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1.0 SUMMARY 

This project vias undertaken to develop a discussion paper on options for the management of 
surplus ozone depleting substances (OOS). Surpluses are expected for specific CFCs and Halons 
and withoutimplementation plans for safe disposal, it is ooly a matter oftime before aIl CFCs and 
Halons would bereleased to the atmosphere. The study which was called for in the National 
Action Plan preparedby the Federal Provincial Working Group on Controls Hannonization 
(OOS) (FPWG) for the Canàdian Council ofMinisters of the Environment (CCME) focussed on 
chlorofluorocarbons (CFCs) used as refrigerants and on Halons (bromochloroflurocarbons and 
bromofluorocarbons)usedasfire suppressants. The Auditor General's report also has indicated 
the need for such a studY. ' 

The work was carried out through a consultative process with stakeholders including 
manufacturers, service representatives, reclaimers and recyclers and federal and provincial 
representatives and by the review of management procedures and tools used in provincial 
jurisdictions and other countries. " Substantial progress has been made in Canada to reduce the 
emissions of OOS. This progress has been made through regulatory ,actions taken by the federal 
and provincial governments, changes in technology and voluntary actions by industry. With the 

. ban on manufacture and importation of virgin CFCs, these materials have been replaced by 
alternatives, such as hydrochlorofluorocarbons, hydrofluorocarbons and other materials. The 
existing inventory of CFCs still in use in existing equipment and standby stocks requires careful 
management to ensure that emissions from these sources are prevented, 

OOS continue to be usedas refrigerants in five types of equipment, mobile air conditioning, 
mobile refrigeration, household appliances, commercial refrigeration and air conditioning and 
chiller air conditioning. Halons are used in portable and stationary tire extinguishing equipment. 

'. The study has developed an overview of the current status ofOOS inventories in Canada. A 
predictive model was devèloped under this project for this purpose. It was determined that, 
although. there is n.0t' currently a shortage of supply of CFCs for existing equipment, the expected 
period of availability ranges widely with sorne sect ors, notably mobile air conditioningfacing the 
most immediate shortages, possibly in mid-1998 while other sectors are less likely to face short 
termshort·ages. In sorne sectors, in fact, CFCs will be around for many years and will need to be 
disposed of to prevent their eventual release. Because of these sectoral differences, it is necessary 
to prioritizethe efforts to manage the inventoriés in these sectors. 

, 

Halon 1211 and 1301 are both in surplus supply. Halon 1301 is unique and for sorne applications 
requires special consideration. This is not the case with Halon 121l. A review ofOOS 
destruction technologies showed that practicable destruction technologies exist. Facilities are in 
operation for this purpose (in the USA and Gennany, for example) although there are no facilities 
currently in operation in Canada. There are also several promising destruction technologies under 
development and, in sorne cases, commercialization. The study also included a review of the 
regulatory and control activities in selected countries including Australia, Sweden, Germany and 
the Uruted States. This review provided insight into model Extended Proqucer Responsibility 
prognims such as that managed by Refrigenmt reclaim Australia Ud. as well as a range of existing 
and proposed controls on the use of CFCs and Halons. ' 
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• The study has identified four strategie options available for the management ofOOS. 
These are: . 

• The Status Quo, i.e. the continuation of current regulatory controls and activities. 
• ' Restrictions on imports and exports of CFCs and Halons to and from Canada, i.e. extend 

the current ban 'on importation of virgin CFCs to inCIude recoyered/recycled CFCs and to 
ban the export of these inaterials other than for destruction at approved destruction 
facilities. 

• . Limit the refilling of aIl or s'orne categories of equipment with CFCs 'and Halons, i.e. 
require conversion of equipment requiring servicing to alterriative non-CFC refrigerants. 

• Limit the use of CFCs and Halons in ail or sorne Categories of equipment, i.e. require 
conversion of aIl equipment to alternativerefrigerànts after a specified datees), whether the 
equipment requires serVicing or not. 

Each ofthese options has advantages and disadvantages. Each 'option will have a'different impact 
on the removal of OOS from the inventory and thus oneventual releases to the atmosphere. Each 
option aIso presents a different inherent cost. Generally speaking, the above four options are,listed 
in order of increasing effect on lowering emissions and in order of increasingcost. It is 
recognized that different options may be more appropriate for different sectors. The Halon sector,' 
for example, requires special consideration sin ce for Halon 1301, a completely satisfactory ~ 

alternative is not currently avai~able for somecritical uses. However, acceptable alternatives are 
available for Halon 1211. ' 

,The implementation of the chosen option(s) will require effective management tools: An 
important conclusion ofthis project isthe need fora strategic objeCtive to bedeveloped by the 
FPWG and the development of a program to achieve this objective. An Extended Producer 
Responsibility program should be considered as a route to the'stràtegic objective. 

2.0 BACKGROUND 

Substantial progress has been made in Canada to reduce the emissions of ozone depleting 
substances (OOS). This has been accomplished through strong regulatory action taken by federal 
govemment and provincial govemments, changes in technology, and voluntary actions by industry 
such as the move to alternatives. An Environmental Code ofPractice for Refrigeration and Air 

, Conditioning Systems was issued by Environment Canada in 1996. With the ban on the 
manufacture and importation of CFCs, they have been effectively replaced for aIl new applications 
by HCFCs, HFCs and other chemicals. However it is important to bear in mind that while 
HCFCs have a lower ozone deplétion potential and HFCs are not' OOS, they are greenhouse 
gases. and their emissions are undesirable for that reason. It is also important to recognize that 
while OOS have been replaced in new applications, a very large irtventory still exists in previously 
manufactured equipment and there is a continuous and ongoing need to prevent or reduce OOS 
enusSlOns. 

The issue of OOS is addressed in Canada by an active govemment group that meets twice a year, 
the Federal Provincial Working Group on Controls Harmonization (Ozone Depleting Substanc~s) 
- FPWG. The FPWG has iss~ed a number of documents on the subject. The most recent 
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.' éiocument,published in January 1998, specifically caUs on Environment Canada, on behalf of the 
FPWG, to carry out, among others, the following tasks:· 

• UpdateODS, HFC inventory to 1996,tobe completedby the end of 1998,1 
• Development of a Discussion paper on the disposai of surplus CFCs & Halons, to be 

completed by mid 19982
; and 

• Development of a Strategic Plan for Disposàl of Surplus CFCs and Halons, to be 
completed by the end of 19993

, . 

The Auditor General' s 1996/97 preliminary report4 has pointed out a gap in Environment 
Canada's plans to develop and implement a plan to manage the stock of surplus CFCs and 
Halons. As a result, Environment Canada has initiated this work. This report examines the 
refrigeration and air conditioning sect ors, and the tire extinguishing systems sector. Other sectors 
such as foam manufacturing, solvent cleaning, dry cleaning and aerosols, which previously were 
significant users of ODS, no longer use CFCs and Halons and are, therefore, not included in this 
study . 

The air conditioning and refrigeration industry is composed of .two main sectors: mobile air 
conditioning, and refrigeration and stationary refrigeràtion and air conditioning applications, The 
mobile sect or is sub-di~ded intotwo subsectors: air conditioning (mainly automobile) and 
refrigeration (transportation refrigeration), The stationary sector is divided into three sub-sectors: 
appliances, general commercial, and chiller air conditioning , Each sub-sector has its own 
particular type of systems, service practices and market distribution-related issues. Each sector 
and .sub-sector is discussed separately in this report. 

1 From NAP, January 1998: "This task is an extension and expansion of the previous work completed in 
1993. The original study was usefiù in defining the 1993 needs and determiIiing progress regarding the 
major use of the main ODS such as CFCs, HCFCs, and Halons. The original inventory provided the 
necessary data for the developrnent of effective direction and suitable programs to reduce eniissions and 
uses. The updated inventory will include HFCs as weIl as all ODS. It will not only provide information to 
be used as a base for future programs, but also will be a clear rneasure of aetual progress in reducing use on 
the various industI), sectors over the past three years." 

2 From NAP; January1998: "The availability of alternatives for CFCs and for many HCFCs, coupled with 
the probability of future use phase out in sorne industry sectors,may lead to a surplus of CFCs. A similar 
situation eould also occur with Halons. An assessment of this potenUal problem is required. 

3 FromNAP, March 1997: "A strategie plan with a high level ofharmonization is essential to the 
development of a successfiùprogram having cooperation of industry. The strategie plan development will 
include the following major components: 

a elearly defined objective; 
specified dates for achieving important milestones; . 
an action plan defining specifie actions and responsibilities; 
a plan to monitor progress." 

4 Professor W. (Bill) Leis, Queens University, was on contraet to Auditor General's office for this 
work. 
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OBJECTIVES 

The objective ofihis project is to develop a report which is to be used for discussions on the,~eed 
for and the major considerations and implications in the development ofa strategy for the 

, management of surplus CF Cs and Halons in Canada, The report is to provide the following 
inforritation: ". 

.• ' An overview of the current situation with respect to: 
stocks of CFCs and Halons; . . " 
conversion to CFC and Halon'substitutes and their impact on future stocks; 
implementation of containment, including recycling and recovery strategies, and 
their impact on future stocks; 

. 'effectiveness ofcurrent user practices in disposmg of surplùs ODS stocks; 
contaminated stocks and their disposition; 
international activities relevant to the management of surplus stocks as well as the 
strategies Used in other countries , 

• Analysis and discussion of the potential for future surplus stocks in Canada, 
• Discussion of feasible disposaI, conversion or other options for Canada, for managing 

surplus stocks along with barriers and impediments. 
• Discussion and analysis of stakeholders views~nd perspectives on the above, and 

stakeholder views oh the roles and responsibilities for management of surplus stocks. 
• Discussion and analysis offeasible and cost effective strategies for the management of 

surplus ODS stocks, as well as the tools available to governments, that coùld be" . 
considered in Canada. . . , 

The discussion paper should inc1ude: 1 

• Identification ofuse quantities and industry sectors. 
• Estimates and projections of future surplus es, depending on possible control programs or 

regulations 
, Identification of possible disposaI scenarioss, such as 

naturai phase-out,. 
conversion to other environmentally acc~ptable compound s, and . 
destruction (e.g.incineration at Swan Hills, AB or a US location) 

• Identification of activities in this area in other countries. Sorne of the producers of 
refrigerants, i,e. ICI, DuPont, believe that USA has littie interest in takingregulatory 
action in this area. . 

• evaluation of possible advantages of the various scenarios6
, 7; . 

• options, for future actions (infrastructure); 

5 United Nations Emironmental Program (UNEP), 1995 ODS Technology Update; Technology And . 
'. Economic Assessment Panel; ODS DisposaI Subcommittee Workshop, May 2-3, 1995, Montreal, Quebec, 

Canada; Presentation by Bernard Madé; Acting Head, Ozone Protection Prograrns Section, EnvironmentaI 
Protection Service, Environment Canada, CFC and Halon Stocks in, Canada and Futùre Needs for DisposaI .. 
6 The cost of reco\'ering CFCs is about $4/kg. 
7 Cost of containment and storage (a safe location suchas an abandoned underground mine) is 
apprciximately $4.60/kg, see Footnote 1. 
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'. discussion of disposàl responsibilities. , 

The NAP reinforces the need that the discussion paper should inc1ude the above items in the 
discussion paper, 

4.0 METHODOLOGY 

The options for the management of ODS inventories contained in this report have been developed 
by: 

• discussions with stakeholders by means of meetings with stakeholders in working groups 
, and telephone, e-mail and facsimile communications with stakeholders outside ofthe'se 

meetings. Appendix F of this report proVides a list of stakeholders. 
• telephone interviews basedon written sector specific questionnaires 
• the development of a predictive model foreach ODS use sector 
• the collection of information on the activities in other countries and in Canadian provinces 
• the collection of information on Extended Producer Responsibility concepts based on the 

Office ofEconomic Cooperation and Developmentand other countries' activities. 
• a review of ODS destruction technologies, both developingand existingbased on United 

Nations Environment Program activities. ' ' 

4.1 Working Group 

Based on the information obtained using the sources listed above, ODS,inventory .status 
information and possible management optibnswere developed. These were presented to 
participating stakeholders at a series ofthree meetings held in Toronto in the fust quarter of 1998. 
Stakeholders who were unable to attend were sent the information presented and the 
stakeholders' commerits and their input soliCited. 

The information deveIoped and the options proposed were revised and updated based on the input 
received at the previous meeting or received directly from participating stakeholders or other 
sources,e.g. the US EP A. 

4.2 Interviews and Questionnaires 

Based on the consultants' experience and with guidance provided bystakeholders, telephone 
interviews were ,held with sector specifie stakeholders and trade associations involved with ODS 
through regulation, servicing, recovery, recyc1ing and' rec1amation adivities. The information 
gathered was then used to develop and/or confirm ODS inventory information and management 
options. Thefollowing groups were contacted: 

• provincial environmental ministries, 
• 'industry trade associations 
• automobile air conditioning service companies 
• transport refrigeration service comparues, 
• chiller manufacturers/service companies 
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• refrigerant manufacturers,' 
• independent service companies for appliances and commercial refrigeratiori 
• grocery stores, ' 
• refrigerant reclaim companies. 

Information questionnaires were prepared and sent to major groups and representatives. O~hers, 
were contacted directly and by telephone. AlI information and notes were thensorted and 
collected together by industrysector and used in the developmemt'of management options and, 
as applicable, in the predictive model described in Section 4.3 

Available statisticaldata from Environment Canada reports and information from theOECD and' 
UNEP was also reviewed and used in a sirnilar fashion, 

4.3 Predictive Model 

The data and information described was analyzed and assessed relative to the following . 
perspectives: 

• inventories ,on hand or available for servicing, 
• start of general use of alternates in new equipment, 
• normal service age of most equipment, . 
• normal operationalleakage rates of equipment, 
• market growth rates, . 

extent to which recovery and recycling is pradiced, 
• use bf reclaim service companies; quantities reclaimed" and . 
• 'availability of standbyinventory for servicing. 

With. the assistance ofEnvironment Canada staff, a predictive model was developed. This model 
was used to establish ons inventory information for each of the identified sectors for the period 
1993 to 2020. Five analytical models were prepared, one for each of the followirig sectors: 

• Mobile Air Conditioning 
• Mobile (Transportation) Refrigeration 
• . Appliances' 
• Commercial Refrigeration and Air Conditioning 

Chillers (Building Air Conditioning) . 

After review of aIl the information it was found that the same basic standard model could be used 
by applying different sect or specific factors where necessary. A detailed discussion of the model 
elements and examples are provided in Appendix C. The computer-based model can also be used 
to modify the assumptions used to develop the inventory information and to evaluate"what-if?" 
hypotheses. 
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4.4 Other Countries and Jurisdictions Activities 

Infonnation was solicited from countries known to be active in the management, control and 
regulation ofODS_ The responding countrieswere Australia, the United States, Sweden and 
Gennany. . . 

4.5 Extended Producer Responsibilities 

Infonnation was.obtained on Exterided Producèr Responsibilities concepts for possible application 
. in management options. The OECD workshops and the Australian model represented'by . 
Refrigerant Reclaim Australia'Ltd. were the primary sources ofinfonnation .. 

, ) 

4.6 ODS Destruction Technologies 

A brief review of available and developing destruction technologies was carried out. It is apparent' 
that there are several technologies currently approved for the destruction of CFCs and Halons and 
that there are several technologies in the development or commercÎalization stage which hold 
promise as additional destruction methods. There does not appear to be any reason for concem 
that technologies would not available for the destruction of CFCs. ' 

There iS. no operating experience in Canada with ODS destruction but there is in the USA. Data 
, received from operators ofODS facilities in thatcountry report destruètion costs of $0.46 - $2.00 

per kilogram depending on the type ofODS. Liquid materials would be in the low end of the 
range while pressùrized materials such as CFC-12 would be at the upper end of the range. These -. 

, costs also are not believed to included Collection and transportation costs. Sorne Canadian 
, reclaimershave expressed an interest in operating facilitiesin Canada and there is no reason to 

anticipate any significant problems in implementing ODS management options because of a lack 
,of technology or accessible facilities. 

5.0 OVERVIEW CURRENT STA TUS OF ODS INVENTORIES 
, , 

5.1 ' Overall demand and inventories 

The 1993, inventory study which was completed for Environment CanadaS included aIl CFCs, and 
sorne HCFCs, With tbis base data, and the model incorporating aU the essential variables, it has 
been possible to make reasonable estimates and projections of the marke~ supply and activity, 
AlI sectors have reported that with the possible exception of the mobile air conditioning sector, 
there is currently no shortage of CFCs to meet servicing needs, with sufficient standby inventory 
tolast from 4'to 7 years for CFC-11, up to 4 years for CFC-12 and 4 to 5 years for R502, ' 
Refrigerant supply and needs will be discussed in detail for each sector. There arecurrently one 

. or more alternative refrigerants available as substitutes for each existing CFe, so no negative 

8 Summary Report: NationallnventoI)' Of CFC And HCFC Installations ln Canada, Environment Canada File ' 
KA168-2-7055, prepared by Bovar Environmental Services, Calgary, Alberta in Association with Concord 
Environmental Corporation, Toronto, Ontario and Roger Buxton Associates',Unionville, Ontario, October 1993 
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industry impact has beeri noted, Generally there is a relatively high level of recovery and 
reclamation being carried out, with sorne variation depending on the sector. Considerable 
attention has been paid to containment over the past few years, especially with larger systems. ' 
This has reduced leakage losses to the atmosphere and teduced the demand for additional 
refrigerant. 

5.2 Mobile Sector 

5.2.1 Mobile Air Conditioning 

The mobile air conditioner sectot represents the largest inventory of CFCs in Canada. The most 
receIlt Environment Can~da estimate, published in 1995, reports an inventory of 48,000 tonnes of 
CFCs, ofwhich'42%,or 20,006 tonnes, is in the mobile AlC sectot. Virtually all ofthis amount 
was CFC-12. In 1994, original equipmentmobile airconditioners were no longer manufactured 
using CFC-12 but were re-engineered to use R-134a; an HFC refrigerant. Data developed in this 
project indicates that theinventory'at the beginning of 1998 had decreased to approximately 
12,000 tonnes or 30% ofthe total. The mobile air conditioning sector is the largest sector of the 
five CFC-using sectors studiedinthis report. His probable that the available inventory ofCFC-12 
for this sector will be used up within a very few years, possibly as early as the second half of 
1998. ' 

5.2.2 Mobile Refrigeration 

Mobile or Transportation Refrigeration systems (sometimes referred to as reefers) represents one 
of the major uses of refrigerants. This would include dairy product delivery and transportation. -. 
vehicles, mobile snack wagon vehicles and field canteens, bulk meat transport trailers, fresh soft 
fruit transport trailers, frozen food transport trailers, fresh fish and sea food transport trailers and 
delivery vehicles, Refrigeration equipment on passenger trains, aS weIl as refrigeration on ships ' 
and planes were not iricluded in the study. The principal CFC refrigerants used are CFC-12 and 
R502, (HCFC22 is also used to sorne e}Çtent.) 

. The projectsurvey indicates that the mobile refrigeration sector is the fourth largest CFC-using 
sector in this study. The in-use and available inventory was estimated.at about 6,300 tonnesat the' 
beginning of 1998, As with the mobile air conditioning sect or, the CFC available for servicing . 
'could bereduced to zero during 1998. ' 

5.3 StationaryAir Conditioning and Refrigeration 

. 5.3.1 Appliances 

The Appliance Sector includes an household plug-in refrigeration and air conditioning equipment 
except window air conditioners, whith do not contain CFCs but HCFC22. Such equipment as 
refrigerators, freezers, and dehumidi~ers are the major users of CFC. With the exception of 
dehumidiners which use RSOO, an other appliances use CFC-12. Based on industry sources, there 
are approximately 10,000,000 appliances in Canada that use CFC refrigerants. Although the 
number of CFC-using units is the largest of thefive sectors studied, because the quàntity of CFC 
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per unit is small, the total CFC inventoryin this sector is the smallest, estimated at about 4,7.0.0 . 
tonnes at the beginning of 1998. This small charge per unit combined with the low leakage rate 
and the change to alternative refrigerant with units manufactured after 1995, indicates that the 
CFC required for servicing will be ~vailable up to the year 2.02.0. 

5.3.2 Commercial Refrigeration and Air Conditioning Sector 

The commercial sector co~ers a broad range of s~e and'type of equipmènt, including such units 
as plug-in case coolers and freezers for small stores, restaurants and bakeries; remote unit,s in 
large grocery stores served in grouPf, by centrally located'compressors; large walk-infreezers and 
coolers for storage as found in large grocery ~ores or dairy type take out stores; split air 
conditioning systems for various types of cominercial buildings and restaurants; as weil as large 
direct cooling air conditioning systems. The principal CFCs used are CFC-12 for refrigerated 
coolers and R5.o2 for medium andlow temperatureapplications such as frozen food display cases 
and storage freezers. There are several million locations in Canada using such types of systems. 
Cornn\ercial refrigèration and air'conditioning sector is the second largest in this study. Inventory 
at the beginning of 1998 isestimated at approximately 2,.0.0.0 tonnes. Economicfactors as well as 
well as commitment to reduction of t:,eleases to the atmosphere have resulted in an 8.0% reduction 
in releases compared to past practices. These factors combined with commercial planning and 
recovery practices, and the availability of alternatives, has extended the availability of CFCs in this 
sector. CUITent inventories are predicted to last until 2.0.08. 

5.3~3. Chiller Sector Current Assessment (1993-1998) 

. ' . 

The. chiller sector involves large air conditioning units which provide cooling to buildings by 
cooling a medium such as water which is then circulated to the area to be cooled. ' A relatively 
small range of equipment types are used for this purpose, basically being divided into low 
pressure and high pressure units. Approximately 9.0% of the units are low pressure. Chiller 
installations are two stage in action, i.e. the chiller cools the storage water which is piped to one 
or more air cooling units. lndustry sources.indicate that there are approximately 7.0.00 chilI ers in 
Canada based on industry estimates. Chillers have a refrigerant charge varying from 3.o.okg to 
1.0.0.0 kgs. for the majority of equipment; an average charge being in the range of 5.o.okg. Thus 
chilI ers are relatively fev" in nùmber but have large charges, as' eompared to stationary air 
conditioning and refrigeration units such ,as appliances which have very small charges but are 

. virtually ubiquitous, . A tight; leak free ,system is important for chillers. 

Thechiller sector H~presents the third largest inventory ofCFCs at approximately 7,2.0.0 tonnes at 
the beginning of 1998. As with commercial refrigeration and air conditioning, economiè and. 
business planning factors, the sector appears tobe in a relatively sound position with respect to . 
the availability of CFCs for maintenance of existing equipment. Inventory availability is predicted 
until the year 2.02.0. Because of the comparatively small number ofunitsoand their large size, the, 
sector appears to be a good èandidate for further CFC-reduction initiatives. 

, '. 
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Halons 

Halons are halogenated ?-liphatic hydrocarbons containing bromine and fluorine atoms. They àre 
used in flre extingUishing systems. The two Halons used in Canada in tire extingUishing 
applications are Halon 1211 (brômochlorodifluoromethane) and Halon 1301 . . 
(bromotrifluoromethane). Halon 1211 is generally used is iri portable (hand;..held and wheeled) fire 
extingUishers while Halon 1301 isgeneraUy used in fixed total· flooding systems. Small amount. of 
Halons have alsobeen used as refrigerants (less than 1% of the total). . . 

Halons 1211 and 1301 are used·in fire.extinguishers because they are effective whèn used for this 
purpose and because they do not cause property damage when discharged,àn important 
consideration in sensitive areas such as computer rooms, archives aild data storage areas. In . , 
addition, humans can survive in the presence'ofHalon 1301, an important consideration for use in 
cl~sed areas such as aircraft and armoured fighting vehicles. 

6.0 . MANAGEMENT ACTIVITIES IN OTHER COUNTRIES. 

6.1 usA 

Activities in the USA are essentially in the form of monitoring supply and demand. The EPA's 
. Vintaging Model is'a computer modeldeveloped by the EPA for this purpose, provides these 

estimates. , 

6.1.1 SupplyofCFC-12 

The inventory takes in to accounL 

, . 
• 
• 
• 

Stockpiles at the beginning of 1996 
Amount ofR-12 reclaimed from existing aic and refrigeration equipment 
Illegal imports (acknowledged but not used in calculations) 
Demand 

• Number of operating R-12 aic and refrigeration systems that require re'placement ofR-12 
through leakage and upon servicing 

According to this report, the total CFC-12 inventory in USA 'on January 1, 1997 was -50 MM 
lbs. It was held b); 

• 

• 

OEMs 
. Packagers/recJaimers 

Auto parts chains and distributors 
Stationary/Commercial sector distributors 
Others, including chemical manufacturers 

In 1996, pric~s rose briefly fromUS$9.50/lb. to US$20/lb. 
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6~1.2 Deinand for CFC-12 

" ' 

• The model was constructed to estimate use and' emissions of CFCs, Halons, methyl 
chlorofonn, HCFCs, HFCs,and PFCs for more than 40 different end-uses in the USA. through 
2030; " , , , ' 

• The model estimates annual demand for CFC-12 by projecting the total sizeofthe equipment 
stock in each ,end use over time, and .simulating the use and emissions ofR-12 from tbis 
equipment each year. ' 

6.1.3 EPA Vintaging Model Key Inputs for èFC-12 Use ' 

US SupplylDemand forCFC-12 (MM lb.) 

• Monitoring stocks ofCFC-12; Report on CFC-12 supply-demand 1996-2000 available 
• Report prepared for EPA by ICF Consulting Group, July 1, 1997 (Update ofJuly Il, 1996 

report) 
• Demand estirilates ar'e taken from EP A' s Vintaging Modèl 

Supply 
Stockpiles'atthe beginning of 1996 
AmountofR-12 rec1aimed fromexisting alc and refiigeration equipment 
Illegal imports (acknowledged but not used in calculations) 

• 'Demand 
Numberof operating R-12 alc and refiigeration sy~tems thât require replacement ofR-
12 through leakage and upon serVicing 

• Unlike the Bovar report, the EP A inventory does not look at the amount ofR-12 in existing 
,alc and refiigeration equipmerit '. In contrast, the Bovar report did not look at supply/demand. 

Industry Sector Pipeline est. Stockpile est. Total (million 
(MM pounds) ~ound~ pounds) 

Chemical manufacturers 0-5 0 0-5 

P ackagerslreclaimers 5-10 5 10-15 

OEMs 0-5 10-15 10-20 

Auto parts chains and 5-10 0-5 5-15 
distributors 

Do-It -Y ourselfers NIA 1-3 1-3 

-Stationary/Cornrnercial sector 0-5 5 5-10 
distributors " 

Wholesale clubs 0-1 '0 0-1 
.J 

Total 10-36 21-33 31-69 

Much.of the focus of the US monitoring activities have beeh focussedon CFC-12. The most 
recent data suggests that CFC-12 will be in shortage tbis year. It should be noted that sorne OEM 
manufacturers believe that inventory estimates of stocks that OEM companies have is too low and ' 
supplies over the near term will sufficient to meet demand. One can conclu de, however, that 
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supplies will at best be sufficient only forthe very, short term say 1 - 2 years at best and possibly 
during 1998 at worst " 

The data aIso indicate that apt>roximately 2/3 of the annual demaild is in mobile air conditioning, 
, AlI ofthis is assumed to be used in the servicing of older, 'existing units since conversion to HFC ' 

, refrigerant was effected in 1994. 

The data aIso indicate that about 1;4 of the 'aimual derriand is for commercial refrigeration, 
There is no reason to believe that these data are not generally applicable to Canad~ a view which 
is supported by theCanadianinformation gathered fonhis report.,' ' 

The EPA has offered to run Canadian data through their computer mode!. This offer should be 
taken up for three reasons: ' 

• This would take,advantage oft~e effort which has been Pllt into the development of the 
, computer model at minimum cost. 

• The data format estab1ished for the EPA mode1 wouid provide an excellent'guide to the 
acquisition of Canadian data. ' , 

• The comparabi1ity of the twb sets ofdata (USA and Canada) would prove useful for' 
future studies, ' 

6.2 Sweden 

Sweden has recently promu1gated new regulations for controlling CFCs. These regulations 
provide that: 

• as of January 1, 1998, it will be forbidden to 
• refill existing refrigération and alc with CFCs; 
• fill new refrigeration and alc units with HCFCs; 
• use Halons (with certain exceptions made for critical uses such as military and aviation 

applications, 
• as of J anuary 1, 2000, it will be forbidden to:, , 

use CFCs as a working medium in existing facilities. Domestic refrigeration is exempted 
from this ban, 

• as ofJanuary 1,2002, it will be forbidden to: 
refill refrigeration and alcunits with HCFCs 

• Suppliers are obliged to take back recovered refrigerant atno charge 
• CFCs and Halons not reused or exported must be delivered for destruction only, to an 

authorized body, One Swedish company has been authorized to destroy ODS. The 
quantities destroyed were: ' 

Year , Quantity Destroyed (Tonnes) 

1996 
1997 

Environment Canada , 
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Exports of CFCs and Halons are pennitted only for the purpose of destruction in another 
country 

Germany 

Inventory ofCFCs in existing ~quipmènt was 44,000 tonnes in 1997, including 5,000 
tonnes in household refrigeration. Values for Canada are very similar (42,000 tonnes and 
4,000 tonnes respectively) which is somewhat surprising considering population 
differences but probably is a reflection ofwider use of air conditioning and refrigeration of 
all types, mobile residential and commercial. 
Distributors ofCFCs and Halons are obligated to accept the retum ofthese substances 
and "preparations" 
Manufacturers/distributors must maintain record ofretumed substances and 
"preparations'; (blends?). 
Disposai in not regulated separately but iscovered by existing regulations for disposai of ' 
hazardous waste.' , 

Australia ' 
, -

, Regulatory jurisdiction in Australia appears to be a stateresponsibility An exampleisthe New 
South Wales Ozone Protection Act which was updated December 24, 1997. This Act enables the 
regulation of the manufacture, sale, distribution, use, emission, re-cycling, storage and disposai of 
stratospheric ODS and articles that contain those substances. The regulations may make 
provisions for or with respect to the regulation or prohibition of the manufacture, sale,----'---- - -" 
distribution, conveyance, storage, possession and use of ODS by: ' 
• regulating the design, installation, operation, servicing, maintenance, repair, modification 

or decommissioning of any controlled article or any plant or equipment used to 
manufacture such an article, , 

• 'requiring and regulatingthe iecovery, recycling, disposal and destruction of ODS and 
controlled articles ' 

, • regulating or prohibiting the emission of controlled substances 
• payment of compensation" out of money to ,be provided by Pàrliament, in connection with 

the operation of this Act. -

, , 

Similar regulations are believed to be operative in the other Australian states, 

A condition of these regulations is a for ofExtended Produéer Responsibility (EPR). Industry 
response has been the creation of a non-profit, group which manages the programs to reduce 
ODS emissions through recovery, reclamation and destruction of the recovered ODS. The group, 
Refrigerant Reclaim Australia Ltd. (RRAL) does not 'own or operate recovery reclamation 

, destruction facilities but acts as a coordinating and monitoring group for these activities. It is 
financed by,a surcharge on the sale ofnew refrigerants. These funds are used to award a credit for 
each unit ofODS retumed and to finance the destruction of the retumed materials. It is relevant 
to note that the formation'ofthis ~roup is authorized by the government regulations. 
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There are similarities between the Australian and Canadian situations which make this model of 
particular interest. These are:' 

• Both coUntries coyer a large geographical area with very uneven popùlation distributions. 
• Both countries previously manufactured CFCs but both countries have ceased the 

. manufacture of these substances. . ' 

At the same time, Australia and Canada aIso present differences ofwhich thefollowing instances 
are relevant: . 

• Australia's population is approximatelytwo thirds ofthat ofCânada. 
• Australia' s dimate is significantly wanner th,an that of Canada. 

RRAL estimates that Australia consumed less than 1,500 tonnes ofCFCs in 1996. Estimated use 
of CFCs in Canada is 7,138 tonnes. The reasons for the large difference in CFC usage is not 
obvious but Australia appears to use a much higher percentage of its tefrigerant in the fonn ofR-
22, an HCFC. 

7.0 STAKEHOLDER VIEWS 

The participants at the meetings held on January 1311
\ February 17111 and March 17111

, 1998 
expressed a number a numbei of views and provided valuable input into the development of the 
management options contained in this report. Their participation is gratefully acknowledged. The 
Management Options and the Conclusions integrate sorne of these views with those of th.e 
consultants. . . . 

lt should be recognized that the views expressed by the stakeholders at the three meetings 
covered a broadspectrum of opinions. In general,industry representatives did not favour 
extending bansbn use in eXisting equipment. Many expressed the view that the status quo, with 
the possible incorporation of sorne minor ad just ment s, was working reasonably weIl. There was 
considerable, but by no means .unanimous, support for the view thàt recovery/recycle programs 
extendedthe time frame of releases but ultimately àIl of the CFC inventory would be released to 
the atmosphere. The extended release was also viewed as a route to reducing the impact of the 
released ons on the atmosphere. 

There was also considerable support for a ban on aIl imports including recoveredlrecycled 
material. At the same time there was view that a ban)onexports would not provide the expected . 
benefits but would simply encourage increased manufacture of virgin material in those areas which 
are allowed to do so. Sorne stakeholders, however, were not favourably inclined to aIlowing 
exports. A complete compilation oftheir views and opinions are contained in Appendix E. 

8.0 MANAGEMENT OPTIONS FOR CFCS & HALONS 

Four management options for ons have been identified in this study. These options offer 
increasingly stringent degrees of removal orons from the inventory, with generaIly increasing 
costs. The four options are: 
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Status quo 
Restrict imports/exports tolfi"om Canada 

. Limit refilling of all/some categories of equipment 
. Limit use in all/some categories of equipment 
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Thesè options may best be described as "What" options. It is apparent from the information 
gathered and stakeholder input received that a single option is not necessarily feasible or 
appropriate for aU sectors. Each has its pro's and con's which are discussed below and no option 
can be unequivocally s,aid to be "best". 

8.1 Status Quo 

The status quo option incorporates the current restrictions on the importation ofvirgin CFCs, 
includes elements of recovery and recycling and is reasonably effective .in reducing emissions bn 
an annuàl basis. It does very litde to reduce the amount of CFCs currently in inventories, both in 
use and standby. Itdbes place a cap on the amount to be released by preventing the growth of the 
existing inventories, something which would surely occur in its absence. It aisoresults in reléases 
to the atmosphere over a longer period of time, thus providing sorne reductionin impact on the 
atmosphere. 

The status quo may also be said to enjoy the most industry support, although there is considerable 
support for a total ban on imports. This is attributable in part to the fact that this option is the 
lowest cost option for them and in part, because ofa certain degree offamiliarity and comfort 
with theexisting situation . 

. The disadvantages of the status quo option are effectively the other side of the advantages coin. 
The option will result in the ultimate release of all orthe current inventory. As there is not a ban 
on imports of re~overedlrecycled CFCs, there is a distinct possibility that Canada could become a 
dumping ground for these materials. There is also a strong feeling that the limits on virgin material ' 
imports are being circumvented by unethical operators and much improved control and 
certification procedures are required if imports are to be allowed to continue. There is aiso the 
possibiIity that as time progresses, increased costs could be incurred because of the need for 
stocking of multiple refrigerants and alternatives. 

- Finallycurrent recycling efforts maybe undennined by confusion arising from the number of 
refrigerants and alternatives with the resultant contamination creating material which cannot be 
recycled. Such material must then be destroyed. Although the destruction ofthis material is not 
necessarily a bad thing; it can undermine the programto the point of automatic consignment to 
destruction rather than recycling, even for uncontaminated material. This could result in a de facto 
implementation of the third management option, "Limit refilling of all/some categories of 
equipment" .. 

Restdet lmports and Exports to/from Canada 

As noted previously, current regulations ban the importationofvirgiri CFCs. linp()rtation of . 
recoveredlrecycled material is, however, allowed. The difficulty entailed in en su ring that the 
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materiai is actually recovered or recycled CFC is immediately obvious. Further, the exemption for 
even .bona jide recovered or recyèled CFCs does little to redùce the quantity of CFC released to 
the atmosphere globally but only to the period oftime over which it is released. The benefit of an . 
extended release has already been noted and should not be lightly dismissed. At the same time, 
this aiso creates the potential situation where Canada.becomes a dumping groundfor these CFCs 
and could face substantial financial costs in the future should a ban on refillingcome into effect. 
This is not an unlikely scenario and if realiZed would place the costs of cOllection and destruction 
on Canada. As Canada does not, at present, have destruction facilitie-s in place, this would require 
either the construction of su ch facilities or shipment of the surplus CFC to countries having them. 
A total ban on imports of CFCs from all. sources would place a more' effective 'and lower cap on 
releases than the status quo. Implementation costs, if any, would be modest and the option also . 
has the benefit of substantial industry support. ' 

By reducing the quantity of CFC available, conversion to alternative refrigerants would be 
encouraged and opportunities for the abuses reported under the status quo would be esseritially 
removed. The. disadvantages ofthis option are comparatively few. The restrictions may infringe 
international agreements, This possibility, however, is considered remote since several countries 
already have su ch restrictions in place. More important is the fact that although the cap on 
releases is finite and lower than under the status quo option, essentially all CFCs now in use and 
stockpiles will eventually be released to the atmosphere. 

.' , 

It is aiso probable thata total restriction on imports will place a financial penalty on firms 
currently legitimately trading in CFCs and Halons. There appears to be noway to avoid this, 
however, in any options other than the status quo. It should be noted that the status quo has 
already imposed financial costs' on other industry stakeholders by banning manufacturer and 
importation. The burden must therefore be viewed as an inevitable and acceptable consequence. 

. A ban on exports has much less support from industry stakeholders. The view was expressed that 
exports of recovered material can make a contribution to global inventories as it reduces the need 
for new matérial which will ultimately be lost to the atmosphere. This isa valid viewpoint from a 
Canadian perspective at least, since Canada does not manufacture CFCs and therefore would not 
be using the process to circumvent restrictions on the use of CFCs. It is a form of recycling across 
borders. 

At the same time it is seen by sorne as a process which is virtually impossible to control and 
therefore will be subject to abuse, The question aiso presents possible problems politicallyas it 
could be seen as an exploitation of the' issue outside of our borders. Exports could be seen in a 
light not dissimilar to the shipping oftoxic wastes to other jurisdictionsless likely toobserve 
proper disposaI techniques. 

8.3 Limit Refilling of AIVSome Categories of Equipment' 

This .management option wouId, in ess~nce, ban the topping up or refilling of existing equipment 
with CFCs. This ban could be selectively applied to individual sectors. Regulatory efforts could 
be focussed on the sectors which could provide the most effective and efficient reductions. In this 
way maximum effectiveness and reductions could be achieved with a minimum of disruption and 
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cost. The concept has already been applied to mobile air .conditioning in British Columbia and 
New Brunswick demonstrating the feasibility of the approach. 

The ban would encourage and accelerate conversion and with appropriate regulations and 
procedures would achieve a lower total quantity ofreleases to the ·atmosphere. It is aIso 
consistent with the Codes ofPractice which now state that mobile air conditioning and 
refiigeration units should not be recharged with CFCs after 2000 .. J'hedisadvantages to this . 
option include costs,problems of control, disposaI and possibly perceptions offaimess. . . . 

The ban on refilling option is the second highest of the options identified.in this report. The costs 
will be imposed on the user which can certainly be considered justifiable. There may well, 
however, be unforeseen and unintended consequences resulting from tlûs option. Limit use in 
all/some categories of equipment. The user could for example, decide to forego the repair rather 

. than pay the cost of correcting a leaking system. As a result the repigerant remaining in the 
systemcould be allowed to e'scape rather than recovered. This wouldlikely proveto be a common 
occurrence in those sectors where the use of the unit is optionaI, e.g. mobile'air conditioning. 

The ability to apply the ban by sector could be perceived as being inequitable. It could aIsoprove 
to be difficult to prevent cross-flow ofrefiigerant from one sector's stocks to that ofanother. 
Assuming a universaI ban, as weIl as the probable increased releases to the atmosphere, a surplus 
inventory wouId aIso created virtuaIly immediately. Existing stockpilès would no longerbe 
required ~md access to a collection and disposaI facility would become il necessity. As such . 
facilities do not currently exist in Canada, they would have to be constructed or foreign facilities 
located. Given the windows of opportunity for CFC recovery and the likely time period require to 
obtain the necessary approvaIs and construct a Cànadian facility, it seems likely that shipments to 
facilities outside of Canada would be necessary for at least the fust year or two. It should be 
recognized that theinconvenience and cost ofthis disposaI procedure is likely to increase the 
possibility of deliberate venting. 

8.4 Limit Use in AIVSome Categories of Equipment 

The last management option identified for ODS inventories is the banning oftheir use in sorne or 
all equipment, new and existing. This option wouId result inthe greatest decrease in releases to 
the atmosphere as it would en.tail the removai and destruction of aIl CFCs, including those still in 
service. 

Sorne precedents exist for this option notably option notably the decision of Swedish authorities 
to implement a similar program. Even there, however, the sheer magnitude of the effort is 
recognized by the exemption of sorne equipment, notably household refiigerators from the 
program.Another example, taken from an entirely different field is the Ontario Hydro conversion 
ofelectricity from 50 cycle to 60 cycle, a step which involved the conversion ofhundredsof 
thousands of motors and other electrical equipment. 

. Despite its maximized reduction of CFCs there are a number of important negative aspects 
connected with such a program. . 
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This option isthe hig~est cost option, by far requiringfinancial resources for the recovery, -
collection and- destruction facilities as weIl as for the actual conversion effort itself . -
A phased approach would be required to enable the' creation of the necessary procedures 
and collection and destruction facilities. 

_ This option would also' require a significant period of time for implementation because of ' 
.- the magnitude of the program and the technical resources and skills to implement it would 

not be available rapid conversion. 
The need for a phased iri approach would require decisions to be made as to which sectors 
would be done first. This would undoubtedly create problt~ms with the perceived fairness 
of the prioritization, . 
The phased in aspect of the programwould diminish its effectiveness in reducing ons 
releases. It is improbable, forexample, that a progr~ ofthis magnitude could be brought 

, into being in time to prevent large losses in the mobile air oonditioning sector where the 
losses over the next 2 years are estimated at approximately one third of the mobile air 
conditioning inventory. 

MANAGEMENT OPTION TOOLS 
. . . . . . 

A number of tools for the management of the options described above, have been identified. 
These are: 

• Require industryto establish an Extended Producer Responsibility(EPR) organization for 
the colleètion, storage and destruction ofOnS. 

• Impose a tax/levy on the sale of new refrigerants managed by the organization on the lines 
of the Australian model. This could be done inconjunction with the establishment ofEPR 
aswas done in Australia. (The possibility ofcounter productive response because of 
higher costs for new refrigerants and resulting reduced acceptancè of conversion to 
alternative refrigerants should be carefully assessed.) , 

• The above tools would probably necessitate government regulations requiring the 
establishment of such an organization and possibly to authorize the levy of such charges. _ 
FederalJprovincial, municipal govemments to lead by example,by converting to alternative 
refrigerants in their own facilities and equipment as quickly as possible. This would also 
provlde useful insight into the problems or ease of suchconversions. 

10.0 CONCLUSIONS 

- . 
If not dealt with in an appropriately prompt fashion, the existing in-use and standby ons 
inventory will eventually be released to the atmosphere. The consultants have reached the 
conclusions'statèd below as routes to prevent the release of ons inventory: 

lmportsof CFCs and Halons, including those from recovered/recycled sources, should be 
banned. 
Recharging of mobile air conditioning and refrigeration units with CFCs should be banned . 
by the year 2000., , 
Recharging with CFCs should be limited in aIl sectors, possibly with different effective 
dates, 
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Consideration should be given to coriserving Halon .13 0 1 for use in critical appliCations, 
such as enclosed areas in which humans may be present. 
Consideration should be given to bannîng export except for destruction at an approved 
facility . 

. Access tq a destruction facility is important. FacÜities are available outside of Canada (e.g. 

. in the USA) butnone are currently operating within our borders, 
The FPWG should be made aware ofindustry stakeholder allega:tions of abuses and 
ineffectiveness of the current process, e.g. . 
• CFC collection from scrappedunits (mobile AlC and appliances) iserratic, 
• Imports ofvirgin CFCs under the guise qfrecovered material.are occurring, 
• the controls on imports ofblends are ineffective and crèating signifi'cant problems 

·in the control and recycling ofCFCs. 
The FPWG should formulate a strategie objective for the management of surplus ons in . 
order to prevent the releases of ons which would otherwise inevitably occur. 
The FP\VG should develop and implement a pr6cess or procedure to meet this strategie 
objective.. . 
A d'ecision to proceed with a management option other than the Status Quo mmust be 

. cogrtizant of the need to decide on the ultimate fate of the surplus created.' 
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11.0 APPENDIXA: 

SHAPIRO & ASSOCIA TES 

SUPPLYIDEMANDIINVENTORY OF CFCS AND 
HALONS IN CANADA' . 

11.1 Discussion and Analysis 

11.1.1 Mobile Sectors 

11.1.1.1. Mobile Air Conditioning 

11.1.1.1.1 . Current 'Practices 

Current practices in the mobile air conditioning sector vary considerably across the provinces. As 
a broad generalization, aIl jurisdictions have programs in place with the foIlowing characteristics: 

· . 
• 
• 
• 

Venting to the atmosphere is prohibited. 
Capture of residual CFCs is requrred. 
Recyc1ing of unèontaminated recovered CFCs is required. 
DisposaI of contaminated CFCs as a hazardous waste is required. 

Sorne provinces have additional restrictions in place. British Columbia and New Brunswick, for 
example, ban the ret1lling of mobile air conditioning units. The Manitoba Ozone Protection .. 
Industries Association (MOPIA), which administers the Manitoba regulations, appears to have a 

. very effective recovery program in place, recovering virtuaIly aIl of the residual remgerant from 
vehic1e being sciapped. Other jurisdictions appear to have much less effectivè programs or . 
enforcement in place. It should be noted that even effective programs, such as MOPIA' s, are able 
'to recover only about 30% of the theoretical quantity. This is attribute:d to losses prior to 
. scrappage caused by leaks and accidents. . 

11.1.1.1.2 Assumptions 

For mobile AlC units estimates oflosses are approximately 10% per year or about 160% over the. 
life of the vehicle based on the repairs and subseqùent losses over the unit's life9

. This estimate is 
consistent with US EPA data as reported in section 4.2.1.4. Anecdotal infonnation suggests that 
this loss could be as high as 300%+over the life of the vehic1e and underscores the large 
contribution ofthis sector to emissions ofODS. 

Without diminishing the importance of the mobile NC sector, it must also be noted that sin ce late 
1993/early 1994, the use ofCFC-12 in mobile AlC has been discontinued by automobile 
manufacturers \vith aIl units using R-134a, an HFC.As no new CFC-containing units are being 
added to the inventory and with the high rate of loss from exisiing units, the inventory of CFCs in 
this sector will diminishmore rapidly that in any other sector with the .possible exception of the 
mobile refrigeration sector. This requir~s a more rapid resolution ofCFCproblem in this sector 

9 These assurnptions are derived from industry statistic~ from Wards Auto World Yearbooks which 
estimate ascrappagge rate of approximately 6% per yeM. 
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. . 

since without such a resolution, it. seems probable that the issue will disàppear by the year 2010, 
with aU the CUITent inventory having been released to theenvironment. by that time. 

Because of the conversion ofnew mobile air conditioning units to HFCs,.the inventory.ofCFC-12 
previously used,is uncertain and its distribution in the chain is very uneven. Automobiles 
originaUy equipped with CFC-12 air conditioning units are now out of any warranty period.While 
sorne OEM manufacturers still have substantial quantities of CFC-12 on hand, others have 
essentially none. AlI in ail, it seems that supplies ofCFC-12 on hand will be insufficient to meet 

· demand generated by units still in service. This could happen as early as mid-1998and a1most 
certainly by the year 2000. ' 

. The shortfall can be made up by conversion to R-134a or HCFC blends now being offered as . 
replacements. Blends whièh may contain hydrocarbons are a much greater problem. This is due to 
their contamination potential for recovered CFC-12 as weIl as potential safety problems. They are 
subject to fractionation and thus may present a flammability hazard. Recycling companies have 
stated that they will not accept material contaminated with these blends for recycling because of 
safety concems, Coniaminated CFC-'12 may therefore result in venting releases since the material 
is more difficult to dispose ofthan uncontaminated recovered CFC-12. 

It is equally important to note t~at replacement for CFCs, namely HCFCs and HFCs, may pres~nt 
environmental problems in the futllre related to their global warming potential. CFCs generally 
have high ozone depleting potential (ODP) and rugh global warming potential (GWP). HCFCs 
have low ODP and GWP while HFCs have very low ODPbtit GWPs which range from low to 
very high. R-134a, for example, has a very high GWP. 10 A solution to CFCs, therefore, should' 

. . . 

also provide a path to the handling ofHFCs. 

11.1.1.1.3 Estimates of Demands and Inventory Levels 

Based on an estimated scrappage of3,200,000 vehicles for the four year period ending December, 
1997, (6% of annual. registrations) and .an average fully-charged content of 2. 5 lbs. of refrigerant, 
the amount of CFC-12 in the "in-use" inventory has decreased by approximately ~, 700 tonnes to 
16,300 tonnes since 1993. Data compiled for other sectors indicates that CFC inventori~s have 
declined very little (if at aU). Assuming stable inventories for these sectors, mobile AlC now 

· represents 34% of the total inventory. This inventory is expected to decline further as the moqile 
NC sector inventory decreases at a faster rate than the other sectors. 

The demands and usage levels for the mobile air conditioning sector are summarized in Table 1 on 
· the following page. The usage and the surplus cannot be combinedsince the surplus occurs after 

the high demand period has passed. 

It is assumed that the quantity used in servicerepresents the replacement of CFC lost to the 
atmpsphere through leaks, accidents or venting and therefore is equal to the amount of CFC 

10 Trade-Offs in Refrigerant Selection: Past Present and Future,James M. Calm and David A. Diction, 
Refrigerants for the 21S! Century pa~r,ASHRAEINIST Conference, October 6-7, 1997. . . T .' 
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released to the atmosphere. The net total usage of3,889 tonnes'represent thereleases to the 
atmosphere and the 671 tonnes will remain as a surplus. 

The table on the folloWing page should not be misconstrued to indicate that sufficient inventory 
will be available to provide service materials.until the year 2007 at which point a surplus will 
develop. Insufficient numerical inventory data has been generated but the general view of the 
stakeholders is that sufficient inventories are on hand for only one to three years, with stocks of _ -
CFC-.12 possibly beingused up as early as the end of 1998. " 

In accordance with the Copenhagen Amendments to the Montreal Protocol. production of CFC-
12 ceased on December 31'\ 1995. The EPA has developed a computer modél, referred to as the 
EPA Vintaging Model, to monitor thesupply and demand ofCFC-12. This monitoring is the 
primary activity relating to CFC-12. A report on the supply and demand of CFC-12 for the period 
'1996 - 2000 is available, Il Details of this report are contained in section" 5.1. The report states' 
that significant shortages ofCFC-12 are probable in 1998 and supports the similar conclusions 
contained in this report' regarding the Canadian scene. The EP A has agreed to operatethe model 
with Canadian data to assist Canada inthis area. " 

Current Estimated Demand - Mobile Air COllditioning Sector 
Year No. of AlC Service CFC @0.10 Recovered CFC @ Net CFe Used for 

Vehicles* kglvehicle (Tonnes) 0.34 kg ea. (Tonnes) Servicing (Tonnes) 
('0001 

1994 14470 1480 307 -1 173 
1995, 13566 1387 307 1080 
1996 12 662 1295 307 988 
1997 11 758 1202 307 905 
1998 10854 1.110 - 307 803 
1999 9950 1018 - 307 711 
2000 9046 925 307 618 
2001 8142 833 307 526 
2002- 7238 740 307 433 
2003 6334 648 307 341 
2004 5430 555 307 248 
2005 4526 463 307 156 
2006 3622 370 307 63 
2007 2718 278 307 (29j** 
2008 -1814 186 307 (121)-
2009 910 93 307 (214) 
2010 0 0 301 ru)7) 

• Stralght hne declme 1994 - 2010, 904,000 vehicles per year. 
,.. () = Surplus 
Net total usage for the period 1998 to 2010 inclusive = 3,899 tonnes 
Cumulative surplus = 671 tonnes 

Il Report prepared for EPA by ICF Consulting Group, July 1,1997 (Update of July Il,1996 report) in 
the fonn of a memorandurn by Heike Mainhardt, Steve Abseck, Jeffrey King and Sandra Phillips to 
Chiistine Dibbie. 
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'11.1.1.1.4 Key Sector Issues 

By far the ~ost important issue in the mobile air eonditioning sector is the clear need for rapid 
action if the ons los ses to the atmosphere are to be significantly reduced. A management 
strategy other than the status quo is urgently required to beimplemented as the opportunity to act 
has a very short time frame. At the very least, thÎs strategy should be developed and put into 
effect by the end of 1999. Any delay beyond this point in time wili be ruled by the law of 
diminishing returns. Given the complexity of implementing such strategies and actions, this May 

. prove to be very difficult. As a consequence, serious consideration should be gïven to acceptance 
of this situation, in effect writing off additional efforts in the mobile AlC sector and focussing . 
efforts on sectors which provide more time to act. 

11.1.1.2 Mobile Refrigeration 

11.1.1.2.1 Curreot Practices 

Because of the need to deliver the productin a chilled or frozen state, delays for maintenance are 
usually minimized if at all possible. This means that leaks are usually greater on average as sorne 
leakages are tolerated in order to deliver the product as soon as possible. This reduces the 
potenti~l for recovery and recycling. Most rèefer units do' not have necessary valves for isolating 
sections of the system for recovery' This leads to increased venting as opposed to recovery. 
Improved containment rests mostly with the design and manufacturing of equipment. . Sorne 
improvement could be achieved by installing valves for recovery connections on individual units. 
More frequent leak checking is also desirable. Recovered material when collected in quantity by 

, the service contractor is usually retumed to the wholesaler (for an agreed price), who in tum 
sends it to the reclaimer. 

Because of the relative higher cost of reclaimed R502 and to a lesser degree CFC-12 there has 
been a tendency in the trucking industry to favour conversion when servicing units. Recovered 
material is usually collected in recovery containers and retumed to a wholesalet when convenient. 
The service contractor May recycle the material in his shop if he has a recycle unit which can 
produce a product which meet industry standards. Contaminated material unfit for recycling or 
reclaim must be disposed of as hazardous waste. There is no sector-wide collection for disposaI 
or destruction of CFCs. AlI CFC of acceptable quality is considered as useable product to be 
retained for future service work. 

Contaminated stock which can not be wholly or partially reclairr<ed, must be disposed of as 
hazardous waste. In each province there are specific regulations relating to hazardous waste. 
The nature of the contents must be clearly identified; it can only be shipped to a iegistered 
disposaI site in the province or another province, or possibly to the USA. It can only be . 
transported by a registered hazardous waste carrier. Waste crossing provincial boundaries May 
aiso require a permit from the other province. , . 
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11.1.1.2.2 Assumptions 

. Reefer units a~e similar to smaller commercial equipment but are designed to operate off a truck' 
electrical system. In addition to the ,operating and maintenance problems of commercial 
equipment theyare subject to road vibration and to air contaminants such as dust, dirt and insects. 
They generally have higher leàkage rates than commercial units and shorter servicetife. 
Equipment life is estimated at an average of 12 years, with the resulting replacement rate of 8:3% 
per year. The market growth rate has been estimatedat 1.5% per year. Refer to Appendix A.( 
Table 2, forspecific values for a given year.. Leakage rates on equipment are estimated at about 
10% pèr year. Estimated leakage quantities are also shownin AppendiX A. Table 2: Estimated 
conversion rates in each year are shown in the same table: A fairly rapid decline in the number of 

. CFC units is evident. 

11.1.1.2.3 Estimates of Demands and Inveritory Levels 

Based on a previous study, the in~entory ofCFC in mobile refrigeration was 11,679 tonnes in 
1993. In addition to this there was an estimated standby inventory of 6, 000 tonnes, for a total of 
17,679 tonnes. Inventories were increased in 1993, 1994, and 1995 in preparationfor the 
elimination ofimports ofvirgin CFCs commencing in 1996. 

From Appendix A. Table A·2 a~d Figure 2, the decline in the use ofCFC in operating equipment . 
canbe seen, as weIl as the growth in the useofaltemate refrigerants. The impact ofmarket 
growth in future years can also be ·seen. 

Because of the high replacement rate, and relatively higher leakage rates, it is estimated that at the 
beginningofthe year 2010 there will be 3,727 tonnes ofCFC in the working inventory, 
representing about 35% ofthat at the beginning of 1998 (l0,541tonnes). The standby inventory at 
the beginning of 1998, (2,416 tonnes) will by then have been used up. By the year 2015, the 
working inventory ofCFC in equipment will be rèduced to 2,415 tonnes, representing about 23% 
of that in 1998. Finally, at the end of the year 2020 there willonly be 340 tonnesofCFC still in 
equipment, or about 3% ofthat in 1998. At the beginning of 1998 there was a total inventory of 
10,541 + 2416 = 12,957 tonnes ofCFC in mobile refrigeration sector. At the end of 2020 there 

. remained 340 tonnes.' Totalemissions for the period will thusbe 12,957 - 340 = 12, 617 tonnes 
~ŒC. ./ 

11.1.1.2.4 Key Sector Issues 

As. With the mobile air conditioning sector, standby inventory may be exh~lUsted during 1998. The 
amount of ODS remaining in use at that time will be approximately 6,000 tonnes, virtually all of 
which will be released to theatmosphere by the year 2020. Thisextended release period, as 
compared to the mobile air conditioning sector is attributable to the longer service life of the 
units, fewer accidents and lower emission losses through hoses which areexposed to lower 
temperatures as theyare not located under the vehicle hood. 

This sector, therefore, is somewhat more amenable to reducing these releases, by implementing 
management strategies other than the status quo. Because of the large number ofunits, however, 
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ari effective pro gram would require strong regulatory and inspection programs. It is only 
necessary to consider the difIiculties currently encountered with the execution of truck safety 
'programs, to gauge the difIiculty of carrying out such programs. 

11.'1.2 Stationary Sectors 

11.1.2.1 Appliances 

11.1.2.1.1 Current Practices 

. . 

The appliance industry does not use recovered or recycled refrigerant when servicing equipment. 
For warranty work, new CFC-12 is added, for non-warranty work alternate refrigerants and 
blends are used ifCFC-12 is not readilyavailable. There is at least 6 possible choiees for use in 
replacement. Manufacturers may recommend which alternatives are acceptable for their 
equipment. Conversion t*es the unit out oftheCFC stream; it allowsnew refrigerant to be used' 
and conserves the CFC supplyfor warranty work ln 1996 manufacturers started using an 
alternate refrigerant for new equipment. However there still remained a large number ofunits 
with CFC in the marketing/distribution pipeline. It is expected that these will aIl be gone 
sometime in 1999. Conversion ofequipment represents about 25 tonnes ofrefrigerant for 1998. 
The dec1ine in the amount ofCFC in equipment is shown in.Figure 2, Appendix A . The'increase 
of altemate charged equipment can also beseen. It is .expected that by the year 2006 volumes of 
each in operating systems willbe equal. 

Appliance products are totally factory made and do not require' any on-site installation service 
work. The contairurient concept is built into the proquct by design, fabrication and inspection in 
the plant. Thus field procedures to improve containment are unnecessary. Recovery during 
servicing eliminates deliberate venting to the atmosphere. Special recovery systems suitable for 
use with the small quantities in an appliance are available and in use in the market place. 
However, the level of recovery in actual practice is not felt to be as high as it could be, as 
explained below. 

Recycling involves returning the refrigerant tothe operating unit after it has been subject tosome 
on-site cleanup. Most recovery systems have cleanup equipment built in and these aretherefore 
called recyc1ing units as opposed to recovery units. Reuse of field refrigerant is not done in the 
appliance sector, 50 recyc1ing is not required or done. Reclamation involves the processing of 
recovered refrigerant off-site at a process facility. The quality of the reclaimed refrigerant meets 
or exceeds required industry standards. The only tangible evidence of recovery in the appliance 
sector is the amount of reclaimed material. Sorne reclaiin was done prior to 1996 due to collection 
at municipal dumpsites, e.g. Montreal, Que. and Burnaby, B.C. 

A sizeable increase in reclamation were'noted in 1996 and 1997 and it is anticipated that these 
quantities will increase over the next few years. It is estimated that about 20 tonnes will be . 

. recovered from 1993to the end of1997. From 1993 to 2015 it is expected that about 162 tonnes 
or more will be reclaimed. There is a potential for many times this if an efficient collection 
infrastructure can beorganized. This is being studied by the City of Montreal which has a volume 

. of more than ·1000 scrapped units a month. Witllln the Appliance Sector there appears to be a 

Environrnent Canada 
Project 48940 

Page 25 
June 11, 1998 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

SHAPIRO & ASSOCIA TES 

universal opinion at this time that standby inventories of CFC-12 will be required in the future and, 
there is thus no industrydisposal plan 'in effect.See Table A-3. 

, 11.1.2.1.2 Assumptions 
, ' 

. Appliances have an average service life of 13 to 15years. A replacement rate of 7% per year has 
been used in the Table. AIso shown in Table 3 is the market.growth rate currently averaged at 
1.5% per .year. Leakage rates onoperating equipment are extremely low,estimated at about 
0.2% per year. This is due to the reliability as well as to the small charge in any unit, usually 
around 4 oz. ( 112 gm). The refrigerant from these leaks is non-recoverable and goes into the 
atmosphere. Total'leakage into the -.atmospherè for the period 1993 to the end o.f 1998 is ' 
estimated at approximately 48 tonnes. 

11.1.2.1.3 Estimates of Demands and Inventory Levels 
, , 

At the begimung of 1998 the inventoryofCFC in use in o.perating systems was estimated at 
,4,249 tonnes,with a standby inventory o.f an additio.nal 778 to.nnes, for a to.tal CFC o.f 5,027 
'tonnes. In 1994 and 1995 inventorieswere, increased by marketers, contractors and service 
companies to ensure there would be adequate supply to meet warranty wo.rk needs. (Refer to. 

, Appendix A Table 3). In the appliance sect or, equipment is generally under warranty for a period 
o.f 5 to. 8 years, depending on the appliance and the manufacturer or marketer. 

, .From the reference table, it can be seen that by the begïnning o.fth~ year 20'10 (end ofyear 2009) 
therewill be a totalrefrigerant invento.ry o.f 2,069 tonnes, including 169 to.nnes o.fstandby 
inveritory. The standby inventory- is used to repla~e these lo.sses to. keep the equipment running. It 
is used faster than the o.perating stock due to leaks, venting and relatively low reclaim rates. By 
the year 2015 operating sto.ck will have decreased to 1322, with a standby inventory o.f o.oly 70 
tonnes. At the ènd of the year2020 there will still bé 855 tonne's in o.perating equipment, with no 
standby inventory. Working inventory decline is graphically illustrated in Figure 3. This assumes 
no refrigerant would be available from another sector. 

11.1.2.1.4 Key Sector Issues 

The applianèe sector provides an ideal opportunity to convert an industry sector away fro.m CFC. 
This is because of such factors as the small quantity of ODS in each unit, the low leakage rate and 
the long average service life_ When equipment is serviced it could be converted in addition to the 
switch of current production to alternative refrigerants, which has aIready taken place. At the 
beginning of 1998 there was 4,249 tonnes o.frefrigerant inoperating systems, in additio.n to 5,001 
tonnes of standby inventory (See Table 3), for a total of 9,250 tonnes. At the end o.f2020 there 
will bea total remaining inventory of855 tonnes. Pro.jected total atmo.spheric etnissions for the 
period are thus 8,395 tonnes. The material reclaimed could be used in o.ther secto.rs. Ho.wever, a 
potentially high residual inventory at the year 2020 suggests that an effective, efficient reclaim 
infrastructure is needed, supported by appropriate disposai strategies and technology. 

An important consideration of any strategy for the appliance sector is the wide dispersal of thê 
refrigeiant and ·the small quantities in each unit. Since the leakage rates are 50 low, a strategy for 
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recovery of the refrigerant at the time of the disposal of the unit wouldseem to offer a viable 
opportunity to prevent releases to the atmosphere. . 

The ability to deal Withcontaminated stock is aisoa significant issue. Contaminated refrigerant 
may be the result of: 

• mixing two or more refrigerants, which fonn an undesirable azeotrope thàt cannot be 

• 
• 

separated,' or . , 
contaminating the refrigerant by adding a toxic substance, or 
contanùnating the refrigerant by adding a hazardous waste. 

Normal impurities which occur in operation such as water, oil, and acidic by-products ca~ be 
separated. There are only two refrigerants which were used in appliances, CFC-12 and R500. 
These can be readily separated. However with the ad vent of replacement blends this might pose a 
problem because of the many and varied compounds used in thevarious blends. Potentially, these 
could fonn undesirable azeotropes. Toxic and hazardous waste material could not be added to a 
container without contaminating the recovery equipment and connecting hoses .. This is unlikely 
to occur in the appliance sector. Any such material would have to be disposed of as a hazardous 

. waste and could not be legally shipped to a reclaimer. 

11.1.2.2 Commercial Refrigeration and Air Conditioning 

11.1.2.2.1 Cutrent Practices 

Originallymany commercial systems were installed with a minimum: ofvalving, to reduce initial 
installation cost. Commercial equipment requires regular servicing , at least once every two years, 
to changefilters, oil, dryers, etc. Refrigerant was usually vented to save time and avoid disposaI. . 
The refrigerant was often ventéd in any case to speed up the servicing. In more recent years, 
recovery and recycling has grown significantly, adequate valving hasbeen added to older systems 
wh en they are serviced, and new units are better designed to permit isolation of parts to be 
removed.Connections have also been added on new units to permit quick recovery of any 
necessary refrigerant. These changes have improved the containment capability of commercial 
systems. However these improvements are not universal and further overall improvement is . 

. desirable. As seen in Appendix A. Table 4, leakage rates have dropped significantly and should 
continue to do so. 

Deliberate venting into the atmosphere has been one of the prinèipal causes of the high levels of. 
CFCs in the atmosphere. With thé advent of recovery/recycle package units and the . 
implementation of regulations, venting has dropped to about 20% or less of previous levels. This 
permits refrigerant to be recharged back into the same unit following servicing , instead of 
venting. Refrigerant cost and the commitment of the industry to help solve the ozone deplètièm 
.problem have, been other important factors, as well as the concem of possible material shortages, 
which in fact was prevented. Continued effort will be required to reduce venting. 

Refrigerant recovered from obsolete equipment whichis to be sold or used in other units must 
meet industry quality standards which have been established. Several reclaim companies have 
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estàblished process operations to accomplish this. This provides additional, CFC for the market 
which would otherwise be wasù~ or vented .. CUITent estimates are that from the beginning of 
1993 ta the end of 1998 there will be approximately 2,740 tonnes reclaimed. (Appendix A. Table 
4). During the same period, venting predicted by the computer model, Will still result in the 
release of about 5,350 tonnes. 

In 1992 and 1993 most refrigerant producers accepted backrecovered refrigerant for 
reprocessing from wholesalers who were paid an agreed rate. The wholesalers inturncollected 
refrigerant from the contractors and servicemen and paid an agreed rate. The cost ofh~ndling or 
processing contatninated material was charged back to the original source who provided it to the 
wholesaler. The recovered material was analyzed by the producer to ensure that all material was 
acceptable, before batching it together for final processing. Special recovery containers were used 
in order not to contatninate cylinders for use with virgin product,by putting recovered material in 
them. 

Atthe presenttime (1998), most product is sentby the wholesalers or other large companies to a 
reclaimer, whoeither reclaims the product for a fee or, pays for therecovered material and sells 
the reclaimed product to another client. The refrigerant produ<?ers mainly advise their clients on 
where to send it and on other technicaland safety details. There is no movement within the 
Commercial Sector to ship any refrigerant for destruction. It is felt that this material willbe 
needed for future service work. .Residue from reclaimers which contains sorne CFC is shipped to 
destruction faCilities in the USA. 

Because ôfthe larger variety ofrefrigerants used in the cominercial sector, including many types· 
of alternates, there is more potential for contatninated refrigerant. This must be handled as 
hazardous waste. Disposai usually involves shipping it to a facility in'the USA, and a charge per 
pound is levied based on the quantity and the level offluorides in the material. There is no 
facility for handling· waste CFC directly in large quantities. CFC waste must be blended with 
other suitable dilution wastes. 

11.1.2.2.2 . Assumptions· 

Sorne types of commercial equipment openite with high usage rates due to customer practice and 
the fact that cooler and freezerdisplay cases are poorly insulated on the top display area, High 
usage leads to more equipment breakdowns, maintenance àrid servicing, all of which inherently 
involve losses ta the atmosphere. Compressor temperatures are higher than in appliances and 
compressors rooms are generally quitewarm, reducing efficiency. These factors, among others, 
lead ta higher wear, more leaks and more servicing. Average seMce life of commercial equipment 
is estimated at 13 years,with an average annual replacement rate of 7.7.%. The current market 
growth rate hasbeen estimated at 1,5% per Year. (See Appendix A-4 .0). 

The substitution of aIternate refrigerants to replace CFCs (conversion) began in 1993 as CFC 
prices began to rise and aItemate refrigerants beeame available. Many grocery chains and other 
multi outlet businesses began strategic planning to ensure an efficient ,finaricially viable, 
conversion over a period of a designated number of years. In sorne cases, various alternatives 

. were used in order ta evaluate their performance; operating cost, and associated maintenance. 
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Estimated conversions are shown in Appendix A. Table 4. Conversion rates vary from year to 
year and will probably decline in the future as fewer CFC units are in service. However, 
conversion should be encouraged as standby stock will decline. Asshown in Table 2,:it is 
estimated that by the end of 1998, 1,600 tonnes in equipment will be coi"lVerted. This does not 
include alternate refrigerants in new equipment. Refer to Table A-2 in the Appendices for yearly 
details. . . . 

lL1.2.2.3 Estimates of Demand and Inventory Levels 

At the'beginning of 1998 the inventory ofCFC in use in operating systems was estimated at 5,957 
tonnes, with a standby inventory of an additional 11,372 tQnnes for a total CFC of 17,329 tonnes. 
Prior to 1996, stahdby inventory was increased significantly to provide for servicing needs after 
the closure on importation ofnew CFCs. (Refer to Table 2 in the Appendix 4). 

From Table 4 and Figure 4, at the end of 1998 there will be aworking inventory of5,295 tonnes, 
with an additional standby inventory of about 4,907 tonnes, for a total of about 10,202 tonnes. 
By the end of2010 the amount still in equipmentwill have declined to 2,078 tonnes. The only 
source of replacement CFC will be reclaimed material. Other needs will have to be met by 
conversion. By the end of2015, operating stock will have decreasedto 1,407.tonnes ofCFC. At 
the end of 2020, CFC inventory will be reduced to an estimated 953 tonnes. The CFC-containing 
equipment will'represent about 19% of the equipment in service .. This means that despite losses 
to the atmosphere there will still be significant quantities on hand ; if no previous new actions are 
~~.' . 

Industry feedback indicates there is an adequate supply of refrigerant for service work with no 
shortage reported. Because of co st, R502 is being replaced by alternate refrigerants faster than . 
CFC-12 is. During the period 1993 to end of 1998 emissions due to leaks andventihg are 
estimated to be 1997 and 5,349 tonnes respectively, for a total of 7,346 tonnes. 

At the beginning of 1998, there Is a workinginventory of 5,957 tonnes, plus a standby inventory 
of 5,628 tonnes, for total of 11,585 tonnesofCFC. At the end of 2020 the estimated inventory 
will be 953 tonnes. The totalemissions to the atmosphere for the period will thus be 9,250 
tonnes'. 

11.1.2.2.4 Key Sector Issues 

The commercial sector represents one of the major repositories of CFCs, both currently and in the 
future, with resulting highemissions, and about 950 tonnes remaining to be managed in the year 
.2020. The cornparatively large window of opportunity and the level oftechnical and economic . 
skills suggest that this sector may offer the best prospects of effective ODS emissions reductions. 
The availability of alternative refrigerantscombined .with the above indicate that strategies to 
improve reccivery/reclamation rates, as well as conversion rates are prime candidates as feasible, 
effective management options. 
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'11.1.2.3 Chillers 

11.1.2.3.1' Current Practice 

Based on a previous study, the inventory ofCFC in chillers in 1993 was 3,594 tonnes with 
essentially no alternates in use. (One or two units had been converted on a test basis prior to that 
date).This consisted of 3,235 tonnes ofCFCll, the principal chiller refrigerant used in low' 
pressure chillers, plus about 359 tonnes of CFC-12 and other minor refrigerants used in high 

. pressure chillers. In addition it is estimated that there was a standby inventory of approximately 
of2,000tonnes, for a total of 5,594 tonnes (Refer to Table 5 in Appendix A). 

Current inventory as of the beginning of 1998 as shown in Table 5, is 3,069 tonnes, with staridby 
inventoryof 4,862 tonnes12

, for a total of 7,931 tonnes ofCFC.Industry feedback indicates that' . 
there is an adequate supply ofrefrigerant for servicework in the next 3 to 4 years with no concern 
for a shortage in the near future. Refrigerant is expected to be readily available providing purge 
'losses, leaks and venting continue to be reduced. 

During the period 1993 to the end of .1998, it is estimated that losses due to leakage and venting 
will amou~t to 2,425 tonnes and 4,690 tonnesrespectively, for a total of 7,115 tonnes. On the 
positive side, this was also a fairly active period for conversion with an estimated 1,345 tonnes of 
CFC refrigerant being displaced by an alternative refrigerant. The practice of recovery and reclaim 

. also began to grow with an estimated total of 1,810 tonnes being reclaimed. Thereclajm growth 
can be seen by exarnining the year to year figures shown in Tal;lle 5. . 

Many large building owners had developed a strategie plan by 1995 to study costs ofvarious 
phase-out strategies as well as the resources to implement them: With an economic downturn in 
the rentaI real estate market, the containment strategy became the favourite one, with intention to 
openite the equipment for its full service life. As can be seen in Table 3 leakage rates dropped 
significantly from about 15% in 1993 to about 10% by the end of 1997. Losses (ernissions) due 
to venting also decreased from about 25% in 1993to an estimated 22% in 1998. The recent· 
broad introduction of high efficiency purge devices could reduce these losses in the future even 
further than currently estima,ted in Table 5. The relatively high reclaim rates can be seen by 
comparing Table 5 data to that in Appendix A for other sectors. On site recovery and recycling 
is not shown in the Table, only the net difference which~hows as venting. The effect of this isto 
retard the standby inventory depletion. 

Unless there is a tube sheet breakage or a mechanical compressor failure, quality of recovered . 
refrigerant is generally acceptable for reuse in the same equipment or similar equipment by the· 
same owner. Many owners now store standby refrigerànt from obsolete equipment on their own 
prernises as opposed to giving it to the contractor. Because it is stored in drums (for low pressure 
units) leakage losses can go unnoticed through loose drum closures. There is also a problem of 

12 ln most sectors, material is usually inventoried by the contractors, wholesalers and producers. In the 
chiller sector, the building owners have inventoried large quantities. Reclaimers also haIldle large 
quantities of CFC-ll, 
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the drums being used as a collector for other organic type wastes. Tlùs of course results in a need 
for· reclamation or possibly handling it as a hazardous waste. 

lndividuallots of unneeded inventory can be disposed of by selling it to a' reclaimer for another 
client who has a need. Reclaimers usually have residuals from the refining process wlùch are 
slùpped to the USA for destruction. . At present there is a good supply of refrigerant, but there is 
no intention inthe industry sector to dispose of any standby inventory on a broad basis. 
Depending on the type and amount of contamination, the material must be slùpped as hazardous 
waste for disposaI to a registered disposaI company, orit May be sent toa reclaimer. If the 
contaminant is another refrigerant a portion of the stock can still be reclaimed. Reclaimers usually 
get a sample for analysis prior to accepting any slùpment. 

11.1.2.3.2 . Assumptions 

Average clùller service life is about tlùrty years, thus the replacement rate is only 3.3% per year. 
Systems are normally shut down once per year for maintenance and overhaul. A market growth . 
rate of 1.5% per year has been estimated, consistent with other sectors. 

Conversion to alternate r:efrigerants was weIl under way in 1993, with the availability of suitable 
substitutes in commercial quantities and toxkity data available. Tlùscanbe seen in Table 5, as 
weIl as' the fact that aIl new units for replacement or for market growth were now using the 
alternate refiigerants. The rapidly growing conversion rate was affected by an economic 
slowdown, and coupled with the lùgh cost of conversion for largeunits, Many of the large 
building owners began opting for containment strategies as opposed to conversion only.J! is 
estimated that by the beginning.of 1998, about 30% to 35% of the units had been converted. Tlùs 
isexpected to continueat a 5'Yo odess rateÏn the future as illustrated in Table 5. 

·11.1.2.3.3 Estimates of Demand and Inventory Levels· 

.. .,' 

From Table 5 and corresponding figure in Appendix A., the decline in the working inventory in 
operating equipment can be seen. At the beginning of the year 1999 therewill be a working 
inventory of 2,968 tonnes of CFC, or about 82% ofthat present in 1998. ln addition there will 
be a standby inv~ntory of 4,371 tonnes for an estimated total of7,339 tonnes. By the beginning 
of the year 2010 there will be 2,052 tonnes in operation equipment, or about 65% ofthat at the 
beginning of 1999 (2968). This represents a 43% decrease from the year 1993. At tlùs time the 
standby inventory will be 1,760 tonnes, or about 44% ofthat at the beginning of 1999. 

By the end of the year 2020 there will still be an estimated 1,345 tonnes in operating equipment, 
representing approximately 45% of the inventory at the start of 1999; tlùs is 37% of the starting 
inventory in 1993. By tlùs time the standby inventory has declinedto only 33 tonnes or about 
0.8% of that at the' start of 1999. The total combined inventoryat the end of 2020 is 1,378 
tonnes, equal to 24% of the total at beginningof 1993. The relatively lùgh residual workirig 
inventory is due to the low replacement rate of clùllers, and the ease at wlùch lùgh boiling 
refiigerants can be recovered and recycled, plus the strategy of containment rather th an 
conversion. Leakage rates for this period have been estimated at 10%, and venting rates at 20%. 
While tlùs . represents a considerableimprovëment, these rates could be further reduced by more . 
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thorough use of recovery'andrecycling, and regular maintenance. Objectives to reduce leakage 
and venting ratesto 4% and 20% have been established but noenabling mechanism is yetin place. 

At the beginning of 1999 a total inventory (working plus standby) of7;339 tonnesis estimated; 
this will be reduced 'to 1,378 tonnes by the end of2020. The atmosphericemissions for the ' 
period is thus !estimated at.5,961 tonnes. The forecast emissions for the whole period, 1993 to the 
end of2020, is estimated to be 11;956 tonnes. 

11.1.2.3.4, Key Sector Issues 

, ,Chillers will be responsible for a large portion of the forecast CFC emissions during the period 
under study. The long service life, relatively small number ofunits and the large inventory ineach 
suggests that very effective management strategies could be implemented. The proposed future 
ban on HCFCs in the year 2020 is a potential detrimênt to conversion for long life equipment such 
as chilI ers. An exemption for chilI ers, particularly the low pressure types make up about 90% of 
the units, should be studied to evaluate its pros and cons. (Environrnent Canada has proposed 
amendments to this effect ~nder consideration.) 

11.1.3 Halons Sector 

11.1.3.1 Current Practices 

In 1994, Parties to the Montreal Protocol agreed to a complete ban on the production and 
importation of virgin Halons in industrialized countries. In those cases reviewed, however, sorne 
recognition is taken of their unique characteristicsand exemptions in use allowed in certain critical, 
,applications. . 

In Canada, the use of Halons is regulated under a wide range offederal, provincial and territorial 
regulations. AlI regulations in common no release of ons and recovery of ons requirements. 

, Other requirements vary widely and are summarized in Appendix n. Of course it is an 
unavoidable consequence, that when the Halons are put to use for' their intended purpose, they 
will be released to the atmosphere except for those destroyed in thefire. . ' 

The Halon Roundtable is a voluntary forum with representatives from aH major sectors offire 
prevention and protection in Canada. Members include distributors, instaHers, manufacturers of 
fire protection equipment, as weIl as certification agencies, legislators, environmental groups and 

. users. The Halon Roundtable met on several occasions to develop principles for the management 
ofHalon inventories in Canada. The Environmental Code ofPractice for halons, for example, 
discourages the dischargeofHalons during testing and training and refers to the US NFPA for 
recommended practices, 

lLl.3.2 Assumptions 

The releases of Halons to the atmosphere are almost entirely attributable to discharge in 
suppression of fire, Losses rnay also occur because of accidentaI discharge or damage to the 
system but these are very smalt. Losses because ofleakage is very low and virtually negligible. 
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11.1.3.3 Estimates of Demand and ~nventory Levels 

11.1.3.3.1 The Dalon Bank 

. There is no specific agreed-upon definition of the Halon bank. In a study do ne for the Ministry of 
Environment, Land and.Parks in British Colombia in 1997 banked Halon was referred to as the 
amount stored'for retilling. Another detinition of the Halon bank is the'quantity of Halons that . 
sits in equipment awaiting a potential use (tire, test, training, accidentai release;etc.). This . 
detinition does not include storecl amounts at the service or recycling companies. This amount is 
generally small compared to the amount in active systems. 

One method to estimate the Halon bank includes calculating the difference between the total 
supply; cumulated over the years of active supply (only by importation in Canada as no Halon 
production have ever occurred in the country) and the totalloss, cumulated over the years of 
active use. 

Reduction ofHalon arise from essentially two causes: . 
• Emissions to the atmosphere as a consequence of their use in tire suppression, and 
• Export of recovered material from existing systems. 

. This methodology provides amount of the total Halon inventory whether in a~tive systems or 
stored and is the method adopted here. Annual Halons amounts (in systems and stored) in 
British Columbia. were sumtnarizes in one study as follows: 

Year· 'In systems Stored . Total . % of total 

(kg) (kg) (kg) based on 1993 
1993 .15,853 . 89 158,672 --
1994 146,880 5,116 151,996 96 
1995 133,393 4,551 137,944 87 
1996 121 927 8,251 130 178 . 82 

As of March 1998, the estimated total amounts of Halons in Canada (Halon bank) are: 

. Halon 1211 

Halon 1301 

Total 

Amount of total Halon released in 1997 

Rate of conversion to alternatives 

1,370,000 kg 

1,760,000 kg 

3,130,000 kg 

136,000 kg 

8% 

A study of the total Halons in Federal facilities was carried out and indicated that they had 12.5% . 
and 16.5% of the total bank ofHalon 1211 and 1301 respectively. 
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·"""TL1.3.2 Exports and Imports . 

1994 is the year that the Parties to the Montreal Protocol agreed to a complete bail on production 
and importation of Halons in the industrialized countries. The USA excise tax on Halon 1301 was 
removedin January 1997, and exports to USA ofthis Halon were ahout· 1 14,000 kg. The excise 
tax on Halon 1211, though it was scheduled to be removed in Januarythis year (1998), Is still 
applicable making exportation ofthis Halon to the USA a not-viable business, . 

Exports and imporis of Halons in bulk (recovere~ and rec1aimed) inrecent years are summarized 
below: 

Total - 1995 - 1997 
Halon 1211 imports 14,000 
Halon 1211 export 44,449 
Halon 1211 net in/Cout) (30,449) 
Halon 1301 import 323,332 
Halon 1301 export 1,791,384 
Halon 1301 net in/Cout) (1,468,052)_ 
Total net in/Cout) (1.498.501 ) 

11.1.3.3 Emissions to the Atmosphere 

Emissions to the atmosphere occurduring tire protection or by 'accidental release, This amount is 
statistically a ratio of present Halon bank, not a fixed percent. The actual amount, therefore, 
decreases as the Halon bank itself decreases, In o~e study done in British Columbia, Halon 
amounts in the year 1997 were as follows: 

Location Amount (kg) % of Total 
Halons in active systems 121,927 842 
Released to atmosphere, 614 OA 

Stored for refilling 8,251 5} 
. Decommissioned 14,106 9,7 

Total -144898 100 

Percent céÜculations assume that the Halon amount in active systems :did not inc1ude the 
commissioned amount. Percent of total indicate that very small amount (OA%) of the Halon is 

. emitted to the atmosphere in actual tire tighting and that the decommissioning rate is high(about 
10%) which isthe mainreason ofcreating a surplus of Halons. The study also mentioned 
doubling of the stored Halon from 4,551 kg in 1995 to'8,251 kg in 1996. 
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Key Sectoral Issues 

Halons are potent ozone depleters of stratospheric ozone. The ozone depletion potential (ODP) 
describes the efficiency with which a chemical destroys stratospheric ozone. This efficiency 
depends on the molecular weight, the number and the type of the halogen atoms substituting 
hydrogen in the molecule, and the atmospheric lifetime of the compound. Halon 1211 and Halon 
1301 have 3 to 4 times and 10 to 16 times, respectively, theozone depleting potential (ODP) of 
CFC-11 13

. Although the volume of Halons in use is much less than CFCs, their high ozone 
, depletio~ potential indicates dealing withthem should be a priority. 

Alternative tire extinguishing materials are available for many applications. Substitution or 
conversion strategies should be reviewed to speed up theprocess beyond that effected by the 
CUITent activities, In view of the unique characteristics ofHalon1301it would appear appropriate 
to concentrlÙe on Halon 1211, initially at least .. 

11.2 SupplylDemandlInventory of CFCsi,n Canada 

) 

The information in the following tables and charts is based on the data geiletated by the predictive 
model created du ring this work. For details of the program itself, refer to Appendix C. Predictive' 
Model. ' 

13 Ozone-drpleting Substànces Regulations, 1995 (lowervalues) and the November 1991 Ozone, 
Scientific Assessment Panel under the United Nations Environment Program (UNEP), (higher values), 
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Table 1 Materiallnventory Update- Mobile Air Conditioning - Tonnes 

Start of Initiai Inventory 

Yalr CFC Ait. 

1993 20475 ' 100 

1994 19989 931 

1995 18739 2385 

1996 17193, 4120 

1997 15259 6221 

1998, 13543 8124 

1999 12019 9851 

2000 10667 11424 

2001 9467 12860 

2002 7928, 14616 

2003 6640 - 16144 

2004 5581 17462 

2005 4657 18662 

2006 3901 19711 

2007 3120 20787 

2008 2496 21723 

2009 1997 22548 

2010 1598 23285 

2011 1278 23954 

2012 1150 24450 

Environment Canada 
Project 41\940 

Total' 

20065 

20919 

21125 

21314 

21480 

21666 

21870 

22091 

22327 ' 

22544 

22784 

23043 

23320 

23812 

23907 

24219 

24545 

24683 

25232 

25800 

Replacement 

CFC Ait 

640 607 

0 1220 

0 1238 

0 1257 

0 1276 

0 1295 

0 1314 

0 1334 

0 1354 

0 1374 

0 1395 

0 1416 

0 1437 

0 1595 

0 1589 

0 1590 . 

0 1595 

0 1604 

0 1616 

0 1635 

Mart<et Growt~ L09ge~ 

1.~~, Scrapped Leaks \.tenttng Fonverted to Ait 

CFC Ait. CFC Ait CFC CFC CFC Ait 

154 146 1280 12 2559 640 0 0 

0 293 1249 58 2499 625 0 0 

0 297 1171 149 2342, 586 '375 349 

0 302 1075 258 2149 537 860 799 

' 0 306 954 389 1907 477 763 710 

0 311 846 s08 1693 423 877 830 

0' 315 751 616 ,1502 376 601 559 

0 320 .. 667 714 1333, 333 533 498, 

0 325 592 604 1183 296 947 680 

0 330 496 913 991 248 793 737 

0 335 415 1009 830 208 664 618 

0 340 348' 1093 695 174 556 517 

0 345 291 1166 562 146 468 433 

0 350 390 . 1232 488 122 390 383 

0 355 312 1299 390 98 312 290 

0 361 250 1358 312 78 250 232 

0 366 200 1409 250 62 200 188 

0 372 160 1455 200 50 160 149 

0 377 128 1497 160 40 0 0 

0 383 115 1526 144 36 0 0 

-> ... 

Potantta 

Final ln Equlpt. Con"ump ~eclalm 

C'FC Ait CFC CFC 

19989' 931 4479 840 

18739 2385 4373 625 

17193 4,120 4287 773 

15259 6221 4191 967 

13543 8124 3719 858 

12019 9851 3301 762 

10687 11424 2930 878 

9487 12860 2600 600 

7928 14616 2544 769 

8640 18144 2131 644 

5561 17482 1785 540 

4657 18862 1495 452 

3901 19711 1252 378 

3120 20787 1195 390 

2496 21723 958 ' 312 

1997 22548 785 250 ' 

'1598 23285 812 200 

1278 23954 469 160 

1150 24450 328 64 

1035 24940 295 58 

... 
SHAPIRO & AssotiATES 

Actu. Stllndby 

on"ump nventory purcha_ 

CFC' CFC CFC 

3839 1750 4000 

3748 2551 4000 

3514 3428 5000 

3224 5687 0 

2861 3430 0 

2539 1428 0 

,2254 0 0 

2000 0 0 

1775 0 0 

1467 0 0 

1245 0 0 

1043 ,0 0 

873 0 0 

604 0 0 

844 0 0 

515 0 0 

412, 0 0 

330 0 0 

264 0 0 

237 0 0 

.~ 

Fln" Total 

~ndby Avallible 

CFC CFC 

2551 22540 

3428 22187 

5687 22880 

3430 18689 

1428 - 14970 

0 12019 

0 10687 

0 9487 

0 7928 

0 6640 

0 , 5581 

0 4857 

0 3901 

0 3120 

0' 2496 

0 1997 

0 1598 

0 1278 

0 1150 

0 1035 
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Table 1 Material Inventory Update- Mobile Air Conditioning - Tonnes 

Start of Inltlollnventory 

Ve., CFC Ait 

2013 1035 24940 

, 2014 932 25424 

2015 839 25905 

2018 755 26384 

'2017 679 26860 

2018 6V 27336 

2019 550 27811 

2020 495 28267 

Environmcnt Canada 
Project 4R940 

Total 

25975 

26356 

26744 

27138 

27539 

27947 

28361 

,28782 

Marl<8t orowt~ 

Replacement ~.~~ 

CFC Ait CFC Ait. 

à 1655 0 389 

0 1676 0 394 

0 1897 0 400 

0 1719 0 406 

0, 1742 0 412 

0 1765 0 419 

0 1789 0 425 

0 1614 O. 431 

25000 

20000 

III 15000 CIl 
c: 
c: 10000 0 
1-

5000 

0 

OjO) C>.J~ ~ 
" " 

' ,,<?l 

Lo .. "" 

Scrapped , Leaks ~entlng ponverted to Ait Final ln Equlpt. 

CFC Ait CFC CFC CFC Ait CFC Ait 

104 1559 129 32, 0 0 932 25424 

93 1569 118 29 0 0 839 25905 

84 1619 105 26 0 0 755 26364 

75 1849 04 24 . 0 0 679 26860 

68 1679 85 21 0 0 611 27336 

61 1708 76 19 0 O' 550 27811 

55 1738 89 17 0 0 495 26287 

50 1768 82 15' 0 0 446 28764 

Mobile AC 

~~ ~" ~cS> ~ S- rf'~ ,," ~ ~ 
i'l "D i'l, i'l rf' rf' rf' 

: ... ~ 
~---. 

.. ... ' .. ... 
SHAPIRO & ASSaC/ArES 

Potf!ntt. Actu. 

Coneump Reelalni poneump 

CFC CFC CFC 

265 52 214 

239 47 192 

215 42 173 

193 38 156 

174 34 140 

157 31 126 

141 28 113 

127 25 102 

~ 
rf' 

~ 
rf' 

Standby 

nventory Purcha,," 

. CFC CFC 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
Â 

0 0 

Flna Total 

~ndby Avallable 

CFC CFC 

'0 932 

0 839 

0 755 

0 679 

0 811 

0 550 

0 495 

0 446 
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Table 2 Material Inventory Update-

St8rt of Initiai Inventory 

Vear CFC Ait. 

1993 11679 0 

1994 11854 0 

1995 12032 0 

1996 12040 180 

1997 11495 636 ' 

1998 10541 1898 

1999 9866 2887 

2000 8864 3611 

2001 8126 4676 

2002 7453 5467 

2003 8635 6249 

2004 8267 6965 

200S 5747 7641 

200fI 5270 6280 

2007 4833 6664 

2008 4432 9456 

2009 4064 10004 

2010 3727 10524 

2011 3417 11022 

2012 3134 11498 

Environment Canada 
Project 4R940 

Total 

11679 

'11854 

12032 

12200 

12333 

12439 

12553 

12675 

12604 

12941, 

13064 

13233 

13388 

13550 

13717 

13690 

14066 

14251 

14439, 

14632 

Replacement Mart<et Orcwtl1 

B.~' . 1.5~4 

CFC Ait CFC Ait. 

969 0 175 0 

984 0 178 0 

899 93 108 67 

400 571 54 120 

0 957 0 173 

0 971 0 176 

0 986 0 178 

0 1001 0 181 

0 1016 0 164 

0 1031 0 186 

0 1046 0 169 

0, 1062 0 192 

0 1078 0 195 

0 1094 0 198 

0 1110 0 201 

0 1127 0 204 

0 1144 0 207 

0 1161 0 210 

0 1179 0 213 

0 1198 0 216 

-. 
Mobile Air Refrigeration - Tonnes 

LM"" 

Scrapped Leaks Ventlng Conv .. rted to Ait 

CFC Ait CFC CFC CFC Ait 

969 0 1166 4672 564 543 

984 0 1165 4742 1185 1102 

999 0 1203 4813 2406 2236 

999 13 1204 3612 3010 2799 

954 70 1149 3446 3448 3207 

875 156 1054 3162 3669 3431 

602 240 967 2900 3666 3596 

736 316 666 2659 4432 4122 

675 366 650 2436 4677 4535 

619 455 596 2236 4472 4159 

567 519 547 2050 4101 3614 

520 576 501 1660 4367' 4060 

477 634 480 1724 4023 3741 

437 667 422 1561 3669 3431 

401 737 367 1450 3363 3146 

366 765 355 1330 3102 2885 

337 630 325 1219 2645 2&46 

309 673 296 1116 2609 2428 

284 915 273 1025 2392 2225 

260 954 251 940 2194 2040 

,,' 

, 

Potentlal Actual , 

Final ln Equlpt. Con"ump Reclalm Conllump 

CFC Ait CFC CFC CFC 

11270 543 6984 292 ee92 

10847 1102 7069 593 6496 

9834 2398 7023 1203 5620 

6465 -3650 5270 1445 3625 

7092 5174 4500 1639 2759 

5977 6476 4216 2108 2108 

4997 7647 3666 2320 1547 

3698 9114 3545 2305 1241 

2577 10411 3089 2006 1081 

2363 10663 2632 1841 991 

2167 11298 2597 1688 909 

1380 12299 2362 1546 ' 834 

1247 - 12655 2184 1420 764 

1144 13002 2003 1302 701 

1049 13341 1638 1194 643 

962 13674 1864 1095 569 

882 14000 1544 1004 540 

609 14321 1416 920 496 

742 14636 1299 844 454 

660 14951 1191 774 417 

SHAPIRO & ASSOCIA TES 

StandbY 

Inventory Pureh .... " 

CFC CFC 

6000 6692 

6200 6296 

8000 6620, 

9000 0 

5175 0 

2416 il 

306 0 

0 0 

0 0 

0 0 

0 0 

0, 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0, 

0 0 

Final Total 

Standby Avallable 

CFC CFC 

!1200 ' 17470 

8000 16646 

9000 16634 

5175 13660 

2416 9506 

306 11264 

0 4997, 

0 3698 

0 2577 

0 2363 

0 2167 

0 1380 

0 1247 

0 1144 

0 1049 

0 962 

0, 662 

0 609 

0 742 

0 660 
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Table 2 Material Inventory Update-

Start of Inlttallnventory 

Vear eFe Ait 

2013 2874 11958 

2014 2835 12398 

201S 2416 12824 

2016 2216 13236 

2017 2032 13637 

2018 '1863 14.027 

2019 1709 144.07 

2020 1567 '14779 

Environment Canada 
Projcct 4R940 

Total 

14133.0 

15033 

1524.0 

15452 

15669 

15890 

16115 

16345 

Replacement 

a.3~~ 

eFe 

.0 

.0 

.0 

0 

.0 

a 

.0 

0 

Ait 

1214 

1232 

. 1251 

CIl 
CIl 

127.0 

1289 

1308 

1328 

1348 

20000 

15000 

ê 10000 
o 
1- 5000 

o 
~":> 
~ 

Mal1<et Orowltl 

1.5~4 

eFC Ait· 

.0 219 

.0 223 

.0 228 

.0 229 

.0 233 

a 236 

.0 240 

0 244 

Mobile Air Refrigeration- Tonnes 

Los""" 

Scrapped Leak. Ventlng eonverted to Ait 

eFe Ait· eFe eFe eFe Ait 

239 992 23.0 8132 2011 1871 

219 1.029 211 791 1845 1715 

2.01 1084 193 725 1691 1573 

184 1099 177 665 1551 '1442 

169 1132 163 61.0 1422 1323 

155 1184 149 559 1304 1213 

142 1196 137 . 513 1196 1112 

130 1227 125 470 1097 1020 

Mobile 

.. , .... 

PoIêntlal Ac:tual 

Final ln Equlpl 'Consump Reclalm eonllump 

'CFe Ait eFe eFe .eFe 

824 15281 1092 71.0 382 

572 15588,. 1001 651 350 

524 15874 918 597 321 

481 16178 842 547 295 

441 16481. 772 502 27.0 

4.04 16784 7.08 480 248 

371 17087 649 422 227 

34.0 17390 595 387 208 

SHAPIRO & AssaCIArEs 

Standby 

Inventory Pun:ha .... 

eFe eFe 

.0 .0 

.0 .0 

0 '0 

0 .0 

0 .0 

0 - 0 

0 0 

0 0 

Final Total 

standby AvaUabl. 

eFe CFe 

.0 1324 

.0 572 

0 524 

.0, 481 

.0 441 

0 404 

O' , 371 

0 340 
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Table 3 

5tart of Initiai Inventory 

YUf CFC Ait. 

1993 4062 0 

1994 4123 0 

1995 4185 0 

1996 ,4230 17 

1997 4257 ' 50 

1999 4249 117 

1999 4168 252 

2000 3947 515 

2001 3671 627 

2002 3414 1117 ' 

2003 3175 1387 

2004 2953 1638 

200S 2746 1672 

200S 2554 2089 

2007 2375 2291 

2008 2209 2476 

2OO!i 2054 2653 

2010 1910 2615 

2011 lm 2966 

2012 1852 3107 

, Environment Canada 
Projcct 41\940 

TOtal 

4062 

4123 

4185 

4246 

4307 

4366 

4420 

4462 

'4496 

4531 

4582 

4591 

4616 

4642 

4666 

4687 

4707 

4726 

4743 

4759 

Material Inventory Update - Appliances - Tonnes 
Replacement Marl<et Orowth lM~e5 

1.0-:', 
! 1.S"k Scrapped le.kg Ventlnll Converted to Ait 

CFC Ait CFC Ait. CFC Ait CFC CFC CFC Ait 

284 0 61 0 284 0 8 49 24 23 

289 . 0 62 0 289 . 0, 6 49 25 23 

278 14 60 ·3 293 0 8 50 .25 23 

266 28 57 6 '296 0 6 51 25 24 

238 55 51 12 298 0 9 51 26 24 

178 111 38 24 297 0 8 51 25 24 

58 217 13 47 292 0 8 46 23 21 

0 293 0 55 276 36 Il 43 22 20 

0 297 0 51 257 58 7 40 20 1.9 

0 300 0 48 239 78 7 34 17 16 

0 304 0 44 222 97 6 32 16 15 

0 307 0 41 207 115 8 30 15 14 

0 310 0 38 192 131 5 ' 27 14 13 

0 312 0 38 179 146 5 26 13 12 

0 315 0 33 166 160 ,5 24 12 11 

0 317 0 31 155 173 4 22 11 10 

0 319 0 29 144 166 4 21 10 10 

0 321 0 27 134 197 4 19 10 9 

0 323 0 25 124 208 
'" 

18 9 8 

0 325 0 23 116 217 3 17 '6 8 

Potentl.1 Actual 

Final ln Equlpt. Contlump Reel.lm Contlump 

CFC Ait CFC CFC CFC 

4099 23 402 0 402 

4160 23 406 1. 408 

4205 40 397 2 394 

4232 74 383 4 379 

4223 141 349 Il 343 

4143 275 276 7 269 

3924 537 125 9 116 

·3649 883 51 10 41 

3394 1194 48 12 38 

3158 1461 41 ,14 27 

2937 1750 38 16 22 

2731 .2000 35 18 17 

2540 2233 33 16 15 

2382 2449 31 16 13 

2197 2650 26 15 14 

2043 2837 27 9 18 

1900 3011 25 3 21 

1767 3172 23 1 '22 

1643 3323 21 0 21 

1528 3463 :20 0 20 

_.~: 

SHAPIRO & ASSOC}ATES 

5tandby 

Inv.ntory PurchatlH 

CFC 'CFC 

400 452 

450 958 

1000 894 

1500 0 

1121 0 

n8 0 

509 0 

393 0 

352 0 

3111 0 

269 0 

266 0 

249, 0 

234' 0 

222 0 

208 0 

·190 0 

169 0 

147 0 

125 . 0 

Final Total 

StIIndby . Avonoble 

CFC CFC 

450 4548 

1000 5160 

1500 5705 

1121 5353 

n6 5001 

509 4652. 

393 4317 

352 4001 

3111 3710 

269 3447 

266 3203 

249 2980 

234 im 

222 ' ,2564 

208 2405 

190 2233 

.169 2069 

147 1914 

125 1769 

105 1634 
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· .. 
Table 3 

Start of Inll1al Inventory 

Year CFC Ait 

2013 1537 3237 

2014 1429 3359 

2OH! 1329 3472 

2016 1236 3577 

2017 1149 3875 

2018 1069 3765 

2019 994 3850 

2020 925 3929 

Environment Canada 
Project 41\940 

Total 

4774 

4788 

4801 

4813 

4824 

4834 . 

4844 

4853 

i' -/ , .. 
Material Invento'ry Update - Appliances - Tonnes 

Replacement Market Orowtf1 lM~"" .. 

7.r·~/, 1.5'~ Scrapped leaka Venttng Converted to Ait FInal ln Equlpl 

CFC Ait CFC Ait CFC Ait CFC CFC CFC Ait CFC Ait 

0 327 0 21 108 227. 3 15 8 7 1421 3593 

0 328 0 20 100 235 3 14 7 7 1322 3714 

0 330 0 19 93 243 3 13 7 8 .1229 3826 

0 331 0 17 87 250 2 12 8 6 1143 3931 

0 332 a 16 BQ 257 2 11 6 5 1063 4028 

0 333 0 15 75 264 2 11 5 5 989 4118 

0 334 0 14 70 269 2 10 5 5 920 4203 

0 335 0 13 85 275 2 9 5 4 855 4281 

Appliances 

6000 

5000 

" 4000 
Il 
c: 3000 c: 
0 2000 1-

1000 
0 

g,":> 
~ 

g," 
~ 

~ 
~ 

Potenttal Actuel 

Consump Reelelm Consump 

.. 
CFC CFC CFC 

18 0 18 

17 0 17 

16 0 16. 

15 0 15 

14 0 14 

13 0 13 

12 0 12 

11 0 11 

..... , ,--'" ' ~' .. 
SHAPIRO & ASSaC/ArES 

Sbndby 

Invèntory PurchasK 

CFC CFC 

105 0 

87 0 

70 0 

54 0 

·39 0 

25 0 

12 '0 

1 0 

FInal Total 

Standby Av.nable 

CFC CFC 

87 1508 

70 1392 

54· 1263 

39 1182 

25 1089 

12 1001 

1 920 

.0 855 
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.. 
Table 4 

Start of InItiaI Inventory 

Vsar CFC Ait. 

1993 7060 0 

1994 7134 30 

1995 7177 90 

1996 fl962 391 

1997 6440 1126 

1998 5957 1682 

1999 5510 2205 

2000 5097 2700 

2001 ~714 3167 

2002 4381 3609 

2003 4034 4028 

2004 3731 4426 

2005 3451 4805 

2006 3192 5165 

'2007 2953 5510 

2008 2732 5840 

2009 2527 8156 

2010 2337 6.c60 

2011 2162 8753 

2012 2000 7035 

Environrnent èanada 
Projcct 48940 

Total 

7060 

. 7164 

7267 

7353 

7565 

7638 

7715 

7796 

7861 

7969 

8062 

8157 

8256 

6358 

6463 

8572 

8683 

8797 

8915 

9035 

Material Inventory Update - Commercial - Tonnes 
Replacement Morket Orowth Losses 

;.5",~ L5~ Scrapped Leakil Ventlng . Convsrted to Ait 

CFC Ait CFC Ait. CFC Ait CFC CFC CFC Ait 

503 25 101 5 530 0 353 1765 177 16.c 

482 52 96 10 535 2 357 1427 357 332 

269 257 54 51 538 7 359 718 267 267 

0 515 0 249 522. 29 346 696 348 324 

0 534 0 107 483 64 322 386 213 196 

0 542 0 108 447 126 236 . 357 214 199 

0 550 0 110 413 165 220 275. . 165 154 

0 558 0 112 382 202 204 255 166 154 

0 566 O" 113 354 237 189 238 '153 142 

0 57? 0 115 327 271 174 218 .153 142 

0 563 0 117 303 302 161 202 141 131 

0 592 0 118 260 332 149 187 131 121 

0 601 0 120 259 360 138 138 110 103 

0 610 0 122 239 387 128 128 102 95 

0 619 0 124 221 413 118 116 94 68 

0 629 0 126 205 438 109 109 96 91 

0 838 0 126 190 462 101 101 91 85 

0 648 0 130 175 485 93 93 64 76 

0 657 0 131 182 506 88 86 78 72 

0 667 0 133 150 528 80 80 n 67 

.... 

Potentlal Actua! 

FInal ln Equlpl Contlump Reelalm Conaump 

CFC Ait· CFC CFC CFC 

fl958 194 26.ce 530 2118 

6820 424 2319 571 1746 

6675 665 1615 . 431 1164 

6091 1479 1566 557 1009 

5744 196.c 1191 328 863 

5295 2531 1042 322 n1 

4931 3019 909 248 681 

4549 3523 641 229 612 

4208 39fl9 778' 212 566 

3881 4440 720 196 523 

3590 4859 668 182 464 

3321 5258 616 168 . 448 

3082. 5629 535 124 411 

2851 5993 495 115 380 

2637 6341 458 106 351 

2426 6886 423 96 325 

2248 7006 392 91 301 

2076 7315 362 64 278 

1922 7614 335 78 257 

1778 7902 310 72 236 

•• 
SHAPIRO & ASSaCIArES 

Standby 

Inventory PurchasH 

CFC CFC 

2500 . 2216 

2600 4148 

5000 3664 

7500 0 

6.c91 0 

5628 0 

4907 0 

4246 0 

3834 0 

3068 0 

2545 0 

2061 0 

1813 0 

1203 0 

623 0 

471 0 

148 0 

0 0 

0 0 

0 0 

FInal Total 

stIIndby Avallable 

CFC CFC. 

2600 9558 

5000 11820 

7500 14174 

8491 12582 

5628 113n 

4907 10202 

4246 9177 

3834 8163 

3068 7276 

2545 6426 

2061 5651 

1813 4934 

1203 4285 

823" 3874 

471 3106 

146 2575 

0 2246 

0 2076 . 

0 1922 

0 1778 
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.. ' .. ... 
Table 4 

Start of Inltlallnventery 

Yur CFC Ait. 

2013 1850 7308 

2014 1711 7572 

2015 1563 7829 

2016 1464 8079 

2017 1354 8323 

2018 1253 8561 

2019 1159 8794 

2020 1072 9023 

~nvironmcnt Canada 
Projcct 48940 

Total 

9158 

9283 

9412 

9543 

9677 

9813 

9953 

10095 

.. > .. ' .. - .. - -... .. -
Materiallnventory Update - Commercial - Tonnes 
Replacement Mark .. t Orowt!1 

r.5"~ 

CFC 

0 

0 

0 

·0 

0 

0 

0 

0 

1.5"";' 

AIt CFC 

677 0 

687 0 

698 0 

708 0 

719 .0 

729 O. 

740 0 

751 0 

15000 

III 10000 
QI 
c 
C 

{!. 5000 

Ait. 

135 

137 

140 

142 

144 

146 

148 

150 

.. 

, 

LM""" 

Scnlpped L .. aks, Vantlng Converto!d te Ait 

CFC Ait CFC CFC CFC .. AIt 

139 548 74 74 67 62 . 

128 588 88 66 62 57 

119 567 63 63 57 53 

110 806 59 59 53 49 

102 ,624 54 54 49 45 

94 842 50 50 45 42 

87 660 46 46 42 39 

80 677 43 43 39 38 

Corme rcia 1 

- .. 

Final ln Equlpl 

CFC Ait 

1644 8182 

1521 6454 

1407 8719 

1302 ' 8978 

1204 9230 

.1114 9478 

'1030 9721 

953 9961 

.. "'1 tIII, , .. .: .' <-
SHAPIRO &ASSOCIATES 

Potentlal Actual ,Standby Final Total 

Con.ump Reelalm Con.ump Invantory Purcha .... Standby Avallable 

CFC CFC CFC CFC 

287 67 220 0 

265 62 204 0 

245 57 188 0 

227 53 174 0 

210 49 .. 181 0 

194 45' 149 0 

160 42 138 0 

166 39 128 0 

CFC 

0 

O'. 

0 

0 

0 

0 

0 

0 

CFC CFC 

O' 1644 

0 1521 

0 '1407 

0 1302 

0 1204 

0 1114 

0 1030 

0 953 
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.. 
Table 5 

Start of InitiaI InvI!ntary 

Vear CFC Ail 

1993 3594 0 

1994 3510 128 

1995 3394 285 

·,996 3282 437 

.1997 3174 569 

1998 3069 692 

1999 2988 806 

2000 2870 912 

2001 2775 ·1010 

2002 2684 1100 

2003 2595 1184 

2004 2509 1280 

2005 2427 1331 

2006 2348 1395 

2001 2269 1454 

2008 2194 lS07 

2009 2122 1556 

2010 2052 1599 

2011 1984 1638 

2012 1919 1672 

Environment Canada 
Projcct 41\940 

Total 

3594 

3638 

.3679 

3719 

3742 

3761 

3773 

3781 

3785 

3784 

3779 

3770 

3757 

3742 

3723 

3701 

3677 

3651 

3622 

3591 

Material Inventory Update - Chilien - Tonnes 
, 

Replacement Mar1<et Growth Losses 

;'.3~ ~.S~ Scrapplld Luka Venttn!! Converted ta Ait 

CFC Ait CFC Ail CFC Ait CFC CFC CFC Ait 

24 118 Il 40 119 0 539 899 180 167 

0 108 0 49 116 0 .526 877 351 326 

0 104 0 47 112 0 407 849 339 318 

0 101 0 46 108· 14 328 722 164 153 

0 97 0 44 105 19 317 698 159 148 

0 94 0 43 101 23 307 675 153 143 

0 91 0 41 96 27 297 653 148 136 

0 88 0 40 95 30 287 574 ·,43 133 

0 85 0 39 92 33 278 555 139 129 

0 82 il 37 89 36 268 537 134 125 

0 80 0 . 36 86 39 259 519 130 121 

0 77 0 35 83 42 251 502 125 117 

0 74 0 34 80 44 243 485 121 113 

0 72 0 33 77 48 235 489 117 109 

0 70 0 32 75 48 227 454 113 108 

0 67· 0 31 72 SO. 219 439 110 102 

0 85 0 30 70 51 212 424 108 99 

0 83 0 29 88 53 205 410 103 95 

0 61 0 28 65 54 198 397 99 92 

0 59 0 27 83 55 192 384 96 89 

.. ... 
Potenttal Actual 

FInal ln Equlpt. Consump Reclalm Con·sump 

CFC Ait CFC CFC CFC 

3330 295 1472 0 1472 

3043 611 1404 UO 1264 

2943 752 1258 251 1005 

3010 736 1050 420 630 

2910 858 1018 508 508 

2814 971 982 491 491 

2721 1078 950 570 360 

2632 1173 881 t!03 258 

2545 1263 833 563 250 

2461 1345 eo5 584 242 

2360 1420 778 545 234 

2301 1489 753 527 226 

2225 1552 728 510 218 

2152 1809 704 493 211 

2081 1681 881 478 204 

2012 1701 858 481 197 

1946 .1749 837 448 191 

1881 1788 818 431 
, 

185· 

1819 1819 595 417 179· 

1759 1841 576 403 173 

SHAPIRO & ASSaCIATES 

Stllndby -

Inventory Purches .. 

CFC CFC 

2000 1572 

2100 1864 

2500 4504 

6000 0 

5370 0 

4862 0 

4371 0 

3991 0 

3733 0 

3483 0 

3241 0 

3008 0 

2782 0 

2583 0 

2352 0 

2148 0 

1951 0 

1780 0 

1575 0 

1396 0 

FInal Total 

Standby . AvaUlbl. 

CFC CFC 

2100 5430 

2500 5543 

.6000 8942 

5370 8379 . 

4882 m2 

4371 7185 

3991 8712 

3733 8384 

3483 802B 

3241 5702 

3008 5387 

2782 5083 

2583 4789 

2352 4504 

2148 4229 

1951 3983 

1780 3705 

1575 3458 

.1398 3218 

1224 2983 
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Table 5 

Start of Inltl.I'lnventory 

Year CFC Ait· 

2013 1855 1703 

2014 1794 1729 

201~ 1735 1752 

2016 1878 1772 

2017 1622 1786 

2018 1589 1802 

2019 1517 1812 

2020 1467 1820 

Environment Canada 
Project 41\940 . 

Total 

3558 

3523 

3487 

3450 

341,1 

3370 

3329 

3287 

Material Inventory Update - Chilien - Tonnes 
Replacement Mariee! Orowth Lossn 

3.3-': L~~ Scrapped L"akK Ventlng Converted to Ait 

CFC Ait CFC Ait. CFC Ait CFC CFC CFC AIt 

0 57 0 28 81 58 186 371 93 86 

0 55 0 25 59 57, 179 359 90 83 

0 53 0 24 57 58 173 347 87 81 

0 51 0 23 55 58 168 338 84 78 

0 50 0 . 23 54 59 182 324 81 75 

0 48 0 22 52 59 157 314 ' 78 73 

0 47 0 21 50 60' 152 303 78 71 

ci :45 0 20 48 60 147 293 73 68 

Chnlers 

10000 

8000 

III 6000 al 
C 
c 

4000 0 ... 
2000 

0 

OjO? ~~ ~ ~<f' s;:," ,#, ~~ ~ 
" ~ ~ r6l r6l 

tIII, _. 

PDtenttal Actual 

Final ln Equlpl Con,5ump Reclalm Con5ump 

CFC Ait CFC CFC CFC 

1701 1872 557 390 187 

1845 '1893 538 3n 181 

' 1591 1910 520 384 158 

1538 1925 503 352 151 

1488 1938 487 . 341 148 

1438 1945 471 329 141 

1391 1951 455 319 137 

1345 1954 440 308 132 

~~ ,,"-
~ 

~,,~ . ~,,~ ~~ ~ 
~ 

SHAPIRO & AssOCiA TES 

Standby 

Inventory Purchun 

CFC CFC' 

1224 0 

1057 0 

895 0 

739 0 

588 0 

,442 - '0 

,301 0 

165 0 

Final Total 

standby Avallable 

CFC CFC 

1057 2758 

895 2540 

739 2330 

588 2127 

442 1930 

301 1740 

185 1558 

33 .1378 
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SHAPIRO & ASSOCIA TES 

11.3 Demand for CFCs and Halons in Canada 

. . . . 
. , . . 

Environment Canada data on CFC uses in Canada covers a 12 year period, from 1983 to 1994. 
Total CFC use and'use in various broad categories, air conditioning and refrigeration, foam, 
solvent, and miscellaneous is in the following tables. 

CFCUses in Canada, 1983-19~~4 

lYear Total (tonnes) AlC and Foam 

1983 16380 34% 42% 

1984 17830 34% 36% 

1985 19490 35% 39% 

1986 19450 33% 43% 

~987 20780 33% 44% 

1988 20300 35% 43% 

1989 17400 43% 39% 

1990 13000 51% 32% 

1991 9600 51% 35% 

1992 8400 59% 29% 

1993 7500 60% 29% 

1994 ,5320 71% 18% 

~r eonditionin[! and refrieerations uses in Canada, 1986-1994 

lYear Total (tonnes) Mobile ale lMobile ale new Commercial 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Environrnent Canada 
Project 48940 

'6500 

6800 

7000 

7700 

6200 

5200 

4900 

4500 

3820 

10% 31% . 55%' 

12% 31% 53% 

19% 31% 46% 

24% 25% 47% 

25% 28% 44% 

21% 31% 45% 

28% 32% 38% 

42% 18% 38% 

64% 0% 35% 

Solvent 

7% 

11% 

11% 

'9% 

9% 

11% 

12% 

13% 

9% 

7% 

5% 

4% 

Domestie ale 

3% 

3% 

3%' 

' 2% 

2% 

,1% 

1% 

1% 

1% 

Miscellaneous 

17% 

i7% 

15% 

15% 

14% 

11% 

6% 

4% 

5% 

5% 

6% 

7% 

Domestie ale 

1% 

1% 

1%' 

·2% 

1% ' 

2%, 

1% 

1% 

J% 
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'Foam Uses in Canada, 1986-1994 

Total Flexible 

Year (tonnes) Foain (%) 

1986 8,200 15 

.1987 9,200 16 

1988 8,900 13 

1989 . 6,700 14 

1990 4,550 12 

1991 3,000 6 

1992 2,500 2 

1993 2,200 1 

1994 .960 0 

S'olvent Uses in Canada, 1986-1994 

Total 

Year . (~onnes) 

1986 1,800 

1987 1,900 

1988 2,200 

1989 2,100 

1990 1,500 

1991 900 

1992 '.' 600 

1993 370 

1994 190 

Environment Canada 
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Electronic 
. Cleaning (%) 

79 

79 

74 

68 

67 

55 

53 

2·1 

29 
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Rigid Ri "d gI. 

. Insulation Rigid Insulation 

Refrigeration (%) Packaging (%) Otber Uses (%) 

0 

0 

12 

16 

19 ,-

24 

21 

22 

53 

General Metal 

Cleaning (%) Cleaning (%) 

0 20 

0 20 

5 17 

9 20 

10 
( 

18 

7 28 

17 23 

14 35 

. 7 8 

25 

20 

13 

1 

0 

0 

0 

0 

0 

Dry 

Cleaning (%) 

1 

1 

4 

3 

5 

10 

7 

13 

17 

60 

64 

62 

69 

69 

70 

77 

77 

47 

Laboratory 
Solvent (%) 

0 

0 

0 

0 

0 

0 

0 

17 

39 
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, Miscellaneous Uses hi Canada, 1986-1994 

Total 

Year (tonnes) 

1986 2,950 

1987 2,880 

1988 2,200 

1989 900 

1990 750 

1991 500 

,1992 400 

1993 430 

1994 ,350 

Balon Uses in Canada, 1986-1991 

Total 

Year' (tonnes) 

1986 470 

1987 770 

1988 720 

1989 335 

1990 260 

1991 220 

Environrnent Canada 
, Project 48940 

New Fire 
Extinguisbers 

(%) 

41 

57 
i 

58 

47 

41 

53 

Aerosol (%) 

l 
76 

76 

73 

35 

25 

24 

25 

39 

33 

Service Fire 
Extinguisbers . 

(%) 

10 

12 

11 

13 

15 

. 17 
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Leak Testing (%) Sterilization (%) , 

4 

6 

5 

10 

12 

11 

9, 

3 

1 

t 

New Total 

Refrigeration 
Flooding 

(%) Systems (%) 

0 39 

1 25 

1 22 

1 24 

1 26 

1 8 

20 

18 

22 

55 

63 

65 

66 

58 

66 

Service Total 
Flooding 

Systems (%) 

10 

6 

9 

16 

18 

22 
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11.4 Inven~ry ofCFCs and Halons in Canada' 

The most recent Environment Canada estimate was published in 1995,' It is estimated that there 
are 48,000 tomies of CFCs and 3,000 tonnes of Halons in service iri Canada. These stocks are 
found in 6 categories of equipment, see figure below, ' 

Figure.l: Canada's 1993 Inventory of CFCs and Halons by Sector 

Environment Canada 
Project 48940 

Industr. refrig. 
4% 

Fire protection 
equipm. 

6% 

Comm: refrig., ale 
, 17% 

Resid. refr:, ale 
8% 

Mobile refrig. 
'23% 
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42% 
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Figure 2 shows the various substances thatare currently in the inventory. CFC-12 accounts for 
morethan 2/3 of all ODS in Canada's inventory. . ' . 

Figure 2: Canada's 1993 Inventory of CFCs aild Halons by Substance 

Halen 1301 Halen 1211 
4% 2% 

Other CFCs r------~ 
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12.0 

12.1 

AlC· . 
ACRWA 
CAMA ' 
CCME 
CCPA· 
CEASA 
CFC 
CFC-ll 
CFC-12 
CFC-115 
CMCSA 
CVMA 
FPWG 
Halon 1211 
Halon 1301 
HCFC 
HCFC-22 
HFC 
lIRAI' 
NAICC 
NAP 

NFPA 
ODS . 

R­
R-134a 
R-502 
RACCA 
UNEP 

12.2 

APPENDIXB: 

Abbreviations 

Air conditionirig 

SHAPIRO & ASSOCIA TES 

ABBREVIA TIONS AND DEFINItIONS 

Air Conditioning and Remgeration Wholesalers Association 
Canadian Appliance Manufacturers Association 
Canadian Council ofMinisters of the Environment 
Canadian Chemical Producers Association 
Canadian Electronic & Appliance Service Association 
Chlorofluorocarbon 
Trichlorofluoromethane 
Dichlorodifluoromethane 
Chloropentafluoroethane . 
Canadian Manufactures of Chemical Specialties Association 
Canadian Vehicle Manufacturers Association 
Federal Provincial Working Group on Controls Harmonization' 
Brombchlorodifluoromethane 
Bromotrifluoromethane 
Hydrochlorofluorocàrbbn 
Chlorodifluromethane 
Hydrofluorocarbon 
Heating, Refrigerating and Air Conditioning Institute of Canada 
National Air Issues Coorpinating Committee, a CCME committee 
National Action Plan for Recovery, Recycling and Reclamation of 
hlorofluorocarbons 

. National Fire Protection Association 
. Ozone depleting substance 
Refrigerant 
Hydrofluorocarbon refrigetant 
Refrigerant blend, anazeotropic blend ofHCFC-22 and CFC-115 

. Refrigeration and Air Conditioning Contractors Association 
United Nations Environmental Program 

Definitions, 

Chlorofluorocarbon 
(CFC) 

A very stable chemical compound containing chlorine, flùorine and 
carbon atoms, Chlorofluorocarbons decompose in the stratosphere 

Halon 

. Environment Canada 

. Project 48940 

and release chlorine which destroys ozone, . 
A compound containing bromine, chlorine, fluorine, and carbon in 
its structure, Halons have high ozone depletion potentiaL 
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HydrochIorofluoro­
carbon (HCFC) 

Hydrofluorocarbon 
(HFC} 

Ozone depleting . 
substance (ODS) 

Environrnent Canada 
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A chemicaLcompc)Und containing hydrogen, chIorine, fluorine and . 
carbon atoms. HCFCs are much less stable than CFCs, bt1tsm~Ü<, .' 
quantitiés can reach the stratosphere andrelease chIonne ... They':are 
considered acceptable substitutes for CFCsJor a tiansitiori~1~përi6d' 

. but because oftheir low ODP, HCFC production aridoimportati6n 
will be phased out by year 2030.'. . . '. 

- .' A chemical compound corttaining 6nly hydrogen, fluonne·and· 
carbon atoms. Since no chIorine is present,' these compounds have 
no ozone-depletion potential and are irleal replacements for . 
chIorofluorocarbons. . 

.;. The rated efIect of a compound on ihe ozone layer compared to 
CFC-ll. Wlllch is assigneda value of 1.0. Official ODP values are· 

.. assigned in the Montreal ProtQcol and are updated by UNEP. 
Achemical compound that is sufficiently stable to reach the 
stratosphere and éapable of reacting with stratospheric ozone, 
either di~ectly or through release of a chemical element that reaéts 
after the compound decomposes. 
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""'"13.0 APPENDIX C: PREDICTIVE MODEL 

The following algorithms were used in the predictive mode!. 

, , 

The Initiallnventory (lnI ) in any subsequent 'year = initial inventory of the previous year less the 
,amount scrapped (SCR), plus any market growth using CFC, (MG)plus any replacement ' 
using CFC,(REP), 

The same applies to the Initial Inventory of Altemates (AL T) in any subsequent year. 
e.g. lri 1 (year X) =InI (YearX-l) -SCR (Year X-l)+ REP (Year X-l) + MG (Year X-l) 

(F-l) 

It is importànt to be sure that oruy CFC is added to CFC, and the same for AL T.. ' 

The same equationis used for ALT. 
(F-2) 
, ' , 

The Total Initial Inventory ( InIT ) is the, sum of CFC and AL T in the same year. 
e.g. InIT (Year X) = InI CFC (Year X) + InI ALT (Year X) 

"(F-3) 

, The amount ofrefrigerant scrapped each year ( SCR) is the inverse of the average equipment 
service life, (AESL) , to express thisasa % it is multiplies by 100. 

,e.g. SCR= 1 / AESL 
(F-4) 

%SCR= (1 / AESL) x 100 
(F-5) 

The amount of Replacement Refrigerant (REP) is determined as follows: Eàch year the material 
removed in scrapped (SCR) is replaced by new units containing either CFC or AL T. The 
Replacement Factor (FR) for each refrigerant determines howmuch will be replaced by CFC 
and how much by AL T. 

lniiially in 1993, in most cases replacewas aIl by CFC, but each year the % CFC decreases and 
the amount of AL T replacement increases. 

In addition when AL T is used as the replacement, an additional factor for weight (FW) must' also 
be used as the weight of AL T is less than the weight' of CFC. After a few years, starting in 
1993, ALT unitsbegin to replace sorne of the CFC ùnits and then replacement of ALT units 
directly with ,AL T on a kg per kg basis, is also in process. ' 

e.g, REP (CFC) = SCR (CFC) x FR (CFC) 
(F-6) 

, REP (ALI) == SCR (CFC) x FR (ALI) x FW +SRC (ALT) 
(F-7) , 

Environment Canada 
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SHAPIRO & ASSOCIA TES . 

Note: .FW = 0.93 for all applications' 
(F-8) 

Leaksand Leakage Losses 

Equipment leaks ar~ mainiy dueto loose connections caused by vibration. Other causes include . 
corrosion, mechanical wearwhere tubing is rubbing onsomething, operators standingor 
walking on equipment or piping, and failure to tighten or solder joints properlyafter servicing. 
ln chiller systems significant additionallosses occur when the purge system operates. As . 
equipmerit isbetter or more frèquently serviced and leaks arè repaired, ·leak losses tend to 
decline. This has been the recent experience. . 

. Leakage Losses (LL) have been estimated for each year ofeach sector., with values generally in 
the range of5%·to. 10% of the inventory in equipment for a given sector.· 

Venting and Venting Losses 

Venting losses (YL) were originally relatively high in aU sectors except appliances, ranging in the 
area of25 % to 40%. workinginventory. By 1998 venting'levels had significantly decreased 
in aU areas, with appliance sector remaining essentially constant at about 1%.. Forecast 

. venting rates are as follows: 
. § appliances J%, 

§ . commercial 4%, 
§ chillers 20%, 
§ mobile 30%. 

Standby Inventory 

The Standby Inventory (SBI) was estimated for each sector as of the beginning of 1993. 

Thereafter the Standby Inventory at the beginning of any year X, is equal to the Final Standby 
Inventory (FSBI) in theprevious year. 
e.g. SBI (year X) = FSBI (year X-l) 

(F-9) 

Purchases 

Purchases of CFCs (P) are estimated numbers based on provided information. 
Final Standby Inventory (FSBI) n any year is the Initial Standby Inventory plus pur~hases, minus 
ACtual.Consumption (AC). 
e.g. FSBI = SBI + P - AC 

(F-IO) 
Total Available CFC 

The Total Available CFC (TA) is the Final Inventory in Equipment (FIE) plus the Final St~mdby 
Inventory. 
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,e.g. TA = FIE + FSBI 
. (F-ll). 

Actual Consumption of CFC . 

The Actual Consumption (AC) of ÇFC isequal to the Potential Consumption (pCO minus the 
amount ofReclaim (RC). . . 

. e,g, =PC -RC 
. (F-12) 

Reclaim 

The amourit of reclaim has been based on information and actual data provided. Actual reclaim 
rates· have th en been estimated for each sector for each year. 

Potential Consumption of CFC 

The Potential Consumption of CFC is the amountscrapped in obsolete equipment (SCR) plus the 
ampunt for market growth (MG) plus'the amount vented (YL) plus the Leakage Losses (YL). 

.' e.g, PC = SCR + MG + LL + YL 
(F-13) 
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14.0 APPENDIXD HALON REGULATIONS 

14.1 Federal regulations 

In order to implement the Canadian program to protect the ozone layer,·Environment Canada 
published three sets ofregulations under theCanadian Environmental protection Act (CEP A). 

These are: 
• . Ozone-depleting Substances regulation No. 1 (CFCs) 
• Ozone-depletlng Substances Regulations No. 2 (Halons) 
• Ozone-depleting Substances RegUlation No.3(products) 

The two last sets of regulations are relevant to Halons. They were proposed in the Canada 
Gazette, Part 1 on November 18, 1989. Several arnendments to the regulation r published in the 
Canada gazette on latter dates. These regulations prohibit production of Halons in Canada. 
(Halons have never been produced in Canada:) Alsothey prohibit importation ofHalonsat levels 
exceeding that of 1988, effective in January 1992. The last regulation prohibits the sale of 
portable fire extinguishers containing Halons orCFCsfor new uses withcertain exemptions. 
In addition it mandates that servicing, repairing.or re-charging operations use recovered or 
recycled Halons. 

14.2 The Environmental Code of Practice on Halons 

Under the same Federal Act (CEPA) two enwonmental codes ofpractice have been developed. 
One ofthese codes deals with CFCs while the other deals withHalons, and is known as the 
Environmental Code ofPractice on Halons. This Code provides directions to Halon owners and 
users on managing Halon stocks in a manner to reduce, and eventually eliminate Halon emissions 
to the atmosphere.· . 

These directions cover training, safety, record keeping, inspection, testing, maintenance, 
decommissionirig and other relevant aspec{s. Theyalso containa section on hazardlrisk analysis, 
which outlines a methodology of assessing a fire protection installation so that an infonned 
decisionon conversion fromHalons can be made. 

14.3 Provincial Regulations 

Fire protection is a provincial jurisdiction. Every province has a "Fire Protection Act". Most 
Canadian provinces have now implemented mandatory recovery and recycling of ons including 
Halons. Certain provinciallegislation prohibit the use of portable fire extinguishers containing 
Halons, while others reqùire specific labeling of such equipment. 

Nova Scotia enacted regulations ort February 15, 1991 to prohibit theITlanufacture, importation 
and sale of hand-held fire extinguishers coritaining any Halons with sorne exempted applications. 
Quebec enacted similar ban on sale of hand-held fire extinguishers effective on and after January 
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. ~. -<·-1",1992 and a ban ori sale or distribution of Halons effective on and after January 1; 1995 with the 
exception of recycled or recovered Halons. 
In Ontario, control of the application and use of ozone-depleting substances is govemed by part 
V-A of the Envirorimental Protection Act, which was amended June 20, 1989. These regulations 
impact aerosols, fo.ams, and spent refrlgerants. 

In Alberta any discharge of Halen other than during fire conditions must be reported .the Alberta 
Environment and there are fines for such releases. . 

The following table is a review of different Provincial/territorial requirements for ons in general 
and Halons in particular. 

Province Alta Be Man NB Nfld NWT NS Ont PEI Que Sas Yuk 

No release of ODS x x x x x x x x x x x x -
Mandatoryreporting x x x x x x x 
of ODS rdease 

NonewFPE x x x x x 
contaiIiing ODS 

Mandatory ODS x x x x x x x x x x x x 
recovet)' 

No sale of protable x x x x x x x x 
halonFPE 

Certification to x x x x ·x x x x x 
ServeFPE 

No leak testing with x x x , x x x x x 
ODS 

No ODS topping of x x x x x 
leaking FPE 

,. 

/ 

No non-refillable x x X 'x x x 
containers \ 

MandatoI)' labelling x x· x x x 
FPE 

Mandatory plan to x .X x x x 
manage and , 
elirninate halons , 

14.4' The Federal Provincial Working Group 

As seen from the above, differences exist in provincial regulations due to different approaches and 
·priorities. The Federal Provincial Working ~oup (FPWG) on controlhannonization (Ozone­
depleting Substances,: OnS) wàs established in 1989. The main focus of the group has'been to 
facilitate the introduètion ofhannonized règulations to reduce ernissions ofODS. The working 
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.~group lead by Enviro~ent Canada prepared the National Action P1a:n (NAP) for the recovery, 
" .. recycling, andreclamation of CFCs" ." 
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STAKEHOLDERS' VIEWS AND COMMENTS 
. . . . 

The foUowing comments have been combined where appropriate and condensed from the 
discussions at the meetings. . 

15.1 January 13th
, 1998 meeting. 

. Their was general agreement that there is not a surplus of CFCs except for somespecialized 
refrigerants suchas R-500 and R-502. At the same time supply anddemand vary greatly from . 
sector to sector. Virgin CFC-12 is still available but is insufficient for futiIreneeds. 
There was also a belief that CFC-ll will remain in use for a long time in the HV AC sector 
because of conversion costs. ' . 

The recycling of CFCs was initiaUy s~en as a temporary measure, acting as an interim step 
between the ban on imports and manufacture and the elimination oftheir use. ' 
The automobile manufacturers switched to HFC in mobile NC units in late 1993 or early 1994, 
coincident with the 1994 model year change. Conversion of existing units has been very slow and 
lower than forecast. 

15.2 March 17th
, 1998 meeting 

Ineffective controls on refrigerant blends are creating confusion resuIting in contaminated 
refrigerant. As recycling cannot be done with recovered contaminated material, venting to the 
atmo'sphere is a frequent consequence. The question was raised asto how realistic it was to 
expect to recover CFCs from smaU mobile and residential air conditionersand refrigerators which 
contain, when fully charged, between 3 to 40 ounces of refrigerant. AIso there is not much chance 
of recovering R-12 which is rapidly being lost to the atmosphere. 

For these reason, 1t was suggested that the focus be on R-ll and R-502 usedinlarge industrial 
, . 

units: These offer opportunities for containment and treatment. Time is a problem. While bans 
were not generallysupported, the British Columbia and New Brunswick bans on "topping up" 
mobile air conditioners with'CFC-12, might be appropriate for other provinces. Such a ban c.ould 
create a temporary surplus of CFC-12 which could be used in other sectoras. Ultimately, 
however, destruction of existing inventories of CFCs will haveto be addressed. 

A user ban on existing units would require collection/destruction which Is not in place. Bans on 
ODS lead to black market activities. They do not solve the problem but simply move it to another 
area. Globally they do not solve the environmental problem. Export of recovered/recycled or 
surplus inventory are a bad idea as management and control are. very difficult to effect. Currently, 
there is uncertainty aboutwhat happens to recovered ODS. 

The user determines conversion and is driven by economics. As long as users can use ODS there' ' 
will be a market for them and they will be used. Canada has a system equivalent ot the Australian 
RRA but lacks an "overseeing" group. 
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15.3 February 17t
\ 1998 meeting 

1998 may be a Watershed year for CFC-12 supply inthe'rriobilearrconditionirig sector. Shortages 
could occur as socmas this summer. It is believed that ooly OEM manufacturers havesignificant ' 
stockpiles, retained for servicing their earliermodels èquipped with CFC-12. This éomment was 
subsequently to be boly partly correct. OEM manufacfurers stockS ranged from substantial to nil. 
Somemanufacturers had made no provision for aftermarket service at all.AlI-in-all, stocks of 
CFC-12 appear to be headëd for an' early rather thandelayed shortage. Sorne suppliers have a 
shortage ofCFC-12 now. The shortage has been exacerbated bya significant movement of , 
recovered CFC-12 to the United States because of the price differential. . 

The study shouldbe very careful abouteconomic assumptions, co~version costs, for example,aie 
, much higher thah originally estimated. The shortage ofCFC-12 combined with these high ' 

conversion costs has'resulted in an increase in the use ofblends which are being promoted aS 
"drop-in" replacements. Except for British Columbia, the use of these blends appears to be 
unregulated. They have the potential to contaminate recovered stocks ofCFC-12 which the 
recyciers will not treat. This creates pressures to vent this' contaminated material as there is no 
mechanism for disposaI. Undoubtedly, v'enting of contaminated material does occur. 
After the ban on manufacture and importation of CFCs, a huge demand was created in the 
automotive aftermarket (lOto 20% went into the stationary sector). There are sorne concems that 
the imports ofCFC-12 described as recovered CFC-J2is actually Virgin materiaI. 

15.4 March l7th
, 1998 meeting' 

Currently regulations are driving the recovery of CFCs but the recov~ry would be more effective 
if the economics werebetter. The Australian model (RRA) could adverselyaffect conversion to 
alternatives, the levy increasing the cost of the alternative refrigerant making the conversion less 
attractive economically. ln sorne regions, mobile air conditioning refrigerant recovery is 
essentially uncontrolled. As this sector has a short time frame for effective action, it is doubtful 
that govemments can act sufficiently quickly to achieve significantresults. It would be better, 
therefore, to coIicentrate on sectqrs which can realistically be controlled 'under our system. 
Stationary refrigeration and air conditioning would appear to be obvious cartdidates. These 
sectors, however, appear to be alreadyunder control so the question arises whether this should be 
done at aU. ' 

Bans on the use of CFCsare not favoured as these are deemedto be not feasible. There are 
simply not enough resour,ces to act quickly on the millions ofunits involved. A phased ban on use 
is also deem to be not feasible. Even a reasonable tim:e spread woùld still involve large nurnbers of 
umts and the lossesduring this period will renderthe program.ineffective. 

Bans on the import ofany CFC, virgin or recover:ed, are favoured. Bans on exports are a political 
problem.Exports should be allowed aS this does not create waste and does not add to the global 
stockpile since Canada does not manufacture CFCs and the material is already in existence. 
Further the export could actually reduce CFCs releases sin ce it could replace material which 
would otherwise be manufactured and thus added to the global inventory. Methyl bromide should 

Environment Can~da ' 
Project 48940 

Page 60 ' 
June Il, 1998 

, 1 



1. 
l' 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

SHAPIRO & ASSOCIA TES 

... ' ".",. ·"not be overlooked in corisidering ons. Performance stands are being worked on and SAE 
"'~tandards issued .. Recyclers believe that they are being viewed too nega~ively. They are active in 

other areas such as storage and disposai. Canada should move quickly to establish a destruction 
facility and recyclers are interested in participating in this activity. It should aIso be recognized 
that the market will change in 5 years because of the disappearance of the mobile air conditiorung 
sector contribution to CFC inventories and releases.· . 
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16.0 APPENDIX F: REFERENCES 

. 1. Ozone Depleting Substances Products Regulations, Department of the Environment, 
Department of National Health and Welfare, Extract from Canada Gazette, Part n,December 
27, 1995 . . 

2. Ozone Depleting Substances Regulations, Department of the Environment, Department of· 
National Health andWelfare, Extractfrom Canada Gazette, Part n, December 27, 1995 

3. 1994 Report Of The Solvents,. Coatings And Adhesives Technical Options Committee For 
The 1995 Assessment Of The Montreal Protocol On The Substances That Deplete The Ozone 
Layer, PursuantTô Article 6 Of The Montreal Protocol; Decision IV/13 (1993) By The 
Parties To The MontrealProtocol . . 

4. 1994 Report Of The Flexible and Rigid Foams Technical Options Committee For The 1995 
Assessment Of The Montreal Protocol On The Substances That Deplete The Ozone Layer 

5. 1994 Report Of The Refrigeration, Air Conditioning and Heat Pumps Technical Options . 
CommitteeFor The 1995 Assessment Of The MontrealProtocol OnThe Substances That 
Deplete·The Ozone Layer 

. 6. The Montreal Protocol On The Substances That Deplete The Ozone Layer, Technology and 
Economie Assessment panel, April 1997 Report, Volume 1 

7. Environmental Code ofPractice for Elimination ofFluorocarbon Emissions from 
Refrigeration and Air Conditioning Systems, Environmental Protection Service, Environment 
Canada, Report EPS l1RN2, March 1996 

8. National Action Plan for the Environmental Control ofOzone-Depleting Substances and their 
Halocarhon Alternatives, CCME Draft Report, March 1997, Prepared by the Federal 
Provincial Working Group on Controls Harmonization (ODS) 

9. NAICC (National Air Issues Coordinating Committee) Meeting, Federal-ProvincialWorking 
Group on Controls Harmonization (Ozone Depleting Substances), Victoria, Be, February 3-
4, 1997 ... . 

10. Strengthening Canada's Ozone Layer Protection Program; Recommendations to Strengthen 
Canada's Ozone layer Protection Program, Federal-Provincial Working Group ·on Controls 
Harm.onization (Ozone Depleting Substances), May 1995.· 

Il. Summary Report: National Inventory Of CFC And HCFC Installations In Canada, 
Environment Canada File KAI68-2-7055, prepared by Bovar Environmental Services, 
Calgary, Alberta in Association with Concord EnvironmentalCorporation, Toronto, Ontario 
and Roger Buxton Associates, Unionville, Ontario, October 1993 

12. Summary Report: A National Inventory ofCFC and HCFC Installations in Canada, Prepared 
by Craig Morgan, Chemical Industries Division, Industrial Sectors Branch, Environmental 
Protection Service, Environment Canada, February 1995. 

13. Facsimile: UNEP:- Halon Surplus and Deficit, by A. Coppin, Halon Resources Inc. to Jean 
Carbonneau, Environment Canada, January 29th

, 1998. 
14. A Summary of the 1996 Report·on the Management Plans for Industries/Agencies that Use 

Fire Fighting Equipment Containing Halon in British Columbia, Prepared by Mary C .. 
Gilllinger for British Columbia Ministry ofEnvironment, Lands and ·Parks, Air Resources 
Branch. 
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15. Socio-Economic Assessment of a Ban on the Use ofExisting Products and Equipment 
Containing CFCsor Halons, Project Report, prepared for Bernard Madéand Chantal 
Chalifoux, Environment Canada, .by ARC, May 1997. 
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Name 
Government 

L. Begoray 

Bob Beat y 
-

Alain Leduc 
Art Stelzig . 
1. A. Armstrong 
Bernard Madé 
Abe Finkelstein 
Lisa Keller 

Joan O'Neill 

Karen Warren 

Denis L. Marquis 
David Blair 

Chris Wolnik 

Peter Haring 

Sharon Suter 
Todd Frazier 
Daniel 

Champagne 
Roger Hodges 

Environment Canada 
Project 48940 

APPENDIX G: LIST OF STAKEHOLDERS 

Organization Tel. Number 

Alberta Environmental Protection - (403) 4277598 
Dept. 

British Columbia Ministry of the 
(250) 3879946 

Environment 
City of Montreal (514) 872 2210 
Environment Canada (819) 953 1131 
Environment Canada (819) 953 1674 
Environment Canada (819) 9943249 
Environment Canada - (819) 9530226 -
Environment Canada (819) 953 9370 
Federation ofCanadian 

(613) 241 5221 
Municipalities 

Manitoba Environment (204) 945 355~ 

N.B. Dept. ofEnvironment (506) 457 4848 
N.S.Dept. of the Environment (902 667 6208 
N.W.T. Dept. Renewable 

(403) 873 7654 
Resources 

Newfoundland Department 
(709) 729- 2273 , 

Environment & Labour 
Ont. Minis~ry_ ofEnvironment (416) 314 7874 
P.E.I. Dept. Env. Res. (902) 368 5037 

Que. Ministère de l'Env.t _(418) 6437880 

Sask. Env. &·Res. Mgmt. (306) 787 9301 

Fax Number 

(403) 422 4192 

(250) 356 7197 

(514) 872 8146 
J819)9535595 
(819) 953 4936 

J819) 953 4936 
(819) 953 4705 
(819) 953 7253 

(613)241 7440, 

(204) 945 12il 

(506) 457 7333 
(9021667 6214 

(403) 8730221 
, 

(709) 729 1930 

(416) 3144128 
(902) 368 5830 
(418) 646 0001 

(30617870197 

SHAPIRO & ASSOCIArES 

E-Mail 

lbegoray@env.gov.ab.ca 

bbeaty@epdivl.env.gov.bc.ca 

alain-Ieduc@ville.montreal.qe.ca 
art.stelzig@ec.gc.ca 
jim.armstrong@ec.gc.ca 
bernard.made@ec.gc.ca 
Abe. finkelstein@ec.gc.ca 
tisa. keller@ec.gc.ca -

joneill@fcm.ca . 

karen. warren@ 
environment.gov.mb.ca 

denism@gov.nb.ca 
" 

Wolnik _ chrislrwed _ OO@gov.nt.ca 

pharing@env.gov.nfca 

' suters@gov.on.ca 

) 

danielchampagne@mefgouv.qc.ca 

roger. hodges. ermcmgovrnai1.gov: sk.ca 
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Name 
Bengt Pettersson 
Industry 
Jay. Harrison 
Adrian Bradford 

Bill Burkhimsher 

Dean Wilson 
Rich Decher 
Bert Carrigan 
Yves Menard 
Richard Paton 
Brian Wastle 

WilfHare 

Jerry Smith* 

David Halton 
Gail Bebee 
Mark Nantais ( 
Keith Madill 
Ron Traumann 
Wes Pratt 
Paui Hansen 
John Mclsaac 
Fred Dawson 
Dominic 

Loconte 

Environrncnt Canada. 
Projcct 4R940 

Organization 
Yukon. Dept. Renew. Res. 

Allied Signal Ine. 
Assoc. Int'\' Auto Mfrs. Cano 
Automotive Aftermarket Retailers 

. of Ontario . 
Automotive Industries Association 
Blue Streak Hygrade 

B.O.M.A of Canada 

CCPA 

Cano Electronic & Appliance 
Service Assoc. 

Cano Heating, Refrigerating & Air 
Conditioning Wholesalers . 

Can~ Mfrs. Chem. Spec. 
Canadian Tire Corporation 

Cano Vehicle Manufactures Assoc. 

Carrier Canada Ltd. 
CARS 
Chrysler Canada Ltd. 
Cryo-Line Supplies Inc. 
Du Pont Canada Inc 

Elf Atochem 

Tel. Number Fax Number 
J403J6675610 4031393 6205 

(905) 276 9211 (905) 276 5711 
(416) 595 5333 (416) 595 8226 

(905) 634 4040 (905) 634 6274 

613-728-5821 613-728-8021 .c 

(905) 612 0222 (905) 6128657 

(514) 9380697 
(514) 934 6271 
(514) 625 8683 

'(613) 237 6215 (613) 73 1 6199 
(613) 237 6225 (613) 2374067 

(416) 447 7469 (416}4472511 

*SeeHRAI 

(613) 2326616 (613) 233 6350 
(416) 4808202 (416) 480 3682 

(416) 364 9333 (416) 3673221 

(90S) 405 3224 (90S) 405 4002 
(90S) 709 4228 (90S) 709 2468 
(519) 973 2864 (519) 9732613 
(90S) 608 2919 (90S) 6082926 
J905J 821 5059 (90S) 821 5057 

(905) 847 4773 (905) 825 3750 

... 
"''; 

: ' .. 

'>:,~ .. 
SHAPIRO & ASSaC/A TES . 

E-Mail 
bengtp@yknet.yk.ca 

Jay.harrison@alliedsignal.com 
Abradford@importers.ca 

. dean@aiacanada.com 

burtsel@cam.org . 
rpaton@ccpa.ca 
bwastle@ccpa.ca 

ceasa@interlog.com 

assoc@cmcs.org 
.gbebee@ibm.net 

cvrna@tor.hookup.net 

ron. trautmann@carrier.utc.com 
. .f::\ • 

wes. pratt~"JJIIl'atlco. ca 

cryoline@vcomsolutions.com 
freddawson@can.dupont.com • 
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Name 

William Feng 

Trevor Williams 
Husséin Sabbour 

Al Coppin 

Warren Heeley 

Martin Lyman 

. Caroline Czajko 

Craig Stewart 
Mark S. 

. Boncardo 

David Worts 

Lary Goudge 

Ron M. Hanlon· 

Mark Miller' 

Bill Davis 

Steve fletcher 

David 

Environment Canada 
Project 4R940 

Organization 
Fielding ChemicaJ Technologies 

Inc. 
Ford Motor Company of Canada . 
General Motors of Canada 

Halon resources Inc. 

H.R.A.I. HRAI coordinates 
communications .. within member 

, groups an ddivisions 
Heating , Remgeràting and- Air 

Conditioning Contractors of 
Canada 

HRAI, Manufactures division, 
Products Section 

Honda of Cnaada manufacturing 

ICI Canada Inc . 

lAMA 

Kydd Radiator 

McQuay International 

MOPIA 

Ontario and Toronto Autornotive 
Dealers Association 

Ontario Automotive Recyclers 
Association 

Ontario Refrigeration & Air 

Tel. Number . 

(905) 279 51 ~2 

(905) 845 2511 
(905) 644 4203 , 
1 888220 

2822 

(905) 602 4700 

SeeHRAI 

SeeHRAI ' 

(905) 435 5561 

(416)229,. 7172 

(416)968-
·0150 

(519) 4322214 
(905) 

794-2794 
1 888667

r 

4203 

(905) 940 2225 

(519) 4~8 0064 

(416) 213-

. Fax Number 

(905) 279 4130 

(905) 845 5360 
(905) 644 7772 

(604) 939 4592 

,(905) 602 1197 

-

. (705) 4354116 
-

(705) 229-8203 

(519) 4326023 

(905) 794-2795 

(204) 338 0810 

(905) 940 6235 

(519)4380031 

, (905)822-5182 

i " > 
SHAPIRO '& ASSaC! A TES 

E-Mail 

weiminf@echo.on.net 

twiiia4@ford.ca 

ja _ coppin@bc.syrnpatico.ca 

warren. heeley@hrai.ca 

mark-boncardo@ici.com' 

jamacan@interlog.com 
.. 

mopia@rnb.sympatico.ca 

oatada@idriect.com 

isotherm@aol.com 

' -
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Name 
Underwood 

James Flowers 
Peter Hoyle 
Dave Mitchell 
Jeff Dickson 
Gerry 

Fitzsimmons 
Sandra Cooke 
Trevor Frith 
Others 
Beatrice 

Olivastri 

Jacob Shapiro , 

Charles 
Kaufinann 

Khaled Moftah 
John Smale 

Environment Canada 
Pr~jcct 4R940 

Organization" 
Conditioning contractors 

Proto col Refirgerant Management 
Snap-On Toois of Canada 
SPX Canada Inc. 
Sutherland-Schultz Inc. 

~ . 

The Tnine Company 

UL Canada 
York Applied Systems 

Friends of the Earth . 

Shapiro & Associates 
As of May l, 1998: 
CANTOX ENVIRONMENTAL 

Shapiro & Associates 

Shapiro & Associates 
JS Environmental Services 

Tel. Number Fax Number 
5559 

(905) 713 1174 (905) 713 1790 
(905) 624 0066 (905) 238 9658 
(905) 415 5929 (905) 415 8201 
(519) 6534123 (519) 653 3232 

(416) 499 3.600 (416) 4993615 

(416) 757 3611 . (416) 757 1781 
(905) 890 7499 (905) 890 7618 

(613) 241 0085 (613) 241 7998 . 

(416) 6381546 (416) 6386993 

(905) 542 2900 (905) 542 1011 

(416) 621 2484 (416) 621 2484 

(416) 424 3332 (416) 4242737 
(705) 946 1861 (705) 759 8169 

SHAPIRO & ASSOCIA TES 

E-Mail 

prmflowers@~lOl. corn 

dmitchell@spxateg.com 
·ssbs~@sentex.com " 

gbfitzsirnmons@trane.com 

sacooke@ulc.ca 

foe@web.net 

shapiro@interlog.com 
.. 

jshapiro@cantoxenvironmental.com 

charlesk@interlog.com 

Kmoftah@pathcorn.com 
smalejg~soonet. ca 
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