was found to be a direct 
replacement for the CFCs and 1,1,1-trichloroethane. Hydrofluoroethers, 
hydrofluorocarbons and hydrochlorofluorocarbons are among the organic solvents 
most widely used as substitutes.  These materials have advantageous properties for 
some applications. Aqueous techniques are used in some cases. New chemical 
solvents and processes are evaluated when they are marketed.  However, it is 
unlikely that a major breakthrough can be expected in the near future. 
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7.2.3 Metal Cleaning 

Metal cleaning is a surface preparation process that removes organic compounds 
such as oils and greases, particulate matter, and inorganic soils from metal surfaces. 
Metal cleaning prepares parts for subsequent operations such as further machining 
and fabrication, electroplating, painting, coating, inspection, assembly, packaging or 
further treatment such as heat treatment for surface modification. Parts may be 
cleaned several times during the manufacturing process. Almost all metal cleaning 
operations include solvent conservation and recovery practices and the use of 
alternative cleaning processes including alternative solvents and their blends 
contained solvent cleaning systems, low flash point solvents, co-solvent systems, 
aqueous cleaners, emulsion cleaners, mechanical cleaning, thermal vacuum de-oiling, 
liquid carbon dioxide, and no-clean alternatives. 

Alternatives to CFC-113 and 1,1,1-trichloroethane must be selected and optimised 
for each application given the varying substrate materials, soils, cleanliness 
requirements, process specifications, and end uses encountered in metal cleaning. 
There is still a significant use of carbon tetrachloride in various cleaning processes in 
developing countries. These uses have been identified primarily where a low cost, 
non-flammable, and simple cleaning process is required, such as metal cleaning 
applications. While many alternatives seem obvious to improve worker exposure, 
total cost including environmental concerns, should be considered for any 
alternative.

Most of the CFC-113 and 1,1,1-trichloroethane used in metal cleaning applications 
can be replaced by existing alternatives in accordance with the Montreal Protocol. 
Developing countries should be able to closely follow the same scenario as the 
smaller companies in the developed countries. They may have an additional lag time 
in their own smaller industries.  Each developing country will have somewhat 
different scenarios depending upon their unique industry structure, quantum of ODS 
in use, and the selection of a suitable alternative. 

7.2.4 Dry Cleaning 

The dry cleaning industry has been deploying ozone depleting solvents, CFC-113, 
and 1,1,1-trichloroethane, in specialised segments. CFC-113 was used primarily for 
delicate fabrics and those with sensitive dyes and trimmings. 1,1,1-trichloroethane 
was used mostly in the leather and suede applications in North America and, to a 
limited extent, for general dry cleaning elsewhere.  It is believed that developed 
countries have completely phased out these solvents and switched over either to 
existing solvents, such as perchloroethylene, or to some of the new solvents 
mentioned in this report and its prior editions. There is no evidence to suggest that 
1,1,1-trichloroethane was ever used in developing countries as a dry cleaning 
solvent, and very little, if any, CFC-113. 

7.2.5 Adhesives 

While there is no drop-in replacement for 1,1,1-trichloroethane in adhesive bonding 
products, a variety of solvent-based and non-solvent adhesives provide high 
performance for specific applications. In many cases, changes to previous operating 
procedures must be made, but in general, these changes are not very restrictive. 
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Careful selection of available alternatives is important to adequately meet 
performance, cost, regulatory, and worker health criteria. 

7.2.6 Aerosols 

HCFC-141b had emerged as a lead replacement candidate for CFC-113, CFC-11, and 
1,1,1-trichloroethane since the non-Article 5(1) countries phase-out in 1996 in 
aerosol formulations as an active ingredient or as a solvent. However, HCFC-141b 
has an ozone-depletion potential about equal to that of 1,1,1-trichloroethane, 
therefore its use has been phased out in Europe since the beginning of 2002 and is 
scheduled in the United States at the end of 2002. The replacement solvents include 
petroleum distillates, water-based products, organic solvents, HFCs, and HFEs.  
However, the use of HCFC-141b may continue in Article 5(1) countries until its 
scheduled phase-out date of 2040. 

7.2.7 Miscellaneous Uses 

There are numerous miscellaneous industrial and laboratory applications that are not 
addressed in this report. Relatively small quantities of CFC-113, 1,1,1-
trichloroethane, and carbon tetrachloride are employed in most of these applications. 
In many cases, the alternatives are readily available but their selection and validation 
may require extensive effort. In other areas, some ODS are still necessary, even 
though significant progress has been made towards a complete phase-out. 

7.3 Article 5(1) Countries 

A review of the challenges that the phase-out of ODS is facing in developing 
countries shows that suitable alternatives have to be chosen for CFC-113, 1,1,1-
trichloroethane, and carbon tetrachloride.  HCFCs are the ODS which need to be 
phased out in the future.  Substitutes and alternatives have been identified throughout 
the world and are generally readily available for incorporation into existing 
processes.  The major drawbacks to the implementation are access to information and 
knowledge about what are the acceptable alternatives and the economic and 
environmental considerations associated with them. Details of the alternative 
technologies are addressed in other chapters in this report dealing directly with the 
alternatives available for each application. Previous versions of the Solvents 
Technical Options Committee assessment reports also provide further information. 

The major efforts to complete the transition away from ODS in developing countries 
are dependent on the areas cited above, namely, 1) availability of information, 2) 
financial and economic needs to assist in the conversions, and 3) enforcement of 
current regulations. 

7.4 Appendices 

Four appendices and a glossary in the STOC Assessment Report give additional 
useful information that is common to most of the applications. The first summarises 
the current situation regarding n-propyl bromide, with a recommendation of cautious 
use until there is clarification on the open questions of its effect on the ozone layer 
and its toxicity. Appendix 2 provides information on the proper use of halogenated 
solvents, particularly the non-ozone-depleting chlorinated solvents, based on known 
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science, as well as policy decisions. Appendix 3 is an update on regulations 
introduced or proposed in Europe, Japan and the United States of America since the 
publication of the 1998 Assessment Report. Appendix 4 tabulates the principal 
properties of typical ozone-depleting and non-ozone-depleting solvents. The 
Glossary defines the most common technical terms used in this document.
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8. Recent Global Production and Consumption Data for 
Fluorochemicals

8.1 Introduction 

This section provides data on global production and consumption of CFCs during the 
period 1986-2000, during 1989-2000 for HCFCs and during 1990-2000 for HFC-
134a. As defined by the Montreal Protocol, consumption equals production plus 
imports minus exports (minus destruction).  Data sources have included those 
assembled from chemical manufacture sources as overseen by the Alternative 
Fluorocarbon Environmental Acceptability Study (AFEAS) and their independent 
accountant, Grant Thornton.  These CFC, HCFC and HFC data are from participating 
companies headquartered in developed countries.  CFC and HCFC data were used as 
contained in the report Production and Consumption of Ozone Depleting Substances 
under the Montreal Protocol 1986-2000, April, 2002 /Pro02/ and in 
UNEP/OzL.Pro/14/3, dated 18 October, 2002.  Data has also been included from 
UNEP as appearing in Production and Consumption of Ozone Depleting Substances 
1986-1999 published by the Deutsche Gesellschaft fur Technische Zusammenarbeit 
(GTZ) GmbH, Eschborn /GTZ01/.  CFC production and consumption data have also 
been compared to the data in the TEAP Progress Report 2002, Volume 2, 
Replenishment of the Multilateral Fund for the period 2003-2005 /TEA02/. 

The accuracy of HFC data from AFEAS is excellent as virtually all HFC-134a 
production takes place in contributing companies.  It should be recognised that this is 
the only global source of such data as there is no jurisdiction for reporting of HFCs.
However, AFEAS data accuracy for HCFCs is significantly lower reflecting the 
reality that most of the AFEAS reporting is from developed countries and developing 
countries are assuming a growing portion of production for these compounds.  As 
such, UNEP is more accurate in capturing this information than AFEAS.  The data 
accuracy of AFEAS reporting of CFCs has low value at this point as the majority of 
production is currently in Article 5(1) Parties.  Developed country production is 
limited to that used for essential uses or export to Article 5(1) markets.  UNEP data 
are the prime source of quality information for CFCs. 

CFC and HCFC production and consumption has been presented as from: 

the group of Article 5(1) Parties 

certain non-Article 5(1) Parties belonging to the OECD group (defined as 
OECDnA5 in this report, which are Western European countries, USA, Canada, 
Japan, Australia and New Zealand; this has been done since the OECD group 
also contains Article 5(1) Parties) and 

other non-Article 5(1) Parties which includes the ones in Central and Eastern 
Europe.
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8.2 Data Analysis 

CFC Production Data (1986-2000) 

Table 8-1 provides data for production for the period 1986-2000.  For the non-Article 
5(1) Parties such production has dropped from 909 to 53 ODP ktonnes over these 
years- a reduction of 94%.  Remaining production is to meet domestic essential use 
exemptions and for export to Article 5(1) Parties.  This production appears to have 
stabilised at about 50 ODP ktonnes however; this will likely decrease further with 
shut down of Russian production of CFCs, which was 25 ktonnes in 2000.  Over the 
time period 1986-2000, the CFC production has increased in Article 5(1) countries 
from 44 to 73 ODP ktonnes representing an increase of 66%.  Such production 
actually peaked in 1996 with minor declines over the next few years.  Again this 
seems to be currently decreasing as projects to shut down CFC production facilities 
are being implemented. Production in China, India, Argentina and Venezuela will 
decrease further in the future as CFC production is being decreased in accordance 
with the Montreal Protocol schedules and in accordance with agreements with the 
Executive Committee of the Multilateral Fund.  CFC production in Eastern Europe 
has dropped some 76% during the period from 107 to 26 ODP ktonnes, which is 
expected to drop to zero after 2000. 

Overall, the reduction to date from all sources has been from 1071 ODP ktonnes to 
126 ktonnes or 88%.  Some error is likely in these reported amounts, as there is no 
accounting for any illegal production activity, which is suspected but not 
documented. 

AFEAS data, once the most accurate of all sources, is no longer of value for deriving 
production data for CFCs.  AFEAS companies now account for ca. 27% of all global 
CFC production and the UNEP data are far more reliable for any analyses of this 
product family. 

CFC Consumption Data (1986-2000) 

Data for CFC consumption have been prepared by clustering Argentina, Brazil, 
Mexico and Venezuela, a second grouping of China, India and Korea and a third 
group of Article 5(1) other.  Data are separated for Central and Eastern Europe and 
then finally OECD non-Article 5(1) Parties.  These data are presented in Table 8-2 
along with a figure illustrating the total annual consumption for Article 5(1) and the 
total consumption of all Parties. 

Total consumption by all Parties has dropped during this period from 1070 ODP to 
138 ODP ktonnes.  Much of this 87% decrease occurred by 1996 concurrent with the 
phase-out of CFC consumption in the developed world.  Since that time, the rate of 
decrease is slight amounting to about 18% over the 1996-2000 period.  Consumption 
in Argentina, Brazil, Mexico and Venezuela has levelled at about 21 ODP 
ktonnes/yr. (but is assumed to further decrease with the Brazil phase-out plan in 
place).  The consumption of China, India and Korea doubled between 1986 and 1995 
peaking in that year.  It has since dropped 51% to 45 ODP ktonnes in 2000 as 
transitions are occurring to alternative products.  Production in China and India 
exceeds consumption indicating that they serve as a source of CFCs for use by other 
Article 5(1) Parties. 
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CFC consumption in non-Article 5(1) countries has decreased to only 5 ODP 
ktonnes/yr. for essential uses.  The remaining consumption of about 26 ODP ktonnes 
in Central and Eastern Europe where consumption has dropped 74% since 1986.  
There has been good agreement between production and consumption numbers, 
which can be seen when comparing Tables 8-1 and 8-2. 

HCFC Production Data (1989-2000) 

Data for HCFC production are presented in Table 8-3 and Figure 8-3.  Summarised 
are both AFEAS and UNEP data representing HCFC-22, -124, -141b and -142b.
Absent from AFEAS data are any references to HCFC-123 due to AFEAS reporting 
criteria requiring a minimum of three producers.  Regulatory decisions in Europe ban 
HCFC use in new equipment and foams etc. after 2003; they are only allowed for 
servicing. US regulations concerning HCFC use as blowing agents following HCFC-
141b phase-out now suggest that HCFC-124 will not find appreciable use outside 
refrigeration and air conditioning applications. 

AFEAS data show an increase in production from 1989 from 12,743 ODP-tonnes 
levelling out over the period 1997-2000 at about 30,000 ODP-tonnes.  HCFC-141b 
has increased in volume each year and has accounted for most of this increase.  
HCFC-22 grew from 12,075 ODP-tonnes in 1989 to a peak of 14,918 ODP-tonnes in 
1996.  Production then decreased slightly to a total of 13,411 ODP-tonnes in 2000.
This reduction of 10% is a reflection of reduced demand from beginning conversions 
from HCFC-22 in refrigeration and air conditioning applications to non-ODS 
substitutes and to improved practices in HCFC-22 use. 

Production in Argentina, Brazil, Mexico and Venezuela peaked in 1997 and has since 
dropped to the same level in 1999 as in 1989, and to 274 ODP-tonnes in 2000.  At 
only 274 ODP-tonnes, production in these countries does not constitute a major 
global supply source (this in contrast with their tripling of the HCFC consumption 
from 1130 to about 3000 ODP-tonnes in the year 2000). 

China, India and Korea made sharp increases in 1993 and 1994 and then again in 
1999.  The total increase was from 249 ODP-tonnes in 1989 to 5013 ODP-tonnes in 
1999 and to 6713 ODP-tonnes in the year 2000 (of which about 6000 ODP-tonnes 
are produced in China.  Korea did not report any production in 2000.  This may be an 
anomaly, because of the fact that it did report production in 1999).  If one compares 
it to the consumption, see below, it makes China and India exporters of HCFC 
chemicals at about 1300 ODP-tonnes per year.  The almost 30-fold increase has 
made particularly China (and to a lesser extent, India) a significant source of HCFCs. 

The agreement of UNEP and AFEAS data has improved significantly indicating 
more complete reporting by Parties to UNEP.  Note that AFEAS data include 
production in Argentina, Brazil and Mexico but do not account for China, India and 
Korea, as the AFEAS companies do not have production facilities in these Parties. 

With increased production activity in China, India and Korea of HCFCs, their 
production in OECDnA5 countries has dropped from a former 94% to a 2000 level of 
83%.
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HCFC Consumption Data (1989-2000) 

HCFC consumption data are included in Table 8-4.  There is generally very good 
agreement between the consumption and the production data.  Exceptions exist for 
1994 and 1996 where consumption is significantly lower than either production data 
from AFEAS or UNEP.  As the AFEAS and UNEP data are consistent, and the 
consumption data are created from a bottom-up summation of Parties’ submissions to 
UNEP, it is likely that there was incomplete reporting of consumption for 1994 and 
1996 from Parties. 

Total consumption for all Parties has increased on a fairly continuous basis (except 
for 1996 during which there was a dip; however, this was a year for which data 
reported might be incomplete).  Consumption between 1989-1999 increased from 
14,184 to 37,097 ODP-tonnes, and to 37,712 in 2000, which implies a total increase 
of about 160% for the years 1989-2000.  Growth in Argentina, Brazil, Mexico and 
Venezuela was from 418 to 1799 ODP-tonnes, and to about 3,000 ODP tonnes, a 
very significant increase, i.e. almost a doubling in one year.  This suggests business 
growth based on alternatives to CFCs.  HCFC consumption in Central and Eastern 
Europe decreased during 1989-1999 by 36%; however, significant increases during 
2000 suggest transition from CFC use. 

Consumption in China, India and Korea increased from 991 to 5355 ODP-tonnes or 
540% over the period 1989-2000.  The increase had appeared to peak in 1995 with 
declines during following years.  There were dramatic increases in HCFC 
consumption between 1998, 1999 and 2000 going from 1756 to 5355 ODP-tonnes in 
just two years. 

Non-Article 5(1) consumption has grown from 12,152 to 25,281 ODP-tonnes or 
108% during the period 1989-2000.  It appears that after the consumption has peaked 
at about 27000 ODP-tonnes in these countries that a decrease has started, shown by 
the consumption of 25,281 ODP-tonnes in the year 2000.  This is likely the result of 
the implementation of regulations on HCFC use in Europe, where it is or will be 
prohibited in all types of foams and in charging new refrigeration and AC equipment. 
Also, specific end uses for certain HCFCs have been phased out in the U.S. which 
may have further limited the overall demand. 

Over the period 1989-1999, the portion of HCFCs consumed by OECDnA5 Parties 
has averaged about 80% of the total.  Most recently, this has fallen to 61% in 2000 
largely due to consumption growth in China, India and Korea and a significant 
reduction in such use in non-Article 5(1) Parties in 2000.  It is expected that the 
proportion of HCFC global consumption in all Article 5(1) countries will increase as 
the HCFC use restrictions will have serious impacts on the consumption in Europe 
and the U.S.  These will force users to convert to non-ODS alternatives to HCFCs.  It 
is notable that AFEAS data, provided by major producers mainly in developed 
countries, represents 83% of total consumption for the year 2000. 

HCFC Consumption in Different Sectors 

A sectoral analysis of HCFC use based on AFEAS data input is provided in Table 8-
5. These data represent about 86% of global consumption. The largest consumption 
of HCFCs was in the closed cell foam application as blowing agents and represents 
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53% of all HCFC on an ODP-weighted basis.  This was due to the use of HCFC-
141b. This application is declining and will be phased out in Europe and will also 
have been phased out in the US by the end of 2002.  Therefore, total consumption in 
this sector should be decreasing shortly.  This will be somewhat offset by growth in 
developing countries. 

Use in refrigerants was nearly as large on an ODP-weighted basis with 47% of the 
total.  The vast majority of this was from HCFC-22 with minor amounts from the use 
of HCFC-124 and HCFC-142b mostly as components in refrigerant blends.  It is 
expected that blends will grow somewhat in the future, as these are service 
replacements, which can be used for CFC installations with minor modifications. 

HFC-134a Production 

Data for the production of HFC-134a is available from the AFEAS database.  
AFEAS companies represent nearly 100% of the commercial supply of HFC-134a 
with only developmental quantities currently (year 2000) being produced in China, 
India and Korea.  The data appear in Table 8-6. 

Production has increased rapidly and consistently to meet growing HFC-134a 
demand as a replacement for what were formerly CFC applications.  There was a 
distinct break in this trend with the 2000 data, which were 1% lower than that for 
1999.  There appears to be both a slowing of replacement growth rate as well as a 
significant downturn in business activity both contributing to this change in growth 
pattern.  Production has increased to a current annual rate of 132 ktonnes.  Of this, 
about 111 ktonnes or 84% of the total is for refrigeration. 

Data are not yet available for other HFCs due to AFEAS collection criteria.  There 
are regulatory oversight groups collecting global HFC production and/or 
consumption data at this time.  It is uncertain how such information will be reported 
in the future as the Kyoto Protocol addresses emissions rather than production or 
consumption. 
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8.3 Concluding Remarks 

Production Summary 

Tonnes 1989 1995 1999 2000

CFCs 1,032,000 265,000 146,000 138,000

HCFC 257,891 338,230 449,236 451,066

HFC-134a 73,800 133,700 132,000

ODP-tonnes

CFC 1,032,000 265,000 146,000 138,000

HCFC 2,032 4,566 9,539 11,932

Total 1,046,184 292,904 183,097 175,213

Reduction - 72% 82% 83%

(CFC ODPs=1.0, for HCFCs, 1995-2000 an average ODP of 0.082 has been applied; for 
1989 the ODP of HCFC-22 has been used) 

CFC use has dropped 87% globally since 1989 largely due to the phase-out of its use 
in developed countries.  With the current cap in Article 5(1) countries and reductions 
in use during the rest of this decade, this use will continue to drop.  HCFC production 
has increased but has levelled off.  It is expected that this will begin a downturn, as 
use in developed countries will be reducing due to current regional and national 
regulations that are even more restrictive than those of the Montreal Protocol.  The 
latter will mandate reductions in consumption of 35% in developed countries in 
2004.  This will be slightly offset due to expected Article 5(1) party increases as 
HCFCs play an important role in facilitating CFC phase-out in those countries.  
HFC-134a has emerged as the key agent in replacing CFC use in many applications.  
Its production has levelled due to improved product stewardship in selection of uses, 
minimisation of emissions during use, and, in certain regions, recovery and recycle.  
The net impact of these activities is to reduce the net ozone depletion by about 83% 
as compared to the levels seen in 1989.
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9. TEAP Member Biographies 

9.1 TEAP Members 

The following contains the background information for all TEAP members as at 31 
December 2002.  Note that in 2003, Members Jorge Corona and Mohinder Malik 
will retire from TEAP. 

Dr. Radhey S. Agarwal 
(Refrigeration TOC Co-chair)
Deputy Director (Faculty) and Professor of Mechanical Engineering 
Mechanical Engineering Department 
Indian Institute of Technology, Delhi 
New Delhi - 110016 
India
Telephone:  91 11 659 1120 (O), 685 5279 (R) 
Fax:  91 11 652 6645 
E-Mail:  rsarwal@mech.iitd.ernet.in 

Radhey S. Agarwal, Co-chair of the Refrigeration, Air-conditioning, and Heat Pumps 
Technical Options Committee, is the Deputy Director (Faculty) and Professor of 
Mechanical Engineering at the Indian Institute of Technology (IIT Delhi), Delhi, 
India. IIT Delhi makes in-kind contribution for wages. Costs of travel, 
communication, and other expenses related to participation in the TEAP and its 
Refrigeration TOC are paid by UNEP’s Ozone Secretariat. 

Dr. Stephen O. Andersen 
(Panel Co-chair) 
Director of Strategic Climate Projects 
Atmospheric Pollution Prevention Partnerships Division 
United States Environmental Protection Agency 
Ariel Rios Building 

Mail Code 6202J 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 
U.S.A.
Telephone:  1 202 564 9069 
Fax:  1 202 565 2135 
E-Mail:  andersen.stephen@epa.gov 

Stephen O. Andersen, Co-chair of the Technology and Economic Assessment Panel, 
is Director of Strategic Climate Projects in the Atmosphere Pollution Prevention 
Division of the U.S. Environmental Protection Agency, Washington, D.C., USA. The 
U.S. EPA makes in-kind contributions of wages, travel, communication, and other 
expenses. With approval of its government ethics officer, EPA allows expenses to be 
paid by other governments and organisations such as the United Nations 
Environment Programme (UNEP). 
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Mr. Paul Ashford 
(Foams TOC Co-chair)  
Principal Consultant 
Caleb Management Services Ltd. 
Grovelands House 
Woodlands Green, Woodlands Lane 
Almondsbury, Bristol BS32 4JT 
United Kingdom 
Telephone:  44 1454 610 220 
Fax:  44 1454 610 240 
E-Mail:  Paul_CalebGroup@compuserve.com 

Paul K. Ashford, Co-chair of the Rigid and Flexible Foams Technical Options 
Committee is the principal consultant of Caleb Management Services. He has over 
20 years direct experience of foam related technical issues and is active in several 
studies concerning future policy for the foam sector. His funding for TEAP activities, 
which includes professional fees, is provided under contract by the Department of 
Trade and Industry in the UK. Other related non-TEAP work is covered under 
separate contracts from relevant commissioning organisations including international 
agencies (e.g. UNEP DTIE), governments and trade associations. 

Dr Jonathan Banks 
(Methyl Bromide TOC Co-chair) 
Grainsmith Pty Ltd 
10 Beltana Rd 
Pialligo ACT 2609 
Australia
Telephone:   61 2 6248 9228 
Fax:   61 2 6248 9228 
E-Mail:   apples3@bigpond.com  

Jonathan Banks, Co-chair of the Methyl Bromide Technical Options Committee, is a 
private consultant. He currently has contracts with Environment Australia and the 
Australian Quarantine Inspection Service related to methyl bromide and use of 
alternatives. He is an honorary fellow with the CSIRO Stored Grain Research 
Laboratory, a government/industry funded research laboratory engaged in finding 
improved ways of protecting stored grain, including developing and commercialising 
alternatives to methyl bromide. His funding for TEAP and MBTOC activities is 
through an Epson Australia Fellowship, a competitive fellowship administered by 
Environment Australia. 
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Dr. Walter Brunner 
(Halons TOC Co-chair) 
envico AG 
Gasometerstrasse 9 
CH - 8031 Zurich 
Switzerland
Telephone:  41 1 272 7475 
Fax:  41 1 272 8872 
E-Mail:  wbrunner@envico.ch 
Walter Brunner, Co-chair of the Halon Technical Options Committee, is a partner in 
the consulting firm envico, Zurich, Switzerland. He operates the halon registry and 
the halon clearinghouse under contract from the Swiss Government. The Government 
of Switzerland funds his participation in the Halons Technical Options Committee 
(HTOC) and TEAP. 

Mr. Jorge Corona (resigned from TEAP 1 January 2003)
(Senior Expert Member) 
Environmental Commission of Camara Nacional de la Industria de Transformacion 
(CANACINTRA)
Cto. Misioneros G-8, Apt. 501, Cd. Satélite, Naucalpan 
53100, Edo de Mexico 
Mexico
Telephone:  52 555 393 3649 
Fax:  52 555 572 9346 
E-Mail:  jcoronav@supernet.com.mx 

Jorge Corona is in charge of foreign relations of the Environmental Commission of 
Camara Nacional de la Industria de Tranformacion (CANACINTRA), National 
Chamber of Industries, Mexico City. Communications, wages and miscellaneous 
expenses are covered personally. Travel expenses are paid by the Ozone Secretariat. 
From 1997, communications and other expenses are being covered by the Ozone 
Secretariat. During recent years, Jorge Corona has worked for UNEP, UNDP and 
ICF on a consultancy basis. 

Dr. Ahmad H. Gaber 
(Solvent TOC Co-chair) 
Professor of Chemical Engineering, Cairo University, and 
President, Chemonics Egypt Environmental Consulting Firm 
6 Dokki St. 
Dokki, Giza 
Egypt
Telephone:  20 2 336 0918 
Fax:  20 2 749 2472 
E-mail:  agaber@intouch.com  

Ahmad Gaber, Co-chair of Solvents, Coatings and Adhesives Technical Options 
Committee, is Professor of Chemical Engineering, Cairo University.  He is also the 
President of Chemonics Egypt, an Egyptian environmental management consulting 
firm.  The UNEP Ozone Secretariat pays travel, communications and other expenses. 
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Dr. Lambert Kuijpers 
(Panel Co-chair, Refrigeration TOC Co-chair) 
Technical University Pav A58 
P.O. Box 513 
NL - 5600 MB Eindhoven 
The Netherlands 
Telephone:  31 49 247 6371 / 31 40 247 4463 
Fax:  31 40 246 6627 
E-Mail:  lambermp@wxs.nl 
Lambert Kuijpers, Co-chair of the Technology and Economic Assessment Panel and 
Co-chair of the Refrigeration, Air-conditioning and Heat Pumps Technical Options 
Committee, is based in Eindhoven, The Netherlands.  He is supported (through the 
UNEP Ozone Secretariat) by the European Commission and this has been continued 
for the year 2002/2003.  This applies to his activities related to the TEAP and the 
TOC Refrigeration, which includes in-kind contributions for wages and travel 
expenses. UNEP also funds administrative costs on an annual budget basis. In 
addition to activities at the Department "Technology for Sustainable Development" 
at the Technical University Eindhoven, other activities include consultancy to 
governmental and non-governmental organisations, such as the World Bank, UNEP 
DTIE and the French Armines Institute.  Dr. Kuijpers is also an advisor to the 
Re/genT Company, Netherlands (R&D of components and equipment for 
refrigeration, air-conditioning and heating). 

Mr. Tamás Lotz 
(Senior Expert Member) 
Institute for Environmental Management  
Aga utca 4 
1113 Budapest 
Hungary
Telephone:  36 1 457 3563 
Fax:  36 1 201 3056 
E-Mail:  lotz@mail.ktm.hu 

Tamas Lotz, Senior Expert Member, is a consultant on air pollution abatement in the 
Institute for Environmental Management in Budapest, Hungary.  He was one of the 
authors of the Hungarian Country Programme for the phase-out of ODS.  Travel and 
per diem costs are covered by UNEP, and communication costs are an in-kind 
contribution by the Institute for Environmental Management. 
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Dr. Mohinder P. Malik (resigned from TEAP 1 January 2003) 
(Solvents TOC Co-chair) 
Advisor, Materials and Process Technology 
Lufthansa German Airlines 
Postfach 630300 
D - 22313 Hamburg 
Germany 
Telephone:  49 40 50 70 2139 
Fax:  49 40 50 70 1411 
E-Mail:  mohinder.malik@lht.dlh.de 

Mohinder P. Malik, Co-chair Solvents, Coatings and Adhesives Technical Options 
Committee, is Advisor, Materials and Process Technology, Lufthansa, the German 
Airline in Hamburg, Germany. Lufthansa pays, for UNEP, travel, communication, 
work and other expenses. 

Prof. Nahum Manban-Mendoza  
(Methyl Bromide TOC Co-chair) 
Coordinator, Crop Protection Graduate Programme 

Professor
Dept de Parasitologia Agricola 
Universidad Autonaoma Chapingo 
Chapingo, CP 56230, Edo de Mexico 
Mexico
Telephone:  52  595  954  0692 
Fax:  52  595  954  0692 
Home:  52  55  56 56 2067 
E-Mail:  nahumm@taurus1.chapingo.mx 

Nahum Marban-Mendoza, Co-chair of the Methyl Bromide Technical Options 
Committee, is a full-time professor of Integrated Pest Management and Plant 
Nematology at the Universidad Autonoma Chapingo in the graduate programme of 
crop protection.  He has over 25 years experience in the research and development of 
non-chemical alternatives to control plant parasitic nematodes associated with 
different crops in Central America and Mexico.  Prof. Marban-Mendoza has been 
funded by both private and government funds; occasionally he receives funds for 
wages and travel.  The communication costs related to MBTOC activities and the 
costs of travel and other expenses related to participation in TEAP and TOC 
meetings are paid by the UNEP Ozone Secretariat. 
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Mr. E. Thomas Morehouse 
(Senior Expert Member) 
Institute for Defense Analyses 
4850, Mark Center Drive 
Alexandria, VA 22311 
U.S.A.
Telephone:  1 703 750 6840 
Fax:  1 703 750 6835 
E-Mail:  tom.morehouse@verizon.net 

Thomas Morehouse, Senior Expert Member for Military Issues, is a Researcher 
Adjunct at the Institute for Defense Analysis (IDA), Washington D.C., USA. IDA 
makes in-kind contributions of communications and miscellaneous expenses. 
Funding for wages and travel is provided by grants from the Department of Defense 
and the Environmental Protection Agency. IDA is a not-for-profit corporation that 
undertakes work exclusively for the US Department of Defense. He also occasionally 
consults to associations and corporate clients. 

Mr. Jose Pons Pons 
(Panel Co-chair, Aerosol Products TOC Co-chair) 
Spray Quimica C.A. 
URB.IND.SOCO
Calle Sur #14 
Edo Aragua, La Victoria 
Venezuela
Telephone:  58 244 3223297 or 3214079 or 3223891 
Fax:  58 244 3220192 
E-Mail:  joseipons@eldish.net  or  joseipons@telcel.net.ve 

Jose Pons Pons, Panel Co-chair and Co-chair Aerosol Products Technical Options 
Committee, is President, Spray Quimica, La Victoria, Venezuela.  Spray Quimica is 
an aerosol filler who produces its own brand products as well as does contract filling 
for third parties.  Spray Quimica makes in-kind contributions of wage and 
miscellaneous and communication expenses. Costs of Mr. Pons’ travel are paid by 
the Ozone Secretariat. 

Prof. Miguel W. Quintero
(Foams TOC Co-chair) 
Professor of Chemical Engineering 
Universidad de Los Andes 
Carrera 1a, no 18A-70 
Bogota
Colombia 
Telephone:  57 1 339 4949, Ext. 3888 
Fax:  57 1 332 4334 
E-Mail:  miquinte@uniandes.edu.co 

Miguel W. Quintero, Co-chair of the Foams Technical Options Committee, is 
professor at the Chemical Engineering Department at Universidad de los Andes in 
Bogota, Colombia, in the areas of polymer processing and transport phenomena.  Mr. 
Quintero worked 21 years for Dow Chemical at the R&D and TS&D departments in 
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the area of rigid polyurethane foam.  His time in dealing with TEAP and TOC issues 
is covered by Universidad de los Andes and costs of travel and other expenses related 
to participation in TEAP and TOC meetings are paid by the Ozone Secretariat. 

K. Madhava Sarma 
(Senior Expert Member) 
AB50, Anna Nagar, 
Chennai 600 040 
India
E-mail:    sarmam@vsnl.net 

K. Madhava Sarma has recently retired after nine years as Executive Secretary, 
Ozone Secretariat, UNEP.  Earlier, he was a senior official in the Ministry of 
Environment and Forests, Government of India and held various senior positions in 
state government.  He is doing honorary work for UNEP and the Government of 
India.  He has worked as a consultant to UNEP for three stints.  The Ozone 
Secretariat pays for his travel, and other actual expenses in connection with his work 
for the TEAP. 

Mr. Gary M. Taylor 
(Halons TOC Co-chair) 
Taylor/Wagner Inc. 
3072 5th Line 
Innisfil, Ontario L9S 4P7
Canada
Telephone:  1 705 458 8508 
Fax:  1 705 458 8510 
E-Mail:  GTaylor@taylorwagner.com 

Gary Taylor, Co-chair of the Halon Technical Options Committee (HTOC), member 
of the TEAP and Co-chair of the PATF is a principal in the consulting firm 
Taylor/Wagner Inc.  Funding for participation by Mr. Taylor on the HTOC is 
provided by the Halon Alternatives Research Corporation (HARC).  HARC is a not-
for-profit corporation established under the United States Co-operative Research and 
Development Act.  Additional funding was provided by HARC to Taylor/Wagner 
Inc. to develop, maintain and operate the TEAP Web Site.  Funding for 
administration and the participation of Mr. Taylor on the Process Agents Task Force 
(PATF) in 2001 was provided by the Chlorine Institute and EuroChlor, both are 
broadly based trade associations. 
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Dr. Helen Tope 
(Aerosol Products TOC Co-chair) 
Waste Management Unit 
EPA Victoria
GPO Box 4395QQ 
Melbourne, Victoria 3001 
Australia
Telephone:  61 3 9695 2558 
Fax:  61 3 9695 2578 
E-Mail:  helen.tope@epa.vic.gov.au  

Helen Tope, Co-chair Aerosol Products Technical Options Committee, is a senior 
policy officer, EPA Victoria, Australia.  EPA Victoria makes in-kind contributions of 
wage and miscellaneous expenses.  The Ozone Secretariat provides a grant for travel, 
communication, and other expenses of the Aerosols Products Technical Options 
Committee out of funds given to the Secretariat unconditionally by the International 
Pharmaceutical Aerosol Consortium (IPAC). IPAC is a non-profit corporation. 

Prof. Ashley Woodcock 
(Aerosol Products TOC Co-chair) 
North West Lung Centre 
South Manchester University Hospital Trust 
Manchester M23 9LT 
United Kingdom 
Telephone:  44 161 291 2398 
Fax:  44 161 291 5020 
E-Mail:  awoodcock@fs1.with.man.ac.uk 

Ashley Woodcock, Co-chair Aerosol Products Technical Options Committee, is a 
Consultant Respiratory Physician at the NorthWest Lung Centre, Wythenshawe 
Hospital, Manchester, UK. Prof. Woodcock is a full-time practising physician and 
Professor of Respiratory Medicine at the University of Manchester. The NorthWest 
Lung Centre carries out drug trials of CFC-free MDIs and DPIs for pharmaceutical 
companies (for which Prof. Woodcock is the principal investigator).  Prof. 
Woodcock has received support for his travel to educational meetings and 
occasionally consults for several pharmaceutical companies. Wythenshawe Hospital 
makes in-kind contributions of wages and communication and the UK Department of 
Health sponsors travel expenses in relation to Prof. Woodcock’s Montreal Protocol 
activities.

Mr. Masaaki Yamabe 
(Senior Expert Member) 
National Institute of Advanced Industrial Science and Technology (AIST)
AIST Central 5-2,
1-1-1 Higashi, Tsukuba 
Ibaraki 305-8565 
Japan
Telephone:  81 298 61 4510 
Fax:  81 298 61 4510 
E-Mail:  m-yamabe@aist.go.jp 
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Masaaki Yamabe is a director of the Research Center for developing fluorinated 
greenhouse gas alternatives (f-center).  He was a member of the Solvents TOC 
during 1990-1996.  AIST pays wages, travelling and other expenses. 

Prof. Shiqiu Zhang 
(Senior Expert Member) 
Centre for Environmental Sciences 
Peking University 
Beijing 100871 
The People’s Republic of China 
Telephone:  86 10 627 64974 
Fax:  86 10 627 51927 
Email:  zhangshq@ces.pku.edu.cn 

Ms. Shiqiu Zhang, Senior Expert Member for economic issues of the TEAP, is a 
Professor at the Centre for Environmental Sciences of Peking University.  UNEP’s 
Ozone Secretariat pays travel costs and daily subsistence allowances, communication 
and other expenses. 
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10. TEAP-TOC Members 

2002/2003 Technology and Economic Assessment Panel (TEAP)

Co-chairs Affiliation Country 
Stephen O. Andersen Environmental Protection Agency USA
Lambert Kuijpers Technical University Eindhoven Netherlands 
Jose Pons Pons Spray Quimica CA Venezuela

Senior Expert Members Affiliation Country 
Jorge Corona CANACINTRA (National Chamber of 

Industry) (resigned 1/1/2003) 
Mexico 

Tamás Lotz Consultant to the Ministry for Environment Hungary 
Thomas Morehouse Institute for Defense Analyses USA
K. Madhava Sarma Condsultant India 
Masaaki Yamabe National Institute of Advanced Industrial 

Science and Technology 
Japan

Shiqiu Zhang Peking University China 

TOC Chairs Affiliation Country 
Radhey S. Agarwal Indian Institute of Technology Delhi India
Paul Ashford  Caleb Management Services UK
Jonathan Banks Consultant Australia 
Walter Brunner envico Switzerland 
Mohinder Malik Lufthansa German Airlines (resigned 

1/1/2003) 
Germany 

Nahum Marban Mendoza Universidad Autonaoma Chapingo Mexico 
Miguel Quintero Universidad de los Andes Colombia 
Gary Taylor Taylor/Wagner Inc. Canada 
Helen Tope EPA, Victoria Australia
Ashley Woodcock University Hospital of South Manchester UK
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TEAP Aerosols, Sterilants, Miscellaneous Uses and Carbon Tetrachloride Technical 
Options Committee
Co-chairs Affiliation Country 
Jose Pons Pons Spray Quimica CA Venezuela
Helen Tope EPA, Victoria Australia
Ashley Woodcock University Hospital of South Manchester UK

Members Affiliation Country 
D. D. Arora Tata Energy Research Institute India 
Paul Atkins Oriel Therapeutics USA
Olga Blinova FSUE Russia 
Nick Campbell Atofina SA France
Hisbello Campos Ministry of Health Brazil
Christer Carling Astra / Zeneca Sweden
Francis M. Cuss Schering Plough Research Institute USA
Chandra Effendy p.t. Candi Swadaya Sentosa Indonesia 
Charles Hancock Charles O. Hancock Associates USA
Eamonn Hoxey Johnson & Johnson UK
Javaid Khan The Aga Khan University Pakistan 
P. Kumarasamy Aerosol Manufacturing Sdn Bhd Malaysia 
Robert Layet Ensign Laboratories Australia 
Robert Meyer Food and Drug Administration USA
Hideo Mori Otsuka Pharmaceutical Company Japan
Robert F. Morrissey Johnson & Johnson USA
Geno Nardini Instituto Internacional del Aerosol Mexico 
Dick Nusbaum Penna Engineering USA
Tunde Otulana Aradigm Corporation USA
Fernando Peregrin AMSCO/FINN-AQUA Spain 
Jacek Rozmiarek GlaxoSmithKline Pharmaceuticals SA  Poland
Abe Rubinfeld Royal Melbourne Hospital Australia 
Albert L. Sheffer Brigham and Women`s Hospital USA
Greg Simpson CSIRO, Molecular Science Australia
Roland Stechert Boehringer Ingelheim Pharma KG 
Robert Suber RJR-Nabisco USA
Ian Tansey Expert  UK
Adam Wanner University of Miami USA
You Yizhong China Aerosol Information Center China 
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TEAP Flexible and Rigid Foams Technical Options Committee
Co-chairs Affiliation Country 
Paul Ashford Caleb Management Services UK
Miguel Quintero Universidad de los Andes Colombia 

Members Affiliation Country 
Robert Begbie Exxon Chemical USA
Volker Brünighaus Hennecke Germany 
Mike Cartmell Huntsman Polyurethanes USA
John Clinton Intech Consulting USA
Kiyoshi Hara JICOP Japan
Jeffrey Haworth Maytag Grp. USA
Mike Jeffs ISOPA Belgium 
Anhar Karimjee Environmental Protection Agency USA
Pranot Kotchabhakdi Thai Nam Plastic Thailand 
Candido Lomba ABRIPUR Brazil
Yehia Lotfi Technocom Egypt 
Yoshiyuki Ohnuma Achilles Japan
Risto Ojala Consultant Finland 
Robert Russell Consultant USA
Patrick Rynd Owens Corning USA
M. Sarangapani Polyurethane Association of India India 
Ulrich Schmidt Dow/ Haltermann Germany 
Bert Veenendaal RAPPA USA
Dave Williams Honeywell USA
Jin Huang Wu Elf Atochem USA
Alberto Zarantonello Cannon Italy 
Lothar Zipfel Solvay Germany 
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TEAP Halons Technical Options Committee
Co-chairs Affiliation Country 
Walter Brunner envico  Switzerland 
Gary Taylor Taylor/Wagner Canada 

Members Affiliation Country 
Richard Bromberg Halon Services Brazil 
David V. Catchpole Consultant  USA
Michelle M. Collins National Aeronautics and Space 

Administration 
USA

Phil J. DiNenno Hughes Associates USA
Matsuo Ishiama Halon Recycling & Banking Support 

Committee 
Japan

H. S. Kaprwan Defence Institute of Fire Research India 
Nicolai P. Kopylov All-Russian Research Institute for Fire 

Protection. 
Russia

David Liddy Ministry of Defence UK
Guillermo Lozano GL & Associados Venezuela 
John J. O'Sullivan British Airways UK
Erik Pedersen  World Bank Denmark 
Barbara Polak State Fire Service Headquarters Poland 
Reva Rubenstein US Environmental Protection Agency USA
Michael Wilson Michael Wilson & Associates Australia
Hailin Zhu Tianjin Fire Research Institute China  

 Consulting Experts Affiliation Country 
Thomas A Cortina Halon Alternatives Research Corporate USA
Steve McCormick US Army SARD-ZCS-E USA
Joseph A. Senecal Kidde Fenwal USA
Ronald Sheinson Navy Research Laboratory USA
Ronald W. Sibley DoD Ozone Depleting Substances Reserve USA
Malcolm Stamp Great Lakes Chemical (Europe) Limited UK
Daniel Verdonik Hughes Associates USA
Robert T. Wickham Wickham Associates USA
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TEAP Methyl Bromide Technical Options Committee
Co-chairs Affiliation Country 
Jonathan Banks Consultant Australia 
Nahum Marban Mendoza Universidad Autonaoma Chapingo  Mexico  

Members Affiliation Country 
Thomas Batchelor  European Commission EU
Chris Bell Central Science Laboratory UK
Antonio Bello Centro de Ciencias Medioambientales Spain 
Mohamed Besri Institut Agronomique et Vétérinaire Hassan II Morocco
Cao Aocheng Chinese Academy of Agricultural Sciences China 
Fabio Chevarri IRET-Universidad Nacional Costa Rica 
Miguel Costilla + Agro-Industrial Obispo Colombres Argentina
Ricardo Deang Consultant Philippines 
Patrick Ducom Ministère de l’Agriculture France
Seizo Horiuchi MAFF Japan
Saad Hafez Menoufia University Egypt 
Fusao Kawakami MAFFJ Japan
George Lazarovits Agriculture & Agr-food Canada Canada
Michelle Marcotte Marcotte Consulting Inc. Canada 
Cecilia T. Mercado UNEP DTIE France 
Melanie K Miller Consultant Belgium 
Mokhtarud-Din Bin 
Husain

Department of Agriculture Malaysia

Ms Amber Moreen Environmental Protection Agency USA
Maria Nolan Department of the Environment, Transport & 

the Regions 
UK

David Okioga Ministry of Environment and Natural 
Resources 

Kenya 

Marta Pizano de Marquez Hortitecnia Ltda Colombia 
Ian Porter Institute for Horticultural Development Australia 
Christoph Reichmuth BBAGermany Germany 
John Sansone SCC Products USA
Don Smith  Industrial Research Limited  New Zealand 
JL Staphorst Plant Protection Research Institute South Africa 
Robert Taylor Natural Resources Institute  UK
Ken Vick United States Department of Agriculture USA
Chris Watson IGROX Ltd UK

  Jim Wells Novigen Sciences, Inc., International USA

 Consulting Expert
Akio Tateya Japan Fumigation Technology Association Japan
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TEAP Refrigeration, Air Conditioning and Heat Pumps Technical Options 
Committee
Co-chair Affiliation Country 
Radhey S. Agarwal Indian Institute of Technology, Delhi India
Lambert Kuijpers Technical University Eindhoven Netherlands  

Members Affiliation Country 
Ward Atkinson Sun Test Engineering USA
James A. Baker Delphi Harrison USA
Julius Banks Environmental Protection Agency USA
Marc Barreau Atofina France
Steve Bernhardt EI Du Pont de Nemours  USA
Jos Bouma IEA Heat Pump Centre Netherlands 
James M. Calm Engineering Consultant USA
Denis Clodic Ecole des Mines France
Daniel Colbourne Calor Gas UK
Jim Crawford Trane /American Standard USA
Sukumar Devotta National Chemical Lab. India 
László Gaal Hungarian Refrigeration and AC Association  Hungary 
Ken Hickman Consultant USA
Martien Janssen Re/genT Netherlands 
Makoto Kaibara Matsushita Electric Industrial Corporation Japan
Ftouh Kallel Sofrifac Tunisia 
Michael Kauffeld DTI Aarhus Denmark 
Fred Keller Carrier Corporation USA
Jürgen Köhler University of Braunschweig Germany 
Holger König Axima Germany 
Horst Kruse FKW Hannover Germany 
Edward J. McInerney General Electric USA
Mark Menzer Air Conditioning and Refrigeration Institute USA
Petter Neksa SINTEF Energy Norway
Haruo Ohnishi Daikin Industries Japan
Hezekiah B. Okeyo Ministry of Commerce and Industry Kenya
Roberto de A. Peixoto Maua Institute of Technology Brazil
Frederique Sauer Dehon Service France
Adam M. Sebbit Makerere University Uganda 
Stephan Sicars Siccon Consultancy Germany 
Arnon Simakulthorn Thai Compressor Manufacturing Thailand 
Pham Van Tho Ministry of Fisheries Vietnam 
Aryadi Suwono Thermodynamic Research Lab Bandung Uni Indonesia 
Vassily Tselikov ICP "Ozone" Russia 
Paulo Vodianitskaia Multibras  Brazil



2002 Assessment Report of the TEAP 101

TEAP Solvents, Coatings and Adhesives Technical Options Committee
Co-chairs Affiliation Country 
Ahmad H. Gaber Cairo University / Chemonics Consultancy Egypt 
Mohinder Malik Lufthansa German Airlines (resigned 

1/1/2003) 
Germany 

Members Affiliation Country 
Brian Ellis Protonique Switzerland 
Srinivas K. Bagepalli General Electric USA
Mike Clark Mike Clark Associates UK
Bruno Costes Aerospatiale France
Joe Felty Raytheon TI Systems USA
Yuichi Fujimoto Japan Industrial Conference for Ozone Layer 

Protection 
Japan

Jianxin Hu Center of Environmental Sciences, Beijing 
University 

China 

William Kenyon Global Centre for Process Change USA
A.A. Khan Indian Institute of Chemical Technology India
Stephen Lai Singapore Inst. of Standards and Industrial 

Research
Singapore 

Seok Woo Lee National Institute of Technology and Quality Korea
Abid Merchant DuPont USA
James Mertens Dow Chemical USA
Andre Orban European Chlorinated Solvents Association  Belgium 
Patrice Rollet Promosol France 
Shuniti Samejima Asahi Glass Japan 
Hussein Shafa'amri Ministry of Planning Jordan
John Stemniski Consultant USA
Peter Verge Boeing Manufacturing USA
John Wilkinson Vulcan Materials USA
Shuniti Samejima Asahi Glass Japan 
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TEAP Collection, Recovery and Storage Task Force Members 
Co-chairs Affiliation Country 
Stephen O. Andersen Environmental Protection Agency USA
Walter Brunner envico Switzerland 
Jose Pons Pons Spray Quimica C.A Venezuela

Members Affiliation Country 
Paul Ashford Caleb Management Services UK
D.D. Arora Consultant, Tata Energy Research Institute India 
Teruo Fukada Japan Electrical Manufacturers Association Japan
László Gaal Hungarian Refrigeration and Air 

Conditioning Association 
Hungary 

Mike Jeffs ISOPA Belgium 
Brian Hobsbawn Environment Australia Australia 
Robert Chin-Hsing 
Huang

Environment Alberta Canada 

Lambert Kuijpers Technical University Eindhoven Netherlands 
Ronald Sibley Defense Supply Center Richmond USA

Stephan Sicars Siccon Consulting Germany 
Paulo Vodianitskaia Multibras SA Eletrodomesticos Brazil

TEAP Destruction Technologies Task Force Members 
Co-chairs Affiliation Country 
Sukumar Devotta National Chemical Laboratory India 
Abe Finkelstein Environment Canada Canada 
Lambert Kuijpers Technical University Eindhoven Netherlands 

Members Affiliation Country 
Julius Banks Environmental Protection Agency USA
Jerry Beasley Logtec USA
Isaac Gabai Companhia Alagoas Industrial Brazil
Jiang Jian’an Shanghai Institute of Organo-Fluorine 

Materials 
China 

Christoph Meurer Solvay Fluor and Derivate Germany 
Koichi Mizuno Ministry of International Trade and Industry Japan
Philip Morton Cleanaway Ltd, Technical Waste UK
Anthony B. Murphy CSIRO Telecommunications and Industrial 

Physics
Australia 

Ewald Preisegger Solvay Fluor and Derivate Germany 
Kenneth Edward Smith  Ontario Ministry of the Environment Canada 
Adrian Steenkamer Environment Canada Canada 
Werner Wagner Valorec Services Switzerland
Ronald W. Sibley Defense Supply Center Richmond USA

 Consulting Members Affiliation Country
Paul Ashford Caleb Management Services UK
Jonathan Banks Consultant Australia 
Gary Taylor Taylor/Wagner Canada 


