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1.0 © . SUMMARY

" This project was undertaken to develop a discussion paper on options for the management of .

surplus ozone depleting substances (ODS). Surpluses are expected for specific CFCs and Halons

‘and without implementation plans for safe disposal, it is only a matter of time before all CFCs and

Halons would be released to the atmosphere. The study which was called for in the National

~ Action Plan prepared by the Federal Provincial Working Group on Controls Harmonization

(ODS) (FPWG) for the Canadian Council of Ministers of the Environment (CCME) focussed on
chiorofluorocarbons (CFCs) used as refrigerants and on Halons (bromochloroflurocarbons and
bromoﬂuorocarbons) used as fire 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 ODS. 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“ban on manufacture and importation of virgin CFCs, these materials have been replaced by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 requ1res careful

‘ management to ensure that emissions from these sources are prevented

ODS continue to be used-as refngerants in five types of equipment, moblle air conditioning, .
mobile refrigeration, household appliances, commercial refrigeration and air conditioning and
chiller air conditioning. Halons are used in portable and stationary fire extinguishing equipment.

" The study has developed an overview of the current status of ODS inventories in Canada. A

predictive model was developed under this project for this purpose. It was determined that.

~ although.there is not currently a shortage of supply of CFCs for existing equipment, the expected
‘period of availability ranges widely with some sectors, notably mobile air conditioning facing the

most immediate shortages, possibly in mid-1998 while other sectors are less likely to face short
term shortages. In some 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 prioritize the efforts to manage the inventoriés in these sectors.

Halon 1211 and 1301 are both in surpius supply. Halon 1301 is unique and for éome applications
requires special consideration. This is not the case with Halon 1211. A review of ODS
destruction technologies showed that practicable destruction technologies exist. Facilities are in

. operation for this purpose (in the USA and Germany, for example) although there are no facilities

currently in operation in Canada. There are also several promising destruction technologies under

- development and, in some cases, commercialization. The study also included a review of the

regulatory and control activities in selected countries including Australia, Sweden, Germany and
the United States. This review provided insight into model Extended Producer Responsibility

- programs such as that managed by Refrigerant reclaim Australia Ltd. as well as a range of existing

and proposed controls on the use of CFCs and Halons.

v_EnvironmentCanada ' S . PR B Page 1
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. SHAPIRO & ASSOCIA TES
'« The study has 1dent1ﬁed four strategrc optrons avatlable for the management of ODS.
"~ 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 include recovered/recycled CFCs and to
- ban the export of these materials other than for destructron at approved destructron
+ facilities.

e - Limit the refilling of all or some categones of equrpment with CFCs and Halons, i.e.

require conversion of equipment requiring servicing to alternative non-CFC refngerants '

: «  Limit the use of CFCs and Halons in all or some categories of equipment, i.e. require

conversion of all equrpment to altematrve refngerants aﬁer a speclﬁed date(s) whether the
equrpment requires servrcmg or not. ,

Each of these optrons has advantages and disadvantages. Each' option w111 have a different i impact

‘on the removal of ODS from the inventory and thus on eventual releases to the atmosphere. Each

option also 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 increasing cost. It is
recognized that different options may be more appropriate for different sectors. The Halon sector,”
for example, requires special consideration since for Halon 1301, a completely satisfactory
alternative is not currently available for some critical uses. However, acceptable altematlves are .
available for Halon 1211. :

‘The implementation of the chosen option(s) will require effective management tools: An

important conclusion of this project is the need for a strategic objective to be developed by the
FPWG and the development of a program to achieve this objective. An Extended Producer
Responsibility program should be consrdered as a route to the strategic objective.

2.0 ' BACKGROUND

Substantial progress has _b'een made in Canada to reduce the emissions of ozone depleting
substances (ODS). This has been accomplished through strong regulatory action taken by federal
government and provincial governments, changes in technology, and voluntary actions by industry
such as the move to alternatives. An Environmental Code of Practice for Refrigeration and Air ‘

‘ Condmomng Systems was issued by Environment Canada in 1996. With the ban on the

manufacture and importation of CFCs, they. have been effectively replaced for all 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 ODS, they are greenhouse
gases. and their emissions are undesirable for that reason. It is also important to recognize that
while ODS have been replaced in new applications, a very large inventory still exists in previously
manufactured equrpment and there is a continuous and ongoing need to prevent or reduce ODS

. - emissions.

The issue of ODS is addressed in Canada by an active government group that meets twice a year,
the Federal Provincial Working Group on Controls Harmonization (Ozone Depleting Substances)

‘ ,‘ - FPWG The FPWG has issued a number of documents on the subject The most recent

Environment Canada _ : ' A S . o Page 2
Project 48940 - . . ' o : ' : June 11, 1998
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;

" "document, pubhshed in January 1998, speclﬁcally calls on Environment Canada, on behalf of the |

FPWG, to carry out, among others, the followmg tasks

. Update ODS, HFC inventory to 1996, to be completed by the end of 1998.! ,
. Development of a Discussion paper on the disposal of surplus CFCs & Halons to be .
- completed by mid 1998%; and

e ~Development of a Strategic Plan for Dlsposal of Surplus CFCs and Halons to be

completed by the end of 19993

The Auditor General’s 1996/97 prehmmary report* 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 sectors, and the fire 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 CF Cs and Halons and are, therefore not mcluded in this
study.

‘The air conditioning and refrigeration industry is composed of two main sectors: mobile air
conditioning, and refrigeration and stationary refrigeration and air conditioning applications. The

‘mobile sector is sub-divided into two 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.

! From NAP, January 1998: “This task is an extension and expansion of the previous work completed in
" 1993. The original study was useful in defining the 1993 needs and determining progress regarding the

major use of the main ODS such as CFCs, HCFCs, and Halons. The original inventory provided the
necessary data for the development of effective direction and suitable programs to reduce emniissions and
uses. The updated inventory will include HFCs as well as all ODS. It will not only provide information to
be used as a base for future programs, but also will be a clear measure of actual progress in reducmg use on
the various industry sectors over the past three years.”

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

* From NAP, March 1997: “A strategic plan with a high level of harmonization is essential to the
development of a successful- program having cooperauon of industry. The strateglc plan development will

: mclude the following major components: -

a clearly defined objective;

specified dates for achieving important milestones; .

an action plan defining speciﬁc actions and responsibilities;

a plan to monitor progress.”

4 Professor W. (Bill) Leis, Queens University, was on comract to Auditor General’s office for tlus -

work.
Environment Canada ) ‘ ‘ . o N Page 3
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3.0 .OBJECTIVES

The objectlve of thxs prOJect is to develop a report Wthh is to be used for discussions on the need
for and the major considerations and implications in the development of a strategy for the

management of surplus CFCs and Halons in Canada. The report is to provxde the followmg
' mformatlon .

s . Anoverview of the current situation wnh respect to:

- stocks of CFCs and Halons; -
- - conversion to CFC and Halon substitutes and therr unpact on future stocks; -
- . implementation of containment, mcludmg recycling and recovery strategres and
.~ their impact on future stocks;
- effectiveness of current user practices in disposing of surplus 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

. Analy51s and discussion of the potential for future surplus stocks in Canada. -

« . Discussion of feasible disposal, conversion or other options for Canada, for managmg
surplus stocks along with barriers and impediments.
- Discussion and analysis of stakeholders views-and perspectives on the above, and
stakeholder views on the roles and responsibilities for management of surplus stocks.
«  Discussion and analysis of feasible and cost effective strategies for the management of .
' surplus ODS stocks, as well as the tools available to govemments that could be
considered in Canada.

The discussion paper should include: . | ,.

. ~ Identification of use quantities and industry sectors. .

+  Estimates and projections of future surpluses dependmg on possible control programs or
- regulations : :

. " Identification of possible dlsposal scenanos such as

- natural phase-out,. ,
- conversion to other enwronmentally acceptable compounds and
, - destruction (e.g. incineration at Swan Hills, AB or a US location)
. Identification of activities in this area in other countries. Some of the producers of
refrigerants, i.e. ICI, DuPont, believe that USA has little mterest in takmg regulatory
action in this area. : .
. s evaluation of possible advantages of the various scenarios® ol

. _ optrons‘ for future actions (infrastructure);

- % United Nations Environmental Program (UNEP), 1995 ODS Technology Update; Technology And '
". Economic Assessment Panel, ODS Disposal Subcommittee Workshop, May 2-3, 1995, Montreal, Quebec, .

Canada; Presentation by Bernard Madé¢, Acting Head, Ozone Protection Programs Section, Environmental
Protection Service, Environment Canada, CFC and Halon Stocks in. Canada and Futire Needs for Disposal. -
¢ The cost of recovering CFCs is about $4/kg.

- 7 Cost of containment and storage (a safe locanon such as an abandoned underground mme) is

approximately $4.60/kg, see Footnote 1.

Environment Canada ‘ - , : : o Page 4
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e -~ discussion ofdisposal responsibilities.'_

The NAP reinforces the need that the dlscussmn paper should mclude the above i 1tems in the .

~ discussion paper.

40 METHODOLOGY

The options for the'management of ODS inventories contained in this repert have been developed
by: - : - e R S _ o ,

C e discussions with stakeholders by means of meetings with stakeholders in working groups

- and telephone, e-mail and facsimile communications with stakeholders outside of these
- meetings. Appendix F of this report provides a list of stakeholders.

» ° telephone interviews based on written sector spec1ﬁc questionnaires
« - the development of a predictive model for each ODS use sector
K the collection of information on the activities in other countries and in Canadian provinces
. the collection of information on Extended Producer Responsnbxlxty concepts based on the
© Office of Economic Cooperation and Development and other countries’ activities.
. a review of ODS destruction technologies, both developing and existing based on Umted

Nanons Enwronment Program activities.
41 - Working Group

Based on the information obtained using the sources listed above, ODS inventory status
information and possible management options were developed. These were presented to o
participating stakeholders at a series of three meetings held in Toronto in the first quarter of 1998. :
Stakeholders who were unablé to attend were sent the information presented and the

stakeholders’ comments and their input SOllClted .

 The information developed and the options proposed were revised and updated based on the"in'put

received at the previous meeting or received dlrectly from pamc1patmg stakeholders or other

© sources, €.8. the US EPA.

4.2 , Interview's and Questionnaires |

. Based on the consultants’ experience and with guidance provided by stakeholders, telephone

interviews were held with sector specific stakeholders and trade associations involved with ODS
through regulation, servicing, recovery, recycling and reclamation activities. The information

- gathered was then used to develop and/or confirm ODS inventory information and management
~ options. The: followmg groups were contacted: '

. provmcial _env1ronmental ministnes,

« " “industry trade associations ,
. automobile air conditioning service companies
+  transport refrigeration service companies,
. -chiller manufacturers/service companies
" Environment Canada ' C - o L Page 5
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« - refrigerant manufacturers

. independent servrce companies for applrances and commercral refngeratlon
s grocery stores,. . o

. _refrigerant reclarm compames o

Information questionnaires were prepared and sent to major groups and representatives. Others.
were contacted directly and by telephone. All information and notes were then sorted and -
collected together by industry sector and used in the development of management optrons and,

‘ 'as applicable, in the predrctrve model descnbed in Section 4. 3 _ - ,

Avarlable statistical data from Envrronment Canada reports and mformatlon from the OECD and
UNEP was also reviewed and used in a sumlar fashion. : : -

43 Predlctlve Model

The data and mformatron descnbed was analyzed and assessed relatrve to the followmg

v perspectlves

.. inventories on hand or available for servicing, °

«  start of general use of alternates in new equipment,
. normal service age of most equipment, .
¢ . normal operational leakage rates of equ1pment
e market growth rates,
e - extent to which recovery and recycling is practiced,
«  use of reclaim service companies, quantities reclaimed, and -
. 'avarlabllrty of standby inventory for servicing. ‘

With the assistance of Environment Canada staff, a predrctrve model was developed This model
~ was used to establish ODS inventory information for each of the identified sectors for the period

1993 to 2020. Five analytical mode_ls were prepared, one for each of the following sectors:

. Mobile Air Conditioning

« ~ Mobile (Transportation) Refngeratron
.- Apphiances- ‘ .
» . Commercial Refrigeration and Air Conditioning

. Chillers (Building Air Conditioning) -

- After review of all the mformatlon 1t was found that the same basic standard model could be used

by applying different sector 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 assumptrons used to develop the inventory mfonnatron and to evaluate “what-rf'7”
hypotheses A

Environmeru Canada ] ' . N : o - Page 6
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4.4 : ~ Other Countries and Jurisdictions Activities

* Information was solicited from countries known to be active in the management control and

regulation of ODS. The respondmg countnes were Australia, the United States Sweden and
Germany

45 Extended Prod'ncer Responsibilities

Informatlon was obtained on Extended Producer Respon51b111t1es concepts for p0551b1e apphcatlon

Cin management options. The OECD workshops and the Australian model represented by .

Refngerant Reclaim Austraha Ltd were the pnmary sources of mformatlon
6 ODS Destruction Tech_nologies

A brief review of ava_ilable 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 commercialization stage which hold
promise as additional destruction methods. There does not appear to be any- reason for concern

that technologles would not avallable for the destruction of CFCs

There is no operanng experience in Canada with ODS destructlon but there is in the USA. Data

o ‘received from operators of ODS facilities in that country report destruction costs of $0.46 - $2. OO-
per kilogram depending on the type of ODS. Liquid materials would be in the low end of the

range while pressurized materials such as CFC-12 would be at the upper end of the range.. These -.

" costs also are not believed to included collectxon and transportation costs. Some Canadian

*‘reclaimers have expressed an interest in operating facilities in Canada’ and there is no reason to

. anticipate any 51gn1ﬁcant problems in implementing ODS management optnons because of a lack
of technology or accessible facilities. :

50 ‘OVERVIEW CURRENT STATUS OF ODS INVENTORIES
51 | "Overall demand and inventories

“The 1993, inventory study which was completed for Environment Canada® included all CFCs, and
" some HCFCs. With this base data, and the model incorporating all the essential variables, it has

been possible to make reasonable estimates and projections of the market supply and activity. .
All 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
to-last 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 are currently one

_or more alternative refrigerants available as substitutes for each existing CFC, so no negative

" 8 Summary Report: National Inventory Of CFC And HCFC Installations In 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, Octoberv 1993

Environment Canada . B ‘Page 7
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industry unpact has been noted Generally there is a relatnvely high level of recovery and
reclamation being carried out, with some variation depending on the sector. Corisiderable .
attention has been paid to containment over the past few years, especially with larger systems. -

‘This has reduced leakage losses to the atmosphere and reduced the demand for addltlonal

refrigerant.
52  Mobile Sector
521 Mobile Air Conditioning

The mobile air co_ndiﬁoner sector represents the largest inventory of CFCs in Cahada. The most
~ recent Environment Canada estimate, published in 1995, reports an inventory of 48,000 tonnes of

CFCs, of which 42%, ’or'20,000 tonnes, is in the mobile A/C sector. Virtually all of this amount
was CFC-12. In 1994, original equipment mobile air conditioners 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 the inventory-at the begmmng of 1998 had decreased to approximately

12,000 torines or 30% of the total . The mobile air conditioning sector is the largest sector of the
five CFC-using sectors studied in this report. It is probable that the available inventory of CFC-12
for this sector will be used up wnhm a very few years, possibly as early as the second half of

A1998
822 Mebile'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 well as refrigeration on ships
and planes were not included in the study. The principal CFC refngerants used are CFC 12 and
RS02. (HCFC22 is also used to some extent.) . : .

* The project survey indicates that the moblle refrigeration sector is the fourth largest CFC-using

sector in this study. The in-use and available inventory was estimated .at about 6,300 tonnes at the’
beginning of 1998. As with the mobile air condmomng sector, the CFC available for servicing
could be reduced to zero during 1998.

53 o Statlonary'Alr Conditioning and Refrigeraiion E

. 53.1 . . Appliances

The Appliance Sector includes all household plug-in refrigeration and air conditioning equipment
except window air conditioners, which do not contain CFCs but HCFC22. Such equipment as
refrigerators, freezers, and dehumidifiers are the major users of CFC. With the exception of
dehumidifiers which use R500, all other appliances use CFC-12. Based on industry sources, there
are approximately 10,000, 000 appliances in Canada that use CFC refrigerants. Althoughthe =~
number of CFC-using units is the largest of the five sectors studied, because the quantity of CFC

Environment Canada o , » S | . PageS
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| per unit is small 'the total CFC mventory in this sector is the smallest, estimated at about 4,700

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 requxred for semcmg will be available up to the year 2020.

5.3.2 - Commercial Refnggratlon and Air Condit_lonm_g‘Sector

The commercial sector covers a broad range of size and type of equipment, including such units
as plug-in case coolers and freezers for small stores, restaurants and bakeries; remote units in -~
large grocery stores served in groups by centrally located.comptessors; large walk-in freezers and
coolers for storage as found in large grocery stores or dairy type take out stores; split air -
conditioning systems for various types of commercial buildings and restaurants; as well as large
direct cooling air conditioning systems. The principal CFCs used are CFC-12 for refrigerated
coolers and R502 for medium and low temperature applications such as frozen food display cases
and storage freezers. There are several million locations in Canada using such types of systems.
Commercial refrigeration and air conditioning sector is the second largest in this study. Inventory
at the beginning of 1998 is estimated at approximately 2,000 tonnes. Economic factors as wellas ~
well as commitment to reduction of releases to the atmosphere have resulted in an 80% reduction
in releases compared to past practices. These factors combined with commercial planning and

. recovery practices, and the availability of alternatives, has extended the avallabxhty of CFCs in this

sector. Current inventories are predicted to last until 2008.

533 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 90% 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. Industry sources.indicate that there are approximately 7000 chillers in
Canada based on industry estimates. Chillers have a refrigerant charge varying from 300kg to

. 1000 kgs. for the majority of equ1pment an average charge being in the range of 500kg. Thus

chillers are relatively few in number but have large charges, as ‘compared 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.

‘The chiller sector represents the third largest inventory of CFCs at approximately 7,200 tonnes at
the beginning of 1998. As with commercial refrigeration and air conditioning, economic and
business planning factors, the sector appears to be in a relatively sound position with respect to -
the availability of CFCs for maintenance of existing equipment. Inventory availability is predicted

- until the year 2020. Because of the comparatively small number of units and thexr large size, the -

sector appears to be a good candldate for further CFC-reduction initiatives.
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"’"5.4 ' Halons

' Halons are halogenated aliphatic hydrocarbons containing bromine and fluorine atoms. They are

used in fire extinguishing systems. The two Halons used in Canada in fire extinguishing
applrcatrons are Halon 1211 (bromochlorodifluoromethane) and Halon 1301
(bromotrifluoromethane). Halon 1211 is generally used is in portable (hand-held and wheeled) fire

~extinguishers while Halon 1301 is generally used in fixed total ﬂoodmg systems. Small amount of

Halons have also beer used as refngerants (less than 1% of the total)

Halons 121 1 and 1301 are used in ﬁreextmgurshers because they are eﬁ'ec':tive when used for this
purpose and because they do not cause property damage when discharged, an important '
consideration in sensitive areas such as computer rooms, archives and data storage areas. In -,

- addition, humans can survive in the presence of Halon 1301, an important consideration for use in

closed areas such as arrcraﬁ and armoured ﬁghtlng vehlcles
6.0 - | AMANAGEMENT ACTIVITIES IN OTHER COUNTRIES |

61  USA

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

estrmates

611 Supply of CFC-12 - -

The inventory takes in to account.:

. Stockpiles at the begmmng of 1996

. Amount of R-12 reclaimed from existing a/c and refrigeration equ1pment
.« lllegal imports (acknowledged but not used in calculatrons) '
e Demand - _ :
~« ' Number of operatmg R-12 a/c and refngeratlon systems that require replacement of R-12

‘through leakage and upon servicing

According to this report the total CFC-12 mventory in USA on January 1, 1997 was ~50 MM
1bs. It was held by ‘ i ] .

. OEMs - o 30%

. .Packagers/reclarmers . : , ' - 25%
x Auto parts chains and distributors ~~ ~ ~ 20%
~« Stationary/Commercial sector distributors 15%

. Others mcludmg chermcal manufacturers 10%

In 1996, pnces rose briefly from US$9. 50/lb to US$20/1b

Environment Canada e _ k i " Page 10
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Industry Sector _ ' Pipeline est. : Stockpile est. Total (million
' (MM pounds) (MM pounds) pounds)
Chemical manufacturers 05 _ o | - 0-5 -

.| Packagers/reclaimers _ 5-10 o .5 - '10-15
OEMs R | 0-5 10-15 10-20
Auto parts chains and _ - 5-10. - 0-5 _ 5-15

distnbutors ' '
Do-lt-Yourselfers . N/A 13 1-3
| -Stationary/Commercial sector .. 05 - o 5 - 5-10
~ distributors - o o ,
Wholesale clubs 5 - 0-1 b0 0-1
Total 10-36 . - -21-33 31-69

- SHAPIRO & ASSOCIATES

612 - Demand for CFC-12

- The model was constructed to estimate use and emissions of CFCs, Halons, methyl - -
chloroform, HCFCs, HFCs, and PFCs for more than 40 d1ﬁ’erent end-uses in the USA through
2030,

« The model estimates annual demand for CFC-12 by prOJectmg the total size of the equxpment
stock in each end use over time, and simulating the use and emxssmns of R-12 from thlS
-equipment each year. :

6.1.-3 - EPA Vintaging Model Key Inputs for CFC-12 Use v

US Supply/Demand for CF C-12 (MM lb )

. Momton'n'g stocks of CFC-12; Report on CFC-12 supply;demand' 1996-2000 available

'« Report prepared for EPA by ICF Consultmg Group, July 1, 1997 (Update of July 11, 1996

report)
«. Demand estimates are taken from EPA s thagmg Model
. Supply

- Stockpiles at the beginning of 1996 o :
- Amountof R-12 reclaimed from existing a/c and refrigeration equipment
- Iliegal imports (acknowledged but not used in calculations)

« - Demand

- - Number of operating R- 12 a/c and reﬁ‘xgeratxon systems that requlre replacement of R- '
12 through leakage and upon servicing -
*  Unlike the Bovar report, the EPA inventory does not look at the amount of R-12 n ex1st1ng
a/c and refrigeration equipment .. In contrast, the Bovar report did not look at supply/demand.

Much of the focus of the US monitoring activities have been focussed on CFC-12. The most
-recent data suggests that CFC-12 will be in shortage this year. It should be noted that some 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 conclude, however, that

Environment Canada - : N ‘ Page 11
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supplies will at best be sufﬁcxent only for the very short term say 1 -2 years at best and possxbly

‘during 1998 at worst.

i

The data also mdncate that approximately 2/3 of the annual demand is in moblle air condmomng

, Al of this is assumed to be used in the servicing of older, exrstmg units smce conversion to HFC
. refngerant was effected in 1994, _ :

The data also indicate that about ¥ of the annual demand is for commercial ‘refrigeration
There is no reason to believe that these data are not generally apphcable to Canada, a view whxch
is supported by the Canadlan mformatlon gathered for this report '

‘ The EPA has offered to run Canadlan data through thelr computer model. This oﬁ’er should be

taken up for three reasons: -

« . This would take advantage of the effort whxch has been put mto the development of the

: . computer model at minimum cost.
.. The data format established for the EPA model would prov1de an excellent gunde to the

acquisition of Canadian data.

The comparability of the two sets of data (U SA and Canada) would prove useful for :

future studies.

- 6.2 Sweden -

- Sweden has recently promulgated new regulations for controlhng CF Cs These regulatlons ~
prov1de that : :
. as of January 1, 1998, it will be forbidden to
. refill existing refrigeration and a/c with CFCs;
. fill new refrigeration and a/c units with HCFCs;
* - use Halons (with certain exceptlons made for critical uses such as military and avratlon

' apphcatlons o -
« . asof January 1, 2000, it will be forbidden to: :
. ~use CFCs as a workmg medium in existing fac111t1es Domestic refngeratmn is exempted
~ from this ban. - :

. as of January.- 1, 2002, it will be forbidden to:
. refill refngeratlon and a/cunits with HCFCs . : ,
» .. Suppliers are obhged to take back recovered refrigerant at no charge ~ :
. CFCs and Halons not reused or exported must be delivered for destruction only, to an

authorized body. One Swedish company has been authonzed to destroy ODS. The
quantmes destroyed were:

Year : ' Quantlty Destroyed (Tonnes)
- CFCs - - - Halons
1996 163 - - 38
1997 , 160 56
. Environment Canada. o o | : — : | Page 12
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: . Exports of CFCs and Halons are pemutted only for the purpose of destructlon in another
country : _ _ , A
63 Germ'a'hy' :
. Inventory of CFCs in existing equ1pment was 44,000 tonnes in 1997 mcludmg 5, 000 o

. tonnes in household refrigeration. Values for Canada are very similar (42,000 tonnes and
-4,000 tonnes respectively) which is somewhat surpnsmg considering population
differences but probably is a reflection of wider use of alr conditioning and refngeratxon of
- all types, mobile residential and commercial. o
«  Distributors of CFCs and Halons are obhgated to accept ‘the return of these substances
“and ‘preparations”

.- Manufacturers/distributors must maintain record of returned substances and

“preparations” (blends?). .
. Disposal in not regulated separately but is covered by exlstmg regulatlons for dlsposal of -
' hazardous waste.

6.4 . Australia,-.‘

" Regulatory jurisdiction in Australia apvpears to be a state responsibility An example. is the 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 disposal of
stratosphenc ODS and articles that contain those substances. The regulations may make , '
provisions for or with respect to the regulatlon 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 T any plant or equipment used to

~ manufacture such an article ,

. requiring and regulating the recovery, recychng, dlsposal 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 Parlxament in connectlon with
"~ the operation of this Act. E :

Similarregulations are believed to be operat_iv_e in the other Australian states.

A condition of these regulations is a for of Extended Producer 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 of new refngerants These funds are used to award a credit for

each unit of ODS returned and to finance the destruction of the returned materials. It is relevant
to note that the formation of this group is authorized by the government regulatlons

Environment Canada ‘ : j Page 13 -
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‘ There are similarities between the Austrahan and Canadran sntuatrons wluch make thrs model of
g pamcular mterest These are: : . :

e Both countries cover a large geographical area thh very uneven populatlon distributions.
.+ . Both countries previously manufactured CFCs but both countnes have ceased the . =

~manufacture of these substances.

At the same tlme Australia and Canada also present d1fferences of whlch the: followmg mstances

are relevant

. - Australia’s population is:approximatelytwo thirds of that of Canada.
. Australia’s climate is significantly warmer than that of Canada.

RRAL estimates that Australia consumed less than 1,500 tonnes of CFCs 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 refngerant in the form of R-
22, an HCFC. :

- 7.0 STAKEHOLDER VIEWS

The participants at the meetmgs held on January 13‘h February 17‘h and March 17", 1998
expressed a number a number of views and provided valuable input into the development of the
management options contained in this report. Their participation is gratefully acknowledged. The

o Management Options and the Conclusmns integrate some of these views wnh those of the

consultants

It should be recognized that the views expressed by the stakeholders at the three meetings
covered a broad spectrum of opinions. In general, industry representatives did not favour
extending bans on use in existing equipment. Many expressed the view that the status quo, wnh
the possible incorporation of some minor adjustments, was working reasonably well. There was
considerable, but by no means unanimous, support for the view that recovery/recycle programs
extended the time frame of releases but ultimately all of the CFC inventory would be released to
the atmosphere. The extended release was also v1ewed as a route to reducing the xmpact of the
released ODS on the atmosphere.

There was also considerable support for a ban on all imports ineluding recovered/recycled

. material. At the same time thére was view that a ban.on exports would not provide the expected |

benefits but would simply encourage increased manufacture of virgin material in those areas which
are allowed to do so. Some stakeholders, however, were not favourably inclined to allowing
exports. A complete compilation of their views and opinions are contained in Appendix E.

8.0 'MANAGEMENT OPTIONS FOR CFCS & HALONS -
Four management options for ODS have been identified in this study. These options offer

increasingly stringent degrees of removal of ODS from the inventory, with generally increasing
costs. The four options are: : ' :

Environment Canada ' : ' . .. Page 14
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- Status quo

* - Restrict unports/exports to/from Canada ,

« " Limit refilling of all/some categories of equipment
. - Limit use in all/some categones of equipment

These optlons 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 all sectors. Each has its pro’s and con’s whxch are discussed below and no option
can be unequwocally said to be “best”

8.1 o Status Quo

The status quo optlon incorporates the current restrictions on the importation of v1rg1n CF Cs,
includes elements of recovery and recycling and is reasonably effective in reducing emissions on
an annual basis. It does very little to reduce the amount of CFCs currently in inventories, both in
use and standby. It does 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 also results in releases
to the atmosphere over a longer period of time, thus provxdmg some reductlon in impact on the
atmosphere. :

The status quo may also be said to enjoy the most mdustry support, although there is consnderable
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 of a certain degree of famlllanty and comfort

“The d1sadvantages of the status quo option are effectively the other side of the advantages coin.
“The option will result in the ultimate release of all of the current inventory. As there is not a ban
on imports of recovered/recycled 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 requlred if imports are to be aliowed to continue. There is also the
possibility that as time progresses, increased costs could be incurred because of the need for -
stockmg of multlple refrigerants and alternatives.

-Finally current recycling efforts may be undermined by confusion ansmg 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 of this material is not
necessarily a bad thing; it can undermine the program to the point of automatic consignment to
destruction rather than recycling, even for uncontaminated material. This could result in a de facto
1mplementat10n of the third management optxon, “Limit reﬁllmg of all/some categories of
equ1pment ~ :

82 Restrict Impor"ts and Exports to/from Canada

As noted previously, current regulatlons ban the 1mportatlon of virgin CFCs Importanon of -
- recovered/recycled material is, however, allowed The difficulty entailed in ensuring that the

Environment Canada v : - o ' _ ‘Page 15
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material is actually recovered or recycled CFCis 1mmed1ate1y obv10us Further, the exemptron for

even bona fide recovered or recycled CFCs does little to reduce the quantrty of CFC released to

the atmosphere globally but only to the period of time 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 also creates the potential situation where Canada becomes a dumping ground for these CFCs
and could face substantial financial costs in the future should a ban on refilling come 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 facilities in place, this would require
either the construction of such 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 mdustry support :

By reducmg the quantity of CFC available, conversion to alternative refrigerants would be
encouraged and opportunities for the abuses reported under the status quo would be essentially

. removed. ‘The disadvantages of this option are comparatively few. The restrictions may infringe
international agreements. This possrbrhty, however, is considered remote since several countries

already have such 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 CF Cs now inuse and -
stockpiles will eventually be released to the atmosphere. :

It is also probable that a _total restriction on 1mports will place a financial perralty on firms
currently legitimately trading in CFCs and Halons. There appears to be no way to avoid this,
however, in any options other than the status quo. It should bé 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 material which will ultimately be lost to the atmosphere. This is a 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. Itis a form of recyclmg across
borders .

At the same time it is seen by some as a process which is virtually impossible to control and

therefore will be subject to abuse. The question also presents possible problems politically as it
could be seen as ar exploitation of the issue outside of our borders. Exports could be seenin a
lrght not dissimilar to the shipping of toxic wastes to other Junsdrctrons less likely to. observe '
proper drsposal techniques. : ‘

8.3‘ - lelt Refilling of All/Some Categorres of Equlpment

: Thrs management option would in essence ban the toppmg up or refilling of exrstmg equrpment

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 mobrle air condrtnomng in Bntrsh Columbia and
New Brunswmk demonstratmg the fea51b111ty of the approach.

" The ban would encourage and accelerate conversion and with appropriate regulations and

procedures would achieve a lower total quantity of releases to the atmosphere It is also

~ consistent with the Codes of Practice which now state that mobile air conditioning and
refngeratlon units should not be recharged with CFCs after 2000. .The: disadvantages to this -

‘ optron mclude costs, problems of control, drsposal and possxbly perceptlons of falmess

The ban on refilling option is the second highest of the optrons 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 this option. Limit use in
“all/some categories of equipment. The user could for example, decide to forego the repatr rather
“than pay the cost of correcting a leaking system. As a result the refrigerant remaining in the

system could be allowed to escape rather than recovered. This would likely proveto be a common

occurrence in those sectors where the use of the unit is optional, e.g. mobile air conditioning.

The ability to apply the ban by sector could be perceived as being inequitable. It could also prove

© to be difficult to prevent cross-flow of refrigerant from one sector’s stocks to that of another.
Assuming a universal ban, as well as the probable increased releases to the atmosphere, a surplus

. inventory would also created virtually immediately. Existing stockpiles would no longer be
required and access to a collection and disposal facility would become a 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 approvals and construct a Canadian facility, it seems likely that shipments to
facilities outside of Canada would be necessary for at least the first year or two. It should be
recognized that the inconvenience and cost of this dlsposal procedure is likely to increase the
possrblllty of deliberate venting.

- 8.4 ' Limit Use in All/Som_e Categories of Equipment |

~ The last management option identified for ODS inventories is the banning of their use in some or

“all equipment, new and existing. This option would result in‘the greatest decrease in releases to
the atmosphere as it would entail the removal and destruction of all CFCs mcludmg those still in

- service.

Some 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 some equipment, notably household refrigerators from the A

- program. Another example, taken from an entirely different field is the Ontario Hydro conversion

of electricity from 50 cycle to 60 cycle, a step which involved the conversion of hundreds of
thousands of motors and other electrical equrpment -

‘Despite its maximized reductron of CFCs there are a number of important negatlve aspects .
connected with such a program.

" Environment Canada - . o ST . Pagel7
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«  This optlon is the hxghest cost option, by far requmng ﬁnanc1a1 resources for the recovery,
~ collection and destruction facilities as well 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 1mplementat10n because of

- the magnitude of the program and the techmcal Tesources and skllls to unplement it would
.- not be available rapid conversion. : :
. The need for a phased in approach would require decrsnons to be made as to whxch sectors
* - would be done first. This would undoubtedly create problems with the percelved falmess
of the prionitization.

" .‘° ~ The phased in aspect of the program would diminish its effectiveness in reducmg OoDS

 releases. It is improbable, for example, that a program of this magnitude could be brought
" into being in time to prevent large losses in the mobile air conditioning sector where the
losses over the next 2 years are estunated at approx1mately one third of the mobile air
) condmomng inventory. . »

9.0 | MANAGEMENT OPTION TOOLS -

A number of tools for the management of the optlons descnbed above have been ldentlﬁed
These’ are:

«  Require mdustry to establish an Extended Producer Respon51b1hty (EPR) organization for

_ the collection, storage and destruction of ODS.
. Impose a tax/levy on the sale of new refrigerants managed by the organization on the- hnes '

-of the Australian model. This could be done in conjunction with the establishment of EPR
as was done in Australia. (The possibility of counter productive response because of
higher costs for new refrigerants and resulting reduced acceptance of conversion to
alternative refrigerants should be carefully assessed.)

e The above tools would probably necessitate government regulations requiring the

establishment of such an organization and possibly to authorize the levy of such charges.

. © Federal/provincial, municipal governments to lead by example, by converting to alternative
refrigerants in their own facilities and equipment as quickly as possxble This would also
prowde useful m51ght into the problems or ease of such conversions.

100 CONCLUSIONS

If not dealt with in an'appr'opriately prompt fashion, the existing in-use and standby ODS
inventory will eventually be released to the atmosphere. The consultants have reached the .

cOnclusions“Stated below as routes to prevent the relea'se' of ODS inventory:

. Imports of CFCs and Halons 1ncludmg those from recovered/recycled sources, should be
.- banned.

« . Recharging of moblle air condmonmg and refrigeration units w1th CECs should be banned

' . by the year 2000.

. Recharging wnh CFCs should be limited in all sectors, possibly w1th dlfferent effective

© dates. . _ .
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. ' Con51deratlon should be given to conserving Halon. 1301 for use in crmcal apphcatlons
. . such as enclosed areas in which humans may be present. v
e Con51deratron should be grven to banmng export except for destructlon at an approved
- facility. :
* . Access to a destruction facrlrty is important. Facrlmes are avallable outsrde of Canada (e g
_ ' “inthe USA) but none are currently operating within our borders. '
"+ The FPWG should be made aware of industry stakeholder allegatlons of abuses and
L mef‘fectlveness of the current process, e.g. "
+ . CFC collection from scrapped units (moblle A/C and apphances) is. erratlc
. . Imports of virgin CFCs under the guise of recovered material are occurring,’
» - the controls on imports of blends are ineffective and creatmg significant problems
o -in the control and recycling of CFCs. ;
- “s .~ The FPWG should formulate a strategic objectlve for the management of surplus ODS in
- order to prevent the releases of ODS which would otherwise inevitably occur. »
. The FPWG should develop and nnplement a process or procedure to meet this strateglc
v objective.. :
« ~ - Adecision to proceed wrth a management optlon other than the Status Quo mmust be
» cogmzant of the need to dec1de on the ultlmate fate of the surplus created.
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110 APPENDIX A: SUPPLY/DEMAND/INVENTORY OF CFCS AND

- HALONS IN CANADA
: 11.1 ) - h Dlscussmn and Analysns ,
J1LLL Mobile Sectors
ILLL1  Mobile Air Conditioning

1 1.1.1.1.1 ‘Current 'Practices

Current practlces in the mobile air conditioning sector vary cons1derably across the provinces. As
a broad generahzatlon, all jUﬂSdlC’(lOﬂS have programs in place with the following characteristics:

. Venting to the atmosphere is prohlblted.

. Capture of residual CFCs is required.

. Recycling of uncontaminated recovered CFCs is requ1red

. Dnsposal of contammated CFCsasa hazardous,waste is required.

Some provinces have addmonal restrictions in place. British Columbia and New Brunswick, for

- example, ban the refilling 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 virtually all of the residual refrigerant from -
vehicle being scrapped. Other jurisdictions appear to have much less effective programs or
enforcement in place. It should be noted that even effectlve programs, such as MOPIA’s, are able
'to recover only about 30% of the theoretical quantity. This is attnbuted to losses prior to .

» scrappage caused by leaks and accidents.

11.1.1.1.2 Assumptlons

For mobile A/C umts estimates of losses are approx1mately 10% per year or about 160% over the |
life of the vehicle based on the repairs and subsequent losses over the unit’s life’. This estimate is
consistent with US EPA data as reported in section 4.2.1.4. Anecdotal information suggests that
this loss could be as high as 300%+ over the life of the vehicle and underscores the large
contribution of this sector to emissions of ODS. '

-Without diminishing the importance of the mobile A/C sector, it must also be noted that since late
1993/early 1994, the use of CFC-12 in mobile A/C has been discontinued by automobile '
manufacturers with all units using R-134a, an HFC. As no new CFC-containing units are being
added to the mventory and with the high rate of loss from existing units, the inventory of CFCs in
this sector will diminish more rapidly that in any other sector with the possible exception of the
mobile reﬁugeranon sector. This requires a more rapid resolution of CFC problem in this sector

® These assumptions are derived from industfy statistics from Wards Auto World Yearbooks which
eslimate a scrappagge rate of approximately 6% per year. v
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‘since without such a resolution, it seems probable that the issue will disappear by the year 2010,

with all the current inventory having been released to the.environment by that time.

.

' ‘Because of the conversxon of new moblle air conditioning units to HFCs .the inventory.of CFC-12
- previously used, is uncertain and its distribution in the chain is very uneven. Automobiles
~ originally equipped with CFC-12 air conditioning units are now out of any warranty period. While -
“some OEM manufacturers still have substantial quantities of CFC-12 on hand, others have
~ essentially none. All in all, it seems that supplies of CFC-12 on hand will be insufficient to meet
-demand generated by units still in semce This could happen as early as mld 1998 and almost

certamly by the year 2000

“The shortfall can be made up by conversion to R-134a or HCFC blends now being offered as

replacements. Blends which may contain hydrocarbons are a much greater problem. This is due to
their contamination potential for recovered CF C-12 as well 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 concerns. Contaminated CFC-12 may therefore result in venting releases since the material -
is more difficult to dlspose of than uncontaminated recovered CFC 12.

Itis equally 1mportant to note that replacement for CFCs, namely HCFCs and HFCs may present
environmental problems in the future related to their global warming potential. CFCs generally
have high ozone depleting potential (ODP) and high global warming potential (GWP). HCFCs
have low ODP and GWP while HFCs have very low ODP but GWPs which range from low to -

~ very high. R-134a, for example, has a very high GWP."° A solution to CFCs, therefore, should-

also provide a path to the handling of HFCs. -

11.1.1.1.3  Estimates of Demands and Inventory Levels

" Based on an estimated scrappage of 3,200,000 vehicles for the four year period ending December, )

1997, (6% of annual registrations) and an average fully-charged content of 2.5 Ibs. of refrigerant,
the amount of CFC-12 in the “in-use” inventory has decreased by approximately 3,700 tonnes to
16,300 tonnes since 1993. Data compiled for other sectors indicates that CFC inventories have

 declined very little (if at all). Assuming stable inventories for these sectors, mobile A/C now

represents 34% of the total inventory. This inventory is expected to decline further as the mobile

‘ A/C sector inventory decreases at a faster rate than the other sectors.

The demands and usage levels for the mobxle air conditioning sector are summanzed in Table 1 on

- the following page. The usage and the surplus cannot be combined since the surplus occurs after |

the high demand period has passed.

It is assumed that the quantity used in service represents the replacement of CFC lost to the -
atmosphere through leaks, acc1dents or ventmg and therefore is equal to the amount of CFC

_ dee-Oﬂs in Refngerant Selecuon Past, Present and Future, James M. Calm and David A. Didion,
Refrigerants for the 21* Century paper, ASHRAE/NIST Conference, October 6-7, 1997. :
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released to the atmosphere. The net total usage of 3 889 tonnes represent the releases to the
atmosphere and the 671 tonnes w1ll remam asa surplus

The table on the followmg page should not be rrusconstrued to indicate that suﬁicrent mventory

. 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 wrth stocks of .
-~ CFC-12 pos31blv bemg used up as early as the end of 1998. :

In accordance with the Copenhagen Amendments to the Montreal Protocol. production of CF C-
12 ceased on December 31%; 1995. The EPA has developed a computer model, referred to as the -

* EPA Vintaging Model, to monitor the supply and demand of CFC-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." Details of this report are contained in section 5.1. The report states

that significant shortages of CFC-12 are probable in 1998 and supports the similar conclusions

- contained in this report regarding the Canadian scene. The EPA has agreed to operate the model
with Canadlan data to assist Canada in this area. :

Current Estimated Demand - Mobile Air Conditioning Sector
Year No. of A/C Service CFC @0.10 Recovered CFC @ Net CFC Used for
Vehicles* kg/vehicle (Tonnes) 0.34 kg ea. (Tonnes) | Servicing (Tonnes)
. (“000) ' R
1994 14470 - 1,480 307 ' 1,173
1995. 13.566 B 1,387 ' ' 307 , — 1,080
1996 : 12,662 ‘ 1,295 307 988
1997 . - 11,758 1,202 307 905
1998 - 10,854 1110 ' 307 803
1999 9.950 1,018 307 ’ 711
2000 9.046 925 ~ 307 . : 618
2001 - 8142 : 833 : 307 526
2002° . 7.238 : 740 307 433
2003 _ 6,334 _ 648 : ' 307 - : 341
2004 5.430 555 ' 307 248
2005 4.526 463 : 307 ' 156
2006 _ 3,622 : 370 . 307 63 -
2007 2718 278 : ~ 307 o (29)**
2008 1814 186 - ) 307 A21) .
2009 910 : 93 307 (214). .
) 2010 0 i 0 307 (307)
S ® Straight lme decline 1994 - 2010 904,000 vehicles per year. o :

** - () = Surplus
Net total usage for the period 1998 to 2010 inclusive = 3 899 tonnes
Cumulative surplus = 671 tonnes

!! Report prepared for EPA by ICF Consulting Group, July 1, 1997 (Update of July 11, 1996 report) in |
the form of a memorandum by Heike Mainhardt, Steve Abseck, Jeffrey King and Sandra Phillips to
Christine Dibbie.
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TILLLL4 - Key Sector Issues

By far the most important issue in the moblle air condltlomng sector is the clear need for rapid

~ action if the ODS losses to the atmosphere are to be significantly reduced. A management

strategy other than the status quo is urgently required to be implemented as the opportunity to act
has a very short time frame. At the very least, this strategy should be developed and put into
effect by the end of 1999. Any delay beyond this point in time will 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 given to acceptance

of this situation, in effect writing off additional efforts in the mobile A/C sector and focussing

eﬁ‘orts on sectors whlch provide more tlme to act.

_11.1.1.2 Mobile Refrigeration "

1”1.1'.1'.2.1 ‘ Current Practices

Because of the need to deliver the product in 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 some
leakages are tolerated in order to deliver the product as soon as possible. This reduces the
potential for recovery and recycling. Most reefer 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. Some

.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 returned to the wholesaler (for an agreed price), who inturn -

sends it to the reclalmer :

Because of the relatlve higher cost of reclaimed R502 - and toa 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 returned to a wholesaler 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 disposal
or destruction of CFCs. All CFC of acceptable quality is con51dered as useable product to be
retained for future service work. : : :

" Contaminated stock which can not be wholly or partially reclaimed, mnst 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 registered
disposal 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
also require a permit from the other province.
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v11.1.1.2'.2_ " Assumptions

* Reefer units are similar to smaller commercial equipment but are designed to operate off a truck
electncal system. In addition to the operating and maintenance problems of commercial
equipmient they are subject to road vibration and to air contaminants such as.dust, dirt and msects. ‘
They generally have higher leakage rates than commercial units and shorter service life.
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 estimated at 1.5% per year. Refer to Appendix A. ( -
Table 2, for specific values for a given year.. Leakage rates on equipment are estimated at about -
10% per year. Estimated leakage quantities are also shown in Appendix A. Table 2. Estimated
conversion rates in each year are shown in the same table. A fairly rapxd dechne in the number of
-CFC units is evident. :

11.1.1.2.3  Estimates of Demands and'Inventory Levels '

Based on a prewous study, the mventory of CFC in mobile reﬁ1gerat10n was 1 1,679 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 preparation for the
ehmmatlon of i 1mports of virgin CFCs commencing m 1996 :

From Appendix A Table A-2 and Figure 2, the decline in the use of CFC in operating equipment
can be seen, as well as the growth in the use of alternate reﬁ1gerants The impact of market
' 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
beginning of the year 2010 there will be 3,727 tonnes of CFC in the working inventory,
representing about 35% of that at the beginning of 1998 (10,54 1tonnes). 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 of CFC in equipment will be reduced to 2,415 tonnes, representing about 23%
of that in 1998. Finally, at the end of the year 2020 there will only be 340 tonnes of CEC stillin
equipment , or about 3% of that in 1998. At the beginning of 1998 there was a total inventory of
10,541 + 2416 = 12,957 tonnes of CFC in mobile refrigeration sector. At the end of 2020 there

‘remained 340 tonnes.” Total emissions for the period will thus be 12,957 - 340 = 12, 617 tonnes

of CFC. , - - S

11.1.1.2.4  Key Sector Issues

As with the mobile air conditioning sector, standby inventory may be exhausted 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 the atmosphere by the year 2020. This extended 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 are exposed to lower
temperatures as they are 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 of units, however,
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an effective program would require strong regulatory and inspection programs. It is only
necessary to consider the difficulties currently encountered with the execution of truck safety

'programs to gauge the difficulty of carrylng 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 servioing equipment.

- For warranty work, new CFC-12 is added, for non-warranty work alternate refrigerants and

blends are used if CFC-12 is not readily available. There is at least 6 possible choices for use in -
replacement. Manufacturers may recommend which alternatives are acceptable for their
equipment. Conversion takes the unit out of the CFC stream; it allows new refrigerant to be used
and conserves the CFC supply for warranty work: In 1996 manufacturers started using an
alternate refngerant for new equipment. However there still remained a large number of units

- with CFC in the marketing/distribution pipeline. It is expected that these will all be gone
- sometime in 1999. Conversion of equipment represents about 25 tonnes of refrigerant for 1998.

The decline in the amount of CFC in equipment is shown in Figure 2 , Appendix A . The increase
of alternate charged equipment can also be seen. It is expected that by the year 2006 volumes of

- each in operating systems will be equal.

| Appliance products are totally factory made and do not require any on-site installationrseryice; L
~ work. The containment concept is built into the product 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 to the operating unit after it has been subject to some

~ on-site cleanup. Most recovery systems have cleanup equipment built in and these are therefore

called recycling units as opposed to recovery units. Reuse of field refrigerant is not done in the
appliance sector, so recycling is not required or done. Reclamation involves the processing of

recovered refrigerant off-site at'a process facility. The quality of the reclaimed refn'gerant meets
or exceeds required industry standards . The only tangible evidence of recovery in the appliance

“sector is the amount of reclaimed material. Some reclaim was done prior to 1996 due to collectlon

at municipal dump sites, e.g. Montreal, Que and Bumaby, B C.

A sizeable increase in reclamation were noted in 1_996 and 1997 and itis antic_ipated that these
quantities will increase over the next few years. It is estimated that about 20 tonnes will be

- recovered from 1993 to the end of 1997. 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 be organized. This is being studied by the City of Montreal which has a volume .
- of more than 1000 scrapped units a month. Within the Appliance Sector there appears tobea
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universal opinion at thrs time that standby 1 mventones of CFC- 12 will be required in the future and.
there is thus no industry drsposal plan in effect. See Table A-3. : ‘

"11.1.2.1.2 ‘ Assumptlons

N Appllances have an average service life of 13 to 15:years. A replacement rate of 7% per year has

been used in the Table. Also shown in Table 3 is the market growth rate currently averaged at

1.5% per year. Leakage rates on operating 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 0z.( 112 gm). The refngerant from these leaks is non-recoverable and goes into the
atmosphere. Total leakage into the atmosphere for the penod 1993 to the end of 1998 is
estrmated at approxrmately 48 tonnes. _

11.1.2.1.3 - Estimates of Demands and Inﬁentory Levels

~ At the beginning of 1998. the inventory of CFC in use in operating systems was estimated at
~ 4,249 tonnes, with a standby inventory of an additional 778 tonnes, for a total CFC of 5,027
-tonnes. In 1994 and 1995 inventories were increased by marketers, contractors and service
* companies to ensure there would be adequate supply to meet warranty work needs. (Refer to _
- Appendix A. Table 3). In the appliance sector, equipment is generally under warranty for a period

of 5 to 8-years. depending on the appliance and the manufacturer or marketer.

A .From the reference table, it can be seen that by the beginning of the year 2010 (end of year 2009)
- there will be a total refrigerant inventory of 2,069 tonnes, including 169 tonnes of standby

mventory The standby inventory is used to replace these losses to keep the equipment running. It
is used faster than the operating stock due to leaks, venting and relatively low reclaim rates. By
the year 2015 operating stock will have decreased to 1322, with a standby inventory of only 70
tonnes. At the énd of the year 2020 there will still be 855 tonnes in operating equipment, with no
standby inventory. Working inventory decline is graphically 1llustrated in Flgure 3. This assumes
no refrigerant would be available from another sector.

11.1.2.1.4 | - Key Sector Issues

The applianc‘e sector provides an ideal opportunity to convert an in'dustry sector away from 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 already taken place. At the
beginning of 1998 there was 4,249 tonnes of refrigerant in operating systems, in addition to 5,001
‘tonnes of standby inventory (See Table 3), for a total of 9,250 tonnes. At the end of 2020 there
will be a total remaining inventory of 855 tonnes. Projected total atmospheric emissions for the
period are thus 8,395 tonnes. The material reclaimed could be used in other sectors. However, a
potentially high residual inventory at the year 2020 suggests that an effective, efficient reclaim

K mfrastructure is needed, supported by appropriate disposal strategres and technology.

An 1mportant consrderatlon of any strategy for the apphance sector is the wide dispersal of the
refngerant and the small quantmes in each umt Smce the leakage rates are so low, a strategy for
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recovery of the refngerant at the time of the disposal of the unit would seem to oﬁ'er a v1able
opportunity to prevent releases to the atmosphere : : . ~

The ablhty to deai with contaminated stock is also a srgmﬁcant issue. Contammated refngerant
may be the result of :

. mixing two or more refngerants whrch form an undesrrable azeotrope that cannot be
separated, or : :
'+ contaminating the refrigerant by addmg a toxic substance or
. contaminating the refrigerant by adding a hazardous waste.

* Normal impurities which occur in operation such as water, oil, and acidic by-products can be

- separated. There are only two refrigerants which were used in appliances, CFC-12 and R500.
These can be readily separated. However with the advent of replacement blends this might pose a
problem because of the many and varied compounds used in the various blends. Potentially, these
could form 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 drsposed ofasa hazardous

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

11.1.2.2° Commercial Refriger_ation and Air Conditioning
11.1.2.2.1 Cnrrent Practices

Originally'many commercial systems were installed with a minimum of valving, to reduce initial
installation cost. Commercial equipment requires regular servicing , at least once every two years,
to change filters, oil, dryers, etc. Refrigerant was usually vented to saVe time and avoid disposal. -
- The refrigerant was often vented in any case to speed up the servicing. In more recent years,
recovery and recycling has grown significantly, adequate valving has been added to older systems
when 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 1s

- desirable. As seen m Appendrx A. Table 4, leakage rates have dropped srgmﬁcantly and should
continue to do $0. o . . ,
~ Deliberate venting mto the atmosphere has been one of the principal causes of the high levels of
CFCs in the atmosphere With the advent of recovery/recycle package units and the
implementation of regulations, venting has dropped to about 20% or less of previous levels. Thrs
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 depletion
problem have been other important factors, as well as the concern of possible material shortages
whrch in fact was prevented Contmued eﬁon will be required to reduce ventmg

Refn'gerant recovered from obsolete equipment _which is 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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established process operations to accompllsh this. This prov1des additional CFC for the market
which would otherwise be waste or vented. Current estimates are that from the beginning of

1993 to the end of 1998 there will be approximately. 2,740 tonnes reclaimed. (Appendix A. Table

~ 4). During the same period, venting predlcted by the computer model, w1ll still result in the
release of about 5,350 tonnes. - :

In 1992 and 1993 most refrigerant producers accepted back recovered refrigerant for
reprocessing from wholesalers who were paid an agreed rate. The wholesalers in turn collected
refrigerant from the contractors and servicemen and paid an agreed rate. The cost of handling or
processing contaminated 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 batchmg it together for final processmg Special recovery containers were used
in order not to contaminate cyhnders for use with virgin product by putting recovered material in
them.

At the present time (1998), most product is sent by the wholesalers or other large companies to a
reclaimer, who either reclaims the product for a fee or, pays for the recovered material and sells
the reclaimed product to another client. The refrigerant producers mainly advise their clients on
where to send it and on other technical and safety details. There is no movement within the
Commercial Sector to ship any refrigerant for destruction. It is felt that this material will be
needed for future service work. Residue from reclaimers whlch contains some CFC is shlpped to
destructlon facﬂmes in the USA. :

_Because of the larger variety of refrigerants used in the commercial sector, including many types
of alternates, there is more potential for contaminated refrigerant. This must be handled as
hazardous waste. Disposal usually involves shlppmg it to a facility in ‘the USA, and a charge per
pound is levied based on the quantity and the level of fluorides in the material. There is no
facility for handling” waste CFC directly in large quantmes CFC waste must be blended with
other suitable dllutlon wastes :

‘ 11.1.2.22 - Assumptions-

Some types of commercial equipment operate with high usage rates due to customer practice and

‘ ~ the fact that cooler and freezer display cases are poorly insulated on the top display area, High

usage leads to more equipment breakdowns, maintenance and servicing, all of which inherently
involve losses to the atmosphere. Compressor temperatures are higher than in appliances and
compressors rooms are generally quite warm, reducing efficiency. These factors, among others,
‘lead to higher wear, more leaks and more servicing. Average service life of commercial equipment
is estimated at 13 years, with an average annual replacement rate of 7.7.%. The current market
growth rate has been estimated at 1.5% per year. (See Appendix A-4 .0). -

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

" were used in order to evaluate their performance; operating cost, and associated maintenance. _
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- Estimated conversions are shown in Appendix A. Table 4. Conversron 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. As shown in Table 2,itis
estimated that by the end of 1998, 1,600 tonnes in equipment will be converted. This does not
include alternate refngerants in new equrpment Refer to Table A-2 in the Appendlces for yearly
detarls ' » .

' 11:1.2.2.3 Est'i'mates' of Demand and‘Inventory Levels

At the beginning of 1998 the inventory of CFC in use in operating systems was estimated at 5,957
tonnes, with a standby inventory of an additional 11,372 tonnes for a total CFC of 17,329 tonnes.
Prior to 1996, standby mventory was increased srgmﬁcantly to. provide for servicing needs after
the closure on 1mportatron of new .CFCs. ( Refer to Table 2 in the Appendrx 4).

- From Table 4 and Frgure 4 at the end of 1998 there w111 be a workmg mventory of 5, 295 tonnes,

with an additional standby inventory of about 4,907 tonnes, for a total of about 10,202 tonnes.

By the end of 2010 the amount still in equipment will 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 of 2015, operating stock will have decreased to 1,407 tonnes of CFC. At
the end of 2020, CFC inventory will be reduced to an estimated 953 tonnes. The CFC- -containing
equipment will represent about 10% of the equipment in service. This means that despite losses

to the atmosphere there will still be srgmﬁcant quantities on hand , if no prev10us new actions are
taken. :

Industry feedback indicates there is an adequate supply of refngerant for service work with no

~ shortage reported. Because of cost, R502 is being replaced by alternate refngerants faster than -

CFC-12 is. During the period 1993 to end of 1998 emissions due to leaks and venting are
éstimated to.be 1997 and 5,349 tonnes respectively, for a total of 7,346 tonnes.

At the beginning of 1998, there is a working inventory of 5,957 tonnes, plus a standby inventory
of 5,628 tonnes , for total of 11,585 tonnes-of CFC. At the end of 2020 the estimated inventory
will be 953 tonnes The total emissions to the atmosphere for the period will thus be 9,250 -
tonnes : o :

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 high emissions, and about 950 tonnes remaining to be managed in the year
2020. The comparatively large window of opportunity and the level of technical and economic -
skills suggest that this sector may offer the best prospects of effective ODS emissions reductions.
The availability of alternative refrigerants combined.with the above indicate that strategies to

- improve recovery/ reclamation rates, as well as conversion rates are prime candidates as feasible,

effective management options.
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11123 Chillers

11.1.2.3.1  Current Practice

Based on a previous study, the inventory of CFC 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 of CFC11, the principal chiller refrigerant used in low
pressure chillers, plus about 359 tonnes of CF C-12 and other minor' refrigerants used in high

. pressure chillers. In addition it is estimated that there was a standby inventory of approxrmately

of 2,000 tonnes, for a total of 5,594 tonnes (Refer to Table S in Appendrx A).

Current inventory as of the begmmng of 1998 as shown in Table 5, is 3 069 tonnes with standby
inventory of 4,862 tonnes'?, for a total of 7,931 tonnes of CFC. Industry feedback indicates that
there is an adequate supply of refrigerant for service-work in the next 3 to 4 years with no concern
for a shortage in the near future. Refrigerant is expected to be readily available prov1d1ng purge

losses, leaks and ventmg continue to be reduced.

During the period 1993 to the end of ,1998, it is estimated that losses due to leakage and venting-
will amount to 2,425 tonnes and 4,690 tonnes respectively, 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. The reclaim growth

can be seen by exammmg the year to year figures shown in Table 5

Many large building owners had developed a strategic plan by 1995 to study costs of various

- phase-out strategies as well as the resources to implement them. With an economic downturn in

the rental real estate market, the containment strategy became the favourite one, with intention to
operate 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 (emissions) due

“to venting also decreased from about 25% ‘in 1993.to 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 estimated in Table 5. The relatively high reclaim rates can be seen by ,
companng Table 5 data to that in Appendix A. for other sectors. On site recovery and recycling -
1is not shown in the Table, only the net d1ﬁ'erence which shows as ventmg The effect of thls isto
retard the standby inventory depletlon

Unless there is a tube sheet breakage or a mechanical compressor fallure 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 refrigerant from obsolete equipment on their own
premises as opposed to giving it to the contractor. Because it is stored in drums (for low. pressure
umts) leal\age losses can go unnotlced through loose drum closures. There is also a problem of

2 In most sectors, material is usually inventoried by the contractors, wholesalers and producers In the
chiller sector, the building owners have inventoried large quantmes Reclalmers also handle large
quantities of CFC-11.
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the drums bemg used as a collector for other organic type wastes. This of course results ina need
' for reclamatxon or possnbly handlmg itasa hazardous waste. -

Ind1v1dual lots of unneeded mventory can be disposed of by sellmg ittoa reclalmer for another

- client who has a need . Reclaimers usually have residuals from the refining process which are

shipped to the USA for destruction. - At present there is a good supply of refrigerant, but there is
no intention in the industry sector to dispose of any standby inventory on a broad basis.

Depending on the type and amount of contamination, the material must be shipped as hazardous
waste for disposal to a registered disposal company, or it may be sent to a reclaimer. If the
contaminant is another refrigerant a portion of the stock can still be reclaimed. Reclaxmers usually

~ get a sample for analysis prior to accepting any shlpment

11.1.2.3.2 "Avssumptions'

Avefage chiller service life is about thirty years, thus the replacernent 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 refrigerants was well under way in 1993, with the availability of suitable

- substitutes in commercial quantities and toxicity data available. This can be seen in Table 5, as
- well as the fact that all new units for replacement or for market growth were now using the

alternate refrigerants. The rapidly growing conversion rate was affected by an economic
slowdown, and coupled with the high cost of conversion for large units, many of the large

‘building owners began opting for containment strategies as opposed to conversion only. Itis

estimated that by the beginning of 1998, about 30% to 35% of the units had been converted. Thxs -
is expected to contmue ata 5% or-less rate in the future 2 as ﬂlustrated in Table 5.

- 11. 1 2. 3 3 Estimates of Demand and Inventory Levels'

From Table 5 and correspondmg figure in Appendlx A, the dechne in the working inventory in

operating equipment can be seen. At the beginning of the year 1999 there will be a working .
inventory of 2,968 tonnes of CFC, or about 82% of that present in 1998. In addition there will .
be a standby 1nventory of 4,371 tonnes for an estimated total of 7,339 tonnes. By the beginning
of the year 2010 there will be 2,052 tonnes in operation equipment, or about 65% of that at the

" beginning of 1999 (2968 ). This represents a 43% decrease from the year 1993. At this time the
standby inventory will be 1,760 tonnes, or about 44% of that 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; this is 37% of the starting
inventory in 1993. By this time the standby inventory has declined to only 33 tonnes or about

" 0.8% of that at the'start of 1999 The total combined inventory at the end of 2020 is 1,378
~ tonnes, equal to 24% of the total at beginning of 1993. The relatively high residual working

inventory is due to the low replacement rate of chillers, and the ease at which high boiling

 refrigerants can be recovered and recycled; plus the strategy of containment rather than
~ conversion. Leakage rates for this period have been estimated at 10%, and venting rates at 20%.

While this -represents a considerable improvement, these rates could be further reduced by more
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thorough use of recovery and recyclmg, and regular maintenance. Objectives to reduce leakage
and ventmg rates to 4% and 20% have been established but no enablmg mechanism i is yet. in place.

At the beginning of 1999 a total inventory (working plus standby) of 7,339 tonnes is estlmated;
this will be reduced to 1,378 tonnes by the end of 2020. The atmospheric emissions for the
period is thus ‘estimated at 5,961 tonnes. The forecast emissions for the whole penod 1993 to the
end of 2020, is estlmated to be 11 956 tonnes.

1
t

: 11.1.2.3.4‘ -Key Sector Issues

- Chillers will be responsrble for a large portion of the forecast CFC emissions during the penod

under study. The long service life, relatively small number of units and the large inventory in each

. suggests that very effective management strategies could be implemented. The proposed future .

ban on HCFCs in the year 2020 is a potential detriment to conversion for long life equipment such
as chillers. An exemption for chillers, particularly the low pressure types make up about 90% of

the units, should be studied to evaluate its pros and cons. (Environment Canada has proposed

amendments to this effect under consideration.)

‘11.1.3 Halo'ns Sector

11.1.3.1 ’ .Current Practices

1In 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, some
recognition is taken of their unique charactenstlcs and exemptrons in use allowed in certain critical-

' apphcatrons

In Canada, the use of Halons is regulated under a wide range of federal, provincial and territorial
* regulations. All regulations in common no release of ODS and recovery of ODS requirements.
~ Other requirements vary widely and are summarized in Appendix D. Of course it is an
* unavoidable consequence, that when the Halons are put to use for their mtended purpose, they

will be released to the atmosphere except for those destroyed in the fire.

The Halon Roundtable is a voluntary forum with representatives from all major sectors of fire
prevention and protection in Canada. Members include distributors, installers, manufacturers of .

~ fire protection equipment, as well as certification agencies, legislators, environmental groups and

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

11;1.3.2 Assumptions

The releases of Halons to the atmosphere are almost entirely attributable to discharge in

. suppression of fire. Losses may also occur because of accidental discharge or damage to the

system but these are very small. Losses because of leakage is very low an'd‘ virtually negligible.
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Year . ' ‘In systems | - Stored Total - - % of total

’ , (kg)  (kg) (kg | . based on 1993
11993 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

SHAPIRO & ASSOCIATES

- 11.1.3.3 Estimates of Demand and Inventory Levels

11.1.33.1  The Halon Bank

'There is no spec1ﬁc agreed-upon definition of the Halon bank Ina study done for the Ministry of .

Environment, Land and Parks in British Colombia in 1997 banked Halon was referred to as the

- amount stored for refilling. Another definition of the Halon bank is the quantity of Halons that

sits in equipment awaiting a potential use (fire, test, training, accidental release; etc.). This
definition does not include stored amounts at the service or recycling compames This amount is
generally small compared to the amount in active systems.

- One metho‘d to estlmate the Halon bank mcludes 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 total loss, cumulated over the years of

- active use.

Reduction of Halon arise from essentially two causes:
. Emissions to the atmosphere as a consequence of their use in ﬁre suppression, and
o Export of recovered matenal from existing systems. - :

_ Thxs methodology provides amount of the total Halon mventory whether in active systems or

stored and is the method adopted here. Annual Halons amounts (in systems and stored) in
British Columbia were summarizes in one study as follows:

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

‘Halon 1211 - . " 1,370,000kg
Halon 1301 o | 1,760,000 kg /
Total | ' 3,130,000 kg
Amount of total Halon released in 1997 = 136,000 kg

Rate of conversion to alternatives 8%

A study of the total Halons in Federal facﬂmes was carried out and indicated that they had 12.5%

B and 16. 5% of the total bank of Halon 1211 and 1301 respectlvely

" Environment Canada - o . | ' ' - Page33
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11132 Exports and Imports

1994 is the year that the Parties to the Montreal Protocol agreed to a. 'complete ban on t)roductlon :
and importation of Halons in the industrialized countries. The USA excise tax on Halon 1301 was
removed in January 1997, and exports to USA of this Halon were about' 114,000 kg. The excise -
tax on Halon 1211, though it was scheduled to be removed in January this year (1998), is strll

H

- Exports and imports of Halons i in bulk (recovered and reclalmed) in recent years are summanzed

- below:
. : - Total - 1995 - 1997 ,

‘| Halon 1211 imports - ' ‘ : 14,000
Halon 1211 export - _ : o 44,449
Halon 1211 net in/(out) ' - K - (30,449)
Halon 1301 import . , o 323,332
Halon 1301 export , ‘ , o 1,791,384

| Halon 1301 netin/(out) = -~ o 1 ~ (1,468,052)
Total net in/(out) . ' : (1,498,501)
11.1.3.3 Emissions to the Atmosphere

Emissions to thé atmosphere occur during fire 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 one study done in British Columbla Halon-
amounts in the year 1997 were as follows :

Location 1 Amount (kg) ' % of Total

Halons in active systems 121,927 . 84.2

Released to atmosphere. - 614 0.4
Stored for refilling . . 8,251 . 57

- Decommissioned ' 14,106 . 9.7

Total f ',144898 T 100

Percent calculations assume that the Halon amount in active systems d1d not include the

" commissioned amount. Percent of total indicate that very small amount (0.4%) of the Halon is.

“emitted to the atmosphere in actual fire fighting and that the decommissioning rate is high (about
10%) which is the main reason of creating a surplus of Halons. The study also mentioned
doublmg of the stored Halon from 4,551 kg in 1995 t0'8,251 kg in 1996. '
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“~11.1.3:4 . Key Sectoral Issues -

'Halons are potent ozone depleters of stratosphenc ozone. The ozone depletlon 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, respectlvely, the ozone depleting potential (ODP) of
CFC-11". Although the volume of Halons in use is much less than CFCs, thexr high ozone

: deplet:on potential indicates dealing 1 wrth them should bea pnonty

Alternative fire extinguishing materials are available for many applications.  Substitution or
conversion strategies should be reviewed to speed up the process beyond that effected by the

~current activities. In view of the unique characteristics of Halon- 13011t would appear approprlate

to concentrate on Halon 1211, initially at 1east

11.2 j Su'pply/Dema'nd/In'i'entory of CFCs in Canada

The information in the following tables and charts is based on the data genérated by t)he predictive
- model created during thlS work For details of the program itself, refer to Appendlx C. Predictive |

Model

> Ozone-depleting Substances Regulations, 1995 (lower values) and the November 1991 Ozone .
Scientific Assessment Panel under the United Nations Environment Program (UNEP), (higher yalues).
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. Table 1 * Material Inventory Update - Mobile Air Conditioning - Tonnes .
' 1+ market orowtr . Lossed - . - Potentis{ - | Actual Standby | “Final " Total .
Start of " Initial Inventory - Replacement RS- Scrapped Leaks Venting EonvemdtoAlt Final in Equipt. r‘A p Rectal ) p Jnventory Purcha ndby 'Avallat;ln.
Year cFeC v'm Total' | CFC ar | cre at | crc Alt cre cee | erc |oar cre AR crc | cFc cfc- | crc | crc | cre cre
1993 | 20475 J ‘190 | 20885 | 640 607 |- 154 148 1280 12 ] 2ss0 840 o | o toss9- | @31 | 4478 aeo | 3630 | 1750 '} 000 | 2850 | 2250
1994 | 19089 | 93t 20019 o, 1220 o0 | 203§ 1240 58 2499 825 0 o. | 18739 | 2385 | 4313 | 625 aras | 2551 | 4000 | 3428 22187
1905 | 1a730 | 2385 | 21125 0 1238 0 207 ] 1N ; 149 242 | 586 s | a0 | 1mes | w20 | e 73 3514 | 3428° | s000 | ses7 | 22880
1906 | 17193 | 4120 | 21314 o | 1257 0 302 1075 258 | 2149 537 | seo0 799 | 15250 | 6221 | a1s1 967 | 3224 | see7 | o 3430 . | 18689
1997 | 15259 | 6221 21480’ o f12e | o 308 954 389 “1907 ar | e 710 | 13543 | 8124 | ar10 | ess 2881 _5430 0 1428~ 14970
1908 | 13543 | 8124 | 21886 | o 1295 o | 31| e4s 508 1603 a3 877 a0 | 12010 | s8st 3301 | - 762 ' 2539 | 1428 0 0 12018
1999 | 12019 | e85y f 21870 | "0 | 1314 | o as | 751 s18 | 1502 378 801 | 550 { toe67 | 11424 | 2030 676 | 2254 0 o } o 10867
2000 | 10867 | 11424 { 22091 0 1338 0 320, | ee7 714 1333 ] 333 533 498, | 487 | 12860 | 2600 600 - | 2000 0 0 "0 9467
2000 | os67 .} 12800 | 223272} o 1354 0.} 35 502 ‘804 1183 208 947 880 7028 | 14618 | 2544 | 760 s |- o o | o 7928
2002 | 7028 | 14018 | 22580 | o | 1374 0 330 4908 o3 | o9 | 208 | 73 737 eos0 | 18144 | 2131 | 4a 1487 | 0 o | o | es )
2003 | ess0 | 16140 | 22784 0 1305 0 335 415 1009 a0 | 208 | ee4 818 5561 17452_ ’._17.85 s40 | 1285 0 o o .| sset
2004 | sse1 | 17482 | 23043 o | 1418 0 340 348 | 1003 | eos 174 556 517 | 4es7 | 1see2 | 1405 452 w00 ] o o | o | uest
2005 | 4es7 | 18es2 | 23320 0 1437 | o s | 291 1es | se2 148 | 468 433 sso1 | 19711 | 1252 378 an 0 o | o 3501
“2006 | 3001 | 1e711 | 23812 o | 1ses o 350 30. | 1222 | as8 122 390 3 | m120 | 20707 | 1105 | 300 | e04 i o 0 0 3120
2007 | 3120 | 20787 | 23007 0 1589 0 355 312 1200 200 ‘88 312 200 298 | 21723 | o956 | 2 - 'q« ' o | o ] o ] 2
2008 | 2408 | 21723 | 24219 o - C1se0- | o 381 250 | 1358 312 78 2% |} 232 1907 | 22548 | 785 20 | 515 0 0 o ] 1007 .
2009 19897 22548 | 24545 0 1595 o i 388 200 | 1408 250 62 200 188 -1598 23285 612 200 412, -0 0 0 " 1568
2010 | 1598 | 23285 | 24883 0 1604 | o© 512 | 166 - | 14ss 200 50 160 | 149 1278 | 23954 | 4s0 160 2| o 0 0o | 128
2011 1278 | 20054 | 2923 o 1816 0 377 128 1497. § 160 | 40 o o | 150 | 24450 | 328 84 264 o | o "o | mw
2012 | 1150 | 24450 | 25600 0 1635 0 383 15 1528 | 144 38 0 0 1035 | 24040 | 205 58 27 o | o o 1035
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Table 1 Material Inventory Update - Mobile Air Conditioning - Tonnes
: Market GrowtH : . Lossey h ) - " | Potentiaf o Actuaf Standby - Final Totat
Start of Initial Inventory” - Replac_emént 4.5% . ‘ Scrapped - ‘ Leaks -lentln'g. Fonverted to Alt Final in Equipt.  §Consump hgclalrh Consump -n'vemory Purchas ndby A;rall;'ble
ver | cre | an | vota | crc ar | cFc A, cFC Att cFc | crc crc | A cFe an | cre cre crc |- cre cFc .| cFe cFeC
2013 | 1035 | 24040 | 25075 6 1655 0 369 104 | 1550 129 2. | o o | -2 | 25424 | 285 52 214 0 o 0 032 ‘
2014 | 932 | 25424 | 28356 0 1678 0 304 o3 | 1580 | 118 2 | o 0 sl | 25005 | 20 | &7 192 | o 0 o flew |
2015 839 | 25005 | 26744 o J-1e7 | 0 | wo 84 1619 105 | '2.6' g o 0 755 | 28384 | 215 | 42 173 0 0 o | “rss
2016 | 755 | 26384 | 27138 0 e | o | w8 .75 | tee0 04 PY 0 o0 | 20800 | 103 38 156 o | o o | em
2007 | e 2800 | 2753 o | 1742 S0 | a2 e8| 1679 8s 21 0 0 .81 2139 | 174 | 34 140 0 o o 811
2018 811 N 27336 | 2047 | o 1785 0o 49 61 | 1708 78 19 0 0" sso | 2811 | 157 | = 128 0 0 o | sso
2019 sso | 27811 | 28361 0 1789 0 425 55 1738 o | 17 | o o | 45 | 287 | 140 | 2 m |l oo | o 0 ' 405 o
2020 405 | 28287 | 28782 0. | 1814 0. | 41 | s0 1788 | ‘e2 15 o | o ae | 28784 | 127 2 102 o | o 0 448

Mobile AC

Tonnes
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"Table2 Material'lnve'ntory Update‘-‘ Mobile Air Refrigeration - Tonnes - - a .
) Replacement Market GM Losses . ' K Potential o Actual .| Standby | ° " Final Total
Start of ' Inlﬂa! Invavntory4 1 B2% 1.54 Scrapped _Laa.ks Venting Qonverted to Alt ] Finat in Equipt C np v C ,,4 |nvnntor§ Purchases lsundby : Available
vear | crc At Total | cFc | At | crc ae |crc| an | crc | cre crc | oA cFC At cFc cFc CcFC cre | cre crc crc -
1993 '1"1379 0 11679 | o969 0 175 0 Joees | o | 1168 | 4672 584 - 543 11270 | 543" | 6084 292 6s92 | 6000 6392 | ex0- | 17470
1984 | 11854 0 11858 | 984 o | 18 o Jesa | o 1185 | 4742 | 1185 1102 10847 | 1102 7089 503 o498 6200 | 8208 | s 18848
1995 | 12032 0 12032 | 8e9 | o3 | 108 67 oo} o | 1203 | 4813 208 | 228 | oe34 | 2008 7023 1203 5820 8000 8820 . 9000 18634 )
1996 ] 12040 | 1e0 12200 | a00 | 571 | sa 120 |oeo | 13 | 1204 | 3012 3010 2799 sass | -38s0 5270 1445 3626 w00 | o 5175 13660
1997 | 11405 | 838" | 12333} o 57 | o 173 fosa | 70 | 1140 | 24a8 | a4a8 | 3207, | 7092 | 5174 4508 1839 2159 | 5175 o 2418 9508.
1998 | 10541 | 1808 | 12430 0 o7 0 76 |ers | 1se | 1ose | ae2 |- _3ee'§ 3431 5977 | ears 4218 2108 2108 2416 0 308 6284
1999 ‘| oeee | 2887 | 12553 0 986 0 178 |80z | 200 | oe7 | 2000 3868 3508 097 | 7847 2868 2320 1847 308 0 ° 4907,
‘ 2000 | ssea | 3811 | 12875 o | 100 o | 181 [738 |28 | ess | 2050 4432 “2 3608 | o114 | 3545 2305 REL N R 0 0 3608
2001 | 8128 | 4678 | 12804 o | 1018 0 184 J675 | 388 | 650 | 2438 4877 4535 2577 | 10411 3080 | 2008 1080 | o 0 0 _zs_h
2002 | 7453 | sas7 | 12041 ) o | 103t 0 186 {810 | ass | soe | 2208 4472 4159 2363 | 10863 | 2832 1841 | om "0 ° 0 263
2003 | es3s } e249 ] 13084 o | 1048 o. | 180 |ser |sio | sar | 205 1 4101 | 3814 2167 | 11208 2597 1888 . 209 ' 0 ' 0 2167
2004 | 6267 | 6985 | 13233 o- | 1082 0 192 "y 520 | s78- | so1 | 1880 4387 | 4080 1360 | 12299 382 1548. | . am 0 . o | o 1380
2008 | 5747 | 7841 ] 13388 o | 1078 0 105 | ar7 | esa | a0 1724 4023 3741 1247 - | 12855 2184 1420 764 T 0 S0 1247
2006 ] 5270 | 8280 ] 13ss0 o J1o9s} 0 198 | 437 | 687 | ax 1581 ses9 | 3431 | 1144 136_02 2003 1302 " 701 o 0 0 1144
200 | asas | ssaa f 17 | o |10 0 ] 201 ]401r | 737 | 387 | 14s0 3383 3148 1049 1;331 1838 " | 1104 643 0 .0 . o 1049
2008 | 4432 | o04s8 | 13890 o {nz ] o 200 | aes | 785 | 3ss | 1330 3102 | 2885 062 | 13674 1884 1005 |. s8e 0 o | co | ee ,
2009 | 4084 | 10004 | 14088 o |14} o 207 | 337 Js3o | 325 } 1210 2845 2648 8s2 | 14000 | 1544 1004 s40 o 0 0. 882
2010 ] 3727 | 10524 §1a2s1 | o | 118t 0 210 | 200 Jer3 | 208 | 1118 | 2800 2428 800 | 14321 1418 920 496 0 0 0 809
2011 | 3417 11022 | 14439 o Jnrme} o 23 } 284 Jo1s | 273 | 1025 2302 225 742 | 14638 1200 844 | 4sa S0 0. o - 742
2012 | 3134 11408 | 14832 o {1198 0 216§ 280 | 954 | 251 940 2104 2040 680 § 14051 1191 778 a7 B SRR 0. 680
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Table 2 Material Invehtory Update - Mobile Air Refrigeration - Tonnes
Replacement | Market Growth " Losses ) ‘ ) ' s Potential . . Actual sundiyy ’ Final Total
$tzrtof ’ Inittal lnvéntory ) ‘B.?.'.Q' ©1.5% Scrapped Lesks | Venting | - Converted toiAn Finat in Equipt [~ » [ Reclai t‘ p 'In;/entéry Purchases | Standby Ava'"ablo
' Year cFc | A Totat | cre at | crc | am. ferc| ar-|.cre | cre cFC - Alt -i:Fé_ At |- cFc CFC .CFC crc cFC CFC CFC
2013 | 2874 | 11058 | 14830 0 1214 0 219 | 200 | 02 " 2% g2 | 2011 - 1871 624 | 15281 1092 _T10 . 382 o o - 0 624 )
'zqu 2635 | 12398 | 15033 o f1232| o 223 | 219 {1029 | 211 791 1845 | 171 572 15568 1001 - 851 350 o0 1 o o’ 572
' 2015 | 2416 | 12624 | 15240 o | 1251 0 228 | 201 |108a | 193 725 1891 1573 524 15874 918 597 32 o ‘0 . s
w16 | 216 | 13238 | 15452 0 1270 0 229 | 184 J1009 | 177 665 | 1551 | -1442 481 18178 842 547 25 (] 0 0. - 481
7 | 2032 13637 | 15669 o 1280 | o 233 J1e9 J1132 | 163 | 10 .| 1422 1323 441 18481. m - 502 270 0 0 o . 44
2018 | -1863 | 14027 | 15890 0 1308 0 236 | 155 1184 | 149 559 1304 1213 404 . | 16784 708 480 . T8 o { -~ o0 0 404
2019 | 1709 | 14407 | 18115 0 1328 o | 240 142 Jrres | 137} s13 1198 1112 37 17087 64y - 4 27 o 0 o, an
zozo 1567 | 14779 | 16345 0 1348 o | 244 |30 Jr227 | 125 | 4 1007 | 1020 340 | 17300 595 387 208 0 o .0 340
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Table 3 ' Material Inventory Update - A'ppliances - Tonnes
‘ ' Replacement Market vayth . . Losses o L " - Potential Actual Standby : Final T'otal
Startof | Initfal Inventory T8 ) 1.54% ) Scrapped Leaks | Venting ‘ Converted to Alt Final In Equipt. Ci “,. Reclal Co ,; Inventory | Purchases sﬁn&by .Avillable
Vc:;r crc | At | votm | crc | ar | crc At | crc | A cFC CFC cFc A CFC At " CcFC . cFe CFC crc ‘CFC cFC cFC
1993 Jaoe2 | © a082 | 284 o | & 0 284 0 8 49 2 | 2 ' 4099 <] 402 0 402 400 a2 | aso 4548
1994 [a13 | o 4123 {2897 0 62 0 209 ] o 8 49 _' s B | a0 23 408 1. 408 450 958 . 1000 5180
1995 Ja1ss | o ates | ore | 14 80 3 % | o 8 50 .25 7 4205 a0 397 2 304 1000 8oa. 1500 5705
1996 4230 | 17 426 | 288 28 57 8 -208 0 8 54 s 24 4232 74 |- 33 4 | 3 1500 (i 1121 5353
1997 | 4257 ] s0 437 | 228 } s5 | 51 12 208 0 9 51 2 | 2 20 11 _' 349 6. 243 121 0 778 | 5001
1998 fa2a0 | 117 | 4388 | 178 | 114 38 24 207 0 8 51 % 24 "4143 " 218 278 7 269 78 0 509 . ‘405;.
1999 fates | 252 | 4420 sa | 217 13 47 22 o | o 48 z | = . 3024 537 125 9 118 - 509 o 303 a7
2000 | 3047 | 515 | 4482 0 m | o 55 e | 38 | 8 43 22 2 3849 883 st | 10 4 393 0 382 w1
2001 | aem | ez 4498 0 207 o 51 w7 [ s8] 7 4 20 19 3394 | ‘1194 : a8 - 12 s 352 0. 38 . ar1o
- 2002 {3414 ] 1117 | 453 o. 30 | o 48 e | 7 7 34 17 18 3158 1481 " a A4 2z e ( 289 3447
2003 ] 3175 | 1307 | ase2 o |4 | o u 2 )or ] s 2 | 18 s 27 o] 3 | 18 2 289 0 268 3203
2004 ] 2053 | 1838 s | o 307 0 a | 207 | 115 e | 30 15 14 2731 . |. 2000 s 18 R 266 o 29 2080
2008 | 2748 | 1872 | 4818 0 310 0 38 192 | 131 '5_ 14 14 13 - 2540 23 | 3 18 15 249. 0 24 e
2006 J2554 | 2089 | 4842’ | o 32 | o 8 179 | 148 5 2 13 | 12 2362 | 2449 3 - L T 28 0 p77] 2584
2007 23715 | 2291 4668 0 315 [+] 33 168 160 .5 . 24 12 1 _ 2197 2850 ' 28 15 14 7] o © 208 2405 .
2008 | 2200 | 2478 | 4es7 0 317 o 31 155 | 173 a4 2 | ' 10 2043 2837 27 9 . 8 | 208 [} 180 233
2009 | 2054 | 2653 | avo7 o [ 39 o . 144 | 188 4 21 0. [ 10 1900 3011 * 3 oz 10 o ] e } "2080
2010 | 1910 | 2815 | 4728 o {ar | o 27 134 | 197 4 | 10 ° 1767 .} a2 | » BET R 7 169 Y 147 | 1914
2011 [ 1777 | 2088 | 4743 c | 0 25 124 | 208 4 18 ) 8 1843 KL7) 21 () 2 7 0 125 1768
2012 | 1052 | 3107 | arse o 325 0 23 18 | 217 3 17 '8 8 1528 ez | % o 20 125 0 105 |- 1634 i
- Environment Canada . : » . . . o o - ) ' - :._ . 'Page 40
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Table 3 ~ Material Inventory Update - Appli'ances - Tonnes:
. ‘ . Replacement Market Growth - ‘Lossu v ) Potential Actual . Standby -Flnal. Total
Sm;iof Inmé| lnven‘tory 1,5',’. ' ) Scrapped Leaks | Venting Converted to Alt Flr;al in Equipt. Consump Reclsi Ci imp Inv'entoéy Purchases | Standby Avallablo' }
Year crc | At | Total " cFe A CFC At | crc 'l ar cFC CFC . CFC - Att CFC At cFe cFc CFC cFC cFC cFC CFC”
2013 | 1537 | 3237 | 4774 0 27 | o 21 108 | 227. 3 15 8 7 1 3593 18 0 18 105 o 87 1508
2014 | 1420 | 3350 | 4788 0. | 28 o- ] 2 |10 j2as | 3 14 A 132 fanma |- 17 0 17 87 0 70 1392
2018 | 1329 | 3472 | 4801 0 330 0 19 o 23 |. 3 B | 7 8 20 | 28 18 0 18 . 70 0 54. '_ 1283
' 2016 J128 | 3577 | 4813 | 0 ] 33 0 17 87 250 2 12 8 . 8 1143 3931 15 0 1'_5 54 / R 3_9' . 182
2017 | 1149 | 3675 | 4824 0 332 0 18 | e 257 2 1 8 5 1063 wn | 14 0-. 14 -39: .o 25 .} 1089
2018 | 1089 | 3765 | -4834 | o 333 o0 15 % §28a | 2 n 5 5 989 4118 13 0. 13 1 25 0 12 1001
2019 904 | 3850 | 4844 0 334 0 14 10 7] 289 2 10 5 5 920 ‘4203 12 _‘ 0 12 12 V o 1. 1 920
2020 925 | 3920 | 4853 | 0 335 0 13 65 275 2 9 s a . 855 4281 1 o " o 0 ) 855
‘%w 3
‘ St
" Environment Canadé ] : . . o : ‘ . o o ' " Page 41
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SHAPIRO & ASSOCIATES

Table 4 ‘Material Inventory Update - Commercial - Tonnes

. 4 ‘ Replacement I Market Growth ‘ Losses : o - " Potential -‘Actua! ’ . sﬁndby ‘ Final Total

Start of Initial Inventory ' T5% . | ‘ £.5% &rapﬁod Leaks | Venting - Converted to Alt Final in Equipt. Consump | Reclaim Consumﬁ Inventory | Purchases | Standby | Av;llablo
Year | cFC ar | Totm | crc | ar | crc m. | cec [ an] cre | crec | cre AR | cFc An- cre | cre | cre crc | cre crc | cre.
“1993 fros0 ) o froso | soa | 25 | 1o 5 .} s o} s3] 17es 1m | 1es 6958 194 2648 530 e | 2s00 | 2218 2600 gs56
1994 J713a ) 20 | 71ea | s | 52 | e 10 | s |2} 37 | e § oss7 332 8820 424 119 571 1748 | - 2600 s128 | so00 | 11820
1905 |7177| oo | 7207 | 280 | 257 | se 51 s | 7 | 350 ns | 287 | 267 eers | ees |. 1815 4 1184 5000 3664 7500 | 1a17s
1996 foos2 | 301 | 733 ] o |5 | o 2 | 52|20 | 3 698 as | a2 e0o1 | 1a70 1560 557 1009 7500 0 ] et 12582
h 1007 easo fr12e ] 7ses | 0 | s3a | o 107 | 483 | aa | a2 386 213 108" | 5744 | 1084 1or | am | e | e | o » 5628 11372
1999 Jsos7 |1es2 ) 7eas | o |sa2] o 108 | 47 |128] 208 | 387 214 199 | s2es | 253 | 1042 = 121 | 5628 0 407 10202
1999 Issto]zzos|7ms| o |sse| o 110 | a3 Jresf 220 215. | ‘165 154 4931 | 3019 00 | 248 | e Cagor o a2 | o7
2000 Jso97 2700 {7788 | 0 | 58 o | 12 | a2 |02 204 | 255 168 154 asa9 | s | sa 20 o2 | aus | o -] 3 8183
2000 f471a [3167 [ 7881 | o | ses o | 113 | 4 a7 ] 189 K 153 142 | 4208 | 3080 78 212 568 w4 | o 3088 7278
2002 Ja3s1 J3e00 ) 7089 ] o |} s75 0 1s ) 37 |an | 17a 28 | 1:3 142 181 | a0 | 720 _ 198 523 a8 | o 2545 | eae
2003 J403s J a0 fsoe2 | o [se3] o | 117 | a3 fa02] 1e 202 141 131 ] 3500 | asse 866 182 484 N 0 © 2081 5651
2004 Ja731 fas2e | 8157 | o | se2 0 118 | 10 fam| 149 | 187 131 121 B | 5258 | ets 168 . | 48 2000 | o 1013 4934
2005 | 3451 | as0s | s2s6 | o | eot o .| 120 | 20 |30 138 138 | 1o | 10 s082. | se20 535 | 124 ar w3 | o .| 128 4285
2006 |92 |sesfess| o |ew0 ] o 122 | 20 |37 128 128 | 102 {. e w51 | soos | aes | ms | s | :s 0 am 3674
2007 2053 | ssi0|'sasa ] o | e 0 124 | 21 Jaa| ns 118 04 .88 | 2637 | e3a 458 108 | 3% 823 o | an 3108
2008 | 2732 |sea0 | 8572 | o | 620 0 128 | 205 [438 | 100 100 | o8 91 228 | esss | anm 88 325 ) o s . | 2575
2009 . | 2527 [e15e [ seaz | o | e3s o [ 12 | o Jae2f 101 | 100 o1 85 2248 | 7008 302 o 01 us | ..o‘ o 248
210 237 |eseo { e797 | o | s 0 130 | 175 Jass | a3 0 84 78 w8 | 5 | ez | Y o o. | o 2078 -
2010 | 21826753 aots | 0o Jest | o 131 | 182 |so6 ] ee 88 78 72 1822 | 7614 335 7 257 o o 0 1922
2012 | 2000 | 7035 § o035 | o | es7 0 133 |50 {s28| a0 80 7 87 s | 1902 310 n 2% 0 o o 1778

- Environment Canada - ‘ o ' - » ' : e I ‘ Page 42
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Table 4 o Material Inventory Update - Commercial - Tonnes
A v Replacement MarketGrowth | Losses - ) ' Potentiat Actus! Standby Final Total

Stzno; Initial Inventory T | esw Scrapped | Leaks | Venting Converted to At Final In Equipt. C p | Reck [ ,‘ Inventory | Purchases Shndby .Avallable
vear | crc | ar | Tot crc | an cFc Alt. cre | an CFC: ‘cFc ' cFc A cFc | an cFc ' cre cFC . cFc cre | cre ’ CFC -
2013 ] 1850 | 7308 | 9158 o | er7 o | o135 | 13 [ses| 7a 74 o7 [ 62 1644 8182 | 287 e 220 ) 0 -0 1844 -
2014 | 1711 | 7572 | 9283 0 887 o EEY 128 |sea| 68 | 68 62 57 1521 8454 265 62 200 | o o e 1521
2015._ 1583 | 7820 | 0412 | 0 698 | .0 | 140 19 |se7] 63 63 57 s 1407 | 8119 [ 245 57 188 0. 0 0 1407
2016 | 1464 | 8079 | 9543 | .0 708 o 142 | 1m0 feoe| so 59 53 49 1302- | 8978 227 53 174 0 B DI 0 1302 ’

2017 | 1354 | 8323 | 9677 o {79 ]| .0 144 102 |.624 | 54 .54 . 49 45 1204 | 9230 210 40 181 0 o 0 1204
2018 | 1253 | 8561 | 9813 | o 720 0. 146 oa Jeaz] s0 ] s0 45 42 1114 2478 ‘194 45 149 0 0 -0 1114
2019} 1150 | 8794 | o053 o -} 740 0 148 87 Jeso| 28 46 42 30 1030 o |10 | a2 138 0 0 ‘o 1030
2020 | 1072 [ v023 10095 | o 754 0 150 o jer7| a3 43 39 38 953 9961 108 .| 3 128 0 0 - 0 953
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SHAPIRO & ASSOCIATES
Table 5 : - Material Inventory Update - Chillers - Tonnes |
c - Replacement | Market Growth Losses R S Potentiat | actum | standby ~ 1 Final | - Totm
Start of _ Initial Invento& 3% 1.8% Scrapped {eaks Vénﬂng Convcr_mdtomt Final in Equipt éonsump Reclaim HColn'sur_np Inve;\tow V Purchases | Standby . Ava.liablo .
vear | cFc | ait Total | crc | ar f crc | A | cro | ar | crc | cFc cFc’ At | cre at |. cre cFC - cre |7 cre cFc crc | cFc
1993 | 3s0a | 0 | 3504 | 24 88 11 40 19 | o | s 899 ‘180 | 187 3330 205 1472 0 a2 | 2000 casr2 ] 2100 | 5430
1994 |3s10 | 128 | e | o 108 0 49 16 } o | 528 877 351 328 3043 811 1404 | o | 1284 - 2100 1684 2500 | 5543
1995 [ 33094 | 285 | 3670 | o 104 o a7 m fo | 4 . 849 e | 3 2043 | 752 ,1256' 251 1005 2500 4504 . 8000 8842
“igee | a282 | 437 | 3719 | 0 101 0 a8 108. | 14 | 228 ™ 184 153 | s010 | 738 1050 420 630 8000 0 5370 1 e
1997 | 317a | se0 J 3742 | o 97 0 a4 105 | 19 | 317 808 159 | 148 2010 as8 1018 | so8 508 5370 ) 4862 7_7;12
as9s | 3000 | 602 | 3781 0 ea | o 43 10 | = o7 | -1 153 143 2814 o71 882 491 491 4862 "0 437 7185
1999 | 2088 [ 808 J 3773 | o 91 0 . o8 |27 | 207 es3 | a8 138 7 1078 | - 850 st | 380 on - o 3691 8712
2000 2870 fo12- | 37er | o | 88 | 0 40 95 a0 | 287 | 574 143 133 232 | 1 881 . o0 258 - 2091 o a3 6384
2000 J2775 J 1010 3785 | o 8s 0 39 92 |33 | 278 sss | 190 120 »s5 | 1283 833 583 250 3733 o 3483 | 6028
2002 2684 f1100 faee | o | @2 | o a7 |8 |3 | 268 | su 124 125 | 2081 | 1345 | o5 564 242 3a83 o | 3 5702
2003 2595 1184 | 3779 | o 80 o | s 86 | 30 | 250 519 130 121 2380 | 1420 778 " 845 84 | %4 0 3008 - | 5387
2004 | 2500 | 1280 | 3770 | o 7 0 s | e |2 | 2o 502 2 | 2301 1489 753 527 ze | 3008 0 " 2182 5083
2008 | 2427 [ 1331 | 3757 | o .| 0o | = 80 | asa | 23 | a5 2 1s | 225 | 1582 728 s | 218 " 2182 'y 2563 |. 4180
2006 | 2348 | 1305 | 3742 | o 72 ) 2 77 [ | 255 489 | 117 109 2152 [ 1609 704 | a3 | 21 | 2ses 0 - 2352 4504
2007 | 2209 | 1454 | 373 | 0 70 0 7 75 fas | 27 | 454 | 113 108 2081 1681 61 | 418 " 208 752 0 2148 | a2
. 2008 {2104 1507 | 3701 | 0 67" 0 31 |72 s ] 28 439 110 102 2012 | 1707 es8 481 197 2148 0 1951 2083
2009 | 2122 J 1556 Jaer7 } o 65 0 30 70} st ] 212 424 108 | 0 1946 | 1740 07 a8 191 9 | o 1780 3705
2010 ] 2052 J 1599 ] 3851 | ‘0 3 |- o 2 }es |53 205 410 103 95 1881 1788 16 LA T 188 1760 0 1575 3456
2011 | 1984 | 1638 | 3822 | o 81 0 2 | o5 |sa] 108 307 00 92 1819 -] 1819 595 - a7 | e 1575 "o ] 13ee ane
2012 |1e10 {1672 [ 3591 | o | so 0 27 | e |55 | 102 | 384 98 89 1759 | 1847 578 403 173 1308 0 124 |- 2983
Environment Canada ' ‘ o o B 1 R E : o  Pagedd”
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Table 5 : © Material Inventory Update - Chillers - Tonnes ‘
' ' Replacement Market Growth . Losses _ ' - - | Potentiat ) Actual Standby Final Total
Start of ‘ Inm:;i'lnventory 3.3% : 1.5% . Scrapped Leaks Venﬁng. ' ConvertodtoAlt. Final in Equipt. l" ’ ' p Reclai (o v, ) tnventory | Purch “ dby A abl
Year cre | A | totar | crc An | cre at. | crc | at | cre | cre cFc | ar | cFc at | .crc | cre | cre. | ere | “erce cre | crc
2013 | 1855 | 1703 58 | o | &7 0 " 28 o1 | ss | 18 | am 93 88 701 | 1872 887 a0 | e 124§ o | 1057 | amse
2014 J70a 1720 | 3523 | o 55 0 25 so | s7. | 7o | 30 | o0 83 1645 | 1893 | 538 g 181 1057 0 85 |- 2540
2015 | 1735 J 1752 | 3487 | © 53 o | 20 |57 |se] 73] 3« 87 81 | 1501 1910 520 384 156 ° 895 o 739 2330
2016 | 1678 | 1772 | 3450 | o 51 0 23 55 | ss | 1es 338 84 78 1538 | 1925 so3 | %2 a5t p 730 0 - 588 2
2017 | 1622 J1788 | 3411 f o | s0o | o 23 54 | so | 182 324 o | s 1488 | 1e38 | 487 | 3 148 588 o a2 " 1830
2018 | 1569 {1802 [ 3370 | o | 48 o | = 52 | so | 157 314 78 73 1438 | 1845 4n 329 141’ ca42- 1 o o) 3 | 1740
2019 | 1517 1812 | 3320 | o a7 0- 2t [.so Jeo-] 152 203 76 | T 1301 ] 1951 455 319 137 301 0 165 1556
2020 1467 1820 {3287 | O | 45 )] o | 20 | 48 |eo | 147 03§ 73 e8| 1345 | 1esa 440 308 | 132 165 o 3 1378

10000
8000
6000
4000

Tonnes

Environment Canada ’ : : ' ‘ . : , N Page 45
Project 48040 - : S | - . Junell, 1998



S . 3 o
4 ‘. - - - -

L . . - _ i ~ - . .

ICFC Uses in Canada, 1983-1994 _

- Year ) ’Total {tonnes) ~ A/Cand _ Foam v Solvent -Miscellaneous
1983 - | 16380 3% 42% 1% 17%
log4 1730 % | 3e% % L im

togs 1945 | 35% | 39% Con% 15w
1986 | 19450 C33% _43% 9% 15%
hog7 - 20780 Co313% L aw | % 14%
1988 20300 35% 43% %l 1%
1989 . 17400 | 43%  39% 12% 6%

- 11990 | 13000 o 51% 32% . | 13% 4%
1991 1 9600 51% 35% 9% | 5%
1992 | 8400 [ 59% 29% 1% 5 59
1993 | 7500 | 60% | 29% 5% 6%

li994 ' 5320 | M%- | 18% 4% 1%

S K . SHAPIRO & ASSOCIATES

11.3 -+ - Demand for CFCs ahd Halo;ls in Canada e o ' N

'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, Vfoam,

solvent, and miscellaneous is in the following tables.

ir conditionin _and refrigeratioris uses in Canad&> 1986-1994 _

Yeér - Total (tonnes) | Mobile a/c obile a/c new Commeréial Domestic a/c | Domestic a/c
hoss | ‘esoo | 10% 31% 5% | 3% 1%
Clos7 6300 | 12% 31% - 3% | 3% 1%
hoss | 7000 19% 31% 46% | 3% 1%

1989 © 7700 24% | 25% % % | %

1990 . 6200 25% 28% 44% 2% 1%

1991 1os00 | 2% - 31% 45% 1% 29

1992 4900 | 28% | 32% 38% 1% 1%

1993 - 4500 % | 1sw | 38% 1% - 1%

1994 - 3820 | 64% 0% 359 1% - 1%

Environment Canada » ’ o - - . - . . Paged6
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- SHAPIRO & ASSOCIATES
| Foam Uses in Canada, 1986-1994 |
o | Rigid Rigid
Total | Flexible Insulation Rigid  Insulation
Year (tonnes) Foam (%) : Refﬁgefatidn (%) | Packaging _(%')  thér Uses (%) v
1986 78,200 15 o B
1987 9,200 16 0 20 64 -
1988 © 8,900 13 12 13 62
1989 - 6,700 14 16 1 69
1990 4,550 12 19 <0 - 69
1991 3,000 6 24 0 70
1992 2,500 2 21 0 77
1993 2,200 1 22 0 77
1994 . 960 0 53 . 0 47
Solvent Uses in Canada, 1986-1994 =
1 _Total Electronic * General Metal Dry 4Lavboratory'
Year .(!onnes). - Cleaning (%) Cleaning (%) | Cleaning (%) Cleaning (%) Solvent (%)
1986 1,800 79 0 0 | 1 0
1987 1,900 79 0 20 1 0
| 1988 2,200 74 5 17 4 0
| 1989 2,100 68 9 20 3 0
| 1990 1,500 67 10 18 5 0
1991 900 55 7 28 10 0
1992 - 600 53 17 23 7 0
1993 370 21 14 35 13 17
1994 190 29 7 8 17 39
B ‘Environment Can_ada 'Péée 47
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‘Miscellaneous Uses in Canada, 1986-1994 .

o Total | Aerosol (%) _ Leak Testing (%) | Sterilization (%)
Year ~ (tonnes) " | o o |
1986 2,950 76 4 20

| 1987 2,880 76 6 18
1988 2,200 73, 5 22
1989 900 35 10 55
1990 750 25 1 63
1991 500 24 o 65
1992 " 400 25 9 665

- | 1993 430 39 3 58
1994 350 33 1 66
Halon Uses in Canada, 1986-1991 ‘

New If‘ire ' Servfce. Fire New Total | Service Total -
| Total | .Extm(%/t:n)shers Extm(g;zl)shers. R efri(%;;ation Syl;::(:su:og/o V) sy:;l::::u(lfﬁ, )
Year: (tonnes) 4 : o
1986 | 470 4 10 0 39 10
1987 | 770 Y 12 1 25 6
1988 | 720 58 11 1 22 9
1989 - 335 47 13 1 24 16
1990 260 41 15 1 26 18
1991 | 220 53 17 1 g 22
Environment.Canada Page 48
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114 . Inventory of CFCs and Halons in Canada

The most recent Environment Canada estimate was published in 1995. Itis estimatéd thét there

| are 48,000 tonnes of CFCs and 3,000 tonnes of Halons in serv1ce in Canada These stocks are -

found in 6 categories of equlpment see ﬁgure below

N

Figure 1:  Canada's 1993 Inyentory of CFCs and Haloi;s by Sector

Fire protection

R uipm.
Industr. refrig. eqsoz

4%

Comm. refrig., a/c

“17% R
Mobile a/c
42%
Resid. refr., a/c
8%
Mobile refrig.
'23%

Environment Canada , : » o
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Flgure 2 shows the various substances that are currently in the 1nvcntory CFC-12 accounts for
more than 2/3 of all ODS in Canada s 1nventory -

. . B

Figurg 2: - Canada's 1993 Inventory of CFCs and Halons by Substance

Halon 1301Halon 121_1
4% y 2%

'- - - X

R-502
- 18%

Other CFCs
1%
CFC-11

7%

v : N .
> - — (a - . "
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| l 12.0 * APPENDIX B: ABBREVIATIONS AND DEFINITIONS
lf 12.1 - Abbreviations
R CAIC. Air conditioning : :
' : ACRWA Air Conditioning and Refngeratlon Wholesalers Assocxatxon
- ' o CAMA '~ 'Canadian Appliance Manufacturers Association o
- ' CCME " Canadian Council of Ministers of the Environment
B CCPA - - Canadian Chemical Producers Association '
: ' , CEASA Canadian Electronic & Apphance Service Association
D CFC - - - Chlorofluorocarbon
.CFC-11 Trichlorofluoromethane
‘\ CFC-12 Dichlorodifluoromethane
CFC-115 Chloropentaﬂuoroethane
: CMCSA Canadian Manufactures of Chemical Specxaltles Assocnatnon S
l, CVMA | Canadian Vehicle Manufacturers Association o '
' FPWG Federal Provincial Working Group on Controls Harmomzatlon
: l ' Halon 1211 Bromochlorodifluoromethane
. Halon 1301 = Bromotrifluoromethane
o HCFC Hydrochlorofluorocarbon -
. ' HCFC-22 - Chiorodifluromethane
- " HFC ' Hydrofluorocarbon
S HRAT - ‘Heating, Refrigerating and Air Conditioning Institute of Canada
' l v NAICC National Air Issues Coordinating Committee, a CCME committee
= NAP - National Action Plan for Recovery, Recyclmg and Reclamatxon of
_ hlorofluorocarbons _ o
' . NFPA . ‘National Fire Protection Association
_ OobS - © Ozone depleting substance
- R- . Refrigerant -
l R-134a Hydrofluorocarbon refrlgerant
R-502 Refrigerant blend, an azeotropic blend of HCFC-22 and CFC-115
- RACCA - Refrigeration and Air Conditioning Contractors Assocm’uon
' o UNEP . United Nations Environmental Program ‘ :
. " 122 Definitions
) . * Chlorofluorocarbon -~ A very stable chemical compound containing chlorine, fluorine and
' (CFO) o ' carbon atoms. Chlorofluorocarbons decompose in the stratosphere
' o ‘ S “ and release chlorine which destroys ozone. _ _
Halon o - - A compound containing bromine, chlorine, fluorine, and carbonin "\

its structure. Halons have high ozone depletion potential.

"Environment Canada o ' v . S _ . PageSsl
Project 48940 = _ I June 11, 1998




*- -+ Hydrochlorofluoro- - ”

Hydrofluorocarbon -

(HFC) -

Ozone depletio'n

~ potential (ODP)

Ozone depleting

~ substance (ODS)

SHAPIRO &ASSOCIA IES o

A chenucal compound containing hydrogen, chlorine, ﬂuonne and- I
carbon atoms. HCFCs are much less stable than CFCs, but - sma .
quantitiés can reach the stratosphere and release chlorine. They are -
considered acceptable substitutes for CFCs for a transitiorial penod L

' but because of their low ODP, HCFC productlon and: unportatlon .
~ will be phased out by year 2030. -
. A chemical compound containing only hydrogen, ﬂuonne and

carbon atoms. Since no chlorine is present ‘these compounds have -
no ozone-depletion potential and are 1dea1 replacements for ’
chlorofluorocarbons.

The rated effect of a compound on the ozone layer compared to
CFC-11. Which is assigned a value of 1.0. Official ODP values are-

-assigned in the Montreal Protocol and are updated by UNEP.
" A chemical compound that is sufficiently stable to reach the

stratosphere and capable of reacting with stratospheric ozone,

- either directly or through release of a chenncal element that reacts

after the compound decomposes

- Environment Canada
. Project 48940

Page 52 -
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-13.0 ©  APPENDIXC:  PREDICTIVE MODEL
The following algorithms were used in the predlctive model.

' The Initial Inventory ( InI )in any subsequent year = initial mventory of the previous year less the
‘amount scrapped (SCR), plus any market growth usmg CFC (MG)plus any replacement
using CFC (REP)

: The same apphes to the Initial Inventory of Altemates (ALT) in any subsequent year.
€.g InI(year X) =Inl (Year X-l) -SCR ( Year X-l) + REP (Year X-1)+ MG (Year X-1)
' (F-l) ' _ . :

Itis important to be sure that only CF Cis added to CFC, and the same for ALT

The same equation is used for ALT
(¥F-2) |

The Total Imtral Inventory (InIT) is the sum of CFCand ALT in the same year
eg. InIT (Year X) = Inl CFC (Year X) +Inl ALT (Year X) '
- (F-3) |

" The amount of refngerant scrapped each year ( SCR) is the inverse of the average equ1pment
service life, (AESL), to express this-as a % it is multiplies by 100. :
eg SCR=1 / AESL A

(F4) S
%SCR = (1 / AESL) x 100
®5

The amount of Replacement Refrigerant (REP) is determined as follows Each year the matenal .
removed in scrapped (SCR) is replaced by new units containing either CFC or ALT. The
Replacement Factor (FR) for each refrigerant determmes how much w1ll be replaced by CFC

and how much by ALT.

_ Inmally in 1993, in most cases replace was all by CEC, but each year the % CFC decreases and
the amount of ALT replacement increases. :

In addition when ALT is used as the replacement, an addmonal factor for weight (FW) must also
- be used as the weight of ALT is less than the welght of CFC. After a few years, starting in

1993, ALT units begin to replace some of the CFC units and then replacement of ALT units
directly with ALT on a kg per kg basis, is also in process.

e.g. REP (CFC) = SCR (CFC) x FR (CFC) o

(F-6)
_ ' REP (ALT) = SCR (CFC) x FR (ALT) X FW +SRC (ALT)

(F-7)
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Note: FW = 0 93 for all appllcatlons o o
(F-8) |
Leaks and Leakage Losses

Equnpment leaks are mamly due to loose connections caused by vibration. Other causes include
corrosion, mechanical wear where tubing is rubbing on 'something, operators standing or
walking on equipment or piping, and failure to tighten or solder joints properly after servicing.
In chiller systems significant additional losses occur when the purge system operates. As
equipmenit is better or more frequently-serviced and leaks are repalred leak losses tend to

. declme This has been the recent experience. :

) Leakage Losses (LL) have been estimated for each year of each sector with values generally in-

the range of 5% to 10% of the mventory in equlpment for a glven sector.-
Ventmg and Venting Losses

Venting losses (VL) were originally relatively high in all sectors except appliances, ranging in the
area of 25 % to 40%_working inventory. By 1998 venting levels had significantly decreased
in all areas, with apphance sector remaining essentlally constant at about 1%.. Forecast -
ventmg rates are as follows: » : '

- § appliances 1%,
L8 ~commercial 4%,
§ . chillers 20%,
- §  mobile 30%.

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

Thereaﬁer the Standby Inventory at the begmnmg of any year X, is equal to the Final Standby
Inventory (F SBI) 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 purchases minus
Actual Consumption (AC). _
eg FSBI=SBI+P-AC
(F-10)
Total Available CFC

The Total Available CFC (TA) is the Final Inventory in Equrpment (F IE) plus the Fmal Standby
Inventory. :
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e. g.- TA =FIE + FSBI
(F-11) .
~ Actual ConSumption of CFC

R The Actual Consumption (AC) of CFC is equal to the Potentlal Consumptlon (PCO minus the
“amount of Reclaim (RC). , . A -
"eg =PC-RC

(F-12)

Reciaim '

The amount of reclalm has been based on mformatlon and actual data prov1ded Actual reclalm ]
rates- have then been estxmated for each sector for each year -

Potential Consumption of CFC

The Potential Consumption of CFC is the amount scrapped in obsolete equipment (SCR) plus the

amount for market growth (MG) plusthe amount vented (VL) plus the Leakage Losses (VL)
“eg PC= SCR+MG+LL+VL ' o

' (F-13) :
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140 APPENDIXD HALON REGULATIONS |
141  Federal regulatlons

In order to implement the Canadxan program to protect the ozone layer,-Environment Canada‘ |
publishe’d three sets of regulations under the Canadian Environmental protection Act (CEPA).

' These are: ’
. Ozone—depletmg Substances regulatlon No. 1 (CFCs)

.« Ozone-depleting 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 I on November 18, 1989. Several amendments 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.) Also they prohibit importation of Halons at levels
exceeding that of 1988, effective in January 1992. The last regulation prohibits the sale of
portable fire extinguishers eontaining Halons or CFCs for new uses with certain exemptions.

In addition it mandates that servicing, repairing or re-charging operatlons use recovered or
recycled Halons. S : _ -

142 The Environmental Code of Practice on Halons

Under the same Federal Act (CEPA) two environmental codes of practice have been developed..
One of these codes deals with CFCs while the other deals with-Halons, and is known as'the
Environmental Code of Practice on Halons. This Code provides directions to Halon owners and
users on managing Halon stocks i in a manner to reduce, and eventually eliminate Halon emissions
to the atmosphere : T

These directions cover training, safety, record keeping, inspection, testing, maintenance,
decommissioning and other relevant aspects. They also contain a section on hazard/risk analysis,
- which outlines a methodology of assessing a fire protection installation so that an informed

' decnsxon on conversmn from Halons can be made

143 Provincial Regulations

- Fire protection is a provincial jurisdiction. Every province has a “Fire Protection Act”. Most
-Canadian provinces have now implemented mandatory récovery and recycling of ODS including
Halons. Certain provincial legislation prohibit the use of portable fire extinguishers contalmng
Halons, while others require specific labeling of such equipment. ‘ :

‘Nova Scotla enacted regulatlons on February 15, 1991 to prohibit the'manufaeture, importation
and sale of hand-held fire extinguishers containing any Halons with some exempted applications. -
Quebec enacted;sirnilar ban on sale of hand-held fire extinguishers effective on and after January
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1;21992 and a ban on sale or distribution of Halons effectwe on and aﬁer January 1; 1995 thh the
exception of recycled or recovered Halons. : '
In Ontario, control of the application and use of ozone-depletmg substances is govemed by part - |
V-A of the Environmental Protection Act, which was amended June 20, 1989. These regulatlons '
unpact aerosols foams, and spent refngerants : '

In Alberta any dlscharge of Halon other than during ﬁre condmons must be reported the Alberta |
Environment and there are fines for such releases. . K

" The following table is a review of dlﬁerent Provmcxa.l/terntonal requrrements for ODS in general
"~ and Halons in particular. ' : .

Province Alta | BC |Man { NB [ Nfid {NWT| NS | Ont | PEI { Que | Sas | Yuk
No release of ODS ' X X x | x X x | x: ] x_ x x X
Mandatory reporting |- X . X X f X X » o X ' X
of ODS release : o : ,
NonewFPE ' | ‘ x | x o x X X
containing ODS
'| Mandatory ODS x |..x X X x | x X X X X X X
recovery : .
No sale of protable x| ox )] x| x 1 x x | ‘ x | x
halon FPE ' '
Certification to - x | X x | x x| x X x | x
serve FPE - ‘ ‘
| No leak testing with X x | x ‘iv ' X X X X x
oDS ' : : o
No ODS topping of X X X X x
leaking FPE : - '
No non-refillable . X i' ' ] ox X X X .‘f 1 x
| containers _ '
Mandatorylabellmg | X x| r Sl oxqox X
FPE : ‘ oo
Mandatory plan to ‘ . X X _ ' X x | . : ) B X
manage and . : : : ’
eliminiate 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 Group (FPWG) on control harmonization (Ozone-

depleting Substances; ODS) was established in 1989. The main focus of the group has been to
facﬂxtate the mtroductmn of harmomzed regulatrons to reduce emissions of ODS. The workmg
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group lead by Environment Canada prepared the Natlonal Acnon Plan (NAP) for the recovery,
-~ recycling, and- reclamatlon of CFCs o
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15.0 _APPENDIX E: STAKEHOLDERS’ VIEWS AND COMMENTS

“The followmg comments have been combmed where appropnate and condensed from the
discussions at the meetings. o

151 January 13"‘,_1998 meeting

- Their was general agreement that there is not a surplus of CFCs except for some specialized
-refrigerants such as R-500 and R-502. At the same time supply and demand vary greatly from :
. sector to sector. Virgin CFC-12 is still available but is insufficient for future needs. - ,

~ There was also a belief that CFC-11 will remain in use for a long trme in the HVAC sector
because of conversron costs. '

~The recyclmg of CFCs was mmally seen as a temporary measure, actmg as an mtenm step
between the ban on imports and manufacture and the elimination of their use.

‘The automobile manufacturers switched to HFC in mobile A/C units in late 1993 or early 1994
coincident with the 1994 model year change. Conversion of existing umts has been very slow and
lower than forecast -

152 ' March 17, 1998 meeting

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

For these reason, it was suggested that the focus be onR-11 and R-502 used in large mdustnal
units: These offer opportunities for containment and treatment. Time is a problem While bans
were not generally supported, 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 could
~ create a temporary surplus of CFC-12 which could be used in other sectoras. Ultimately,

- however, destructlon of ex15tmg inventories of CFCs will have to be addressed

A user ban on existing umts 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 uncertamty about. what 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 equ1valent ot the Austrahan
RRA but lacks an “overseemg group. '
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153 February 17”‘ 1998 meetmg

1998 may be a watershed year for CFC 12 supply in the moblle air condmomng sector. Shortages
could occur as soon as this summer. It is believed that only OEM manufacturers have significant
stockpiles, retained for servicing their earlier mode]s equipped with CFC-12. This comment was

“subsequently to be only partly correct. OEM manufacturers stocks ranged from substantial to nil.

Some manufacturers had made no provision for aﬁermarket service at all.-All-in-all, stocks of
CFC-12 appear to be headed for an-early rather than delayed shortage. Some suppliers have a

~shortage of CFC-12 now. The shortage has been exacerbated by a significant movement of .

recovered CFC-12 to the United States because of the price dlﬁ"erentral

The study should be very careful about .economic assumptions, conversion costs for example, are

. much higher than originally estimated. The shortage of CFC-12 combined with these high

conversion costs has resulted in an increase in the use of blends 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 of CFC-12 which the
recyclers will not treat. This creates pressures to vent this contaminated material as there is no
mechanism for disposal. Undoubtedly, venting of contaminated material does occur.

After the ban on manufacture and importation of CFCs, a huge demand was created in the ,
automotive aftermarket (10 to 20% went into the stationary sector). There are some concerns that

- the imports of CFC-12 deScr‘ibed as recovered CFC-12 is actually virgin material.

154  March 17*, 1998 meetmg

o Currently regulatlons are dnvmg the recovery of CF Cs but the recovery would be more effective
‘if the economics were better. The Australian model (RRA) could adversely affect conversion to .

alternatives, the levy increasing the cost of the alternative refrigerant making the conversion less
attractive economically. In some regions, mobile air conditioning refrigerant recovery is
essentially uncontrolled. As this sector has a short time frame for effective action, it is doubtful

\

. that governments can act sufficiently quickly to achieve significant results.. It would be better,

therefore, to concentrate on sectors which can realistically be controlled under our system.
Stationary refrigeration and air conditioning would appear to be obvious candidates. These -

~ sectors, however, appear to be already under control so the questron arises whether this should be

done at all.

Bans on the use of CFCs-are not favoured as these are deemed to be not feasible. There are

simply not enough resources to act quickly on the millions of units involved. A phased ban on use
is also deem to be not feasible. Even a reasonable time spread would still involve large numbers of .
units and the losses during this penod will render the program. 1neﬁ'ect1ve ‘

Bans on the 1mport ‘of ‘any CFC, v1rgm'or recovered, 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 since it could replace material which
would otherwise be manufactured and thus added to the global inventory. Methyl bromide should
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. sr-nOt be overlooked in con51der1ng ODS. Performance stands are bemg worked on and SAE
" standards issued. - Recyclers believe that they are being viewed too negatively. They are active in
. other areas such as storage and disposal. Canada should move quickly to establish a destruction _

facility and recyclers are interested in participating in this activity. It should also be recogmzed ‘
that the market will change in 5 years because of the dlsappearance of the mobile air condmomng '

sector contnbutxon to CFC inventories and réleases.
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15. Socio-Economic Assessment of a Ban on the Use of Existing Produéta and Equipment

ll ' "~ Containing CFCs or Halons, Project Report, prepared for Bernard Made and Chantal
- Chahfoux, Enwronment Canada, by ARC, May 1997 : .
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17.0 APPENDIX G: LIST OF STAKEHO_L_DERS
Name | Organization Tel. Number | Fax Number | E-Mail
Government : _ _ '
L. Begoray Albcl’,)rtei’:inwronmental Protection - (403) 427 7598 '.(403) 422 4192 lbégoray@env.gov.ab.ca
: ' .| British Columbia Ministry of the - '
Bob Beaty Environment 3 (250) 387 9946 | (250) 356 7197 bbeaty@epdwl env.gov.bc. ca
| Alain Leduc City of Montreal (514) 872 2210 | (514) 872 8146 alam—leduc@vﬂle montreal. qg ca
Art Stelzig | Environment Canada (819) 953 1131 | (819) 953 5595 | art.stelzig@ec.gc.ca
J.A. Armstrong | Environment Canada (819) 953 1674 | (819) 953 4936 | jim.armstrong(@ec.gc.ca
Bernard Madé Environment Canada (819) 994 3249 | (819) 953 4936 | bernard. made@ec.gc.ca -
Abe Finkelstein | Environment Canada { (819) 953 0226 | (819) 953 4705 | Abe.finkelstein@ec.gc.ca
Lisa Keller Environment Canada - (819) 953 9370 | (819) 953 7253 | lisa keller@ec.gc.ca '
P Federation of Canadian ’ PP L o
Joan O Nem Municipalities (613) 241 5221 | (613) 241 7440. | joneill@fcm.ca
Karen War_ren | Manitoba Environment - (204) 945 3554 (204) 945 1211 karen. warren@

environment.gov.mb.ca

N.B. Dept. of Environment

Denis L. Marquis (506) 457 4848 | (506) 457 7333 | denism@gov.nb.ca
David Blair N.S. Dept. of the Environment (902 667 6208 | (902) 6676214 | - - L ,
Chris Wolnik | “I;Zsolzfggs Renewable | (403) 873 7654 | (403) 8730221 | Wolnik_chris/rwed_00@gov.nt.ca
. -| Newfoundland Department | P - T ‘ |
Peter Harmg‘ Environment & Labour (709) 729 2273 | (709) 729 1930 pharing@env.gov.nf.ca
Sharon Suter ‘Ont. Ministry of Environment (416) 314 7874 | (416) 314 4128 | suters@gov.on.ca
| Todd Frazier | P.E.I Dept. Env. Res. (902) 368 5037 | (902) 368 5830 I ,
Daniel o , (418) 646 0001 . | | —
Champagne Que. Ministére de ’Env.t ‘_(418) 643 7880 ‘ | damelchampggne@mef.gogv.qc.ca
(306) 787 0197

- - | Roger Hodges

Sask. Env. & Res. Mgmt.

(306) 787 9301

roger.hodges erm@govmail gov.sk.ca
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Name Organization Tel. Number | Fax Number E-Mall
Bengt Pettersson | Yukon . Dept. Renew. Res ' (403) 667 5610 { 403) 393 6205 bengtp@yknet yk ca -
Industry ‘ )
Jay. Harrison | Allied Signal Inc. 1(905) 276 9211 | (905) 276 5711 | Jay. hamson@alhedmgnal com
Assoc. Int’l. Auto Mfrs. Can. (416) 595 5333

Abradford@jimporters.ca

Automotive Aftermarket Retailers

Bill Burkhimsher (905) 634 4040 | (905) 634 6274
- of Ontario ~ : _ .
_ : Dean Wilson Automotive Industries Assocnatlon 613-728-5821 613-728-8021A . | dean@aiacanada.com
- Rich Decher Blue Streak Hygrade ' (905) 612 0222 | (905) 612.8657

Bert Carrigan . - (514)934 6271 |, - '
Yves Menard B.OMA ‘of Canada (514) 938 0697 (514) 625 8683 burtsel@cam.org \
Richard Paton CCPA '(613) 237 6215 | (613) 731 6199 | rpaton@ccpa.ca .
Brian Wastle (613) 237 6225 | (613) 237 4067 | bwastle@ccpa.ca
Wil Hare Can Electronic & Appliance (416) 447 7469 | (416) 447 2511 | ceasa@interlog.com

_ Service Assoc. _ . :

- N Can. Heating, Refrigerating & Air | .o 1o '

* ? * HR Al

Je".y Smith 3 Conditioning Wholesalers - See
David Halton Can. Mfrs. Chem. Spec. (613) 232 6616-[ (613) 233 6350 - | assoc@cmcs.org
Gail Bebee Canadian Tire Corporation (416) 480 8202 | (416) 480 3682 | gbebee@ibm.net
Mark Nantais | . : ' ~ 1 4 n o SN
Keith Madill Can. Vehlcle Manufactures Assoc. | (416) 364 93‘33 | (416) 3673221 gvma@tor.hookup.net
Ron Traumann Carrier Canada Ltd. (905) 405 3224 | (905) 405 4002 | ron.trautmann@carrier.utc.com
‘Wes Pratt CARS A (905) 709 4228 | (905) 709 2468 | wes.pratt@sympatico.ca- - .
Paul Hansen Chrysler Canada Ltd. (519) 973 2864 | (519) 973 2613 , : :
John Mclsaac Cryo-Line Supplies Inc. (905) 608 2919 | (905) 608 2926 | cryoline@vcomsolutions.com
Fred Dawson | Du Pont Canada Inc (905) 821 5059 | (905) 821 5057 | freddawson@can.dupont.com :
Domynic . EIf Atochem (905) 847 4773 | (905) 825 3750 | o

Loconte - A
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Name Organization ‘Tel. Number - | Fax Number E-Mail |
| Wiltiam Feng | F'9" Chemical T“h“"“’g‘es (905) 279 5122 | (905) 279 4130 | weiminf@echo.on net
Trevor Williams | Ford Motor Company of Canada (905) 845 2511 | (905) 845 5360 | twiiiad@ford.ca
Hussein Sabbour | General Motors of Canada (905) 644 4203 | (905) 644 7772 ‘ _
Al Coppin Halon resources Inc. , ! 88288530 (604) 939 4592 ja_copt)in@bc.sympati'co.ca
. H.R AL HRAI coordinates - E —_— L '
Warren Heeley communications within member| (905) 602 4700 |(905) 602 1197 | warren.heeley@hrai.ca
v - groups an ddivisions . : a S SR
- Heating , Refrigerating.and- Air o
Martin Lyman - Conditioning Contractors of See HRAI
k Canada . :
Caroline Czajko 'HRAI, Manufactures lelSlOl’l See HRAI

Craig Stewart

Honda of Cnaada manufacturing

‘Mark S.

(905) 435 5561 _

(705) 435 4116

Ontario Refrigeration & A1r

' o ICI Canada Inc. (416)229-7172 | (705) 229-8203 iﬁark-boncardb@ici.com'
- Boncardo - . : S :
David Worts JAMA - ' (41%)1288' _ : , jaf_ﬁac.an@interlbg.com_‘ N
Lary Goudge Kydd Radiator (519) 432 2214 | (519) 432 6023 '
Ron M. Hanlon- | McQuay Intematloqal 794-2794 (905) 794-2795 :
oy - 1 888 667 . : : L .
Mark Miller MOPIA 4203 (204) 338 0810 | mopia@mb.sympatico.ca
R Ontario and Toronto Automotive 2 ' P
Bill Daws Dealers Association .(‘905) 940 2225 ( (905) 940 6235 oatada@ldrlect..com
Steve fletcher | Ontario Automotive Recyclers | 514 435 0064 | (519) 438 0031
Association - _ , :
David (416) 213- (905) 822-5182 | isotherm@aol.com
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Name Organization. Tel. Number | Fax Number E-Mail
7 Underwood Conditioning contractors 5559 ' -
‘James Flowers Protocol Refirgerant Management | (305) 713 1174 | (905) 713 1790- | prmflowers@aol.com
Peter Hoyle Snap-On Tools of Canada (905) 624 0066 | (905) 238 9658 | ' L
Dave Mitchell SPX Canada Inc. (905) 415-5929 | (905) 415 8201 [ dmitchell@spxateg.com
Jeff Dickson Sutherland-Schultz Inc. - (519) 653 4123 | (519) 653 3232 | ssbss@sentex.com .
Gerry . . ’ I L . . . . . . ‘
Fitzsimmons The Trane Cgmpany . (416) 499 3600 | (416) 499 3615 gbﬂtzsnrpmons@t.rane.com _
Sandra Cooke UL Canada (416) 757 3611 | (416) 757 1781 | sacooke@ulc.ca
Trevor Frith | York Applied Systems (905) 890 7499 | (905) 890 7618
Others ' o _
Beag‘]icjasm Friends of the Earth’ (613) 241 0085 | (613) 241 7998 - | foe@web.net
_ - Shapiro & Associates (416) 638 1546 | (416) 638 6993 shé.pi_ro@interlog.éom
'| Jacob Shapiro Asof May 1, 1998: ' ‘ : B ' ‘ :
v : " CANTOX ENVIRONMENTAL | (905) 542 2900 | (905) 542 1011 [ jshapiro@cantoxenvironmental.com
- | Charles . L YA ' ' » . -
17 Kaufmann Shapiro & Associates (416) 621 2484 | (416) 621 2484 | charlesk@mterlog.com
Khaled Moftah | Shapiro & Associates | (416) 424 3332 | (416) 424 2737 | Kmoftah@pathcom.com
| John Smale JS Environmental Services (705) 946 1861 smalejg@soonet.ca

(705) 759 8169
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