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EXECUTIVESUMMARY [ '
Chlorofluorocarbons (CFC s) are manufacmred in Canada by DuPont Canada Inc. and Allied
Chemicals Inc. - Together these two firms produced in 1987 approxxmately 17.6 kilotonnes of the
five CF C's that are Ont. the restricted hst of the Montreal Protocol.’

Addmonally, a number of. compames mcludmg CIL 1mport CFC’s totalhng about 3 2

) : kllotonnes in 1987

CFC' find their. way intoa 1arge number of cnd-usc apphcauons A bnef overview of these .

applications is provided in Exhibit I-1. This Exhibit is organized into 'Process Groups' and \

"Product Groups'. Process Groups are broad categories of use which are representative of the
major ‘industry usage of CFC's. Product Groups are subsets within each Process Group which
focus in Ont. a more specxﬁc use of CFC s. This terrmnology is used: throughout this report.

' 'EXHIBIT I1-1

Ch!oroﬂuorocarbons process group and product group classuf’ catxons

/

_ PROCESS GROUP © PRODUCT GROUP

AEROSOL PRODUCTS - Personal

‘ S . -+ - Pharmaceutical
Household .
Commercial and Indusmal
Insecticides . r

"RIGID FOAMS -~ Polyurcthanc.foam bunstock and laminated boardstock

Polyurethane poured and sprayed foams .
"Phenolics .
Extruded polystyrene foam boards
. Extruded polystyrene and low densny polycthylene foam

FLEXIBLE FOAMS © " Shabstock .
D I Molded

REFRIGERATION & - ,  Aftermarket and wholesale (service and start-up).

AIR CONDITIONING T ~ Commercial institutional and industrial products and systems

ASOLVENTS - Electroriic applications

Other applications * -

- OTHER APPLICATIONS | Stcrilants

N Miscellancous categories

Stevenson Keilogg Ernst & Whinney -
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The manufacturing, i 1mportanon distribution and use of CFC's in Canada is cxtremely complex.
The products are sold both directly to users by the manufacturer-importer group, as well as
- through a large group of wholesalers. In turn these wholesalers are, in some cases, major users of
- the CFC's themselves, as in the autmobile industry. In other cases thcy are mdcpendent supply
houses.

Control of the use of CFC s in Canada through resmcnons placed Ont thc user mdusnry,
" must consequently be camfully planned .

: In thls report we also examine a nurnbcr of subsutute products or matcnals that might be used
.in place of the restricted CFC's. In some cases compounds such as HCFC 22 are immediately
available and can readily substitute for the high ozone-depleting potential (ODP) of the restricted
CFC's. In other situations, extensive conversion costs are necessary before other substances can

be used. For still other uses, alternate substances are not yet proven and may be very expensive.

~ We also review the direct and indirect employment in each of the major producers and user
groups. Parallel studies under contract by Environment Canada will use this information to
_explore the impact Ont. Canadian mdustry of legislating against these restricted substances.

 The information in this report was devclopcd through extensive discusSions - both individual
and group - with industry and industry associations. We worked closely with the Society of
Plastics :Industries who assisted with these discussions. We have also mcorporatcd some of the
extcnsxve documentation and pubhshcd reports about thc mdustry :

’:f.:, L
€
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B S
INTRODUCTION

ThlS report summarizes the results -of our findmgs regardmg the structure of
chlorofluorocarbon (CFC) supply and consumption in Canada. It also summarizes our fi indings
Ont. substitute materials for chlorofluorocarbons and the xmpact of usmg these substances in
various apphcauons . S ‘

The scope of thlS report includes the ﬁve fully halogenated chloroﬂuorocarbons which fall :
under the terms of the 1987 Montreal protocol-and are therefore to be restricted by Environment
Canada under its implementation of the protocol. These are shown in Exhibit II-1, along with their
ozone depletion potennal (ODP). ODP is a measure of the relative ozone destrucuon potential of
- each CFC - o

EXHIBIT II-1 . ‘
Restncted CFC's and Relatnve Ozone Depletlon Potentlal (ODP)

BN

-—R'cscﬁczeacm “ 5 ook
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. iz 8
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© crcus e

Other chloroﬂuorocarbons exist and are in use- but are not part of the Montreal protocol
because of significantly lower ozone depletion potential. The most common of these is HCFC 22,
* a partially halogenated chloroflucrocarbon that has an ozone depletion potential of 0.05, more than
ten times lower than any of the 5 CFC's above. In the discussions in Chapter V Ont. alternanvcs
- HCFC 22is cxted frequently as an alternanve to the potentially more damaging CFC's.

The ﬁndmgs in thts documem are based Ont. dxscussmns with CFC suppliers, 1ndustmlv
users, organizations. representmg industrial users, and other knowledgeable industry participants.-
We also reviewed many of the numerous documents and research findings which have been

3
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. prepared Ont. CFCissues in Canada and ‘the United States.

A top down approach has been followed in comptlmg this material. We have asked that
senior spokesmen for industries and industry groups advise us about the structure of usage and
alternatives within the areas they represent. In certain industries focus groups have been held to
gather input from a representative industry cross-section. Qur approach did not include a survey of
the entire group of CFC users. Detailed information Ont. the use of CFC's by individual firms
has already been compiled by Environment Canada.

In Chapter OI,” we discuss chlorofluerocarbon supply in Canada, in terms of the current

- manufacturers and importers, estimated employment and estimated volume.. We then discuss, in

Chapter IV, chlorofluorocarbon consumption in terms of six "Process Groups”, i.e. major
categories of CFC usage. These Groups are further detailed in the individual sections w1thm '
Chapter Iv.. _ ’

In Chapters V and VI we summarize an extensive range of altemauves Wthh exist or have
been considered for each of the categories of CFC usage. These findings are presented in the form
of data sheets Ont. each alternative whtch summarize the key implications of using each

- Aaltemattve
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CHLOROFLUOROCARBON SUPPLY

' \ChléfoﬂuorocarbonS'(CFC's) are manufactured in Canada by DuPont Cané&a Inc. (DliPont)‘

- and Allied Chemicals Canada Inc. (Allied). Both companies also import CFC's, principally from

their respective United States operations. A third major importer is Canadian Industries Limited
(CIL), which distributing products from ICI in the United Kingdom. The.vast majority of CFC
consumed in Canada comes from the above production and imports and is supplied directly by
these companies. Imports by other companies typically vary between 2% and 5% of total supply

- in any given year. CFC's have not historically bcen cxportcd in significant quantities (i.e. more

than S%)

DuPont and Alhed namcplate capamtxes are esumatcd as follows

EXHIBIT III-1

Production Capacities "

' Company + . -Plant location ‘ CFC's produced - - Capacity (kt/yr.)
DuPont . ‘Maitland, Ont. ~ 11,12,113,114 - 180
V Maitland, Ont. - 113,1140r22 .~ 3.5-45
Alied- ©  Amherstburg, Ont: - 112,113, - -
i S e T 114,0r22 " . 135
TOTAL PRODUCTION CAPACITY (kilotonnes peryear) ~~ ~ 35.0-36.0

- Source:. Stevenson Kellogg Emst & Whinney estimate based Ont. external and internal sources

CFC 115 is not produced in Canada Ttis gencrally supphed thrOugh 1mports of CFC 502
(whlch is 50% CFC-115). )

Stevenson Kellogg Ernst & Whinney
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Total Canadian supply of CFC 11, 12 113, 114 and 115 is esumated as follows (excludmg any
exports) .

EXHIBIT I11-2

Supply
1986 1987
Canadian production (ilotonnes) 167 . 176
" Canadian unports (lolotonnes) B . . .. 2.8 - 32
" TOTALSUPPLY - R 195 . 208

Source: Stevenson Kellogg Enlsp& Wlﬁnney estimate based Ont. ext'em‘al and internal sources

"The value of this supply in revenue to Canadlan compames is dlfﬁcult to calculate because of
a lack of information about the split between the various CFC's and actual selling prices (as
opposed to list-prices). However, a reasonable estimate of the value of 1986 would be $42 to $48-
million; for 1987 supply, $46 to $52 million. S

DuPont Canada has recently announced that it has ‘set as its goal an orderly transition to the
total phase-out of fully halogenated chlorofluorocarbon production” as part of a worldwide E.IL

‘DuPont de Nemours policy. The:nature and timing of the impact of this policy Ont. DuPont's
* plant in Maitland or the timing of reduction in Canadian CFC supply have not yet been announced.

As aresult, the overall impact Ont.. Canadxan CFC capacity and production are not yet known.

"Estimated employment for producuon of CFC's by the 3 producer/lmporters to Canada is as
follows

Direct employees _ 98
- Indirect employees ) - 48

Employment is estimated in terms of full time equivalents. In certain cases, this means that a

 representative number of employees has been estimated for functions such as sales, where staff

may be responsible for more than just CFC's. Direct employment includes all individuals that are
directly occupied within each company with manufacturing, handling and promoting. Indirect
employment includes inside environmental, legal, administrative and outside employees. For

. comparative purposes, total Canadian employment for Allied, CIL and DuPont is approxtmately

15 000.

" Stevenson Kellogg Ernst & Whinney -
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. CHLOROFLUOROCARBON CONSUMPTION

- Exhibit I'V- 1\ which follows, summarizes the structure of CFC'consumptio'n in Canada. The
estimates of companies, employmcnt and consumption are orgamzcd by the Process Groups

“outlined in Chapter L. The importance of CFC's to Cost of Goods-Sold in the companies in which

they are used is then discussed below. Following Exhibit IV-1, we dxscuss the nature of CFC
usagc in terms of each of the Process and Product Groups :

A. CFC USAGE

Although certain more detaﬂed information Ont. usage exists for certain Product Groups
within each Process Group, much of it cannot be presented for confidennahty reasons. This
applies for example, to the breakdown -of consumption within certain Process Groups where

- individual companies dominate usage of a specific CFC or in a specific Product Group. In other

areas, such as the 'Solvents' and 'Other Applications' Process Groups, accurate information does

~ not exist Ont. the number of companies or employment reprcsented because of the diversity of uses

involved. The total number of companies using CFC's in-Canada, esnmated at2 0()0 1s a rehable

: esumate bascd Om. mformanon supplied by produccrs

Estimates of dn’ect and indirect employment are also shown. The definitions of each

employment category are the same as those used in Chapter III. That is, direct employment

includes employees directly involved in manufacture and supply of products using CFC's (direct
labour, shipping; receiving, material handling, marketing and sales). Indirect labour includes
employees, such as those involved in general management, administrative support functions,
contract services etc. As noted, this total excludes automotive assembly related employment. This

" is done for two reasons. First, automotive assembly is a 'downstream’ application in.that it

involves use of already-manufactured mobile axr-condmomng units. Second, as discussed later in

* this chapter, Canadian consumption of CFC's for mobile air .conditioning is complex to define

because of the combination of Ont. and off-line charging and the movement between CGanada and '
the Umted States of both components and finished automobiles.
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EXHIBITIV-L
Summary of CFC Usage

Process Group Numberof Direct =~ - Indirect =~ . Total Estimated -~ 'CFC's Used

A Companics Employeces ~  Employees Usage (Kilotonnes) 1T 12 113 114 | 115
Acrosol Producs 6 | B S0 ] 0 9 X X x X
| Rigid F'oams‘ ' ‘ 280 | oo 4500 . _ '1,600> f".-ﬁ.9 X x X
Ficxible Foams s swo a0 | | 11.7 o | X
Revfrivge;a‘uonand | C190 | 6,000 o 1,000 (1) | 15 - Ax. x XX | x |
Air Conditioning . ' , ‘ . , , : -
‘Solvelms' L 204 @ &/A N/A . 20 : . X
Other Applicalionsv A | 50+ () } N/.A~ 3 ‘ NA 0.8 A o X
TOTAL w00 17,200 + (2) 3,200#(2) 208

Source: Stevenson Kellogg Emst & Whinney estimates based on internal and extemal sources. -

4y Note:' Excludes automobile production -- related employment, - -
| @ Note: There are an estimated 2000 users of CFC's in Canada, The majority of these consume or_ﬂy;small quantities of CFC's.
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- COST OF GOODS SOLD | S

The 1mportance of CFC's to cost of goods sold (COGS) varies trcmcndously, depending = -

Ont. the application in which the CFC is used. (Cost of Goods Sold is defined as the estimated
average cost of all CFC's used in manufacture or supply as a percentage of all direct manufacturing
costs. Direct manufacturing costs include direct labour and materials, and applicable indirect
, labour and 'manufacturing Ovcrhead costs) The 1mportancc of CFC in each Process Group is
summanzed as follows :

For Acrosol Products, CFC's rangc bctwecn 20% and 80% of COGS depcndmg

Ont. 1ts use as a propcllant, vapour depressant or slurrying agent.

& For Rigid Foams, CFC 's range between 2% and 15% of COGS depending Ont. the
‘ spemﬁc foam bcm g conmdcrcd

S For Flcxlble Foams, CFC's rcpresent less than 1% COGS for both Molded and
Slabstock Product Groups. ,

For Refngerauon and Air Conditioning, CFC’s typlcally represent significantly less
than 1% of COGS for products and systems in which it is used as a refrigerant. It
represents very close to 100% of COGS for aftcrmarket and wholcsale distribution

. acn\nnes

~ For bothSolvents and Other Apphcatlons, CEC's typxcally represent 40% t0 80% of

COGS since they are usually being used in blcndcd or near-pure form dn'cctly (1 e.
not as part of manufacturing process). ‘

~ Stevenson Kellogg Ernst& Whinney



' C. 'NATURE OF CFC USAGE IN PROCESS AND PRODUCT GROUPS
T ~ Aerosols ’ ' - '

Use of CFC's in Canada for aerosol products has declined dramatically in the past
decade as a result of the 1980 restriction Ont. use of CFC in-selected personal aerosol products.
In 1987, the single dominant end-use was for cooking sprays. - This has now changed
s1gmﬁcantly, with Boyle-Midway's decision to stop using CFC in Pam, the market leader. At this
point, aerosol uses are spread among a wide vanety of other applications. These include the

~ following product groups and products ,

a) ~ Personal

Breath sprays
Perfume sprays
Shave lubricants
Depilatory sprays

. & &

“bh) Pharmaceutical ’

Bronchial dilators -

" Anti-perspirants (regulated as a phaxmaceuncal product)
Foot powders
Topical applications (ancsthcuc and anusepuc wound spray)

. & * »

c) Household

Cooking products’
" Air fresheners

Room deodorants

Gum remover

d)  Commercial and Industrial

Mold release agent
Electrical cleaner solvent
Electrical dust eliminator
‘Lubricants
* Silicone sprays
Specialty mine products
Film coating (photographic film devclopmem)
Analytical fixatives.
Adhesives
R ‘ o , "~ Lock de-icer
k. N '

e)  Insecticides

" % 5 4 &S * &

« - Insect repellant
. Insecticide sprays

10
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CFC 's -are consumed both by manufacturers of end-use products and by

N custom manufacturers (or co-packers). The primary custom manufacturer is CCL Industries Inc.,
- Toronto, wh:tch produces a large range of aerosols in almost all end-use product’ categones

O

2. Rngrd foams o T - : '

CFC's are used in 5 Product Groups wulun the ngld Foams. Process Group The
vast majority of products w:t.hm each of these groups are foams of one type or another The
product groups are: '

. Insulatmg foams

. o Polyurethane foam bunstock and lammated boardstock

< Polyurethane poured and spraygi foams -
e Phenohc foams

Vuo‘ . Extruded polystyrene foam boards N
‘ _Packagmg foams ,
. Extruded polystyrene and foam |
. - Low~densny polyethylene foam _ ’ o
Note that expanded polystyrene foam (EPS) isa water—blown, not CFC blown foa\m

- -a) Polyurethane foam bunstock and lammated boardstock

Three compames in Canada produce polyurethane foam bunstock and

' lammated boardstock insulation products, using CFC 114 as a blowing agent. They are Cartier

Insulauon (Montreal, P.Q. ), Guilford Ltd. (Dartmouth, N.S.) and Hanson Inc. (Toronto Ont.). '

“This is a highly competmve market in Canada dommated by imports from major U.S..
manufacturers ' : : :

‘b)A Polyurethane poured and sprayed foams

. Foam manufacturers using polyurethanes can be broken down into two
categories. These categories are those companies who blend theéir own compounds and then

‘manufacture products with them, and those who manufacture but do not blend. This latter group
‘buys from systems houses (see the discussion below).. Only companies in. the first category
- actually buy and blend CFC's; however the role and i 1mportance of the CFC is the same for both

. groups

: Polyurethane foam products are used in a wrde range of end-uses, mcludmv
insulation, packaging, marine products furniture and automotive products. Insulation is used in
roof,- wall and floor applications; walk-in. coolers; curtain walls; doors; modular building
structures; domestic and commercial freezers, refrigerators and coolers; display cases, shipping -

‘containers; refrigerated road and rail cars and liquid natural gas tankers; water heaters; vehicles -

carrying perishablé foods and consumer products such as picnic coolers and chests.

11,
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. Some packagmg uses exist for polyurethane foams. These include fragile -
products which must be moved or shipped such as electronic devices, instruments, appliances-and
pottery and glass products. Marine uses include flotation devices, floating decks and buoys, rafts,
life saving products and as both a structural and ﬂotaaon matenal in vessels rangmg from
saxlboards to boats.

-In addmon to the polyurethanes consumed in- plant to manufacture foams the
msulauon sector also has a field applied product. There are approximately 250 contractors in
Canada who mix the polyol and isocyanate components-on-site and spray urethane insulation for
residential, commercial and industrial purposes. Applications include pipe and storage tanks,
walls, ﬂoors and foundanons, roofs and agnculmral and cold storage buﬂdmgs -

Many manufacturers of poiyurethane products do not carry out thexr own ,
‘blending, but rather, purchase frgm systems suppliers who supply them with components ready
for blowing into foam. Examples include BASF Canada, General Latex, Iroquois Chemical, CIL
. and Witco Chemical. The application areas of these companies’ products span the full range

"~ outlined above. "Because of their position in the supply structure, each of these companies is

generally a significant consumer of CFC's. However, because of the diversity of end-use

applications in this product group area, it is difficuit to relate systems house CFC consumpnon to

specific end-use products or industry sectors. : '
¢) Phenolics

Bunstock and lammates can be manufactured from phenolic foam for use as

: msulanon and packaging shapes. These foams are generally blown with CFC 11 or 113 blended -~

into the resin to produce finished products with densities of 30 to 40 kg/m3. Use of phenolic foam
has been growing in the past few years as an industrial roofing material and as building sheathing.
This growth has occurred more quickly in the United States than in.Canada (led by Koppers), but
both Building Products of Canada and Fiberglass Canada (which recently announced a phenolic -
foam plant) are active in this market. At present, some market demand is belng satisfied, especmlly
in eastern Canada by imported finished products. ‘

‘ _The only other 51gn1ﬁcant phenohc apphcauon in Canada at present is for use
in floral arrangements. Here, the foam provides both structural support and a means of retaining
moisture for the floral arrangement. The only known Canadian manufacturer of floral foam.
products is Smithers-Oasis Canada Ltd. m Ajax, Ont. , ,

'd) . Extruded: polystyrene foam boards '

Dow Chemical (plants in Toronto Ont. Varennes, P. Q and Fort
Saskatchewan, AB.) and Celfort Ltd. (Grande-Ile, PQ) manufacture extruded polystyrene
‘boardstock for insulation applications using CFC 11 and 12. Extruded polystyrene foam competes
with phenolics and polyurethanes in the huge foam insulation market in Canada. Although
: ﬁberglass snll dominates this market, each of the other products (all of whxch use CFC s) have

been gammg mcreasmg market sharcs L

12
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. -e) Extruded polystyrene low- densxty polyethylene foam '

Extmded polystyrcne and 1ow-dcnsxty polyethylene foams used ina vanety of
packaglng apphcanons *These include trays used for meat, eggs, fast-foods and institutional
purposes single service plates, cups etc, and hinged containers. Thesc products generally have

. densmes of approxunately 300 40 kg/rn3 s

3. 4 Flexxble foams

/

Flexible polyurethane foam is manufactured as continuously-poured slabstock and as

,mdmdually molded products. Flexible polyurethanes are generally produced through a reaction of

a polyol, isocyanate and water. One product of the reaction is carbon dioxide gas, which serves as

< the primary blowing agent in the process. Another is a urea product which provides firmness and
- load characteristics. Additives used include surfactants (to stabilize cell structure and control size),

*‘catalysts to control the reaction of the three active ingredients, and where necessary, colouring and

fire retardants. CFC 11 is genérally used in the process as an auxiliary blowing agent for softness .

.and density reduction in the resulting foam. In many foams, thc CFC also acts to dlSSlpate the heat'

generated by the water -isocyanate reaction.

a) Slabstock

I Canada, the major apphcanon areas for ﬂexlblc slabstock are furnitre and
‘bcddmg There are 12 slabstock manufacturers. Some manufacturers combine foam production

with manufacture of ﬁmshed products usmg thc foam.. Thls is pamcularly true in the furniture
end-use sectors. : '

*b):‘ ' Molded

| The major apphcanon for molded ﬂex1b1e polyurethané foam in Canada is
automotive This sector consumes the vast rmajority of molded flexible foams for automotive seat
cushions and backs There are 6 manufacturcrs of molded ﬂexlble foam in Canada ‘

4. - Refrlgeratlon and air condltlomng

At about 36% of total CFC consumption in Canada the refngeratlon process group is
the largest user; slightly higher than the rigid foam process group.  End-use appllcanons here are

. split. between CFC sold as refrigerant for the aftermarket and’ CFC used in manufacture of

refrigeration, chilling and .air conditioning products. - These latter applications embrace the
commercial, industrial, residential and mobile end-use sectors. The dominant CFC used is 12,
which is the pnnc1pal refrigerant in commercial, industrial and domestic refngcranon systems as
well as automobile air conditioning.- However, all five restricted CFC's are used in refngeranon ,

systems to sausfy various space, performance and pressure application needs.

. a) Aftermarket and (Wholesale service and start up)

e} . :

' Perhaps two—thlrds of CFC consumed by the reﬁ'lgerauon process group is in
the form of refrigerant supplied in the aftermarket for service and start-up.” The major CFC
supplied is CFC 12 as-indicated above, followed by CFC.11, 113, 114 and. 115 (as part of CFC
502). . There are an estimated 25 companies with 100 wholcsale locations which distribute
refrigerants in various end-use -sectors. Twelve of these are major suppliers with another 13

- secondary .suppliers. Wholesalers supply both smaller original equipment manufacturers,

\
k.
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refrxgerauon and air conditioning installation and service compames and large systems charged
after installation. There are an csumated 23 million units in the field in Canada using controlled .
CFC's as refngerants ,

‘In the automotive sector Ford General Motors and Chrysler all purchase

N CFC's for use in their own on-line charging for vehicle assembly needs. "Each also acts as'a

distributor to their respective dealer networks. (There are 3,900 automobile dealers in Canada, in
addition to many thousands of service stations almost all of which use at least some refngerant as
part of their vehicle semce and repaxr activities).

. .»b‘) . Commerc:al, mstltutxonal and mdustrral
" Commercial products and systems, institutional and mdusmal refngeranon

products and system include units for building air conditioning, food storage (both portable and -
walk-in), pharmaceutical storage, chemical storage and processing, chillers for water and soft

* drinks, process chillers for manufacturing applications and a significant percentage of ice rinks.
- Many large systems are charged in the field in this group. As a result, the CFC consumpnon is
" accounted for in the aftermarket totals above. .

‘ CFC 11 and CFC 12 are the main products used in this product group. CFC"
11 and 113, and to a limited extent, CEC 114, are used in office tower centrifugal systems (almost
all office buxldxngs over 10 stories high use low pressure centrifugal air conditioning systems).
CFC 113 is also used in commercial system. A smaller quannry of CFC 115 is consumed (in CFC

502) in the food storage refngcranon products

‘ There are 25- manufacturers of commercml and industrial air condmomng
units, some of which source CFC's directly from the producers/importers, others which purchase
from wholesalers. This product group consumes an estimated 13% of the total CFC's in the .
refrigeration process group

“C) - Domestlc products |

There are 6 manufacturers of five main products: window air conditioners,

'cenrral air conditioners, household refrigerators, dehumrdrﬁers and freezers CFC 12 is the -

refngerant used-in thrs product group

The end-use sector for’ domesnc refrigeration products encompasses

appliance and other retarlers and chains who typically’ purchasc dlrectly from manufacturers of the
units.

-d) Moblle products

Therc are 6 manufacturers producing mobile refrrgeranon units, typlcally for °

: truck apphcanons in transporting perishable products.. These generally use CFC 12. Although
© automotive end-uses are a significant portion of consumption, the majority of this in Canada is for
aon- lme chargmg, not manufacture.

: Consumpnon of CFC (12) for mobxle air condmonmg apphcanons is difficult
to 1dennfy because of the Auto Pact (which allows.essentially free movement of automobiles

between Canada and the U.S., subject to certain contraints) and the fact that air conditioning units
are charged both on-line dunng vehicle asscmbly and at the point of manufacture. Seventy five

14

Stevenson Kellogg Ernst & Whinney



g
fiax

_percent of the automobtles assembled in Canada (1.5 rmlhon per year) are exported to the Umted

States. Another. 1.1 million are brought into Canada. Because approximately 90% of the -

- automobiles sold in the United States have air conditioning (compared to 30% to 40% in Canada),

the assembly .(and therefore a certain percentage of the unit chargm g) in Canada is
disproportionately large relative to the Canadian market demand No air condluoner units are
manufactured in Canada in capnve OEM plants. :

) 5. - Solvents

. s . . S
CFC solvents have selecnve solvent acnon whlch means they can be used to remove_

oil,” grease and dirt from Ob]CC[S without affecting metal, plastic or elastomeric parts being

contacted. They are available in very high purities (i.e. very low particulate content) and are highly -
miscible which enables them to be mixed with other solvents or. chemicals to suit specific
requirements. In addition they are 1nherently stable and non-conductive. ' In many applications,
they can be effectively recycled using distillation techniques which lowers the effecnve cost of
using them (m addition to: reducmg the effecnve release quantmes) .

" Asa result CEC'’s have become increasingly in demand in electronic, mlcroelectromc

"and certain other precision metal cleamng applications such as aerospace and medical equipment

manufacturing. CFC solvent usage is limited in conventional metal cleaning. The principal
method of use is vapour degreasing with the balance mostly in cold cleaning. Vapour degreasing
uses the hot vapour of a heated solvent to condense Ont. a part and dissolve the contaminants.

Cold cleaning uses the solvent at or near room temperature to dlSSOlVC the contaminants which are

‘then rernoved by wiping.or. some other method

- CFC113is the dominant solvent used because its higher boxhng point makes it more.

‘ w1dely applicable. CFC 11'is also used, but much less frequently because its bmhng point is too
low for most uses. . - R

CFC solvents are supplled as pure solvents, blends, azeotropes and special cleanmg

--systems for specific applications. CFC 11 is generally sold unblended.- An estimated 10t0 20% - -

of CFC 113 1s sold unblended with the balance in blends, azeotropes and systems mixed with
ethanol, isopropanol,. or nitromethane primarily: More spec:ahzed blends xnclude methylene
chloride, rnethanol and cyclopentane with the CFC. =~ N

CFC solvents are dlstnbuted by producers dtstnbutors and systéms supphers
depending Ont. -the specific product involved. Vanous blended and unblended solvents are
produced in Canada. -Others are lmported "

A 6. ~ QOther apphcat:ons

a), Sterllants . .

CFC 12 is mlxed with stenhzmg agents (generally ethylene ox1de) and soldto

medical equipment manufacturers and hospitals for use in sterilizing respiratory equipment,
anesthetic equipment, catheters and associated tubing, syringes, gloves and other medical supplies.

. The primary advantage of using the. CFC is that it makes the sterilizing. agent non- ﬂammable
L wtthout degmdmg in any way its stenl:zmg charactensncs .
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' CHLOROFLUOROCARBON ALTERNATIVES

‘Actoss the range of 6 process groups and apprommately 20 product groups there are well in
excess- of 250 potential alternatives for reducing consumption of the five restricted.
chlorofluorocarbons (CFC11,12,113, 114,115). These alternatives can be categorized in three
~ ways: chemical, process and product alternatives. Each is dlscussed further below

In Appendlx A, which follows this report we have summarized the list of potennal
alternatives for each Process and Product Group. This list was developed for use by the industry
representanves and focus groups | in discussing the applicability of each potential altemauve

- In Chapter VI, which follows, we introduce the ‘Functional Altemanve Data Sheets whlch :
- comprise the balance of this report. . :

1. . Ch_emical alternatwes

These are new or substitute chemicals which would replace some or all of the CFC |
used in the manufacture of a particular product. The majority of reduction in CFC use will likely
- come through chemical alternatives. Examples of these altenatives include CFC substitutes being
developed such as HCFC-134a, HCFC-142b, HCFC 123 and HCFC-141b. Other chemical
substitutes include existing chemicals such as ammonia and methylene chloride as well as
HCFC-22, a partially halogenated chilorofluorcarbon with rélatively low ozone depletion potential
(0.05). The substitutability of these chemicals varies tremendously, depending Ont. the process
and product groups, and often the end-use as well. Overall comments, even about some of the
‘drop-in' CFC substitutes, are generally possible to only a'limited extent. As a result, specific
chemical altemnatives are often dxscussed several umes in thlS chapter for dxfferent process/product
group combinations.

."2. - Process alternatives AR
These are modlﬁcanons or major changes to existing manufactunng processes which
would reduce (generally not eliminate) CFC consumption. Examples include carbon adsorption
- with recovery in foam blowing and CFC capture techniques in refrigeration repair. Many process
alternatives have or are being widely implemented, even in the past 6 months by industrial users.
Others, such as carbon adsorption with recovery, are eithér developmental or extremely costly.
-Because of both of these factors, and the nature of Process Alternatives, these altemanves are not
likely to yield major reducnons in CFC consumpnon

3. Product alternat:ves
, . These are changes to a marketplace which would have the effect of reducing CFC
consumption by virtue of reducing or eliminating demand or shifting it to other products which do -

not use CFC. Examples include substituting pulp packaging for foam packaging or fiberglass for
Afoam msulatxon Because product alternatwes are also affected by other issues (such as corporate

1 8 s
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strategy), it is very difficult to draw meaningful conclusions about their potental substitution
impact without making specific assumptions about control strategies and ‘addressing specific
companies 1ndw1dually This 1s true in most process/product groups, pamcularly in rigid foam
insulation which is discussed more fully below to illustrate, by example, these issues. A small
group of product altemauves are dlscussed under certain’ Product Groups in the later sections of

~ this report.

“The dominant end-usc for rigid foams is in insulation apphcanons Because of the size and

“diversity of the markets into which these products are sold, an extensive range exists. These foam

products frequently. compete against one another based Ont. _price, appearance and physical
properties such as R-value, dimensional stability, thickness’ and water absorption characteristics.

- Depending Ont. the specific applications being considered, each generally has strengths and -

weaknesses which will determine its marketabthty

Other insulating products such as fiberglass, perlite, ﬁberboard cellular glass, vermiculite, |
rock wool and gypsum may also compete with one or more of the foam products based Ont. thell’
propertles and the end-use being cons1dcred.

Over the past 20 to 30 years, use of ngtd foams has grown steadily through both
developmcnt of new markets where they are well suited and through replacement of previously
non-foam applications with foam products. An example of this latter replacement is in freezer and
refrigerator applications. Previously fiberglass-based, they have moved essentially completely to
rigid foam. Among other advantages, foam allows a freezer or refrigerator to have 1ncreased
interior volume for a given set of exterior dimensions and insulating performance level.

Many of the rigid foams use either CFC 11, CFC 12 or CFC 113 as a blowrng agent and as a
component of the foam structure to contribute to the insulating characteristics. Each different foam -

- generally uses different quantities - of CFC and uses the CFC in shghtly different ways in the

manufacturing process.

Because of this complexuy in both manufacturmg process and marketplace competmon

" summary comments regarding product substitutions cannot be made. The impact of controls Ont.
CFC consumption Ont. each foam insulation manufacturer may vary significantly depending Ont.

a number of factors. These will mclude
. Wthh foam or foams are made by the manufacturer

. What the 1mplementatlon mechamcs of the control are, parncularly as the),tr relate to
other foam products. For example, will a given control affect polyurethane
manufacturers in the same way as itis expected to affect polystyrene manufacturers?

. What chermcai or process alternatives exist and what effect they are expected o have
Ont. the : - price, appearance and physwal
propernes of the foam. For example, a L
chermcal alternative which increases the pnce of a foam by 10% and reduces 1ts
R-value by 15% may dramatically. alter its market positioning by bringing it into
competmon with different products than has historically been the case.

. What possxble end-use 1mpaCtS‘ex1st in the marketplace. For example, a chemical

alternative for a rigid foam which decreases its insulating performance may, barring.
other marketplace options, have a catastrophic effect Ont. construction practice and

17
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cost by requiring thicker walls for the same msulaung performance

Given assumpnons or expectanons about each of these points, each manufacturcr will have a
number of strategic options. These will include use of chemical or process alternatives, if they
exist or change to other new or existing foam (or non-foam) products. The choices for each
manufacturer will likely vary depending Ont. the assumptions: made Furthcrmore the
competitive strategy in the marketplace may also need to change

Thc overall impact of this Ont. the industry as a whole can thus not be prcdxcted thhout ,

- mékmg more specific assumptions about controls. Clearly this cannot be done Ont. an
-industry-wide basis publicly, as can the conclusions Ont. chemical and process alternatives which

follow. It may be appropriate to carry out this analysis confidentially at a later date for some or all

- of the industry, if the existing or any new control opnons need to be evaluated at this level of

detail.

18
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FUNCTIONAL ALTERNATIVE DATA SHEETS -

Although more than 250 potential alternatives exist, the hst of these whlch can be dlSCllSSCd
is. considerably smaller because many produci-related alternatives can only be addressed in
company-specific terms (as discussed above). In addition, many alternatives are not considered
practical or effective because of hxgh cost or major tcchmcal weaknesses.

For each process group, a series of data sheets have been completed which summarize the '
key characteristics of the alternative for all or specific end-uses. These characteristics include
availability, potential market penetration, end-use marketplace comparability and cost and benefits,

* to the extent known. Although some alternatives are clearly better than others (i.e. more effective

and/or more practical) no attempt has-been made to rank alternatives. This is not possible without

- considerable additional work at the company-specific level combined with assumptions about

probable control opuons and thelr hkely impact Ont.. 1nd1v1dual compamcs

Each alternative has been consxdered independently, as if it were the only alternative ..

available. The relationship of alternatives to each other and the implications for companies which *
result can only be considered at a much more detailed level and with assumptions about control
‘options. o : A :

- Terminology used in each data sheet is defined as follows:

' 1. Alternatnve |

- A functional alternatjve to the current CFC bascd product(s).. ThlS includes product
substitutes: (such as fiberglass for foam insulation), chemical substitutes (such as a an HCFC

-replacement for a CFC or a different chemical), and process/engineering subsututes (such as

equipment modification to reduce CFC consumpuon dunng manufacture).
| 2. . Process group N

Refcrs to the process group containing product groups As discussed in Chaptcr I

- process groups are major groupings of product types

3. Product grou p

Refers to. thc product group which the. functional alternative apphcs to. Product
groups are groupings of. 'related’ products. The relationship may be because of the end~usc<

‘ apphcauon production methods or product format.

4. Enduse . L

The end- use applicétiou of the current CFC - based product End uses are dcf"med

~ within cach roduct" ou whcre necessary, if the im hcanons of a given altcmanve channc for
v p p ry P gi

dlffcrent end-uses
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5. Availability and timing

This section addresses the timing assoc1ated wnh developmg each functional
alternanves, and bringing it to market. .

a)  Technical

The total elapscd time, from 1988, before the functional alternative w1ll be

'sufficwntly understood technically so that it could be available for commercial production.

Technical avaﬂabxhty would generally equate to the availability of a manufaczunng process to make
a product

" b) Comn‘lercial T

' Thc total elapsed time from 1988 before the functional altemanves can be

V commercmlly produced. Note: this period must be at least as long as the technical period, but

based Ont. industry confidence levels; and the type of approvals needed, some commercial
production. -preparation work may be done in advance of government approval or final tcchmcal
completion in order to expedite commercxal release. .

<) Market"

I

The projected total elapsed time from 1988 until thc first end—use funcnon
alternanve will be sold.

6. : End-use market penetratnon and t:mmg
Thxs section explores the anncxpated market-place acceptance and penetranon
a) Expected

The expected highest level of market—place penetration and the elapsed time

. from 1988 for that penetration level to be achieved. The expected percentage of penetration

incorporates assumptions about market-place acceptance of the product as well as considering
applications where this funcnona} alternative could not completely replace the current CFC use.

b) ‘\fIaxnmum
The ‘'maximum potential market penetration assumlng no buyer preference

agamst the functional alternatives. It should be noted that the only barriers to achieving a
maximum penetration of 100% are those caused by technical problems where the alternative cannot

' satisfy all of the current CFC based products markets requirements.

¢) Substxtut‘lqn Potentnal
, A The percent reduction in use of the controlled CFC(s) at the expected level of
market penetration. . : -
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7. ‘End-use"markct place cmttparability :

This sccuon dxscusscs key characteristics of each funcuonal altcrnauve as it relates to
the user in companson to the current CrC based product. ‘ ,

.-
¥

\.a) . »Acceptance A

a Comments concermng the "hows" and " whys of customer acccpta.nce and
the bamers wlnch nced to be (or are not expccted 1o bc) overcome o
b) - Quallty
~ ‘ Commcnts concemmg the 1rnportance ‘of, as wcll as actual and pcrccwcd ‘
%quahty of, the funcnonal altcmauve For the purposes . of thrs dxscussxon quahty describes
percetvcd value and usefulness:

¢) . Durability and hfe

Coe - Comments conccrmng the durabxhty and product life of the functtonal"
- altemanves compared to the CFC based product for that end-use apphcanon :

d) Envnronmental and health tssues

‘ Comments concemmg thc enwronmcntal and health issues assocmted thh the
funcuonal alternative. L .

~f

8. Cost and benefits

ThlS section reviews the specific types of costs encoumcrcd across Canadian industry
for a given CFC functional alternative. These costs are stated in 1988 dollars and are estimates for
all companies, except where noted. The objective here is to estimate order of magnitude costs with
relative consistency or 1dcntxfy where costs are unknown. Specxﬁc estimates will clcariy not be
p0551ble . .

 a) Research and Development Costs '

, Capnal one-time costs and on-gomg expcnses rclated to the rcsearch and
: developmem of each altcmanve

b) 0ne~txme Conversmn Costs

, ‘ Both capital and one-time expenses are estimated across the projected .

"Availability and Timing" period and stated in 1988 dollars. Cost categories consider such items

as facilities and equipment conversions and additions, employee training, product design, testing
and rnarket research. . : S

M
L

. j .. The rcported costs are mcremental to curncnt capual budgcts ovcr the
anticipated period. : : : , :
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) Annual ope}ating cost changes

: On-going operanng cost changes, either increases or decreases, as.a result of
convcrnng to the functional alternative. Included in this ﬁgure are changes to both ducct and

" indirect costs incremiental to current costs. , }

L d) Spin- off costs and benef'ts

Costs and benefits that will be achlcved in other areas/product lines asa result :

‘ ‘of the shift to the functional alternative. Examples of this are the ability to sell by-products of the

production process or enter markets previously not available to the CFC-based product.
e) End-use modification costs - I

. Incremcntal costs/bencﬁts to the end-user caused by a shift to the functional -
alternative. These costs are only for those users who could use that-alternative. - Examples are

increased encrgy costs and mcrcased space requirements.
-y End-use c_ost changes .

~ Changes in product/servxcc costs to the end-user's product caused by the shift

to the function alternative, if the alternative is not an end product. - Examples are cost changes to

polyurethane foam which may have a relatively ‘higher or lower i impact Ont the cost of products
usmg that foam. . : ..

A
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S A AEROSOL PRODUCTS

Major end-use categones and subsntute substances that we rev1ew m the
Aerosoi Products group are- descrxbed in thlS section:”

R Personal Products
> Breath sprays -
R - HCFC 22‘
e ,_-:"" _ Hydrocarbon
| > X LShaye mbricapts
B R 1Véc1=¢"22 |
o ‘ B - o Hydrocarbon o

- 2 "Household

St

“f;" : Cookmg products, air fresheners, room deodorants ‘
| Hydrocarbon }. : B o =
» : égm removers | “ |
- a HCFC 22
3. PharmaceuncaE
R % ‘Bronchial dxlafars -
. - Rjoknown éubstitute"'
‘ > Antx persp:rants
o ”-' HCFC 22
- Hydrocarbon}‘ o
m - ‘ , Wound sprays ‘ |
N . HCEC 22/142
" - Hydrocarbon - o L - -

S ‘#. Commercnal and lndustnal

P' Mold release agents

- o Hydrocarbon




o~

. 4.(_'.

» ."Electrical. cléaner solvents .
- ".'No knoWﬁ St..ibstitgté :
: > Elecxfiée;i ddst éliminétbrs
.. HcFC22. /
- Lubrit;ants/siljicqné»- sprays . =

- HCFC 22/142and 152 blend

- . HydrocarbgnA
> Film coating (pﬁotographié) o ‘
+ - HCFC 22/142/152 blend

»  Fixatives/adhesives
- HCFC 22/hydrocarbon blend .
- Mining lubricants '

- ‘No known substitutes -

5. Pesticides

N 2 Iﬁseét reéellants

- Hyd;oéarbon 'e.
> Iﬁ'sectiéid.e spréys .
. HecFC22

;

- Hydrocarbon/chlorinated solvent blends
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FUNCTIONAL ALTERNATIVES

Allernative: HCFC-22

BENEFITS

development coss
One¢-ime conversion

costs

A;\r;ml opcn;ing
cost changes

Spin-off cosis and
benelis

End-use modifica-
tion cosls

End-use cost
changes

$50,000 for testing end regisuation

 Unknown (HCFC 22 is higher cost)

None
None

Unknown

DATA SHEET ‘ Product Group: PERSONAL ‘
: Process Group:  AEROSOL PRODUCTS
END-USE . "
.l : . R BREATH SPRAY PERFUME
. JAVAILABILITY AND | Technical ! :
TIMING P R : Cupreatly available in' the market
Commercial Currently available in the market '
Market
END-USE MARKET Expecied -
PENETRATION AND -
TIMING | i Maximum
Substisution’ * 100% of CFCI2 consumed for o :
 potentia] : consurmed fox brsath sprays 100% of CFCI3 4 for ped !
END-USE , ; '
MARKETPLACE Acceptance Na difference ' ] )
COMPARABILITY : ) B No difference
‘ ' | Quatity No dm'e:enoc . oo No differmce
Durabiliy and wf No ﬂf@u - . N; difference - h
Environmental and | Increaded human tonicity, czone depleting substance (ODP of 0.05) Incressed human oxicity, ozonc depléting substance (ODP of 0.05)
health issues : B ) o
COSTS AND- | Rescarch and A formulation is svailsble Formulations sre availsble

sso,mq for testing

Unknown (TiCFC is !\_igh'm; cost)
None

None

Unknown
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AHYDROCARBON PROPELLANT

development costs
COne-time conversion

costs - :

Annual operating
cost changes

Spin-off cosis sad
benefits

End-use modifica-
tion cosis

End-use cost
changes

$30,000 far rcgimition anendments and label changes
None -

Cheaper propellant cons

— .. -, .

None . N

-None

FUNCTIONAL ALTERNATIVES Aliernative: _
DATA SHEET Product Group: PERSONAL .
Process Group:  AEROSOL PRODUCTS -
END-USE : o
A BREATH SPRAY - PERFUME
AVAILABILITY AND | Techaical
TIMING . . B ’
| Commercial Currently available in the madket - Currendy available in the market -
Market
END-USE MARKET 'Eléecxcd 100% in 1 year i
PENETRATION AND : 100% in l'yu.r :
TIMING Maximum 100% in 1 year 100% in | year E
" Subsiitution 100% of CFCI2 100% CFCI2- B
potential :
EXD-USE .
MARKETPLACE Acceptance . Dependant on flammabiliy issuc . dity i N
COMPARABILITY. . R Dependent on ﬂammabxhxy-muc ' . .
' Quality - No difference ‘1 No difference
. ~ /
Dursbility and life Ne diﬂ'cxc;ncc No difference
Envi \ al and I 4 bility ) {ncreased flammability
health issues s )
COSTS AND Re;uxda and Formulation is available - ion i iLabl
BENEFITS. " Formulation is available

$50,000 for regi i dm and Jabel ch : N

None

Cheaper propellam costs - no cffect on pxoduél‘ cost,

- None A -

None L . t
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IF U;\‘CTIGNAL ALTERNATIVES

Aliernative: HCRC-22 -

BENEFITS

One-ime conversion
coms

Annual c;pcuting

$50,000 for testing and label changes

Unknown (HCFC is higher cost)

| $50,000 for 1eming and label changes -

Unknown (HCFC is highes cost) -

DATA SHEET Product Group: PERSONAL -
Process Group:  AEROSOL PRODUCTS
"|END-USE 4 \ g ‘ ' :
. . SHAVE LUBRICANT DEPILATORY
AVAILABILITY AND | Technical’
TIMING o .
Commercisl
i Market Cunrently available in the m‘nk;:l Currenily available in ““““‘k“ s
|ERDUSE MARKET | Expecics
PENETRATION AND |+ * - .
TIMING Maximum . v
Substiwtion .. 100% of CFCi2 d for shave lubg
-patential * 100% of CFCI2 conswmed for shave lubricants . ;
END-USE ~
MARKETPLACE Accepiance Acceplable Acceplable
COMPARABILITY . . ’ " L '
. Quatity - No difference  No difference
Durability and life No difference : E B . No difference
Envm;tmam! and Increased human t;nicity. ozone déplcxing‘subsume ’ Increased .humm toxicity, ozone éeplaing,lnhmu
health issues : . . B
COSTS AND - ‘Research and None None ‘ .
development costs

cost changes
Spin-off costs and None Noae -
benefis
Ead-use modifica- Nonc - Noné
ton cosis
’ End-use cost Unkdown Unknown
changes
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FUNCTIONAL ALTERNATIVES
DATA SHEET

‘Aliemalive: . HYDROCARBON PROPEL

Product GyOUPZ - HOUSEHOLD
Process Group:  AEROSOL PRODUCTS

LANTS

{END-USE 7 -
- ) COCKING PRODUCTS, AIR FRESHENER, ROOM DEODORANT
AVAILABILITY AND | Technical - . : : '
TIMING R : . . )
c st Currently available in the markes ; i
Markel
END-USE MARKET | Expected -
PENETRATION AND
TIMING * | Maximum
Subsiimtion 100% of CFC11 consumed for these end-uses
potentisl ’ .
END-USE ) " Poor duc to product efficacy, weight problams
MARKETPLACE Acceplance : S : o
COMPARABILITY ’ )
’ . Quslity Inferior P
Durability and life No change .
Eavironmenial and | fncreased Sammability
health issues
COSTS AND Research and A Tormulation is available ' ' L
BENEFITS development coss o

One-ime conversion
. costs :

Annual operating
cosl changes .

Spin-off costs and
‘benelis

- End-use modifica-
' ton costs
;

End-use cost
-changes |

| None -

$50,000 for label changes
. 350 10 $100,000 for obsoleie packaging costs

Un&no(m

Cheaper formulation

Unknown
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FUNCTIONAL ALTERNATIVES

DATA SHEET

Alternative:

Product Group:
Process Group:  AEROSOL PRODUCTS

HYDROCARBON PROPELLANT
PERSONAL :

costs

-

. Knnunl_ operating
cost changes ’

Spin-off cosis and .
benefits |

End-use modifica-_
tion cosis .

End-use cost
changes

One-time conversion

$50,000 for testing and label changes”

None
_.ébupex propellant
None |

None, based on current knowledge

END-USE Co ) . ]
s - SHAVE LUBRICANT DEPILATORY
AVAILABILITY ‘AND | Technical. : . :
TIMING . e
] ¢ il ] . .
- ommescis Currently avul'ablc m the fmrket o Iy available in the market
| Market
END-USE MARKET | Expecied
PENETRATION AND L
TIMING - | Maximum )
‘ Substitution 100% of CFC12 consumed for ahave lubricants’ - ) 100% .of CFC12 consumed for shave lubricants -
.potential ’ - . : o . : ’
[exp-usE v , , 3 -
MARKETPLACE Acceplance " Deperds on flammability issue Depends on flammability issue
COMPARABILITY - o . Cy - : : i
: Y . Qualiiy _No difference No difference
Dutability and life . "
Environmental and |- Increased flammabiliy Incressed Oammability
health issucs :
COSTS AND Research and | None None
BENEFITS development” costs

$50,000 for icsting and label changes

Npqc

Chu'per propellant
"None

None, based-on cusrent knowledge o
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FUNCTIONAL ALTERNATIVES

DATA SHEET

Alternative: HCFC--22.
Product Group: HOUSEHOLD ,
Process Group:  AEROSOL PRODUCI‘ S

END-USE-

development costs’

One-time conversion

‘] costs

Annual o@udqg
cosi changes'

Spin-off cosus and
benefits

End-use modifica- *

Lo costs

End-use cost’
changes

. - GUM REMOVER
. {AVAILABILITY AND | Technicasl | : }
TIMING : - ) , U -
Commescial Currently available in the market -
Market
END-USE MARKET Expecied
PENETRATION AND .
TIMING Maximum
| substication 100% of CFCI2 used for this application
_poieatial
END-USE . o
MARKETPLACE Acceptance Blend is less efficient”
COMPARABILITY - ) .
Quality Ho difference
oz
& . -
. Durability and life No difference .
) ‘
Environmental and Ozone depleting subsiance
health issues . . : .
{
COSTS AND - Research and
BENEFITS .

" $50,000 for tesing and label changes

Unkaown
None, R C.

Nene

Unknown
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FUNCTIONAL ALTERNATIVES:

DATA SHEET

- Alternauve:
Product Group: PHARMACEUTICAL

END-USE

“Process Group: AEROSOL PRODUCTS

AVAILABILITY AND

BRONCHIAL DILATORS - 15g PACKAGE

BENEFITS

“ . Technical .
TIMING- - . ) . S :
- . Commercial - There are presently no known alicmatives o CFC 114 for branchisl dilsias. Use of
’ hydrocarbons is known (o have both ion and 1 bility problems. Costs for
) ) Market B developing, iesting and conversion are unknown, but expected 10 exceed $1 million for
. X ocs 2 ; i will ¢ fon it
END-USE MARKET - | Expected most visble shemative developed. . B - T
PENETRATION AND " - . R A \
TIMING . Maximum - - ’
Subsiitution .
- . e
.| potential
"|END-USE
MARKETPLACE Acceplance N
COMPARABILITY .
) : ’Quih‘ty
=
Duubiﬁly and life - ’ N
,}‘
Environmental and
health issucs
COSTS AND Rescarch md'

development costs

One-time conversion
costs

Annual opersting

cost changes

Spin-off costs and

‘benefiu

End-use modifica-
ton costs

End-use cost
changes




o

FUNCTIONAL ALTERNATIVES

One-ime conversion
cosls

_Nmm.ll operating

cost changes -

Spin-off cosu and
benefit

End-usc médiﬁéa:

o Costs

End-use -cost
changes

$50,000 for testing and label changes

None
None
None

None

v

- Allernative: HCFC-22 - .
DATA SHEET Product Group:  PHARMACEUTICAL
. : Process Group:  AEROSOL PRODUCTS
END-USE : ' NTI-PE SI"IRANTS ‘ ‘ . . y ‘
- ANTI-PER FOOT POWDER
AVAILABILITY AND | Technical . :
TIMING . . - .
. Commercial Currently aviilable in the murket Cumrently available in the market
‘ Market '
END-USE MARKET Expecied 100% in | year
PENETRATION AND |. E - . j
_|TIMING ‘Mazimum - 100% in 1 year
' ' su&qmum 100%% of CFC11 consumed for this end-use 100% of CFC11 and 100%.-of CEC12 consumed for this end-usc
potentist ’ ' .
END-USE . A A
MARKETPLACE Acceplance Acceptable N Acceplable
COMPARABILITY , . ,
. Quality No difference co No difference
- Durability snd kife No difference 5 . No difference
" Enviroamenial and | Ozone depleting subsuance (ODP is 0.05) Ozanc depleting substance (ODP is 0.05).
health issues ' .
. - "
COSTS AND Rescarch snd Formulation 13 available . Fomnulation is svailable
"|BENEFITS development costs :

$50,000 for 1eming and label changes

None

None




e

Altemnative:

One-time conversion
costs ’
Annual opersing
cost changes . ‘

Spin-oi’f costs and .

,beneliu
Y .

End-use modifica-
Gon costs

End-use cost
changes

$50,000 for testing and label chaiges

$100,000 capital equipment costs

None

None .

None

None -

FUNCTIONAL ALTERNATIVES. - A HYDROCARBON PROPELLANT
DATA SHEET s Product Group: PHARMACEUTICAL R
: | Process Group: AEROSOL PRODUCTSS
END-USE ' C ' Lo '
: : ANTI-PERSPIRANT FOOT POWDER
AVAILABILITY AND _Techaical
TIMING | , , . , ‘
- . ¢ ercisl Cwsrenily available in the market ' Curronily svailable in the market

. R ’ ~ -

END-USE MARKET | Expecied 100% in 1 year 1008 in 1 yer .

PENETRATION AND . ) o

TIMING g Mazimum . 100% in 1 year 100% in 1 year )
Substitation 100% of CRCH1 consumed for this- end-use : 100% of CFC11 and 100% of CFC12 consumed for this end-use
potcntisl o o . e nismed for

END-USE —

" IMARKETPLACE Acceptance Limited - Limited

COMPARABILITY .

. - Quality Efficacy is less Efficacy is less
quahi.iisf and life Unknown Usnknown
Enviroamental -and Increased flammability. Use of chlorinaied solvent Increased L bility. Uss of chlorinated sol
health issues .

COSTS AND Research and Formalston svailable , Fomnulation svailable

BENEFITS - . development costs . A . :

$50,000 for label chunge (weight)

$100,000 capital equipment cast

None |

None . ) . L
None -

None
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Allernative:

One-time conversion

“costs

Annual operating
cosi changes

Spin-off cosis “and
benefils :

End-use modifica-
on cosis

End-use cost
changes

. Unknown

FUNCTIONAL ALTERNATIVES HCFC-22/142
DATA SHEET : Product Group: PHARMACEUTICAL
Process Group: AEROSOL PRODUCTS
END-USE' “TOPICAL APPLICATIONS - ANESTHETIC & ANTISEPTIC
i WOUND SPRAY
AVAILABILITY AND Technical
TIMING ’ ! -
Commercial <
) Markes h ~
END-USE MARKET Expected 100% in 1-2 yeans
PENETRATION AND
TIMING Maaimum
Substimution 100% ofCFC!!‘Q\G 100% of CFC12 consumned for this end-use
potentisl | )
_JEND-USE . . .
MARKETPLACE Acceplance Unknown
COMPARABILITY -
Quality Unknown
Durability snd Lfe " | Unknown
Environmental” and Crone depleting substance (HCRC 2) muwd nmumbduy and
health issues ;oucay (HCFC 142)
COSTS RND = Rescarch and A formulation is available
BENEFITS development costs

§50,000 for resting. regmnuen changes “and label change and $50,000 -

$100,000 for
capau! equipment blend cost ’

:

Unknown

None .. -

None
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FUNCTIONAL ALTERNATIVES -

DATA SHEET-

Alternative;
Product Group;: PHARMACEUTICAL
Process Group:  AEROSOL PRODUCTS

-HYDROCARBON PROPELLANT

se

BENEFITS

development cosus

One-lime conversion
costs

Annual opeulihg
cost changes

Spin-off costs and’
benefits

End-use modifica- -
tion costs

End-use cost
changes

END-USE- _ TOPICAL APPLICATIONS - ANESTHETIC AND ANTISPETIC WOUND SPRAY
B AVAILABILITY AND chhhié_ll
TIMING N . - . . - -
Commercial Cumently availablie in the market
) Market
_ |END-USE MARKET Expected -
- |[PENETRATION AND
TIMING - o Maximum
Substitution - 100% of CFCl1 and 100% of CFC12 consumed for this ad-use
potential .
END-USE .
MARKETPLACE . Acceplance Unknown
COMPARABILITY . : ) :
- Quality Reduced anaesthetic action.
Durability and life .
Environmental and Increased ﬂm‘umbilily
health issues
COSTS AND Research’ and - A formulation is available

$50,000 for testing, registration changes and label change

g no cast:

Slight red 10 deal with flammability
None ’

None

Propellant cost reductions - minor product price decreasc

<
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FUNCTIONAL ALTERNATIVES

HYDROCARBON

1 Allernative:
DATA SHEET : Product Group: - COMMERCIAL & INDUSTRIAL =~ -
- : Process Group:  AEROSOL PRODUCTS
END.USE MOLD RETEASE AGENTS FOR PLASTICS &

ELASTOMER . MATERIALS

AVAILABILITY AND
TIMING :

.Technical

Commercial

Cusrenily available in the markes

B

Market
END-USE MARKET Expecied Unkn )
PENETRATION AND |+ o
TIMING Mazimum Unknown
* Substiwtion 100% of CFCl1 and 100% CFC12;
polential -
END-USE . . ' . :
MARKETPLACE Acceptance Limited, because: of salubility and flammability issues
COMPARABILITY o '
Quality Dissolves plastic surface
" Durability and ife No difference . ) ' .
Envi sl and 1 d flammability - safety concems on heated surface
health issues : '
COSTS AND Research and” | Estimated $50,000 10 $100,000.
development coss- .

BENEFITS

One-lime conversion
costs

Annual op.cming
cost changes

.Spin—off costs and

benefils

End-use ‘modifica-
tion cosis

End-use cost

- changes

$50,000 for label change

No difference, sssuming no additional coss s incurred to deal with fammability
issues. - N

None

None

Propellant costs are slighly IO“;CI. therefore s cost reduction may resull




FUNCTIONAL ALTERNATIVES

Alternative:

Spin-off coss and
benefits -

End-use modifics-
ton cosis

End-use cost
changes

DATA SHEET Product Group: COMMERCIAL & lNDUSTR!AL
 Process Group:  AEROSOL PRODUCTS
:\' . ’
END-USE ) v VC'LEANER SOLVENTS (ELECI'RICAL APPUCATIONS)
AVAILABILITY. 'AND | Technical
TIMING .
: Commercial There are pmcmly 1o known aliematives for cleanes salvents for clectrical applica-
tions {currently CFC 113), Ouher chlorinated solvents are known o luve !onc.uy
) Market "probl A repl Ivent must also maintain the prod P
. 1g1 4 o) -~
END-USE MARKET Expected 10 existing- electrical standazds, or initiste changes, with the sssociated costs and
PENETRATION AND |’ liming. - . ’
TIMING o Maximum_ h
Sub;lituﬁon ' .
" potential
|expuse
MARKETPLACE Acceplance
COMPARABILITY - .
T . Quality
Dursbility and life .
Environmental and
health issues
COSTS AND _ Rescarch and
BENEFITS ~ development costs
’ ‘Onc-time conversion
cosls / ~
Annusl_opensting )
con changes ) P
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FUNCTIONAL ALTERNATIVES

Alicrnative: HCFC-22

development coats

One-time conversion

costs

Annual operating

" cost changes

Spin-off costs and
bencfits

End-use modifica-
uon costs

End-use cost
changes

$50,000 for label chlnge
None

"None
None

None

DATA SHEET ' Product Group: COMMERCIAL & INDUSTRIAL
N Process Group: AEROSOL PRODUCTS
END-USE - ' o
. . ) DUST ELIMINATORS (ELECTRICAL APPLICATIONS)
AVAILABILITY AND | Technical : :
TIMING .
Commercial Currently available in the market
Market
END-USE MARKET | Eapecicd 100% in S years
PENETRATION AN :
TIMING - o Mazimum 100% in § years
Substitution - 100% of CFC}2 consumed for this end-use
potential ' . S .
END-USE
MARKETPLACE --Acceptance Accepuble
COMPARABILITY )
. . Quality. No difference
Durability and life No difference
_/
Environmental and Ozone depleting substance ~
' health issues ’
COSTS AND Research and $50,000 10 $100,000 for testing and devclopment.
BENEFITS * , - ’ .
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FUNCTIONAL AL’]‘ERNAT["ES
DATA SHEET V

Allernative: HCRC-22/142 & 152 BLEND

Product Group: - COMMERCIAL & INDUSTRIAL

[

Process Group:  AEROSOL PRODUCTS

 JEXD-USE -
- i . ‘ LUBRICANTS/SILICONE SPRAYS
_JAVATLABILITY AND | Techaical
TIMING . * . T - ‘
' Commercial Unknown (some 142b is available but only 1 supplier eaists; U.S. - based Panawal)
Market A
END-USE MARKET Expecied Unknown
PENETRATION AND - - N
- |TIMING © | Maximum - | Unknown ,
Substitution 100% of CFC1); 1005 of CFC12 0% of CFC 113 for this end-usc
) poteatial ) . i
[END-USE : : L
MARKETPLACE -] Accepiance . Unknown . - S
COMPARABILITY o - : .o
: : - Quality Unknown -
Durability and life . Unknown
A s
Environmental and Ozone depleting substance (HCFC 22). Increased foxicity (142152
. health issues . . ’ ' . .
"ICOSTS, AND Rescarch-and Formulations sre availabl
development cons '

BENEFITS
‘ One-time (;onvcxiioﬁ *

cosis

.| Annual operating
7| cost changes

S'pin-oﬂ' costs and
benelits

End-use modifica-
ton costs |

End-use cost’
changes

$50,000 for westing and label change

Unknown

Unknown
Unknown

Unknown




ov

FUNCITONAL ALTERNATIVES

. Allernative:

HYDROCARBON PROPELLANT . .
COMMERCIAL & INDUSTRIAL -

One-time conversion
costs

Annual

$50,000 for testing and label change

DATA SHEET . Product Group: ‘
. : ' Process Group:  AEROSOL PRODUCTS. -
lexp-use ~ o
LUBRICANTS}S!&JCONE SPRAYS
AVAILABILITY AND | Technical” .
TIMING - ~ , .
. C ial (s Jy available in the markes
h;hf(kct
END-USE MARKET - Expected 100% in 1 yecar
PENETRATION AND- '
JTIMING Maximum 100% in | year
Substitution 100% of CFCI1 and 100%0f CFC12; unknown % of CFC 113’ ’
} ) potential : T
'|END-USE \ .
MARKETPLACE Acceplance Acceplable
COMPARABILITY ‘ , _
' - Quality No difference
- ’Durability and life’ No difference ) [
‘
‘Environmental and | Increased flammability ‘
|- healih issues . .
COSTS AND Research and Foimulations are available in the United Suates
BENEFITS - development cosus T

No diff

pernating ing no additional costs are i
cost changes issues
S;;iﬁ-off costs and None
benefius :
End-use mod.ir;cy None -

tion costs

End-use cost
changes

Propellant costs are s'lighlly lower, therefore 3 cost reduction may result

d 10 deal with flammability
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[FUNCTIONAL ALT[;RNATIVLS

DATA SHEET

Allcmauve

Product Group: COMMERC]AL & INDUSTRIAL

" Process Group:  AEROSOL PRODUCTS

E\‘D‘USE S

: LMTCMMMRICMS

CLEANERS

AVA!LAB[LITY A:\'D Techhical

Annual operating
T 7 . | cost changes’

- s T Spm»off cﬁ;u'-and
. "| benefirs

End-use modifica-
don costs -

End-use cost
changes

|mviNa | R , . ‘ . i
.| Commercial - _There are presently no known altematives for lubricants or cleane in ig : :
applications. llydrocasbons are not feasible b of their fl bility, . -
] erkcl : R . ] R e
END-USE MARKET Expectcd S :
PENETRATION AND Co .
Tl\ilx\G . el Mnmmm " .
) Subsumuop - - )
) _potential
Cleseuse . | -
IMARKETPLACE  * | Accepiance .
COMPARABILITY. o ‘
. Quality
‘Duubilily and life - - - ‘
. A . i -
— B n Envuomucnul and 3
s B “hcallh issues .
COSTS AND -+ | Research and -
BENEFITS : . | developmient cosis .
‘ Oneumeconvcmon ) K
Teoss
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FUNCTIONAL ALTERNATIVES - Aliernative: ~ HYDROCARBON PROPELLANT -
DATA SHEET . Product Group:  PESTICIDE ’ S L
o ~ Process Group: - AEROSOL PRODUCTS e
|END-USE - - S B o B v ; ' - ‘ =
L : INSECT REPELLANT - INSECTICIDE SPRAYS . - S ‘ /
AVAILABILITY AND | Technical o :
TIMING - . : o
Commércial- Currendly available in markes Cuerently available in mad
) Markiet
END-USE MARKET éxpeclcd 100% in'1 year 100% in 1 year
PENETRATION AND L . i . . - . ) .
TIMING Maximum - 100% in | year - 100% in | year B - . . -
Subsiitution 100% ot CFC12Z conwumed for mpcllan{s - p  100% of CFCl 1 and 100% of CFC12 consumed for aprays
' potential ~ . o - -
" [END-USE - _, T - ‘
- |MARKETPLACE Accepiance . Accepuble - o Acceplable - .
COMPARABILITY - , o : :
’ Quality No difference No difference .
Durability and tife No difference ; No diffexence .
o ; ) - r K o~
: | Eawi ol and f a0 - bitilty ¢ a6 bility, 4 woxicity ¢ of %, 4 solvent
health issues - - ' canient : S
COSTS AND Rescarch and None Formu! se ty svailabl
BENEFITS development cosus ) '
One-iime conversion $50,000 for tabel changes |$50,000 for label changes E
costs. : . -
~ Annual ‘opcmving * No diffe g no additionsl costs arc i d 10 deal with ﬂmu;ub'ﬂi\y. . No diff g no additional cons sre incurred 1o deal with flammability issucs |-
; cost changes _ issucs ’ ) o . . .
Spin-off costs and .. | None ) 7 "Noae - . . I v
benefits ’ - : ’ ’
) . ~
End-use’ modifica- Nm;c N . None .
uon costs ’ ¢ -

Endiuse cost
changes

i i‘ropd]m; costs are slightly Jower, therefore 3 cosl.l}:ducdﬂé may result

5§

U ‘ ] L

Propeliant costs are slighily lower, therefore # cost reduction miay result
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F UI\CTIO\'AL AL'I LRNATIVLS © Alicrnative; | HCFC 22/HYDROCARBON/CHLOR[NATED SOLVENT S BLENDS
- DATA SHEET : Product Group: PESTICIDE .
Process Group: AEROSOL PRODUCT S
END-U’SE' N o LT B
- o INSECTICIDE SPRAY T S
. |AVAILABILITY. AND- | Technical S )
TIMING : N , o e
Commercial h :| Currently available in the markes - ‘
| Medke S ‘ ] )
-+ |ENDUSE MARKET | Expecied -+ lommown o S E—
‘ . PEXETRA’HON AND. T Un{nown L . : S .
K = . TL\!!SG.«"’, i "Mavnmux?_‘ ) Unknuwn ST i N ~ ';. ‘ 2 S ,*.; L .
“S.ub;dt‘uiinn ’ 100% o( CFCll and 1m of CFCIZ comu.mcd fot pesucxdu S
“potential =
END-USE - . N -
. |MARKETPLACE - Acceplance Unknéwn
. |comparaBilTY S R ; -
B Quality - . Np difference
. - N : Durebility and life | No difference .+ ¢ i .
~ o . . .
j Environmeatal and * Elch shemative l*m [ ngmﬁmm wnkncu HCFC 2 isan ozmo dqicmg .
. health” issucs Hydrocarbons have i df bility, chlori lven hwe
; ) e increased lmucu)r B
[cosTs anD T Rescarch and- " Formslations -arc avaidlsble - T ;
(|BENEFITS =~ 7 . develepmmt costs - .
- . - Ch'xc -tine cunvmmn '$50,000 for tcsu.n; and label changes ' ?J
Ty . ’ ' DA
Annual opé;cﬁ:{g ' " None K : <’ o
cost-changes
- Spin-off costs and None -
benefits o
| taduse modifics- | None ’
R tian costs ’ -
,/ ‘ - l
“ End-usc cost HNone
change:
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DATA SHEET

FUNCTIONAL ALTERNATIVES

“Alematve,  HCFC-22/142/152 BLEND

Product Group: COMMERCIAL & INDUSTRIAL

END-USE

Process Group: AEROSOL PRODUCTS *

.

“One-time conversion

costg

Annusl opersung

cost changes

"Spin-off costs and -

benefiu

End-use modifica-”

" tion costs

End-use cost
changes -

Unknown .

" Unknown

Usiknown, but may be significant for laser machine changes

Unknown

Unkno}m

. i .- . FILM COATING (PHOTOGRAPHIC FILM DEVELOPMENT) _
AVAILABILITY AND | Technical . ; . ) -
TIMING - e - -

. Commercial Unknown
‘ o | Marker. -
END-USE MARKET | Especied Unknown
PENETRATION AND s ’
TIMING - Maximum Unknown -
“Substition 100% of CFCH and 100% of CFCI2 cansumed for this endiuse ~ N -
potential X S : Ce ’ . v
END-USE _ : - .
MARKETPLACE Acceptance Professional use - accey k at this point
COMPARABILITY : - . ’
: : Quality May have pedf probl pared to existing CFCs
- ' Unknowa N
N Durability and life \ )
: . | Ozone deplaing subsunce (HCFC 22).- Increased toxicity (142/152)
Environmental and | : ) oL
N ‘health issues
- ! -
COSTS AND Research and An estimated $100,000 for R & D into specislized equipment/p
BENEFITS development costs : . . o




:

v

- JAVAILABILITY AND [ Technical
TIMING
Commercisl Currently available in the markes
I Market
. %
END-USE MARKET | Expected.
PENETRATION AND ~
TIMING : Masimum R ) .
Substitution 100% of CFC11; uncenain regarding % potential for CFC114
‘potential : : ’
END-USE . .
MARKETPLACE - Acceplance Unknown
COMPARABILITY . » o :
) Quality Waier based formulation therefore there arc technical limitations in appli
Dunbility and life  Unknown ' . .
Environmental and : .| Safery problesm in lab use if using hydrocarbon blend; ozone
heallh issues depleting substance (HCFC 22). *
COSTS AND Rescarch and Farmulation is available

*

DATA SHEET

FUNCTIONAL ALTERNATIVES

Alernative:

HCFC-22/HYDROCARBON BLEND
Product Group: COMMERCIAL & INDUSTRIAL

EXD-USE

Process Group: AEROSPL PRODUCTS

ANALYTICAL FIXATIVE/ADHESIVES

BENEFITS

development cons
One-time conversion

cosis

Annual opersting
cost changes

Spin-off costs and
benefits

End-use modifica-
uon cosls .

End-use cost
changes

550.060 for \esting. .Capiul'equipmem cl;_mgc; up to 3200.@
i‘loxye ’ ]
None . A B
None

None
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FUNCTIONAL ALTERNATIVES
DATA SHEET

Allemative: * HYDROCARBON PROPELLANT/HCFC-152'
Product Group:  COMMERCIAL & INDUSTRIAL

w

—

Process Group:  AEROSOL PRODUCTS

END-USE . HYDROCARBON PROPELLANT FOR LOCK DE-ICER HCFC 152 PROPELLANT._FOR LOCK DE-ICER
AVAILABILITY AND | Technical i V
TIMING - . ‘
Commercial Currenily available in the market Unknown (Not ly iall ilable)
‘Market |
. o ~
END-USE MARKET Expecied
PENETRATION AND
TIMING - Maximum
Substitution 100% of CFC12 consumed for this end-use 100% of CFC12 consumed fof this end-use
potential - -~ :
END-USE -
MARKETPLACE Acceptance Unknown Uknown
COMPARABILITY
Quality No difference Unknown
- Durability and life No diffcmu.:c, Unknown
Enwi al and L 4 flammabiity Increased wxicity
health issues
COSTS AND Research and Estimated $100,000 Estimated $100,000
BENEFITS development cosis

Onc-time conversion

costs . )
/

‘Annusl opersting

cost changes

Spin-off costs and

benefius

End-usc modifica-
ton costs

End-use cost
changes

I‘islimawd 350.000 for label change (wcight). IObsoluc packlsiné companents
None sssuming no addilional cosis are incumred 1o deat vm!\ flarnmability issue
None
None

None

Unknown
Un;kn:_wm .
Unknown
Unknonn

Unknown
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-B. RIGID FOAMS

Below are the major end-use categones and substitute substances that we
‘review in the ngxd Foam category. :

1.  Polyurethane foam bunstock and lammated boardstock
> HCFC123 o R -
> HCFC 141b - | |
> Carbon adsorptnon thh recovéry

| 2. | Polyurethane poured and sprayed foams

| ' » HCFC 123
»  HCFC l4lb.

» CFC l1/HCFC 22 blend
> CFC ll/water '

3. \Extruded polystyrene foam boardstock
> HCFC 123
» HCFC l41b
> H¢Ec,22
» - 'HCFC 124

R Hcsciaua
> HCFC 142b

4.  Extruded polystyrem: foam sheet/ low density polyethlyene'
> HCFC 22 :

A5>. : Phenoﬁc foam

‘>  HCFC 123
> HCFC l4lb
S Carbon adsorption with Vrecov'ei;_')}r

- 47
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FUNCTIONAL ALTERNATIVES Alternative: HCFC 123
DATA SHEET . Product Group: POLYUREI‘HANE FOAM BUNSTOCK AND LAMINATED BOARDSTOCK
Process Group RIGID FOAMS -
END-USE
AVAILABILITY AND | Technical Available now
TIMING o .
Commercial 4105 yeans Al estimates sssume that 1oricity test results (now underway) are
. favourable, and may also vary depending on the lengih of inhalation
Market 510 6 years swdies needed.
END-USE MARKET Expected 100% in 610 7 yean
PENETRATION AND .
TIMING Maximum 100% in 710 8 years -
Substittion 100% of CFC i1 consumed for this product group .-
.. | potential )
END-USE . . . B
MARKETPLACE Acceptance Acceptance will be highly dependent on the price of companble end products.
COMPARABILITY ' } )
' Quality Expecied 10 yield & lower R-valuc per given thickness
. Durability and tife No difference, based on currently svailable information
Environmental I;\d Ozone depletion pamual of 0.05; otherwise no issucs cmrung loucny lesting is
health issucs favourable.
COSTS AND Reacarch and Eswmted $100,000 for the industry (nowe Lhn foam b k and
BENEFITS develop cosu d bosrdsiock is & very small industry i m Cmada and is heavily ;mpm driven.
‘One-time conversion | Minimal, based on hnical infor
costs i
Annual ' Mini 10%:-i in Cost of Goods-Sold based an’ expecied chmuul cost
cost ch inc of 200 to 500% over CFC 11,

Spin-off costs and
benefits

End-use modifica-
tion costs

End-usc cost
changes

None

Unknows, but pouxbly major implication for end-use cosu and applications because of

lower R-value.

Probable 22 10 5.5% increase for equivalent R-value.
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FUNCTIONAL ALTERNATIVES .

‘One-time conversion
costs

Annual op 8

Alternative: HCFC-141b
DATA SHEET Product Gmup: POLYURETHANE FOAM BUNSTOCK AND LAM[NATED BOARDSTOCK
N ‘ Process Group:  RIGID FOAMS
END-USE
AVAILABILITY AND . Technical 1102 ycan
TIMING o o
Commercial Jw 3 yan Tonxicity tests have not yei staned on 141b (123 and 141b are
- - companble, however 123 is shead of 141b developmentally)
Market 410 6 yean . ’
. |END'USE MARKET | Expected 100% in 610 7 yeams
" |[PENETRATION AND . : A
TIMING - Mazimum® 100% in 710 8 years
Substitution 100% of CFC 11 consumed for this produc: group
pmmtul :
END-USE , - - :
MARKETPLACE’ Acceptance Accepuble, depending on end use impacts of expected higher price
COMPARABILITY - - : R
’ Quality No difference, based on cumrently available information
Durability and life No difference, based on cumently svailsble information . .
Environmental and me; depletion pownual is less than 0(}5. 141b is known 1o have Oammability risks
health issues (mom data is required as Lo flammability)
COSTS AND Research and Estimated $100,000 for the industry
BENEFITS , development costs .

Patential significant upgrade coss 1o deal with flammability. In addition, becsusc of
the need for & new production line, there is some likelihood that conversion costs
would be prohibitive for the existing manufaciuress. .

cost changes

Spin-off costs and
benefits

End-use modifica-
tion costs

End-use cost
changes

Independent of g com i 10 deal with ﬂammahluy (md: s caplosion
p«ooﬁng ad mnmncz) expwwd increasc is probably 7 1o 8% Cost of Goods Sold.
None known . L -

Narie known

Probable end-use cost increases of iS'so 16%.
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FUNCTIONAL ALTERNATIVES Altermnative: CARBON ADSORPTION WITH RECO\*'ERY

DATA SHEET Product Group: POLYURETHANE FOAM BUNSTOCK AN D LAMINA' TED BOARDSTOCK
o Process Group: - RIG[D FOAMS .
END-USE .
AVAILABILITY ARD | Technical = - Applicsbility of carbon sdsorption 10 b ks ex Iy 1 Jt of the Bigh
TIMING : . peroentage of CFC retsined in the foam cell afer f .
Commercial ° . ’
Mut‘et‘
END-USE MARKET | Expecied
PENETRATION AND
TIMING Maximum
Substitution
potential
. END-USE .
MARKETPLACE Acceplance
COMPARABILITY .
' Quality
0 Durability and life — ,
o
Environmental and
health iuuu}
COSTS AND Rescarch and
BENEFITS development costs

One-lime conversion
cosis

Annual opersting
cost changes

Spin-off costs and
benclis

End-use modifica-
ton costs

End-use cost
changes .




u

FUNCTIONAL ALTERNATIVES

-Ahernative: - - HCFC-123

Product Group: POLYURETHANE POURED AN D SPRAYED FOAMS

Commercial B

Marker v

4 w 5 yax; o Al uumam assumc that mnmy test ruulu (now undermy) are

|DATA SHEET ‘
L ' _ Process Group:  RIGID FOAMS Lo
END-USE - | rourep AND sPRAYED
AVAILABILITY AND Technic:lA' Avilblonow N 5
TIMING A ) ‘ s ‘

- |EXDUSE MARKET
{PENETRATION AND-
Jrmane, 0

L

Expecied

Mazimum ‘

Substuttion -~

potentisl -

. . ~favoursble, and may also vary dcpmdmg on thc lmgth of m!almcn \ ’
Swéyami . studies needed. .
flOO%mSto?yuu L ) B

: l@%m?wkym . -

100% of CFC ll consumed fm— this pmduct group

i

END-USE. = .
MARKETPLACE

* JcomparaBiLITY

Acceptance.

Qua\illy

. > Durability, and life"

E'nvimruniz\nl and

“Expecicd 10 yield a lowes' R-value pes given thickness -

: Acoé{nncc will be hiéh)y dependent an the price’ oifpunpu_hble end products.

No diffeseace, based on cumrenily available information SRR
- ‘," . . . . A;;A}A.‘ e .

Ozone depletion pamusl of 0.05; othervme no issucs assuming umcuy suung u

“{.costs

Annusl oiactali?ig
cost changes

Spin-off cosis md
bencﬁu

End-use modifica-
ton costs

End-use cost

i changes -

AT I

 For poured, & minimum 10% increasé in Cost'of Goods Sold based on cxpecied = -
chemical cost increase of 200 10 500% over CFC 11, Spnyed costs will likely be 15 10 i

20% highar slthough there is some. pomblhty that lhe increase vnll be lm, dupmdmg
an 1he success’ of refozmuhums

o

None' |

e

Unknown,. but possibly major unplmuon for end~use cosls md npphcuuom because of
lower R-value.

”~

Pmblbh: 22 10 25% increase for equwalcm R-value in pnuxed up 1o 35% l'ughcr fo:
spnycd The mcrcasad cast of sprayed in panicular, will likely have ma}m
campetilive lmphcaums for the industry.

health issues favmmblc .
) EOE B -y = ;e
. |cOSTS AND - Research and | Unknown' .- - . - S
- |BENEFITS " development cosis | < . e . . .
V : One»u.me conversion * Minimal bised on o hnical infoy -

i




es -

' |BENEFITS

Onc-time convession
cosis

Poxdndd}ig,a}ﬁm upgn&c costs 1o deal with flammability, ©

tion costs

End-use cost
changes -

Annusl operating "T ds ofopatlmgmlmcmmwdulmm“‘ (:ﬁché; r'.

cost changes proofing and i ‘,cxpecwi‘ uprobnblyupmzo‘i'pof{:wd&ndl
-Sold for poured snd approxi 15% for spray

-Spin-off costs and. .None known

benefis : .

End-use modifica- None inawp i

'

" Probable end-use cost increases of up w0 20% in _poun'd, and 30% in sprayed. -

F U\CI IO\AL ALTERNATIVILS Altemative: HCFC- l4lb N
DATA SHE.ET "Product Group: - POLYURETHANE POURED AND SPRAYED FOAMS
. Process Group: RIGID FOAMS '
END-USE POURED AND SPRAYED
. [AVATABIITY AND "!‘echhical , T2 yoans
. Tl\n\G P R .
' Commercial - Jw Syc.u: ‘ Toxncuy oSty hwc not yei staned on Mliy (1?3 and ldlhm
. * companble, howcver 123 is ahesd of 141b dcvdupmmlly)
Masrkes | : 4w6yun
END-USE MARKET . | Expecied - m inbto 7 yeans (
|PENETRATION AND 3 . 2 -
ITIMING | Mazimum. ,l(l)% inTwg yan
Substiwtion 100% of CFC 11 comm';ed for this product group
potential
END-USE . o . . ~ .
MARKETPLACE " Acceptance Acceplable, depending on end usc impacus of cxpected higher price
COMPARABILITY " | - - -
. - “Quality, No. difference, based oo ly available inf
Durability and life No difference, based ‘on ly available inf ~
- Enviroamental snd Ozone depletion potential is less than 0.05; 141b is known to have flammability risks |
health ism.u {more data is required as'to ] bilityy - : .
COSTS AND Rescarch and Unknown
development cosus .




)
bU\'CT IONAL ALTLRNATIVES . Allemative: . . CFC- llJHCFC 22 BLEND
DATA SHEET Product Group:  POLYURETHANE POURED AND SPRAYED FOAMS
, Process Group: RIGID FOAMS
END-USE POURED AND SPRAYED . .

AVAILABILITY AND~
"|TIMING - ’

: Techmc:l

’ Commcrcul .

This alu:muve replaces the CFC 12 cunmlly blended with CFC 11 (94’5 CFC. ll 6%
CRC 12) with HCFC 22, “The blend still remains 94% CFC ,ll thua the alienulive has

s very limited cfect on rediction in CFC P In addition, its applicability is

also. Limited to poured applications where frothing is needed only (no spnyed :

&

) ] 'Mnrkcl . applications al al!) Thc wul reduclion potential is unknown bul judged 10 be very
< o C . small bes “of the repl afcmly the rclcvanlCFC IZmd'.hc ited maker
END-USE MARKET Expecied’  applicability. ' .

PENETRATION AND.

TIMING et

¢

M:xxmum A

“Substiltion
* porential

END-USE :
MARKETPLACE
COMPARABILITY

5
8

Accoprance

. Q;nlity

’ .Durability and life’

Envifom;zmis! and
| health issues -~ ’

" fcosts AaRD

BENEFITS

S

Research as;xd
devclopmml costs

0\: -ume conversion
cosis | PR

Annual operating

«cost changes ’

" Spin-off costs and

benefis

End-use hot.iiﬁga‘ .

tion costs

End-use cost

‘| changes . A
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l'UNCTIO\'AL ALTERNATIVI;S

Aliernative: “CRC- IINATER '

‘cost changes

tion costs . .

changes ~ -

.
One-lime conversion
costs

Annual operiting
Spin-off costs and
benefits

End-use modifica

End-use cost

DA’I‘A SHEhT Product Group:  POLYURETHANE POURED AND SPRAYED FOAMS.
Process Group RIGID FOAMS-
EM)' USE POURED AND SPRAYED
AVA;LABIUTY AND Technical Al!.hough techmically feasible and avnlab!c as5.an altcmauve, the CFC llI\Vam
TIMII\G . ) . combination is not a preferned sltemative by many users for a number of reasons.
Commercial’ First, it would cause 2 reduction in R-value with resulting implications for end uses,
P such a3 wall thickness in building spplications. Second, maisture sensitivity may
Market increase, again impacting end use markels such as freazers. Third, a loss in rigidity
. : - #nd compressive steagth could result, making the product weaker or more compress-
END-USE MARKET ‘Expected ible This would sffect madkels such as building insulation. Fourth, the production
PENETRATION -AND S process geacrales carbon dioxide. Fifth, conversion costs would be very high. For
- |TIMING " Maximum | spray applications for example, the aqmpmcm conversion costs would likely rmgc
: ) o bcmccn 5500000 and §1 million.
Substitution " . :
potential Ansl ive view is p by a !cast one syswms supplier, who feels that, . . : b
- alwmmeMW N -
END-USE . N viable solution, parucv.dtrly given uncertainty about the availability of other aliemna- : . ‘
MARKETPLACE Acceptance _tives. Their conclusion i3 that the potential problems such as sensilivity and |- _
COMPARABILITY T loss: of rigidity can be overcome through formulation, that, carbon dioxide emmissions v
s : ’ Quality - * would be minimal and the cenvcmon costs relatively competitive with other -
Lo aliernstives. - o ) :
Durability and life - N
Environmental and
healdh issues
COSTS AND Rescarch and
"|BENEFITS development costs




’ FUNCTIONAL ALTERNATIVES -~

HCFC-I23 and HCFC 141b

Altemnalive:

§§

BENEFITS

: development costs

One-time conversion”

costs -

Annual operating
cost changes

Spin-off costs and

- ‘benefits

End-use modxﬁcn-
ton costs

" End-use cost

changes

DATA SHEET y Product Group: EXTRUDED POLYSTYRENE FOAM BOARDSTOCK
, Process Group:  RIGID FOAMS i

END-USE -
AVAILABILITY AND' | Technical HCFE 123 and HCFC 141D are not presently commercial alicmatives for extruded
TIMING s polystyrene foam.  The potmml applicability of cach in this product group remains to

Commercial bc dammmed L

) Market -

END-USE MARKET | Expected
PENETRATION AND-
TIMING | Maximum

Su‘bstitu‘;iq'n L

- | potenuiat .
"|ExD-USE [ NN -
© |MARKETPLACE Acceptance
“|[COMPARABILITY :
: | Quality
Durability and Life .
- . : ;-

Environmental and | !

health issues
COSTS AND Research and’ B




-~
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e e et P — L et

development costs

One-time conversion

T costs

Annual operating
cost changes

Spin-off costs and

benefits -

End-use modifica-
ton costs

End-use cost
changes

/

- Estimated §1° million for industry

Estimated 5 10 6 % increase in Costs of Goods Sold

None [

for end-use costs and applications because

Unk , but possible major impli

of sngmﬁcanl R-value reduction.

fncrease for equivalent R-value, but will vary by end-use application.

]
FUNCTIONAL ALTERNATI\’ES Aliernative: HCFC 22
DATA SHEET Product Group: EXTRUDED POLYSTYRENE FOAM BOARDSTOCK
Process Group:  RIGID FOAMS
EXD-USE -
AVAILABILITY AND | Techmical | Avallabic now
' ImMiNG : e .
Commercial Commercially available in Eumpe for certain types of oquipment. A blend of HCFC - -
22 with CFC 12 in proponions up to 100% HCFC 22 is also feasible.” The discussion
Market below addresses the 100% HCFC 22 sitwation since it demonstrates the maximum CFC
: 12 reduction potential aliemative. )
END-USE MARKET Expected
PENETRATION AND s .
TIMING Mazimum 100% in 1 year
| Substitution 100% of CFC 12 currently used in extruded palystyrene foam,
potential , .
END-USE . )
MARKETPLACE -Acceptance Acceplable, depending on the price of comparsble performing prod
COMPARABILITY o .
Quality Probable minimum 15 w0 20% reduciion in R-value.A
‘Durability and life No difference
Environmental and | Ozone depletion patential of 0.05; otherwise no known issues.
health issues ~ ‘
1cosTs AND Research and -Estimated §1 million for required full scale testing
BENEFITS

-~
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FUNCTIONAL ALTERNA’I‘I VES )

HCFC 124

Allcmauve' ‘

DATA SHEET Praduct Gmup EXTRUDED POLYSTYRENE FOAM BOARDSTOCK
Process Group: RIGID FOAMS -
L\'D USE
AVAILABILITY AND | Technical HCFC 124 appears to have powential as an aliemative for CFC 12 in extuded
!l\llNG polystyrene applications but with limitations- and some difficulty in manufacture. At
Commescial preseat there is no timetable for availability and no schoduled toxicity testing.
Market
END-USE MARKET Expected -
PENETRATION AND : o
TIMING : Maximum
Sub:;imlion . .
potential
EXD-USE ] -
MARKETPLACE _Acceptance |
COMPARABILITY .
’ Quality
Durability and life
Environmental and ’
health issues
COSTSI AND Ruérch and . "
development costs

BENEFITS |

One-ime conversion

costs

Annual operating

[ cost changes

Spin-off costs and
benefis

End-use modifica-
tion ¢osts .

End-use cost
changes
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FUNCTIONAL ALTLRNATIVI:S ‘Alternative: "HFC-134a
DATA SHEET N Product Group:  EXTRUDED POLYSTYRENE FOAM BOARDSTOCK
Process Group: RIGID FOAMS -
END.USE
AVAILABILITY AND | Technical 110 2 years (technical issues remain 1o be resolved)
TIMING | . i ’ . c : .
: Commercial 4105 yeans HFC 1344 was designed as & replacement for CFC 12 in refrigeration
) applications but also appears Lo be technically apphublc in this
Market 510 6 yéars pmduu group.
END-USE MARKET Expected 100% in 710 8 years
PENETRATION AND . :
TIMING Maiximum 100% in 7 10 8 years
SuSsum:.icn 100% of CFC 12 consumed for extruded poiylsiyme boardstock
poential :
END-USE . . .. v
MARKETPLACE Acceptance Acceptable, based on cument HFC 134a"technical information -
COMPARABILITY . c . .
' Quality Potential increase in R-value if HCFC 134a retsing the HCFC in the ocll when blown
Durability and life No difference, based on currently available infonmation
Environmental and None known
health issues ‘ '
~
COSTS AND Research and Unknown
BENEFITS development costs - |’
*|- One umc conversion | Unknown

costs

Annual operating
cost changes

Spin-off costs and
benefis

End-use modifica-
tion costs

End-use cost
changes

. - { . R
Unknown (probable chemical cost increase is on the order of 300 to 400%)

r

' None known

None known

May be positive in some situations, depending on specific end-use applications (i.c. the
combination of increased R-value and higher price is favourable for cértain products).
The oversll impact will depend to a large extent on the changes in price and perform-
ance which occur with other competing insulation pmduc\s

-




69

ey T A . ?\an Fer el

FUNCTIONAL ALTERNATIVES

Alternative: . HCFC-142b

"|BENEFITS.

development cosis

One;timé conversion

costs

- Annual operating

cost changes -

Spin-off costs and
benefits

End-use. modifica-
uon costs

End-use cost
changes

DATA SHEET . Product Group: EXTRUDED POLYSTYRENE FOAM BOARDST OCK~
Process Group: RIGID FOAMS

END-USE - '

AVAILABILITY AND * Technical

TIMING : ‘

’ Commercial Available now; the only Nonth American supplier is U.S. based Pennwall . -

Market

END-USE MARKET Expected

PENETRATION AND : . Unknown; dqxnds heavily on Pmnwal\s mu’kel. strategy and the resulting HCR'.’

TIMING : Maximuom 142b availsbility 10 various rharkets. N
Substitution " 100% of CFC 12 consimed for extuded polystyrenc boardstock
poteniial .

END-USE o . I

MARKETPLACE Acceptance - Acceptable.

COMPARABILITY ) ' ) . .
Quality A small R-value decrease is lnlic;pnlcd - -
‘Durability snd life No difference, based on currently available informstion _
Environmental and’ Ozone depletion potenual of 0.05 and same flammability issues, -
health issucs o

COSTS AND Research and- Estimated'$1 0 $2 million for the industry ‘. S T

Estimated 32 nillion

A alml hemical vol bstitution is fe , Cost of Goods Sold”
increases nf 610 12% are. expccwd based on a chemical cost increascs of 200 10 400%.

Nore known*

Modification costs will be highly dcpmdm; o how significant the R-u!ue changc i
and what approiches users need 1o adopt s & result. .

Also R-valuc and epplication dependent; could range from negligible 1o 15%.




09

One-time conversion
costs

Armﬁal operating
cost changes

Spin-off costs ind_
benefits -

End-use modifics-
don cobls

End-use cost
changes

Estimated $0.5 million for the entire product group .

Probable 20 to 25% increase in Cost of Goods Sold based on expected chemical cost -

increase of 200 10 500% over CFC 11,

None

None, based on current information.

Probable 35% incresse,

N

TFUNCTIONAL ALTERNATIVES - Alternative: HCFC-123
DATA SHEET Product Group: PHENOLIC FOAM
) Process Group:  RIGID FOAMS

END-USE OPEN CELL CLOSED CELL

AVATLABILITY AND | Technical T1o2 years Availebls now

TIMING o _ . L . ‘

s Commercial 4105 years All estimates sssume that toxicity lest resulis {(now underway)are |, | 4105 yean All estimates assume that mxicizy test results (now underwsy} are
! favoursble, and may also vary depending on the lmgth of inhalstion ’ favourable, and may also vary depending on the length of inhalation

Market 5 to 6.ycar studies needed, 510 6 years swdies needed.

END-USE MARKET éxpcclcd : 100% in 6 1 7 years 100% in 6 10 7 years

PENETRATION AND. . . ’ ’ e

“TIMING " Mazimum 100% in 7 w 8 years 100% in 7 1o § years

gubsdwdon . 100% of CFC 11 consumed far open cell products 100% of CFC 11 consumed for closed cell products
potential

END-USE . o " - Acceptance will be highly dependent on the price of compaublc ‘end products and thc

MARKETPLACE Acceplance Acceplance will be highly dependent an the price of comparsble end producis market implications of lower R~valuc performance.

COMPARABILITY . )

: Quality No difference, based on currenily available information Expecied 10 yicld 2 10 10 15% reduction in R-value per given thickness

Dx;nbilily and life . No difference, based on currenly nviiluble information No difference, based on cumently available information !
Envi:onmmt;l “and Ozone depletion pownud of lm than 005 olherw:sc no issues assuming wuaty : Ozone depleuon pacntul of 0. 05 otherwise no issues assuming toxicity testing is
healh issues testing is favounblc favourable.

COSTS AND Research and Estimated $1 million f& the entire product group Scc commenis regarding open cell costs

BENEFITS development” costs . : “ .

See comments regarding open cell costs

Probable 35% increase in Cost of Goods Sold based on expected chemical cost
increase of 200 to 500% over CFC 11,

None

None, based on current information

Probible 45 to 50% increase.




L9

Alternative: . -

One-time conversion
COSIS

Annual operating
cost changes

Spm—off costs and
benefits

End-use modifici-
tion cosls ;

End-use cost
changes

- Unknown, but potential significant upgrade costs to deal with flammability.

FUNCTIONAL ALTERNATIVES "‘HCFC-141b o
DATA SHEET - Product Group: PHENOLIC FOAM..
- ' Process Group:  RIGID FOAMS
END-USE OPEN CELL CLOSED CELL
AVA{U\BIUTY AND | Technical - 1102 yeans 1 w2 years i L e
TIMING - ' . : L . . . . . o o ‘
Commercial 3105 years . Toxicity tests have not yet started on 141b (123°and 141b arc 3w 5 yeans  Toxicity tests have not el started on 141b (123 and 141b are
' - . comparable, however 123 is ahcad of 141b developmentally) - . ’ comparable, however 123 is ahead of 141b developmentally)
‘Market 4106 years o ’ - 4 10 6 yeais S
END-USE MARKET™ |.Expected 100% in 6 10 7 years “100% in 610 7 years
PENETRATION AND | - o - o :
TIMING Maximum - [100% in 7 10 8 years 100% in 710 8 yeans
L - -
" | Substitution - 100% of CFC 11 consumed for open cell products 100% of CFC. 11 consumed for open cell products-
poatential - . B . " .
END-USE - . s . : - . L
MARKETPLACE Acceptance Acceptable - ) Acceptable, depending on impact of R-value reduction.
'|COMPARABILITY . | : T L ‘ : , e S , :
’ . - | Quality No difference, based on currently available information Expected reduction in R-value (the range of reduction is unknown st this paint) *
Durability and tife " No difference, based on cwreatly available information. No difference, based o currently available information” ’
M -) ¢
Environmental and | “Ozohe depletion potential is less than 0.05, 141b is known 10 have flammibility risks | Ozone depletion potential is less than 0.05; 1416 is known w0 have flammability risks-
health issues {mor data is roquired as to flammability) - | (more data.is roquired as to flammability) :
~ [cosTsS AND Rescarch and’ Esiimated $2 million for the entire industry oo Sec comments regarding open cell foam
BENEFITS ,devclopmenk' costs ’ - ‘ : - . ..

Unknown, but poiential significant upgrade costs 10 deal with flammability.

of operating cost increases w deal with Nammability (tuch as cxplosion

Trd, d

10 deal wuh flammability (such as

Independent of opesating cost | !
“proofing and i ), expected i c is probably 25% Cost of Goods Sold.
Nore known

None known

Probable end-use cost increases of 30 to 35%.

s

pmﬁng and insurance), cxpectcd increase is probably 30 10 35% Cost of Goods Sold.

-

None known
None known

Probable cnd-v;lsc cast increases of 40 10 45%,
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DATA SHEET

FUNCTIONAL ALTERNATIVES

Product Group: PHENOLIC FOAM

Aliernative: CARBON ADSORPTION WITH RECOVERY -

Process Group: RIGID FOAMS

BENEFITS -

_One-time conversion
costs

Annual oputiing .
cost’ changes

Spin-off costs and
benefis

End-use modifica-
tion costs

End-use cost
changes

END-USE
AVAILABILITY AND | Technical Carbon adsorption is not Teasile for clased cell applications because of bank‘ing. For
TIMING ’ open cell applications, it is technically feasible but judged to be prohibitively -
Commercial expensive. The practicality of pursuing this sliemative is also questionable given the
’ movement in the insulstion markeiplace from open 1o closed cell foams. :
Marker - E
END-USE MARKET Expected
PENETRATION AND
TIMING Maximum
Substitution -
potential
END-USE ) A s
MARKETPLACE - Acceptance
COMPARABILITY -
Quality
Ke)) Durability and life
[ab] .
’ Environmental and
health issues N
COSTS AND Rescarch and
development cosis
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FUNCTIONAL ALThRNATIVES

Allernative: HCFC-22

Maximum ©

DATA SHEET Product Group: - EXTRUDED POLYSTYRENE FOAM SHEETILOW DENSIT Y POLYETHYLENE FOAM
'Process Group:: RIGID FOAM ‘
END-USE -
AVAILABILITY AND | Technical Curvently available in the marker —
TIMING ' L = .
Commcrf:ial
) erke{ ]
" [ERD-USE MARKET | Expected 100% in 1 year ]
PENETRATION AND : o -
TIMING 100% in | year

BENEFITS

. One-time conversion

cosis

Annual owming L

cost changes

‘Spin-off costs and

benefits:

End-use modifica
uon costs

End-usc cost
changes

. Increase, based on pass through chemical cost increase

Substittion 100% of CFC 12 consumed for rigid foam packaging applications -
) potential . o ' . . .
|END-USE. - - ‘ . A , <
MARKETPLACE . Acceptance Acceptable: (HCFC-22 is becoming the new standard for these product groups) ’ - . =
CO\iPARAB!IJTY . ) ' ' : . . ’
‘ Quality Acceptable
i Dur;bility and Life No difference, bised ‘on curren: information ] .- I : o . .
_ Environmental and Ozone depletion potential of 0.05
health issues : .
COSTS AND Rescarch and None - . A T T
development cosus o ' ’ .

Estimated §1 million for the industry
Unkniown‘-ai l.hisvsuge, but HCFC-22 is somewhat mare expensive than CFC 12
None

N;n)e expecied




o

C. FLEXIBLE FOAMS -
' Below are substxtute products for the‘ flexible foam categéry rewewed in th1s
secnon. L .

1. _All flexible foams
» HCFC123
> HCFC 141b
> Engmeered plasnc cushion

2. .Slabstock

\ > Methyléne ’chloAride

> B Formic acid “AB" process. |
> '\flolded polyol systems

~»  Carbon adsorpn(oq
> E‘;rha'x‘syster.n ’
> N . Verucle foam chamber thh carbon adsorpnon "

> , Naturai!synthetxc fxbrehll

o ‘r. i Alternanve foams' e.g. latex ”

| 'Mlmmum foam de;'lsuy

3. Molded AR | -
> , Water and ﬁodxfled polyols
> Carpon adsorption ‘
> - Design chaﬁges to reduce consumption .’

. Firmer seat requirements , P . o -

e
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bU\CTIO\AL ALTbRNATIVLS
DATA SHEET

Allenative:
Product Group: SLABSTOCK
Process Group: FLEXIBLE FOAMS.

NATURAL/SYNTHETIC FIBERFILL

"IBENEFITS

development costs
Onc-lime conversion

costs

Annual. operating
‘cost changes

Spin-off costs and
benefits

End-use modifica-
ton costs

End-use cost ™
changes

convert. This particular segment of flexible foam produciion would umply disappear.

END-USE FURNITURE ) BEDDING (QUILTING)
AVAILABILITY AND | Technical
TIMING : ) '
: Commercisl Curreally availsble in the market ‘Currently availsble in the market
Market -
END-USE MARKET Expected 30% in 2 years . .o . 50% in 2 yesrs
PENETRATION AND - ' : ’ K Key area of subsu is in supemsaft foams up 10 2° thick : .
TIMING Magimum 6% in 5 years . Cae — 0% in § years
 Substiwtion” - 7.5% of CFC 11 consumed for slabftock sppli 105% of CFC 11 d for slabstock apy
potential . - N -
- |END-USE :
MARKETPLACE Acceptance Acccpublc (some resislance because of inferior dunlnhly and suppornt c!mctmma) Same comments apply here as for fumiture applications
COMPARABILITY ’ : :
. Quality "Most customers will pe:ccwe ligle difference in quahty
Burability and life .| Compacts moré easily and quickly, hence less dunible
Environmental and None known
health issues
COSTS AND Research and Thete is sdequale cmung cupply of Usyntheti ﬁbcxﬁll 1 i ducts on | Same comments apply here as for fumiture applications
the market. . As & result, there is liude likelihood that existing mmuixcmm will . o
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- o Allernative:

ALTERNATIVE FOAMS (EG. LATEX)

‘| Onetime conversion

costs

Annual operating
cost changes

Spin-off costs and
benefits

End-use modifics-
uon costs

End-use cost

changes

by nw matedsl svailability worldwide), Current producers are net likely 1o’ convent o
this aliemative. ’

Foam cost increase of up to 100% -

FUNCTIONAL ALTERNATIVES - .
DATA SHEET' Produci Group: SLABSTOCK Lo
. I Process Group: FLEXIBLE FOAMS
END-USE .FURNITURE BEDDING (CORES)
AVAHABILITY AND | Technical ¢
TIMING - - ‘ o
o Commercial Currently svailable in the market Currenlly available in the market
Market .
END.USE MARKET | Eapecied 25% in 2 years ‘ ~ SBin2yaars , ‘ T
PENETRATION AND .o - Alternate foarns have a very limited market: applicability Mirket for altemative foams in these end-uses is also limited
TIMING Mazximum 5% in S years 10% in 5 years ]
Substitution 0.7% of CFC 11 consumed for slabstock applications 1 10 2.5% of CFC 11 consumed for slabsiock spplicationa -
potential s . :
END-USE . T,
MARKETPLACE Acceptance Acceptable, but mare capensive (a5 much as a 100% cost increase) Same comments apply here as for fumiture applications K
COMPARABILITY. o : '
) : Quality Acceplable for most applications (betier for natural-based products than synthetic- 5
) based but natural-based products have limited availability)
Durability and life Acceplable
Envirormentsl and None known
health issues
COSTS AND Rescarch snd There is sdequate existing supply of altemative foams (natunl-based foams are limited | Same apply here as for fuminure applications
BENEFITS development costs
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Alternative:

AF UNCTI 0\'AL AL’I‘LRNATIVI-,S ENGINEERED PLASTIC CUSHION -
DATA SHEET . Product Group: ALL :
Process Group: FLEXIBLE FQAMS ‘
END-USE

Technical

development costs

One-time conversion

costs

Annual ‘operaling

cost changes .

Spin-off costs and
benefits

Y

. End-usc modifica- . .

tion costs

‘End-use [

changes

AVAILABILITY AND Engincered Plasiic Cushson is unknown as an akcmauvc cxthex wchmcally ot fox end-
TIMING . use applications in Canada. . .
Commercial -
Market S
IND-USE MARKET | Expecied
PE\’I:’I‘RATION AND | . .
TIMING.. Mazimum i
| Substiwtion
_ poteatial
END-USE .
"IMARKETPLACE Acceplance
COMPARABILITY T
‘ S Quality i
Durability and life
" Envirormental and
health issucs
COSTS AND Rescarch and
BENEFITS
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FUNCTIONAL ALTERNATIVES

R .. Aliernative:

. One-ume conversion
. cosis

Annusl opersting
cost changes

Spin-off cosis and .
benefiis

End-use modifica-
ton costs

End-use cost
changes

No ‘significant changes .

DATA SHEET Product Group: * SLABSTOCK
. Pracess Group: FLEXIBLE FOAMS
END-USE
" [AVAILABILITY AND | Technical T '
TIMING - Cuzrently used in conjunction with CFC 11 as s blowing agent. Depending on the
: . Commercial company and product, methylene chloride may be well under 50% of the agent or as
i much as 83%. The estimated average pctcu\uge across the industry | is 5% CFC 111
Market 5% methylene chioride.
END-USE MARKET Expacted 50 % in 2 years
PENETRATION AND ) . -
TIMING - Mazimum’ 0% in 2 years
Substiwtion 50% of CFC 11 d for slabsiock appli
potential
END-USE - . i S
MARKETPLACE Acceptance Acceptable except for health issues discussed below
COMPARABILITY R . .
Quality .+ | No difference to CFC 11 based producis .
Durability and life No difference to CFC 11 based vaxiucu
Methylene chloride i & suspecied carcinogen and is banned in certain US. suacs. Use
‘Environmental and | requires properly designed and installed ventilstion systems, There may also be
health issues barriers to use once the WHIMIS legislation is in effect. Emissions are slower than
o CFC 11, typically meaning more gls is emitted after. products are shipped.
COSTS AND” Research and .| R&D to convert 1o maximum levels would cost approximately $100,000 per plani or
BENEFITS dcvclo'pmcnt costs *$t million for thc indusiry.

Cosis'to conven would also be tppmum-u:iy $100,000 per plant or Sl million for the
mdusu”y .

Range from a slight reduction (<0.5% Cost of Goods Sold) 10 an increase of 1% or
more depending on individual plant- conditions and environmental changes required. -

Unknown environmentsl costs

-No significant changes )

METHYLENE CHLORIDE -
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FUNCTIONAL ALTERNATIVES.

One-time . conversion
costs

Annual operating
cost changes

Spin-off costs and
benefits -

End-use modifics-
tHon costs

End-use cost
changes

Alternative: ‘HCFC:-123
DATA SHEET Product Group: ALL
Process Group: FLEXIBLE FOAMS"
" |END-USE

AVAILABILITY AND-| Technical - - 2103 years oy
TIMING N o o 4 .

Commercial 304 yan All extimates sssume toxicity 1est resulis are favounable

Market 3104 yeans -
END-USE \1AR1\.ET | Expected 100% 'm 8109 years ! . ’ . E .
PENETRATION AND . . o BN
TIMING -~ Maximum - .100% in 8 "0 9 years

'VS'upsliuiu'op . 100% of CFC 11 consumad for flexible foam tpphcxuml
s - potential -
END-USE : ) .
. {MARKETPLACE’ ‘Acceptance - - Acceptable, dcpeudmg on md use :mpacu of expec\.ed hzghcr pice . ..
"|COMPARABILITY ‘ '

: : Quality - f No dxffc:mcc. bucd on curmuly wuhblc mfonmuon ,

Durability and life "No difference, based on currenily available infoomation

) Environmental and' Unknown until toxic test results arc available ’

health issues . '
COSTS AND Rescarch and Estimated $0.5 million for the industry
BENEFITS development costs

X

ibility with CFC 11 is

Expected to be minimal if anticipated complete technical

‘| maintained. Significant costs would be mcuned if some side’ by side use of CFC 11

was nacded after muoducam ot‘ HCFC 123. .

Expacw& ) t0 2% increase in Cost of Good: Sold, based on ex?ecwd chemical cost
mcrease of 10010 150% over CFC 11.. E

None kriown;: -
None known

Probable end-use cost increases of 2.10 4% for slabstock applications with molded
applications slightly (i.c. 10%) higher incrementally due to blowing efficiency losses,

‘
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FUNCTIONAL ALTERNATIVES

- Allernative: HCFC-MIB

BENEFITS

development costs

One-time convenion
costs

|- Annuat cpiming

cosl changes

Spin-off costs and

‘benefits

End-use modifica-
tion costs

End-use cost
changes

DATA SHEET Product Group: - ALL
: Process Group: FLEXIBLE FOAMS
END-USE ' ' '
-, JAVAILABILITY AND | Technical . - 3104 years
TIMING . ) . - . - .
' Commercial $10 6 yeans . Toxicity tests have not yet staned on 141B (123 and 141B are
. - comparable, however 123 is shead of 141B developmentally)
Market 5106 years : . .
END-USE MARKET Expecied -100% in 101011 years
PENETRATION AND |- i .
TIMING Maximum 100% in 1010 1] years
i . .
Substitution 100% of CFC 11 consumed for flexible foam applications .
‘ potential . . .
"JEND-USE . ' ' .
MARKETPLACE Acceptance Acceplable, depending on end usc impacis of expected higher price
COMPARABILITY ~ : i '
Quality y . | No difference, based on currently available infommation
Durability and life No differcnce, based on currently available information
Environmental and Unkﬁown until toxicity test results are avagilaﬁlc_ however 141B is known 1o have
health issues .flammability risks durng starage. -
COSTS AND Rescarch and Estimated $0.5 million for the industry i

Expected 1o be minimal if snuicipited compleie technical compatibility with CFC 11 is
mainisined. Depending on f1 bility characieristics however, conversion casts for
flammable storage capability and explosion proofing may be required.

Probable 2 10 5% increase in cost of goods sold resulting from increased insurs
costs in additon 10 100 10 150% chemical cost increases. :

‘| None known

Noné knowﬁ

Probable end-use cost increases of 4 10 9%
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l*UZ\CTIO\AL ALTERNATIVES

- Alternative: .

MINIMUM FOAM DENSITY

1. One-time convpmun

costs

Annual operating

cost changes - - -

Spin-off costs and

benefits

End-use modifica-
‘uon costs ’

End-usé cost
changes

DATA SHLET _Product Group:  SLABSTOCK
Process Group: FLEXIBLE FOAMS
' END-USE B ]
) M “ / .
AVAIIAB[UTY AND - Techmical . . C
TIMING o Specifying minimum. foam density (i.c. a directive 1o eliminate CFC use in foams
Commercial ) below a cerain density) is currently available as an nlmmmvc. By itself, it is not .
. ) expecied 1o necannly redice CFC consumption.
] Market
END-USE MARKET. | Expecicd =
. |[PENETRATION AND |’ B
TIMING Mazimum
Substiwtion _ "
potential
|END-USE -~
MARKETPLACE Acceptance
COMPARABILITY i
: Quality
"|- Durability and life
Enviranmental and
health issues . -
COSTS AND Rescarch and
BENEFITS tdevexopmmn cosis ’
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FUNCTIONAL ALTERNATIVES Alicrnative: CARBON ADSORPTION
DATA SHEET Product Group: SLABSTOCK :
: Process Group:  FLEXIBLE FOAMS -
END-USE
AVAILABILITY AND |} Technical 1 year
TIMING .
' Commercial 2 yeans s

Mnrkc;‘ 2 yurs :
END-USE MARKET- Expected 25% in 2 years
PENETRATION AND oo
TIMING Maximum 30% in 2 years

Substitution 25% of CFC 1] consumed end-use

potential
END-USE .
MARKETPLACE Acceptance No impact
COMPARABILITY | ' '

. Quality Ne impact - 7

Durability 'and life Replace filter every five yé&u i

‘Environmental and | Disposal of filter would t0 be evaluated

health: issues - o
COSTS AND Rescarch and $1,000,000
BENEFITS development cosis '

One-time conversion
costs

Annual operating
cost changes.

S;;in-off costs and
benefits

End-use modifica-
tion costs

End-use cost
changes

“Sales pncc of foam would increase by 6% to cover thc cost of filters and opcnung cost

{

$17,000,000 with filiers replaced every 5 yeans

Should compare with existing foam production equipment except that every five years
the filiers would have 10 be seplaced at 3 cost of §1,000,000 mduccd emissions 1o the
stmosphere. Pan n:covcxy and mcycle ofpan L. ™

kS «

with addzuonal cost every year
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FUNCTIONAL ALTERNATIVES

DAT A SHEET

Alternative:
Product Group:  SLABSTOCK
Process Group: FLEXIBLE FOAMS .

Onc-ume conversion
costs

Annual operating
cont changes

Spin-off costs and
benefits

End-use modifica-
tion costs

"End-use cost )

changes

END-USE FURNITURE AND BEDDING
- JAVAILABILITY AND | Technical 2 years (8 years of developmental work has been carried out to date)
TIMING ’ ' '
Commercial 4 years
Market 6 years
-|[END-USE MARKET | Expecied . 20 % in9 yeans
‘|PENETRATION AND e
TIMING Maximom 100% in 11 years
Substitution 40% of CFC 11 consumed’ fot slabstock npphcmms )
potential
END-USE ‘
MARKETPLACE . - Acceptance Acceptable
. JCOMPARABILITY oo .
 Quality No difference snticipated
Durability and Life No difference anticipated
Environmental and Thc formic acid process is hsghly corrosive and gmema -carbon monoxide. Both are
health issues comrolhble through proper equipment and itoring. -
"{cOsTS AND Rescarch and Estimated $1 mlhm o complae R&D nceded to apply p hroughout Canadi
BENEFITS development costs industry R

Estimated $1.2 million, much of which would be roquired for the aqmpmem and

conuoh o effccuvdy deal with the envxronmmml issues above.

A minor incresss is likely, bm in addmm, 2 royalty would be payable 1o the process '

mvcn tors,

Use of this process would reduce isocyanite usage in addition 1o CFC consumption

None known

¢

None known

FORMIC AClD "AB" PROCESS (SEMI FLEXIBLE)
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FUNCTIONAL ALTERNATIVES

DATA SHEET

$

Alternative: MODIFIED POLYOL-SYSTEMS
Product Group:  SLABSTOCK

Process Group: FLEXIBLE FOAMS

One-lime conversion
costs a

Annual opersting
cost changes

Spin-off costs and

“benefits

5

End-use modifica-
tion costs

‘End-us¢ cost -

changes

AEND-USE FURNITURE AND BEDDING
AVAILABILITY AND | Technical 2 years
TIMING - ) . : -
Commerceial 310 § years, depending an the need for toxicity or aher testing -
Marker 3to § years '
END-USE MARKET .Expected 100% in S to0 10 years
PENETRATION AND ’ ‘
TIMING Maximum ¢ 100% in 5 w0 10 years
Substitution 100% of CFC 11 consumed for slabriock applications i .
potential < :
END-USE
MARKETPLACE -] Acceptance Acceptable
COMPARABILITY - ' .
Quality No difference anucipated
Y
Durability and life . | Unknown - compression set testing is needed although it appears that this would not be
e a problem. There may be flex fatiguc problems ss well although this also nceds o be -
tested. o . )
Eavironmental and Nane' anticipated
health issues
. .
COSTS AND Research and Estimated $0.5 million for ficld wials for the indusury
BENEFITS development costs — -

Esumawd $0.5 million for additional tankage, pumps and other process equipment.
Nanc anticipsted
Nooe anticipated

None anticipated

None amicipated
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One-time conversion
cosis

Annual operating
cost changes

.Spin-off costs and

benefits

End-use modifica-
- tion costs

End-use cost

. chahgcs

X Unknowﬁ at this point

Estimated §15 million required for new foam liries, the recovery aysiema .lhemsc!vu
and phnt modifications needed at each site. Apprommu:ly $20 million of exigting
would be obsoleied:

L

Unknown - anticipated royalty payments and uncetain life eycles for carbon beds
would likely increase operating cosis.

None anticipaied

End use cost increases could range from 0 to 10%

FUNCTIONAL ALTERNATIVES Aliernative:  © VERTICAL FOAM CHAMBER WIT H CARBON ADSORPT ION AND HYPERCURE
DATA SHEET Product Group:  SLABSTOCK
Process Group: FLEXIBLE FOAM
END-USE A FURNITURE AND BEDDING '
- [AVAILABILITY AND | Technical 4 years
TIMING ’ : .
' Commercial 1.5 years
Market . 6 years ) ’
EXD-USE MARKET -Expected ‘W% in 10 yean
PENETRATION AND .
A TIMING Maximom 80% in 14 yean -
Substiwtion Recovery ofi80% of CFC 11 cunently emitted during foam manufactuze ; -
poteatial “ : . . -~
END-USE Panial acceptance (60% of madwl) is likely because only shon (10 fool} blocks can be
MARKETPLACE - Acceptance” manufactured.
COMPARABILITY
' ’ Quality’ No difference
Durability and life . No ‘diffannec
M 1
Environmental and | Improved operating environment résulting from reduced CFC
health issues | - : . . L
COSTS AND Research and None anticipated
BENEFITS development costs
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Alternative:

One-lime conversion

‘COsty

Annual operating
cost changes

Spin-off costs land
benefis

End-use modifica-
uon costs

End-use cost
changes

1 Conuotied m\;imn.rhml for foam production drastically reduced emission to the
“atmosphere. Improved foam quality. Recovery recycle'of F 1L

New E-Max foam production cquipmm[ required at $2,000,000. (A one shat cost)

FUNCTIONAL ALTLRNATIV!:,S E-MAX SYSTEM~
DATA SHEET ' ;" Product Group:  SLLABSTOCK
Process Group:  FLEXIBLE FOAMS
END-USE :
. E-Max system
AVAILABILITY AND | Technical Tyear
TI\HNG . ‘
Commercial 2 years available now for production
Market Zyen
END-USE MARKET Expecied 0% in 2 years
PENETRATION AND
TIMING Mazimom 7 T0% in 3 years
Sﬁbsﬁwdqn 70% of CFC 11 consumed
potentisl '
END-USE ' .
MARKETPLACE Acceplance’ Yes (advance in onc year for small scale production) quahty of product producad is
COMPARABILITY . : vcompanblc wuh cnsung aystem.
Quality -
| Durability and life As per existing foam plant aquipment active carbon i m tdsorpum filters uu roquire
: replacement every 5 years, .
Environmental and Environment - concentrations of T.D.1. and feron vapour in the feron will be reduced to
health issues 5% of exising M.A.C. levels in the atmosphere reduced by 80/‘)0% Fcrm will be
= recovered (70%) and reused.
COSTS AND _Research and $1.000,000
- IBENEFITS development cosis

$15,400,000 depends on plamt size. Plus $6,600,000 for filiez sysem,

Should compare with exisling foam production equipment except that every five years
the filters would have 1o be replaced at & cost of §1,000,000,

.

B

Sales pncc of foam pfodu(:l on E-Max i increase by anpox. 6%. Cost advantage may
accrue ‘as prices of Fll rises. . .
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. IFUNCTIONAL ALTERNATIVES
IDATA SHEET ‘

Alicrnative:
Product Group: MOLDED .
Process Group:  FLEXIBLE FOAMS

IZND USE

AVATLABILITY AND Techmical DR
TIMING o o
‘Commercial Curmrently availible {in cffccl a dxf{cn:m design su-alcgy) for automotive applications
[ which constitute 95 10 99‘!: of the upphcauom for Cumdun molded foam prcducts
 Markey - L R
'|END-USE MARKET Expecied < 20% in 3 years . E . .
- |PENETRATION AND a . Maximum penctration, likely to be.acoeptable in'the market
’ I‘l\ﬂ’\G Mazimum 30% in § years U g " o a
Subsitution .« - | 30% of CEC consumed for molded applications -
potential: : o . : .
END-USE . Resistance ai the deaign (U.S. OEM) level is expecied but market wends and CFC
MARKETPLACE Acceptance reduction pressures are cxpecied 10 overcome both of these constraints.
COMPARABILITY . .| . - IS . ; ’ '
: o7 | Quality. < "L/ |'No difference”
, .
- Durshility and life - :| No difference
t N N : .
Environinmul wd | None -
health issues N .
COSTS AND Research and If introduced non-catastrophically, i.c. as pan of the normal automobile programs over
|BENEFITS _a three to five year period, the costs of this altemative are likely 10 bé esseatially zero

.development costs

One-time’ conversion

‘LOsLS

Annual opersting
cost changes

Spin-off -costs and

‘benefits

End-use modifica-
tion costs

End-use cost
changes

J since design changes, reaooling and new supply contracis are nocessary and expected at
" these changeover points. It'is unlikely that this al

could be impl d more |

quickly than this nor more cffectively in any other way.

DESIGN CHANGES TO REDUCE FOAM CONSUMPTION
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Aliernative:

8L

BENEFITS

development cosis
One-time conversion

<osts

Annual epcrzti.ng
cost changes

Spin-off cosis and

benefits

End-use modifica-
ton costs ’

End-use cost:
changes

. None anticipated

[FUNCTIONAL ALTERNATIVES WATER AND MODIFIED POLYOLS
) :
DATA SHEET ) Product Group:  MOLDED
Process Group:  FLEXIBLE FOAMS
END-USE o
AVAILABILITY AND | Technical C\‘xm:nuy wailable
TIMING -~ .
Commcrcial Z10 3 ycars
Market . w3 yc&s
END-USE MARKET Expected 160% in 4 10 7 years
PENETRATION AND ’
TIMING . Maximum 100% in 410 7 years , ,
Substitution 100% of CFC 11 d for molded applications
potential ' o :
END-USE .
MARKETPLACE ‘Acceptance Acceptable
COMPARABILITY S - . "
" Quality & | No difference anticipated
Durlbil}iy and life Unknown - compression sei lesting is needed slthough it appears that this would not be -
‘ ‘a problem. There may be flex f-uguc problems s well lhhough this 2lso needs to be
tested. .
Eavironmental and Nonc anticipated
health issucs o
COSTS AND . Research and Estimated §100,000 for field wals for the industry

Estimated $0.5 million for additions] tankage, pumps arid other process equipment.

None anticipated

L

Nonie anticipated

) f}’me anﬁcipa@ . -

o~
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F U\C'l IO\'AL ALThRNA1 IVES

DATA SHFET

Allernative: CARBON ADSORPTION
" Product Group: . MOLDED

Process Group: FLEXIBLE FOAMS

One: Aime conversion
costs

Annual openiing -
cost changes .

. Spin-off costs and.

benefits

End-use modifica-
lion costs

End-use cost
changes .

END-USE
AVAILABILITY AND | Technical Technically avulable as an ol ive but not considered wonhy of sericus
 TIMING ideration in molded appli given its pmhnbxuve cost for most manufacturers o
- . Commercial and two much more feasible aliematives (design changes to scating and water md -
modificd polyolx) :

Market ) -

END-USE -MARKET Expectcd

PENETRAT!O\I AND . .

TI\XL\G Mazimum .
Substiuition” - ' g :
potential

END-USE ;

\!ARKETPLACE Acceplance

- |COMPARABILITY : N
) Quality

Duiabitity and life o -~
Envirormensal and
health issues .

COSTS AND T Rescarch and

BENEFITS Jdc\?clopnmt costs o
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FUNCTIONAL ALTERNATIVES.

" Alemative:  VERY FIRM AUTOMOTIVE SEATS

BENEFITS

S

One-time conversion
costs

| Annusl operating

cost changes -

Spin-off costs snd
benefits

End-use modifica-
tion costs

End-use cost

. changes

DATA SHEET Product Group:  MOLDED ~
’ Process Group:  FLEXIBLE FOAMS
END-USE ) *
AVAILABILITY AND | Technical . - °
TIMING . ) : R o :
- Commercial . Currently available as a design stralcgy. Automotive scat design in North America and
’ “Japan has been moving in this- direction consistently over the past 5 years.
| Market, . ’
END-USE MARKET Expected 9% in S years
{PENETRATION AND ) :
TIMING ‘Maximum 90% in 5 years
Substinution 20% of CFC 11 consumed for molded appli
potential - .

JJEND-USE . Resistance at the design (U.S. OEM) level is expected but market trends and CFC
MARKETPLACE Acceptance reduction pressures are expecied 1o overcome both of these constraints.
COMPARABILITY o

Quality No difference
" Durability and life | No difference
. Environmental Ixj;d None
health issues
COSTS AND Research and If introduced non phically, i.c. as pant of the normal sutomobile programs over
development costs a three to five year period, the rescarch and development and one-time conversion

costs of this aliernative are likely to be essentially zero since design changes, retooling,
and new supply contracts are necessary and expecicd at these changeover poinu.

For those seats affected (not aﬂmts), 375 to 20% increase in the foam ocost is expected.
None
None expected o -

Probable end-use cost increases of 2 10 3% (for'seating).. The effect that this would
have on automobile cosis is.not known. ’ .




D. REERIGERATION' AND AIR CONDIT?ONING ’
a In t'h.is,seg:tion we review subs'tit‘utés for the applig:atiohs roted belbw.
| 1.  IY Ai_termﬁ:két and wh«v)iesaie.‘ |
- »  HCFC22 )
> HCFC 502
»  HCFC 13%a.
»  HCFC123.
_ "P' : _Amrri’qnia ~
> Altémétuive\ leak test 'gas‘
» Rec‘oAvery at charge'-up‘
o> Increased isolétion'val\{irig'
s Storage vessels for refrigerant
> ,: Reciémation‘ |
2. Corﬁfnerciax, ir;sgiiuti@ai, industrial ﬁnd“résid‘a;ntial‘
> . Market m’ik » | o
> . f;{CFC 22 (high temp) - -
> HCFC 22 (low temp)
> . HCFC 502
> HCF(? 1342
» HCFCl123° -
>  HCFCl42p
» ‘L'Amﬁiéhia' o
> Hydrocarbdn :
> Alfe‘mativ;e Ieak.tes‘t ééé o

»  Adequate valves

TS



-

" 3. Mobile products

»>

»

. ”.'7

HCFC 134a

" HCFC 22
HCFC 22/142b

HCFC 22/142/114

82
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DATA SHEET _Product Group: AFTERMARKET & WHOLESALE .
- Process Group REFRIGERATION & AIR CONDITIONING
END-USE
: A.VAI[ABIUTY AND | Technicsl HCFC 22 cannot be dropped in to existing field units. The exient and cost of
TIMING resrofitting required would likely make this option not feasible compared to new HCFC
‘Commercial - 22 - based units. As » vesult, this aliemative is expecied to evolve through the narmal
Lo R life cycle resulting from new units being introduced to the ficld. Under normal
Market unconsirained conditions, this would take spproximately 20 years. If CFC 12 were to.
e - : be unavailable o became significantly higher in cost (i.c. more than 200% of ius
END-USE MARKET . Expected - current cosz). ble could 1 significantly.
+ [PEXETRATION AND | L .
TIMING Maximum -.
Substitution
potentizl
END-USE - . N
.. IMARKETPLACE Acceptance .
COMPARABILITY ’ -
-Quality
Dunbiﬁly and life
Environmental and i -
_health issucs
. [COSTS AND- Research and -
- |BENEFITS dcvdopmem costs ’

FU;\CTIO\’AL ALTI:,RNATIVES

Ahcmauve HCFC 22

Onc -time conversion

COS‘S

Annusl opersting
cost changes

. Spi:{-o!f costs and

benefits

End-use modifica-
uon costs

End-usc cost’
changes
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One-time conversion
costs :

Annual operating
cost changes

Spin-off costs and
benefis

End-use modifica-. .

tion costs

End-use cost
changes *

PU\CTIO\AL ALTERNATI\’ES Alternative: . HCFC- 502
~ |DATA SHEET . Product Group: AFTERMARKET & WHOLESALE
. Process Group: REFRIGERATION & AIR CONDITIONING |
END-USE :
" fAVAILABILITY AND | Technical HCFC 502 cannot be dropped in 10 the vast majority of existing Field unus, A very
TIMING limited number of existing high temperature CFC 12-based sysiems can be converied
' ' Commercial 1o HCFC 502 operaton. This conversion, if it were camied out, would have 2 vay
- : hm:tcd impact on the CFC cansumption level. . b

Mazket - ;

END-USE MARKET Expected

PENETRATION AND. o

TIMING Maximum :
Substimution g
potential

END-USE . R

MARKETPLACE Acceptance

COMPARABILITY )

. Quality, -

Durabilily}nd life
Envirom‘nennl‘ and
‘health issues

COSTS AND Research and

BENEFITS development costs
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l' UNCTIONAL ALThRNATIVkS
DATA SHEET

Aliernative:

Product Group: .
. Process Group:

HCFC-134a - ' -
AFTERMARKET & WHOLESALE ]
REFRIGERATION & AIR CONDITIONING

END-USE

AVATABILITY AND
TIMING

Technical -

Commercial .

5 10 10 years, depending on when HCFC 1342 becomes -available for original
equipment applications and whether units in the field can be casily mroﬁm:d
5010 years

1 Marker S 0 10 years
END-USE MARKET | Expeoted - Unknown
PENETRATION AND |~ T
TI\(I\G ' Maximum Usnknown . . )
- Substmtion " Has potenial fo replace mast or all CFC 12-based units in the field if chemical .
potential * properties remain comparble, conversion costs are not significant, an ldaqmw )
L i Wﬂ@mmkmﬂmmﬁ&nm
END-USE )
MARKETPLACE Acceptance Primarily, dependent on cost of conversion of cos!.labduy w remain with CFC 12
COMPARABILITY -
o o Quality Ne differences cxpecwd ,
Durability and life _Ng differences expected. .
) Environmental and ! None known e
health issues o -
COSTS AND Rescarch and_~ All cons are wknown &t thia suge -
BENEFITS C . Co L x

development: costs

Oneltime conversion
costs.

Annual operating ‘
cost changes

Spin-off costs and
benefits

NI

End-use modifica-
tion costs.

End-use cost
changes
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JFUXCTIONAL ALTERNA'I IVES

_Allernative: HCFC- 123

BENEFITS

development costs

One-time conversion
costs

 Annual operating

cost changes

Spin-off costs and
benefits

End-use modifica-
tion costs

End-use cost .
changes

1DATA SHEET Product Group: AFTERMARKET & WHOLESALE
Process Group: REFRIGERATION & AIR CONDITIONING
END-USE
AVAILABILITY AND | Technical S 10 10 years, depending oo when HCFC 123 becomes nv;xhblc for orginal
TIMING oquipment applications and whether units in the field can be easily mﬁued
. Commercial 5w 10 ycars .
Market 5w 10 years
END-USE MARKET Expected Unknon}n
PENETRATION AND | . ;
TIMING Maximum Unknown
Substitution Has potential 1o mplwu mast or all CFC 11-based units in lhe field if chemical
potential propenties remain coampanble, conversion costs are not significant and an agieqmw
END-USE ) . : . : .
MARKETPLACE Acceptance Primarily dependent on cost of conversion or cosy/ability to remain with CFC 11
COMPARABILITY . '
Quality | No differences cxpecied
Durability and life No differences expected
Environmental and None known
health issues o
COSTS AND: Research and ALl coss are unknown at tis suge
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8

Allernative:

One-time-conversion
costs :

Annual operating

cost changes

Spin-off costs and
benefits

End-use modifica-
uHon costs

End-use cost
changes

'[FUNCTIONAL ALTLRNATIVES : . AMMONIA (NH3)
DATA SHEET Product Group: AFTERMARKET & WHOLESALE
) Process Group: REFRIGERATION & AIR CONDITIONING
END-USE ’
AVAILABILITY AND 'i"echniul Nop sl s an R ket aliermative given the very significant bamiers expected
TIMING . for cxiension of use in orginal equip pplicati : :
N Commercial : ’ ’
Market
END-USE MARKET ' | Expected »
PENETRATION AND S
TIM!NGV Maximum
Substitution .
potential
END-USE- . .
MARKETPLACE Acceptance
COMPARABILITY ¢
Quality
Durability and life
Environmental and
health issucs .
COSTS AND Research and -
BENEFITS, development cosid ¢
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FUNCTIONAL ALTERNATIVES

Alternative: ALTERNATIVE LEAK TEST GAS

costs

é
Annual operating
cost changes

Spin-off costs and
benefits

End-use modifica-
ton costs

End-use cost
changes

DATA SHEET Product Group: AFTERMARKET & WHOLESALE
, Process Group: REFRIGERATION & AIR CONDITIONING
END-USE
AVA![AB!UTY AND | Technical
| TIMING '
Commercial Qurrendy Avallab\a in the maket (HCFC 22 is most common asan shemate leak mt
. g helium is also available but considercd (o expensive for afy ket appli
Market b of the sp required). ' '
END-USE MARKET Expected - 100% in | year, if appropriniely regulaied
PENETRATION AND : . .
TIMING Maximum 100% in | year
Substtution Fractionsl reduction (probably signﬁﬁc&ndy.lc.ss than 1%} in CFC 12 used in
potential aftermarket apphcmau A ypical mdusma!}commercul sysiem is tested with 2 to 3
. . ig 1500 .
END-USE ' )
MARKETPLACE Acceptance Use of HCFC 22 a5 an alicmate has increased significantly-in the past year, The major
COMPARABILITY ) ’ barrier to universal use of HCFC 22 or other aliemates is not technical but rather the
' Quality fact that it is most convenient to leak test with the gas which is going to charge the
systam. o
l)ur'abﬂ.ily and life No difference
Environmental and None beyond the azone depletion potential of HCFC 22 as the most common and
N health issues accepled altemative.
COSTS AND Rescarch and None
BENEFITS development costs
One-time conversion | None, :

Fractonal cost incréase (significantly less than 1% cost of goods sold) becsuse of
higher cost of HCFC 22 compared to CFC 12,

-
None

None

None




FUNCTIONAL ALTERNATIVES Alernative:  RECOVERY AT CHARGE UP, SERVICE AND/OR DlSPOSAL

68

development costs

One-lime conversion

costs

Annual- operating
cost changes

Spin-off cosis and
benefiis

End-use modifica-
tion costs

End-use cost
changes

 Unknown oS

DATA SHEET i Product Group: AFTERMARKET & WHOLESALE . -
- Process Group:  REFRIGERATION & AIR CONDITIONING
END-USE - ‘ '
AVAILABILITY AND | Technical
TIMING : .
Commercial Systems arxc available now for recovery at charge-up and service, however they arc
cumbersome and, impractical for many applications.
Markel
END-USE MARKET Expecied Unknawn
- {PENETRATION AND - .
TIMING Maximum Potential for recovery is ‘small ngm that an estimaied 70 to 90% of xct‘ng:nm is lost
: ’ ra . . prior to the service beginning (i.c. only 10 to 30% of service ison a non-@mp&y unit).
Substitution
potential Probablc maximum potenual would nnge from las than 1% 10 10% of CFC H and 12« T
END-USE . . this alwmauve and 1hc e maximum polmuai(whxcb is unknown). Becsusc of the
" JMARKETPLACE Acceptance diversity and size of the afiermarker, implementation would be extremely difficult.
COMPARABILITY . : . without legislaion and even then, di!ﬁcul} o regulate, - .
Quality . :
Durability and life Not applicable
Environmental and None
health issues | ‘
. A v { ) o
JCOSTS AND Research and Unlikely, but wiknown st this paint in time
BENEFITS : .

Unknown increase -
None o : ' - L
Nane

Unknown pass thmugh increase, dcpendmg on the cost of 1mplcmmtmg mcnvcry
methods.
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FUNCTIONAL ALTERNATIVES

Aliernative: INCREASED ISOLATION VALVING

DATA SHEET * Product Group: AFTERMARKET & WHOLESALE
Process Group:  REFRIGERATION & AIR CONDITIONING
END-USE = ‘
AVAILABILITY AND | Technical
TIMING ’ : :
Commercial v
- Marker Aveilable now
END-USE MARKET Expected 100% in | year if appropriately regulated (tiis altemative may be very difficult 10
PENETRATION AND regulate effectively) ; '
TIMING o Maximum '
’ . Fractional reduction (significantly less than 1%) of CFC 11 and 12 used. This
Substiwtion .. akemative is only of value if valves are instalied when a system is being repeired as a
potential - possible means of reducing refrigerant loss during pump down in \he event of future,
non.le . W« ; ) ;
END-USE . '
MARKETPLACE - Acceptance ‘Would require regulation to enfarce.
COMPARABILITY ' -
’ Quality Not_applicable
Durability and life Not applicable
Environmental and None R
health issucs )
COSTS AND Research and None
BENEFITS _development costs ! -
One-time conversion | None

costs

‘Annual operatng
cost changes

Spin-off costs and
benefits

End-use modifica-
tion costs

End-use cost
changes

Unknown but small increase in the per-unit service cost.

None ~

None

Unknown pass through i depending on the increascd valve costs.
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FUNCTIONAL ALTERNATIVES
DATA SHEET

. Aliernative:

Product Group: AFTERMARKET & WHOLESALE .
Process Group: REFRIGERATION & AIR CONDITIONING

STORAGE VESSELS FOR REFRIGERANT CHARGE

END-USE -
AVAILABILITY 'AND | Technical Storage vessels exist Lo a cerain d?g-cc now'in many systems, especially large systems
TIMING N where vessels make economic sense. Most HICFC 502 .and CFC 12 sysiems contain
: e Commercial them. The CFC reduction potential of regulating useof a vessel in all applications is
’ unknown but estimated to be very small. It is likely that the majosity of the CFC loss
) Market which is taking place is duc 1o existing vessels which are 100 small as opposed to those
. : i - not _installed. L : :

END-USE MARKET Expected ° . - - :
PENETRATION AND h '
TIMING . . * | Maximum

Substiwtion -

potential -
END-USE o
MARKETPLACE . Acceptance
COMPARABILITY

' Quality
. 1 . Sy
( .‘Dunbilily and life-

.Envimnmennu.l and
" health issues

COSTS-AND
BENEFITS

Research and

development costs

One-time conversion
costs -

Ar;nual operating

cost changes

Spin-off costs and

_benefuts

End-use modifics- .
tion costs

End-use cost - -~

-changes
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FUNCTIONAL ALTERNATIVES

DATA SHEET

Alemaive:  RECLAMATION

Product Group: AFTERMARKET & WHOLESALE

Process Group:. REFRIGERATION & AIR CONDITIONING

One-time conversion

‘costs -

Annual operating
cost changes

Spin-off costs and
benefits

End-use modifica-
uon cosis

End-use cost
changes

END-USE ——
AVAILABILITY AND T Technical — The extent to which wchimaton & now being carried oul 15 unknown. Some
TIMING . B iechnology exists and is known 10 be in use but there is also known 1o be a need for
Commercial | wechnology 10 test and identify sysiem contents and clean reclaimed refrgerants for
. | future use. .
Market
- 5
END-USE MARKET Expected
PENETRATION AND .
TIMING ' Maximum
Substitution
potentisl ”
END-USE .
JMARKETPLACE Acceptance
COMPARABILITY . |~
Quality
Durability and life A'
Envimm.mulvmd
health issucs
COSTS AND Rescarch and
BENEFITS development costs
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FUNCTIONAL-ALTERNATIVES

Altlernative: -MARKET M!X

DATA SHEET - NN - Product Group COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCT S AND SYS’I‘EMS
: Process Group: "REFRIGERATION & AIR CONDITIONING b
END-USE Cenmfugal Chillers - convcrslon w0 lngh pressure sysiems {only apphcablc md use)

One-time conversion
costs

Annual operating
cost changes

Spin-off costs and
benefits

End-use modifica
tion Cosis.

End-use cost .
changes

Unknown increase, b&sed‘m ing engineer

- None for Canadisn lndlm.ry

None for Canadian industry
None - -

Estimated increase in the order of 10%, based on change 10 high pressure design.

g qut and i d enczgy -
costs per ton ) . . ~ .

AVAILABILTY A\’D Techaical Avaxhble now
TIMING ’ ) : :
Commercial 0 10 7 years depending on end-use application -
) Markel - A 07 yca;s depending on ca'd-usc'applic:u'on
END-USE MARKET Expeared - - ~10% in Sw 7 yeas, if tcguhu'd
IPENETRATION AND | . . . ,
TIMING Maximum 100% in S 107 years
-| Substinstion 100% of CFC 11 used in ccnu.fugal chx.ucr lpphcaums (unknovm pcmmuge of wotal ‘ .
potential CFC 11 4 for this product group) .
END-USE o Currendy very litle wcqucc. pmmnly due 16 existing I ion’ which ires an |
MARKETPLACE Acceptance . operating enginees for any !ugh~prcssurc system msullmm Aocepunoe vnll likely
COMPARABILITY ’ hinge'on whether or not this requi remains.
Quality
. No difference 'c,npcx,wd
Durability and life | No difference expected, but track record of installed sysléms is very limited.
Environmental and | Conversion io high p changes réfrigerans 1o HCEC 22. Ozane depletion
.| health issues potential thus remaing albeit at 5% of CFC 11 levels.
-[cosTsS AND - Rescarch and None for Camudian industry. Al units curreatly supplied for this end-us¢ are designed.
BENEFITS ~ development - costs and manufactured in the United States, )

-
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FUNCTIONAL {\LTFRNAT!VES

_. Alicrnative:

HCFC-22 (Medium and High Temperature Applications)

Product Group: COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCTS AND SYSTEMS -. '

uon cosis

End-use cost:
changes

None

Estimated 7 to 10% 7eduction in energy cost in operation.

. -

DATASH EET
Process Group:  REFRIGERATION & AIR CONDITIONING
END-USE Medium and High Temperature (2 HP and higher) Medium and High Temperawre {Less than 2 HP)
AVAILABILITY AND | Technica! 0 to 2 years, depending on end-use application
TIMING o ' _
Commercial 0 t0 2 years, depending on end-use application
Murket - Cuzmrently available in t!.x‘e market ‘ 0 10 2 years, depending on end-use application
END-USE MARKET Expected 100% in | year 100% in 2 10 3 years
PENETRATION AND o .
TIMING Maximum 100% in | year nm in2to3 years
.Substimtion 100% of CFC 12 consumed for this end-use (cmmalcd 03 kﬂoumnc for all horse- 100% of CPC 12 consumed for this end-use (gee comments under 2 HP and wp wcuon)
) ‘potential power ranges of this md»use apphcauan) .
END-USE i B
MARKETPLACE Acceptifice Ne difference No difference .
COMPARABIUITY - - ;
’ Quality Ne difference No difference
Durability and ﬁfc No difference No difference
Environmental and None beyond the azone depletion potential of HCFC 22. , -None beyond the ozone depletion potentisl of HCFC 2
health issues . ’ o . / K ) . .
COSTS AND Research and None Estimated $1 million for indusiry
BENEFITS development ‘costs T '
One-vtiz{:e conversion | None ~ "None
costs o ’
Annual opcr;ting None None :
cost’ changes
Spin-off costs and Roéuced‘a\c:gy éonshmpxia'é Reduced energy P
_benefits ’ -
End-use modifica- None

Estimated 7 to 10% reduction'in energy cost in operation,




FUNCTION AL ALTERNATIVES Altcmauve- HCFC-22 (Low Temperamre Applications)

56

DATA SHEET Product Group: COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCTS AN D SYSTEMS
Process Graup REFRIGERATION & AIR CONDITIONING
" |END-USE - Low Tempesature
AVA!MB[UTY AND Technical :
Tl\(l’\‘(’i v - !
Commercial
Market Currently available in the market
END-USE -MARKET Expected. 100% in 5 yeans
. |PENETRATION AND :{ - ‘ -
. |[TiMING "‘Maximum 100% in 5 yean
Substitution 100% of CFC 12 consumed for this end-use
. * potential '
END-USE ) ) Accepuable, but prices would likely increase and HCFC 22- bnwd aynam are more
MARKETPLACE Acceptance . complex because of the necd for 2 suges
COMPARABILITY -
o Quality No difference
) Dunbak!.y and life Si‘gviiﬁcmt!y infedor, expected much higher expected incidence of breakdown.
Exiviro:'uﬁuual and | None beyond the ozone depletion potential of HCFC 2.
health issues . - : :
. COSTS AND Rescarch and None for Canadian indusuy (; h and develop would be carried out in the
. |BENEFITS. - development gosts | United States. : -
— One-time conversion Nmé for Canadian industry
1. cosié L . .
Annual operating None
cost’ changes
‘Spin-off cosis and Slighuly & d encrgy plion
B benefits - B
End-use modifica- 'No'vnc X .
ton cosis ’ N
End-use cost leunated 100% increase in cost of unils because of design and mmufacmnng
changes ~complexity. .
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TFUNCTIONAL ALT[«,RNATWLS Alomatver  HCFC.302

96

development cosis
One-time conversion

costs

Annual operating
cost changes

Spin-off costs and
benefits

End-use modifica-
uon costs

End-use_cost
changes -

DATA SHEET ’ < Product Group: COMMERCIAL lNSTITUT[ONAL AND INDUSTRIAL PRODUCTS AND SYSTEMS
' ‘ Lo Process Group: REFRIGERATION & AIR CONDITIONING :
END-USE . ;
AVAILABILITY AND | Technical There has been some limited shift 1o HCEC 502- based y in medi
TIMING . applications 1o reduce consumption of CFC 12 HCFC 502 is nat considered & vlable
Commercial large scale rep!acmmt sltermative for CFC 12-besed sysiems for two reasons. Fimst,
because of its unique and therfore critical role in low temperatire sysiems where no
) Market tliemative presently exists. Second, because it has an ozone depletion pamml of
) - . 50% of CFC 12, it is of limited overall bencﬁt
END;USE MARKET Expected
PENETRATION AND
TIMING Maximum
Substiwtion
potential
EXD-USE
MARKETPLACE Acceptance
COMPARABILITY : ‘
Quality
Durabﬂitf and life
Environmental -and
| health issues
. \)
COSTS AND Research and
BENEFITS
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F U\(,'l TONAL ALTbRNATthb Allcmauve HCFC 134a

L6

" |BENEFITS

development costs |

N .
One-time conversion
costs

" Anrival 6penling
cost changes

Spin-off costs and
benefits

End-use modifica-
tion costs

End-use cost
changes

Unknovm

1 .Unknown

Expected to be 10% lc.ss efﬁclenl than CFC 12 -based systam Encrgy conmmpuon

will be higher as a result.

Unknown

Unknown increase

DATA SHEET Product Group: COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCTS AND SYSTEMS
Process Group: REFRIGERATION & AIR CONDITIONING
END-USE
" |AVAILABILITY AND | Technical S years (toxicity testing is staning; a_134a-based cooler unit is also being tested)
TIMING - o )
’ Commercial S 10 8 yean, depending on the extent of work required to canvert existing designs. g
) Market - 5t08 ycans
END-USE MARKET Expected 100% in 6 10 9 years
PENETRATION AND : .
o TIMING. Maximum | 100% in 610 9 years

s Substitution ' 100% of CFC 12 corisumed in this product group N

potential. T :
END-USE - No difference d, although i d cost may impact acceptance, depending on
MARKETPLACE Acceptance end-user options. ' R
COMPARABILITY ’ ) .

Quality “No difference expected -

. RN

. ‘Durlbij.ily and life’ No difference expecl:d based on currént knowledge of chemical p’operuel lhhough a
: : N lubncanl has yet 10 be developed. .
: {Environmmul and None known
health issues
: ’ AN
COSTS AND Research and. Unknown. A lubricant remains to be developed. R h and develop will be
driven by automotive apphuuom ) '
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BENEFITS

development costs
One-time conversion

cosis

Annual operating
cost changes

Spin:off costs and
benefits

End-use modifica-
uon costs

End-use cost
changes

FUNCTIONAL ALTERNATIVLS Aliernative: HCFC-IB
DATA SHEET ’ Product Group: COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCT S AND SYSTEMS
Process Group: REFRIGERATION & AIR CONDITIONING |
[exp-use
AVAILABILITY AND | Technical 5 yeass |
TIMING .
. Commercial 5 to 8 yean, depending on the exient of work roquired to convert existing designs.
Market 5108 years
- JEND-USE MARKET Expected 100% in 610 9 years
PENETRATION AND ‘ ) '
TIMING._ Maximum 100% in 610 9 years
" Substitution 100% of CFC 11 camumcd in this product group
- potential ’
- [END-USE . No difference expected, aln}xcugh mcruscd cost may impact au:qunce. depending on
MARKETPLACE Acceplance end-user oplions. "
COMPARABILITY . ) . -
- Qualisy No difference expccwd s '
Durability and life No difference expected, based on current knowledge of chemical propenies although a
- lubricant has yet 1o be developed. .
Environmental - and HCFC 123 has an ozone deplaion potential rated a1 ‘less than 0.05 which makes it - . “
health issues comparable or somewhat betier than HCFC 22, but not as low as other replacement
chcmxca!s M X .
COSTS ANDA : Research and Unknown. A lubricant remains to be developed.

Unknown

Unknown

Noae known ’ ’ c ’ ) ‘ ¢

A

!Jnkﬁown but expected to be lower than conversion costs o HCFC 22

Unknown increase °
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FUNCTIONAL ALT ERNATIVES

- Altemalive: HCFC-22/HCFC-142b

BENEFITS

development costs

One-time conversion

costs

Annpal operaling .
cost changes

Spin-off costs and

- benefits

End-use modifics-
uon costs |

End-use cost
changes

DATA SHEET . Product Group' COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCF S AND SYSTEMS
-Process Group REFRIGERATION & AIR CONDITIONING

END-USE ,
AVAILABILITY AND | Technical This mechanical mixwre is nk known 1o be in use commercially in Canada although it
TIMING : is reponedly available in the United States. ' It is not idered a viable al ive for

Commercial iwo reasons. First, it is not a true direct substiute, in pant be it is & mechanical as

opposed to chemical mixwre. Second, it has flammability problams.
| Market L
. |ENDUSE MARKET | Expected !

PENETRATION AND -
TIMING Maximum
' ' Substitution .

potential .
END-USE )
MARKETPLACE' Acceptance
COMPARABILITY

Quality

Durability and life ,

Environmental and

health issues .
COSTS AND - Research and
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FUNCTIONAL ALTERNATIVES

Aliernative:

AMMONIA (NH3) AND HYDROCARBONS (HC)

DATA SHEET - Product Group:  COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCT S AND SYSTEMS :
Process Group:  REFRIGERATION & AIR CONDITIONING B
END-USE -
AVAILABILITY AND ‘chhn.icai Ammonia is technically available 25 2 process and is used commercially in refrigera-
TIMING T tion sysiems nanging from 15 1o 25 tons upward, most commonly in 30 and 100+ ton
Commercial polications, It is technically feasible 1o dévelop ammonia-based sysiems in the
’ smalier Lonnages currently. u:mg conwrolled CFC-based sysiems. From s practical
Market standpoint, however, ammonia i not considered 8 serious altemative for several
) - reasons. First, engineering costs would be enommous.  Second, ammoniia cannot Jegally
END-USE MARKET ‘Expected be used in an enclosed space for expansion-related applications, thus ly
PENETRATION AND ' | restricling even iu poiential indoor applicability without legislative change, Third, it is
TIMING Maximum . both highly toxic and flammable.
Substitution For islly the same , hyd " are also not coaxidered 1 viubjc
potential slternative. ' ’
END-USE
MARKETPLACE Acceptance |
COMPARABILITY
Quality
Durability and life
_ Environmental and
healih issues
COSTS AND. Rescarch’ and
BENEFITS development cosis

One-lime conversion
costs

Annual operating
cost changes

Spin-off cosis and

“benefils

End-use modifica- -
uon costs

End-use cost
changes




FUNCTIONAL ALTERNATIVES Allcmauve. ALTERNATIVE LEAK TEST. GAS

Lot

|

Durability and life

Envi.rﬁmnmul and

DATA SHEET Product Group: COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCT S AND SYSTEMS
o Process Group REFRIGERATION & AIR CONDITIONING
“|exp-Use
AVAILABILITY AND | Technical : - : . :
TIMING : Curmrently available in the maket. HCFC 22 is most common as an altemate leak test
.Commercul .gas. Helium is slso available and used, but predominantly in amall systems (such as
. domestic units) and primarily for quality control purposcs. Use of helium mquuu [l
) Market ~ _-mass spectromeler.
END-USE MARKET Expected 100% in | year, if -ppmpmu:ly regulated
.|PENETRATION AND | P
TIMING Maximum 100% in 1 year
Substitution Fractional reduction (probably nyuﬁcamly less than 1%) in CFC 12 used in ariginal
“ potential equipment applications. A typical industrial/commercial system is tested wu.h 2103
1 . _mmds_of_ufng:mund_lhm_chnsﬂ_mm 1000 to 1500, :
-|END-USE _— B g
MARKETPLACE - | Acceptance Use of HCFC 22 as an alterate has increased significantly in the pul yw " The major
COMPARABILITY ' . barrier to universal use of HCFC 22 or other alicmates is not technical but rather the
’ Quality

fact that it is most convenient to leak test with the gas which is goms to chuge the
syslcm .

No diffcycnce

» Noné beyond the ozone. dcpleuon polcnual of HCFC 22 as the most common and

health issues acccplcd altemative. , ) ) o L
COSTS AND ‘Research and None "
BENEFITS - development ‘costs £
. One-time conversion.

costs

i

. Annual operating

cost changes

'Spin-off costs and -

benefits

End-use modifica-

.ton costs . .

End-use cost
changes

None U -
Fractiona! cost increase (significantly less than 1% cost of goods sold) because of
higher cost of HCFC 22 compared to CFC 12.
None

None

None
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Altemative:

AN

1 costs

Annual operating

cost changes

Spin-off costs and
benefits

End-use modifica-
ton costs -

End-use cost
changes

FUNCTIONAL: AL’I‘LRNATIVLS - o ADEQUATE VALVES FOR SERVICE
DATA SHEET . Product Group:  COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCTS AND SYSTEMS
Process Group: RERIGERATION & AIR CONDITIONING E
END-USE -
AVAILABILITY AND | Technical . .
TIMING ' : C
. Commercial
Market V Availablc now
END-USE MARKET Expected 100% in ) year if appropriately regulated concurrently in Canada and thc Umwd Satets
PENETRATION AND S (this altemative may be very difficult to regulate effecnvcly)
TIMING Maximum )
. Fractional rcdumon of none in CFC 11. used since most CEC 11-based systems arc
Substimtion adequately designed for valving. Some potential but unknown reduction in HCRC
potential - 502-bascd systoms is hkely This ullcmtuvc is only of value (1f installed at original
.[END-USE ' o ' S
© IMARKETPLACE Acceplance’ Would req gul to enf
. JCOMPARABILITY :
S Quality Not spplicable -
Durability and life Not applicable
o Environmental and None ‘
health issues '
' - i3
’COSTSDAND Research and None
BENEFITS development costs
One-time convéiion

None )

Pmbablp 110 2% kncrusc mthc pc.runn &st of manufacture,
. None

*None

Probable 1 to 2% increase in cost.
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FUNCTIONAL ALTI*.RNATIV}LS

Allematve:  HCF-134a

BENEFITS

dcvclopmem costs

Onc-ume conversion |
COS\S

Annual operating

cost changes

Spin‘-off costs and -
benefits

End-usc modifica-
tion costs

End-use cost

it changes

4 x}

15 '

Unknown. however. major retoaling is not anticipated themmo-physical
propenies are close 1o existing refrigerant.

Unknown

None

4

Depends on extent of change , ; ifxg: h and devel is leted,

Unknown, depcr;ds on changes xcquixéd, :

DATA. SHEET ~ Product Group: MOBILE PRODUCTS . '
Process Group: REFRIGERATION AND AIR CONDITIONING
END-USE
AVAILABILITY AND | Technical 1102 years -
TIMING :
. , Commercial 4105 yeans -+ .
. Market ? w10 ycars
END-USE MARKET . | Expecied 100% in 10+ yaars
PENETRATION AND
TIMING " Maximum 100% in 10* 3un
o :Subsumnon 100% of CFC 12 used for mobhc aig cmdxuanmg oL

potential . : :
END.USE RN
MARKETPLACE Acceplance, Pmbably accq:uble, would likely be muoducbd with lile mb\hty [ cusumu from
COMPARABILITY B s performance sandpoint.

: " Quality Pesformance loss, possible requiring lugcz heat cxdungen and hxgha comprawx
S operating speeds, .

Dﬁnbiﬁt'y and life | Unknown, s lubricamt needs 10'be developed. ~

Environmental and ljiohc - ozone depletion factor is zero

health issues

- JCOSTS AND Rescarch and. A ,Unknown. dcpmdx on cost lo dcvelop lubricant and whether or not hest exc&unsu
andfor work is ired .
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FUNCTIONAL ALTERNATIVES
DATA SHEET .~ '

Aliernative: HCFC22° .
* Product Group: MOBILE PRODUCTS

END-USE

 Process Group: . REFRIGERATION AND AIR CONDITIONING

AVAILABILITY AND | Technical
TIMING i
Commercial

Markel

Currently available in the market .
610 8 years

91012 years -

END-USE MARKET Expected
PENETRATION AND g
TIMING Maximum -

100% in 12+ years

Dursbility and life

Environmental and

100% in 12+ years
Substinution | 100% of CFC 12 used for mobile sir conditioning
potential : .
END-USE .
MARKETPLACE Acceplance Acceplable - -
COMPARABILITY ’
Quality Acceptable

_Greater permeability of HCFC-22 would likely cause more frequent service intervals.

-

4.

Ozone depletion pdwmi;l of 005 ~

BENEFITS ' development costs
‘One-time conversion

cosis

Annual ;:peming ;
_cost changes

Spin-off costs and .
benefits

End-use medifics-
don costs

. End-use cost
changes

‘Unknown but major; requires retooling

Unknowst, but higher
Nong
None, once tooling conversion is complete

Unknown, but higher

health’ issucs
COSTS 'AND ‘ Research and Unknown but.major; requires lotal system redesign o operate at 50% higher pressure
and new clastomers (because of use of flexible wbing) and- lubricant. ’
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FUNCTIONAL ALTERNATIVES

HCFC22/142b OR HCFC 22/142/114

S0t

development costs”
costs

Annual operating
cost changes

Spin-off costs and

benefits

End-use modifica-
ton costs

End-use cost

changes

Ornie-time  conversion.

: Alternative:
DATA SHEET Producl Group: MOBILE PRODUCTS
‘ Process Group: REFRIGERATION AND_AIR CONDIT TIONING |
|END-USE
AVAILABILITY AND | Technical Neither of these blcnds are considered practical altematives fot sevenal reasons. Finst,
JIMING R each has the redesign and reiooling needs of the HCFC 22 aliernative (discussed
(;ommgrcgcl eartier). Second; because HCFC-142b is flammable, the sysiem may be at risk in use
. in combination with the permeability of HCFC-22. Third, a lubnum is mill mquucd
‘ Market Founk, the ozane dcplcuon issue, llthough duced, stll ¢ . Fifth, perf
END-USE MARKET | Expectcd - R
" |PENETRATION AND | = -~
TIMING | Maximum - .
Suﬁsﬁwtigﬁ
potential
END-USE
MARKETPLACE Acceptance “
COMPARABILITY . N
Quality . ~
- Ijut;lbili!y and life
Environmemsl and -
health issues
. . .
COSTS AND Reséarch and
BENEFITS -




E. - SOLVENTS

- section.
1. . Electronics

> Me’thylchloroform'

> Irichloroeth)‘rlené

> Low sol;d' fluxes

[

oo
H

. 106

Below are the _substituté products for solvents, reviewed in detail in this
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FUNCTIONAL ALTERNATIVES

Alternative:

SOLVENTS (METHYL CHLOROFORM, TRICHLOROETHYLENE AND OTHERS)

One-time conversion
costs -

Annual operating

cost changes

S;;in-off costs and -
benefits

End-use modifica-
fion costs

End-use cost -
changes

—

DATA SHEET Product Group: ELECTRONICS APPLICATIONS
i - Process Group: SOLVENTS
END-USE " '
. A\;’AILABIUTY AND | Techaical - ’lh;:«: solvents are technically feasible to replace CFC 113 in certain electronics
TIMING ' applications. Each- howcver, has specific toxic, inogenic or other envi 1
Commercial hazards associsted with i, including w discharges and hazardous solid waste
- o creation problems.  As a result, lhey arc consldcred unaccepiable long term and non-
Market preferred short term aliematives which can be impl d, if sbsolutely Y.
JEND-USE MARKET Expecied
PENETRATION AND | . - Co
TIMING Maximum
Substiwtion
potential
|END-USE _ '
MARKETPLACE Acceptance
COMPARABILITY : :
Quality
Durability and life
f Environmental and’ .
: health issues
COSTS AND Rescarch and
BENEFITS | development costs )
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FUNCTIONAL ALTERNATIVES

T Alternative: ~ LOW SOLID FLUXES

BENEFITS

One-time conversion
costs

Annual operating
cost changes

Spin-off costs and
benefits

End-use modifica-
 lon costs

_.End-use cost
changes

DATA SHEET : Product Group: ELECTRONICS APPLICATIONS
Process Group: . SOLVENTS
EXND-USE o
AVAILABILITY AND | Technical tow solid or cleaneriess fluxes are being evaluaied by many manufacirers Tor
TIMING o applicability in clectronics spplications. “Initial results have indicated that some
: Commercial potential may exist, with further development, in less critical applicstions such as
. radios, although increased solder joint failures were reported here as well. In more
Market critical close tolerance applications,.such as engine control modules, this aliemative
: has been dropped from further ideration due to puable high risks of
END-USE MARKET Enpected electrical shors across circuits. .
PENETRATION AND .
TIMING Maximum
Substittion .
potential .
END-USE .
JMARKETPLACE Acceptance -
COMPARABILITY
. Quality
Durability snd life
Environmental and
health issues ‘
COSTS AND Rescarch snd
development costs
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F. OTHER APPLICATIONS

Substitutes from other ma]or CFC use categones that are descrbed in thls
,sectxon are noted below. : :

1.'» Sterﬂants
»  Pure ethylene oxide . “
E P Acid-'water scrubber and éox;dehs'éfidp }eélamatioﬁ :
 >' ., : 'HCFC 13Qa/ethylene ox1de o S A ; A\A

> Gamma radiation

109
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FUNCTIONAL ALTERNATIVES
DATA SHEET -

Alternative: ETHYLENE OXIDE (EQ)
Product Group:  STERILANTS -

Process Group:  OTHER APPLICATIONS

One-ume conversion
costs

Annual operating
cost changes-

Spin-off :com and
benefits

End-use modifica-
‘tion costs ’

-End-use cost
changes

VUnknow_n space requirements

USERS: .

60% of subcontractors in 8-10 years
50% of medical squipment suppliers
45% of miscellaneous applications

,

END-USE ’
) - ALL STERILANT APPLICATIONS
AVAILABILITY AND | Technical ' )
TIMING , ‘
Commercial
Market Available now ~
END-USE MARKET | Expected
PENETRATION AND
TIMING Mazximum
Substimtion . 100% of CFC 12 coi:s\mér,d for this end-use.
.| potential
END-USE T
MARKETPLACE Acceptance
COMPARABILITY ’ -
T ‘ Quality
Dgraﬁi.litx snd life B
Environmental and | ‘Will have o install EQ scrubbers/reclamation units. Highly flammable,
health issues ' :
COSTS AND Rescarch and
|BENEFITS - development costs
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FUNCTIONAL ALTERNATIVES

1DATA SHEET

Alternative: ’ACID*WATER SCRUBBER AND CONDENSATI()N RECLAMATION
- Product Group: STERILANTS :
Process Group: OTHER APPLICATIONS

- JBENEFITS
. \

.

development costs
One-time. conversion

<osts

Annual operating
cost changes

Spin-off costs and
benefits ’

.| End-use modifica-
.| tion costs

End-use cost

.changes

. |END-USE .
- ’ - : ALL STERILANT APPLICATIONS
AVAILABILITY AND | Technical ‘
JTIMING _
CommercAial
Market
|ENDUSE MARKET | Expocted T
PENETRATION AND : R
TIMING ’ Mazimum
. ) Substitution §0-99% of CFC |2 conmmed for this enduse. -~ < : , : T
o . Potm‘ili - R . e . . . .
- |END-USE o - !
" IMARKETPLACE ‘Acceptance
COMPARABILITY -
B ’ Quality
.| Dunbility and lifc
Envi}onmaull and
“health issues
|COSTS AND Research snd Too cmdy for most existing nynm &g hocpmls muybe the’ aecu.nxy lhon torm

mhmon for contractors and medi

i 3 v
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FUNCTIONAL ALTERNATIVES -

Alternative: HCFC-134g/Ethylene Oxide

A4

BENEFITS

One-time conversion
cosis ’

Annual operating
cost changes

Spin-off costs and
“benefits

End-use modifica-
tion costs

“End-use cost
changes

DATA SHEET. Product Group: STERILANTS .
. : " Process Group:  OTHER APPLICATIONS
END-USE :
’ . - . FOOD & DRUG APPLICATIONS
AVAILABILITY AND | Technical 4107 years )
| TIMING = S
' Commercial 6 w 10 ycars because of the need for food and drug approval
Market 91013 years V
END-USE MARKET Expecied
PENETRATION AND
TIMING . Mazimum )
Substitution 100% of CFC 12 consumed for this end-use -
potential : ‘
END-USE .
MARKETPLACE . Acceplnce -
COMPARABILITY R
Quality
)
Dueability and life
Environmental ,md Will have 1o install EO scrubbers/reclamation units, Highly flammable.
health issues . ) : : ’
COSTS AND: Research and
development costs

Possible use in existing aﬁuipmcm unknown space mqmmmmu




pESESH] St fovmn e

BAS2ATRI e

FUNCTIONAL ALTERNATIVES |

Alternative: ©  CONVERT TO GAMMA

RADIATION

DATA SHEET Product Group: STERILANTS
o Process Group:  QTHER APPLICATIONS .
END-USE . ’ ’ A :
AVAILABILITY AND | Téchnical -
TIMING - ‘ .
Commercial ~
Market
* |END-USE MARKET | Expected
= |PENETRATION AND :
oo TIMING ©. | Maximun
Substimution 100% of CFC 12 consumed for this end-use.
potential . R . " .
. END-USE ‘ ) - T
MARKETPLACE | Acceplance High cost but most cffective sienlunt -
COMPARABILITY B ' . . ’ .
: .o . Quslity .
! " 5
oo Durability and life : .
— . . .
| Environmental and | Concem over safe ion and disposal of radiation source.
‘ health issues ‘. ' :
COSTS AND 4 Rescarch and

- |BENEFITS

development costs
One-time conversion

“costs

Annual operating
cost changes

Spin-off costs and
benefits * '

End-use modifica-
tion costs

End-use cost
changes

"USERS: S% of sub-contractors in 8-10 years

Most expensive sterilanmt option,
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APPENDIX A

 Potential Alternatives by process and product group
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A2,

B.L

D.2.

E.1.

b

m’smmc‘mas

AEROSOL PRODUCTS

END-USE APPLICATIONS (INCOMPLETE) -
- metered dose drugs for inhalation -
- contraceptive foams
" - other personal products

SUMMARY OF FUNCTIONAL ALTERNATIVES

‘END-USE APPLICATIONS (INCOMPLETE)

- cooking products
- air fresheners, room deodrants
- oven cleaners

SUMMARY OF FUNCT IONAL ALTERNATIVES ‘

END-USE APPLICATIONS {INCOMPLETE)

- gas filled shock absorbers -
-lubncants cleancrs, waxes, etc.

SUMMARY _OF FUNCTIONAL‘ ALTERNATIVES

_ QQMMAERQ 1AL & mogg&’rgm‘

END-USE APPLICATIONS (INCOMPLETE)
- mold release agents for plasucs and elastomeric matenals o
- cleaner solvents :
- aifcraft applications
- ]ubncants

SUMMARY OF FUNCTIONAL ALTERNATIVES .

3

END-USE APPLICATIONS (INCOM PLETE)
- aircraft fumigation
- food handling areas

SUMMARY OF FUNCTIONAL ALTFRNATWFS
- -HCFC22
- HCFC 142b
-HCFC 152a
- Hydrocarbons
- dimethyl cther



Al

A2,

B.1.

1|

RIGID FOAMS

END-USE’APPLICATIONS

Insulating applications
- residential walls
- industrial walls
- industrial roofs

SUMMARY OF FUNCTIONAL ALTERNATIVES

Product Substitutes : s .
-'thick fiberglass batts/thick walls/conventional stud spacing . - -
" - thick fiberglass batts/thick walls/wide stud spacing ‘
: - other insulation mai¢rials/conventional thickness
- other insulations materials/equivalent insulating capacny
- innovative insulation materials and systems !
- thick fiberglass batts - industrial insulation systems,

.. Chemical Substitutes
- HCFC-123
- HCFC-141b

Engineering Controls/Process Substitutes .
- carbon adsorption with recovery
- carbon adsorption without recovery
_ - plant exhaust incineration

END-USE PRODUCTS AND APPLIC_ATIONS '

Poured ) L
. - building construction
- industrial construction -
- refrigeration/cooling systems -
- transportation (all applications)
- packaging
recreanona]

Sprayed
- buxldmg construction
- mdlmnal construcuon
- Lransponauon



I
B.2.  SUMMARY OF FUNCTIONAL ALTERNATIVES -
‘B.2a.  Packaging Applicafions |

. P;'oddct Substitutes

. . - other packaging materials
- EPS Bead S

- innovative packaging materials and designs

Chemical Substitutes
- H20 only
- HCFC-123
. - HCFC-141b

B.2.b. . Insulation Application

Product Substitutes

Industrial Roof
"~ -fiberglass board :
i -perlite B
- expanded PS '
- fiberboard .
- cellular glass -
- insulating concrete

; . , Commercial Roof

‘ T ‘ - fiberglass board
~perlite

EO ' -  -expanded PS

P . . - fiberbod

- cellular glass

- insulating concrete

- Commercial Walls
' - fiberglass board
. A ‘ - rock wool
v ~ - o -perlite
: ' - vermiculite
- expanded PS
- - fiberboard
- cellular glass
. T - insulating brick o .
| I ‘ - thick fiberglass batts/thick walls.
- insulating concrete ’

Commercial Floors’

g

, A - - fiberglass board
: - o - rock wool
o : - expanded PS
}i - insulating brick

" - insulating concrete p

k!

. g’:};‘;;, :i
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In

Residential Walls
o - fiberglass board
" -expanded PS
- fiberboard
- perlite board ¢
- cellular glass
- gypsum .
- plywood :
- foil faced laminated
- insulating brick
- thick fiberglass batts/thick walls
- insulating concrete
_ Foundation/Below Grade

- expanded PS A
- high density fiberglass board

~ Chemical Substitutes

- HCFC-123
- HCFC-141b
- CFC-11/HCFC-22 Blend
| _CFC-11/H20 - .,
C. D STYRENE FOAM BOARDSTOC

C.1.  END.USE APPLICATIONS

New Construction ‘
- industrial roofing
- commercial roofing
- residential construction~
. - commercial n\lasonry walls

Retrofit Insulation
- - commercial buildings
\ - industrial buildings
.- residential buildings

C.2.  FUNCTIONAL ALTERNATIVES
- Product Substitutes

Industrial Roof
- fiberglass board
- perlite '
- expanded PS
- fiberboard
- cellular glass
* - insulating concrete

i



I

Commercial Roof -

- fiberglass board
- perlite
- - expanded PS
- cellular glass
- insulating concrete

: Co'mn_:eréiai Wails

- fiberglass board -
. <rock wool
-perlite
- vermiculite -
* -expanded PS
- cellular glass
- insulating brick . )
BRI thick fiberglass battsftmck walls
Lo msulanng concretc

Commercial Floors
- fiberglass board
- rock -wool
- expanded PS
- msulanng brick -
. msu]atmg concrete

' ) Residential Walls .

- fiberglass board .
+  -expanded PS
- fiberboard
. -perliteboard |
- - cellular glass
- gypsum-
fl- plywood
- foil faced laminated board -
- msulanng brick -
- - - thick fiberglass balIS/lthk walls
- - insulting concrete

i

Foundation/Below Grade )
-expanded PS - S
- hxgh dcnsuy ﬁberglass board L

Chem:cal Subsmutes

-HCFC-123
-HCFC-141b

- CFC-11/HCFC-22 Blend
- CFC-11/Ho0 -



o

D.1L

D.2.

D.2.a.

" END-USE APPLICATIONS

SUMMARY OF FUNCTIONAL AL'TERNA'TIVES

Chemical Substltutes (contmued) C - : ‘
ZHCFC - 22 - o '
-'HCFC - 124
- HFC -134a ' ST
- HCFC - 142b g - _—

.Engineering Controls/Process Substltutes

- none feasible (emissions are relatively small - controllmg them would be a high cost for low
‘recovery. Alternative products and chequals can completely eliminate CFC use and emissions).

- stock food trayS
- single service plates, cups, bowls etc.
- egg cartons

J R ) .
- hinged containers . . . \

Q n" E !II ! .l- .

Product Applications Substitute I ' 4 ' . : I

- substitutes for egg cartons

- substitutes for single service plates, cups etc.
- substitutes for hinged containers

- substitutes for stock food trays

Chemical Substitutes
- hydrocarbons without carbon adsorpuon
- hydrocarbons with carbon adsorpuon
- CO7 Auxiliary
-HCFC-124 . - N
-FC-134a ' -
- HCFC-22/HCFC-142b Mixture -~ ). o
- HCFC-22/Hydrocarbon -~ = = -
- innovative blends :
-HCFC-22

Engineering Controls, Process Substitutes .
- carbon adsorption with recovery N
- carbon adsorption without recovery
" - plant exhaust incineration



D.2b. Summary Of Current Alternative Products

' Application ,

Thermoformed Sheet
Stock Food 'I‘rays

Egg Cartons

Single Service Goods:

) Plateé, Cups, and Bo{vlé

Hinged Céﬁtainers "

Altémativés -

/
Hydrocarbon Blown PS

. Solid Plastic Trays
‘ -Plastic Film Wrap _ -
" Coated Paper Trays

Butcher Paper
Controlled Atmosphere Packagmg
Pulp 'I’rays

Hydrocarbon Blown PS
Pulp’I’rays B o

a7

Hydrocarbon Blown PS
EPS ’

Paper -

Solid Plastic

Hydrocarbon Blown PS
Paperboard Containers
Solid Plastic Containers

. Paper Wraps
~ Foil Wraps

Plastic Wraps
Combination Laminated Wraps

El  END-USE APPLICATIONS'

- Foam Sheet

Plank & Profiles

- foam - (usually 2-10 cm thck)
- padding, cushion packagmg

- construction

- sports and lexsure

- returnable dunnage

- commercial {loatation appii ucauons _
- thermal insulation :

P

- (less than 2.cm thick) surface protecuonfpackagmg
spons and leisure :
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E.2.

“F.1.

F.2.

- F.2.a.

. SUMMARY OF FUNCTIONAL ALTERNATIVES‘

Product Substitutes .
- altemative packaging materials
- innovative packaging materials
- rubber or plastic gaskets -
- rubber or plasuc ﬂotanon devices

Cbemlcal Subsmutas
- HCFC-142b (mixture w/HCFC 22)
- HCFC-124 -
-HFC-134a ~
- HCFC-ZZ/CFCI 14 blend

- Engmeermg Controls, Process Substntuta

- carbon adsorption
--plant exhaust incineration- . - o,

" END-USE APPLICATIONS

Product Substltutes
- - electronic and delicate item packagmg
- void filling
- antistatic applications:
- insulation blankets’
- floatation applications

SUMMARY OF FUNCTIONAL ALTERNATIVES.

Product Substltutes
- alternative packaging matenals
- innovative packaging materials
- plastic film bubble wrap _

I .D’ ‘.t E * : ) !‘ ! . -

Product Substitutes )
- expanded polystyrene beads
- - water-blown polyurethane foam
- plastic film bubble-wrap
- other paper and plastic packaging

- Chemical Substitutes

- HCFC-123 ‘
-HCFC-124 | ’
- - HCFC-142b {or mixturc wnh HCFC-22)

"Engineering Contmls, Process Substitutes

. - carbon adsorption
- plant exhaust incineration

Lo
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I O

- G.L

G2 -

H2.

* END-USE APPLICATIONS

- base material, floral arrangements
- thermal insulation applications

SUMMARY OF FUNCTIONAL ALTERNATIVES

. Product Substntutes

- thick-fiberglass batts/thick walls/convenuonal stud spacing -
- thick fiberglass batts/thick walls/wide stud spacing
. - other insulation materials - equivalent insulation capacity
~ - innovative insulation materials and systems .
"~ otheér insulation materials - conventional thickness

: Cliemical Substitutes

- HCFC-123
. - HCFC-141b

Engineering Controls, Process Substitutes
- - carbon adsorption with recovery *~
- carbon adsorption without recovery
- plant exhaust incineration -

ey

END-USE APPLICATIONS

« gasket and sealing applications - -~
.. - athletic padding: :

- flotation devices

- insulation applications

SUMMARY OF FUNCTIONAL ALTERNATIVES

' Product Substitutes -
- rubber or plasuc gaskets -
M - rubber or plastic flotation devices

.

Chemncal Substituteés - S
- chemical blowing agem
--HCFC-124 .
- HCFC- 142b (or mixture w;‘HCFC 22)

‘Engmeermg Controls, Process Subsmutes ’

- carbon‘adsorption .
- plant exhaust incineration -
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FLEXIBLE FOAMS

A. SLABSTOCK L
CALL END-USE APPLICATIONS
' - furniture ~

- transportation
. -rug underlay
- bedding: R
- textile
- packaging
- miscellaneous

A2. - FUNCTIONAL ALTERNATIVES - AR

Product Substitutes . \
‘Option Name . - Applications Description .
' Natural/Synthetic Fiberfill - ~ Slab . - .Uséof presently available
' ‘ ' * + - low-density batting or
fiberfill materials
Altemative Foams and Built- .4 » Slab _ " Latex or other foams or
up Cushioning . . _ o ~ higher density cushioning
' " systems (€.g. Springs) -
" Engineered Plastic Cushion - _ ~ Slab ' Developmental substitute
' : ’ s " (porous plastic) '
" Chemical Substitutes .
* Methylene Chloride . .Slab - - -Currémly available
' o : -substitute auxiliary blowing
- _agent .
- HCFC-123 - . Sab . Developmental substitutc
. HCFC-141b =~ _ _ - * blowing agent ‘
Procé_ss Modification/Add-on Controls
Minimum Foam Density . Slab Foam specification to

include a lowest permissible
density . -



| £3cEaad

' (');itiqn.Name‘- ~ Applications - Description

Carbon Adsorption , Slab " Activated carbon treatment of
o ‘ « - . = plant exhaust, with CFC-11
recovery. (developmental)

" Formic Acid "AB" Process . Pour-in-place n Developmental process that
(semi-flexible) - - - * uses formic acid in place of .
: ' ’ ' . water in formulation for '
- semi-flexible applications -

" Modified Polyol Systems ; Slab ~ Advanced polyol chemicals ‘
' S : ‘ . ' that could reduce CFC-11

blowing agent

Vertical Foam Chamber E ' _Slab - . ~ New slab equipment system-

. : , . Co that employs vertical

conveyor’

Minimum Density Specifications . Slab o Combin_ed minimum foam

with MeCl use’ - ce L density expanded MeC1.

o : ‘ substitution '
Vertical foam chamber with - Slab © - Combined vértical foam '
Carbon Adsorption : oo ] o R eqiupment with
: : : : ’ developmental carbon

adsorption system .. .

B. MOLDED

“B.1. End-use applications . v ‘
- furniture - . h S '
- transportation - - ’ '

- rug underlay

-bedding

- textile - R ‘ o '

- packaging - o ‘ ' - S

.- miscellancous » ' ‘
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"B.2. FUNCTIONAL ALTERNATIVES

- Product Substitutes

. ) O . .
Option Name T Applications
Natural/Synthetic Fiberfill Molded
Alterative Foams and Built- ‘Molded
_ up Cushioning ’ ‘
Engineered Plastic Cushion Molded
- Chemical Substitutes
Water . Molded
HCFC-123 o
HCFC-141b
- Process Modification/Add-on Controls
Minimum Foam Density Molded
Carbon Adsorption Molded .
Formic Acid "AB" Process Molded
' /
MDI - or TDI based, Water Molded - -
.Blown HR Systems
Min. Dc.:ns.. Spec. w/Watcr-

Blown HR Systems’

Firmer Automotive Secats

Molded

‘Molded

Description

'Use presently available low-

density batting or fiberfill

" materials

Latex or other foams or *
higher density cushioning

- systems (e.g. springs)

Developmental substitute

- {porous plastic} -

Developmental substitute
blowing agent

Foam specification to
include a lowest permissible
density :

Developmental activated
carbon treatment of plant
exhaust, with CFC-11
recovery ' '

Deve!opment:il process that
uses formic acid in place of
water in formulation -

Expanded use of available
water-blown HR systems

Combined minimum foam
with greater use of water-

blown HR formulations
o SN



REFRIGERATION AND AIR CONDITIONING

e
W

Option Namé

Product Substitutes

Modified Stirling Cycle
Market Mix

Chemical Substitutes

HCFC-22
HCFC-502 -

HFC-134a

‘o

’

HCFC-123

" 'HCFC-22/HCFC-142b

Ammonia (NH3)

v

N
1

Applications

Home ’Appliaﬁcesfsmé'll Refrigeration
Units/Refrigerated Transportation

Centrifugal Chillers

Home Appliances/Small Refrigeration

. Reciprocating Chillers
" Food Processing and Handling

Industrial Procéss Refrigeration

Home Appliance/Small Refrigerations
Reciprocating Chillers .

Food Processing and Handling
Industrial Process Refrigeration -

Home Appliances/Small Refrigeration

Commercial/Industrial Building Chillers .

Food Processing and Handling
Industrial Process Refrigeration

~ CFC-11 Centrifugal Chillers

Home Appliances/Small Rcfri_gcration
Refrigerated Transportation

. Cold Storage Warchi;uscs‘
. Industrial Process

Refrigeration:

e

Description

Innovative new technology

- originally developed for

cryogenic cooling.

Redistribution of future

.market share to other

currently available systems
(e.g., CFC-22 screw
chillers).

. Currently available

substitute refrigerant.

‘Cuirently available
substitute refrigerant

: Dcvelopmen tal substitute

refrigerant for CFC-12.

' Developmental substitute

refrigerant for CFC-11.

. Devclopmental

non-azeotropic

_ refrigerant mixture (0

substitute for CFC-12.

Substitute refrigerant

‘ currently available
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v

Optibh Néme

A.l

A2

A.2.a.

B hill frigeran _

" Applications

"Hydrocarbons (HC) Industrial Process Refrigeration

) 'Proc.ess substitutes/Add-on Engineering Controls

Alternative Leak Test Gas - Commercial and Industrial Building

Chillers Retail Food/Cold Warehouses '

Helium Leak Test Home Appliances/Smal] Refrigeration

* Units
Dye D Refrigerant ' . Retail Food & Arenas
- Recovery at Rework - Home Apbliances’/Small Refrigeration '

Units Refrigerated Transportation

Recovery at Serv1ce and/ - Commercial and Industrial Building

-or Disposal , Chillers Retail Food/Cold Storage

Warehouses/Home AppllanCCS/Small
" . Refrigeration Units

AFTERMARKET AND WH! QL ESALE
END-USE APPLICATIONS :
: - all refngerauon and air condmoner apphcauons where:

‘Description -

Currently available. . A
substitute refrigerant.

Substitute HCFC-22 for

- CFC-12'in leak testing.

Sensitive leak test method

- using mass spectrometer and

helium gas.

Dye D Refrigerant added to
system to locate leaks.

Recovery of refri geran\t,
during manufacture when

_repairing or testing systems. .

" Recovery of refrigerant at

service or when retiring old
systems .

- start-up charging is not performed at point-of manufacturer or wherc lhe unit

is assembled in place
-all scmce relaLcd re-chargcs

FUNCTIONAL ALTERNATIVES '

.CFC-11 Centrif Chillers

: Add-on Engineering Controls
- recovery at Service and Dlsposal
- recovery at Scrvncc



v

Add-on Engineering controls
.. - alternative leak test gas
- recovery at service and disposal’
_- recovery at service .
- - increased isolation valving

 CEC 114 Centrif Chillers

Add-on engineering controls :
- recovery at service and dxsposal
- recovery at service - :

: . CE’C-]z’B . I‘ 4C ].Il ‘

Add-on engineering controls .~
" - alternative leak test gas
- recovery at service and dxsposal
-~ increased valving .
- storage chamber for refngeram charge

A2b. Food Processingand Handling ~ °

Engmeermg controls/process substltutmns
- alternative leak test gas '
- leak test gas recovery
- recovery at service
- recovery at disposal

Engmeermg controls
- alternative leak test gas
- recovery at service

- recovery at disposal

Alc. Anmmm_ﬂﬂmm:ﬁmm&mmBmdnﬂuniSmau

Chemical Subsitute
- HCFC-22
- HCFC-502
. -ammonia. .
" - hydrocarbons
© .HFC-134a -
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Engineering controls
" .. -helium leak test
- recovery al service
- recovery at disposal
" - recovery at rework

Engineering controls ‘
- helium leak test .
. -recovery at service
- recovery at disposal
- recovery at rework

Dehumidifi
Engineering controls
- helium leak test
‘- recovery at service

- recovery at disposal
- recovery. at rework

. .
'!. C 'I.I. . .

‘Engineering controls

- quality engineering/recovery at service V

) - recovery at disposal
’ - recovery at service
- reclamation

Refi LT _

Engineering controls
' -*-'helium leak test
© - recovery at service
- recovery at disposal
2 - recovery atrework .

END-USE APPLICATIONS

Building Chiligfs

* - vapor compression
- absorption chillers

- includes rcciprocaling,lccniriﬁcal and rol;iry hclical (screw) styles
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" Food Processing and Handling
- - retail food store refngerauon A
- cold storage warehouses
- restaurant and food service

.- food processmg plants

Industrnal P‘rocess Refngeranon
- petrochemical and refinery apphcatxons
- ice skating rinks -
.- ice manufacturers.
- envxronmental test equipment
processmg and storing of volaule lxqmds
- -paper mills :

' B2. . FUNCTIONAL ALTERNATIVES.'

Application. - - - - .Control -
CFC-11 Centrif Chillers - : Product Subsmute Alternatwe technology
S Lo S _ Chemical Substitute - HCFC-123
. 'Add-on Engmeenng Controls
' - recovery at service and
disposal <
- recovery at service
CFC-12 Centrif Chillers .. o ~ Product Substitute - Altemauve tcchnology
R B K Chemical Substitute - HFC-134a
Add-on Engmeenng Controls
- alternative lcak test gas -
- recovery at service and
disposal -
- recovery at service
- adequale storage for total charge .~

i ' C . CFC-114 Centrif Chillcrs . ’ Product Subsumtc Altematwe technology
: : ' : o ~ Add-on Engmeenng Controls °
- recovery at service and
disposal
- recovery at service

CFC-500 Centrif Chillers S Product Substitute - Aliernative Technology
‘ h ' A - Add-on Engmecnng Controls
"* - recovery at service and
~ disposal-
- recovery at service

#RARBAI

‘-
:
i
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" _CFC-12 Reciprocating Chillers . Chemical Substitute - HCFC-22
: v : ’ L - - “HFC-134a
[IVIVEVITR IR VW § T SV TSP
: " . - alternative leak test gas
y : - recovery at service and

- disposal - o ‘

*- adequate storage for complete charge
- adequate valves for service :
- reclamation

B.2.b. Food Processing and Handling . : .
Retail Feod
) Chemical Substitute '
- HCFC-502
. HCFC-22

Engineering controls - process substitutions
: - alternative leak test gas
" - leak test gas recovery
- recovery at service
~recovery at disposal
- dye D refrigerant

Cold Storage
" ‘Chemical substitute -
- CFC-502
. N _--H.FC‘1343> )
. " lcFc2
: ' " - Ammonia-

Engineering controls -
- alternative leak test gas
- recovery at service
.- recovery at disposal
- dyed refrigerant
- adequate valves for service

B.2.c. - mmmmmmma:m

Chemical Substitute : )
© -HCFC-22 - - S o -
- CFC-502 ) ' ;
- ammonia
- hydrocarbons: -
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'END-USE APPLICATIONS

- refrigerators
" - freezers :
- dehumidifiers -
= water coolers
_ - ice machines

FUNCTIONAL ALTERNATIVES

Product substitute =
- modified stirling cycle -
Chemical substitute ’
-HFC-134a - .
- -HCFC-22 ,
" - CFC-22/HCFC-142b
- CFC-502

T Enginéering coiltrqls

- helium leak test

" -recovery at service |
- recovery at disposal

_ - recovery at rework
- ban sale of small cans.

Product substitute - _
- modified stirling cycle

. Chemical substitute

- HFC-134a
- HCFC-22 . o
- HCFC-22/HCFC-142b -
- CFC-502 ' «

_‘Engineering controls

" - helium jeak test
-recovery at service
" - recovery at disposal
-recovery atrework
. < ban sale of small cans

7
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" Chemical substitute
- HFC-134a
- HCFC-22
- HCFC-22/HCFC-142b
- CFC-502 -
- CFC-500

Engineering controls
- helium leak test
-- recovery at service
- recovery at disposal
- recovery at rework

MOBILE PRODUCTS
END-USE APPLICATIONS

Air Conditioning A
- automotive, buses, streetcars, €ic.
- railway passenger cars, subways

Transport cargo refrigeration
- trucks, trailers
- -railroad freight cars

Transportaiion of:
- volatile liquids
- food products

:

SUMMARY OF FUNCTIONAL ALTERNATIVES
yir Condition

Chemical Substitutes
-FC-134a
- HCFC-22
- HCFC-22/HCFC142b
" - hydrocarbons .
- HCFC-12 Mixture

Engineering Controls
- ~'ban sale of small cans, -
- quality engineering/recovery at scrvice
" . -use of refrigerant dyc o
- f@covcry at disposal ' : {
- recovery at service
- quality engincering A
- use of higher quality hoses & conncctors

' Process Substitutes : '
- - alternative refrigeration cycles (c.g., modificd stirling cycle)

,’-’,"””',"".’": .

AN
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Product Substitute :
" - modified stirling cycle

Chemical Substitute
- -HFC-134a
- HCFC-22 o
- HCFC-22/HCFC-142b
- CFC-502

Engineering Controls
- helium leak test
- recovery at service
- recovery at disposal’
- recovery at rework

e
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Engineering controls/process substitutes
' - baseline standards {(e.g. cover)
- conveyorized vapour degreasers
- reclamation of waste solvent
- removal of solvent cleaning from certain applications - ;
- increased freeboard ratios : ' ' Co
- increased leak testing frequency

A.2.c. Solvent Vapour Degreasing (Conveyorized)

Chemical substitutes
--water
- chlorinated solvents

Engineering controls/process substitutes
- conveyorized units .
- carbon adsorber
- drying tunnel :
- engineering controls (Lhermostats covers etc.
-~ hot vapour recycle
- reclamation of waste solvent
- elimination of solvent c]eamng for certam apphcauons
- regular leak tcstmg '

B.  NON-ELECTRONICS APPLICATIONS

.~ Bl END-USES : :

; ‘ ) - prganic compound rcmovai surface preparation for metals or other manufactured parts e. g
| ] . _ , - plastics :

| - L ‘ - elastomers

i . » ‘ . - temperature sensitive matcnals : -

E ’ : ' ‘ - dry cleaning o o , ’

I P : B.2 SUMMARY OF FUNCTIONAL ALTERNATIVES

t B.2a.  Solventcoldcleaning

. “ Chemical Substitutes

- water ) ’

| o - - aliphatic petroleum solvents
' - chlorinated hydrocarbons

: - alcohols

R o o , - other solvents

R ) A - chlonnated solvents (e.g., methyl chloroform, methylenc chloride, mchlorocthylcnc 1,1, 1 -
G o . trichlorocthane, perchlorocthylene)

P
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“B.2.b.

B.2.c

Engineering controls/process substitutes

- Control Technology A

- Cover
Increase freeboard ratio (fmm 03101 0)
Proper draining techniques - :
Proper waste solvent storage and reclamatxon
Proper operating techniques :
Elimination of solvent cleaning- for certain applxcauons

. Emission Type

Bath Evaporatio’ﬁ -

Bath Evaporation
Carry-Out

‘Waste Solvent Evaporauon _
. Spray Evaporation

- chlonnated solvents (e. g., methyle chloroform mchlomemylene perchloroemylcne, methylene

Chemical substitutes”
-water
chlonde)
- carbon tetrachloride
-1,1,2 - richloroethane
- newly developed CFC solvents:
- HCFC-123 - . T

- HCFC-132b
‘Engineering controls/process substitute A :
- baseline standards e.g. cover, free board ratio etc.
- - refrigerated chiller
- conveyonzed vapour degreasers
- reclamation of waste solvent
- - removal of solvent cleanmg from certain apphcanon :

Chemical substitutes
- waler
- chlorinated solvents

Ehgineering controls/process substntutes (conveyorized umts)

- carbon adsorber
dxymg tunnel :

- engineering controls (thermostats coversetc.
- hot vapour recycle » L
- reclamation of waste solvent S
- elimination of solvent cleaning for certain appli lcauons
- leak testing ,

~ - improved operator iraining

e

S



B.2.d.

,.}V ]

n C] . ! l- I.

Chemical substitutes - -
- perchloroethylene
- methyl chloroform

Engineering /process substitutes
- refrigerated condensers
- waste reclamation
- increased water laundering
- carbon absorption

N
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OTHER APPLICATIONS

A.  STERILANTS
Al |END-USE APPLICATIONS .

Stenhzauon and fumlgauon process usmg the stenlani gas’ "12 8" (12 welgm pcrcem elhyiene
oxide, 88 weight percent dichlorodxﬂuoromemane) ‘ .

- ammal labs
- beehive fumigant
- libraries -
" . - medical equipment
- non-commercial R & D labs R -
-commercial R & Dlabs S
- pharmaceutical » s o
- spice fumigant

A2,

" -hospitals

SUMMARY OF FUNCTIONAL ALTERNATIVES

. 'v..

Contract out

Use disposables - "

Convert to gamrna radiation

1090 (E0/C02),

N7 purge, then pufe EO". - '

_Acid-waterscrubberand
- condensation reclamation

Explosion-proof condensation '
- reclamation V

HCFC-22/EO.

HCFC 13440

.-12/88 ‘sge'ri}a_nt' gas.

) V' D ﬁ -I- !
Sending products t0 be sterilized t§ a contract sterilization - -
facility that uses either gamma radiation, pure EO, or

2

- Substitute reusable, resterilizable surgical instruments with

disposable, presterilized instruments. This opuon is

. apphcable to hospnals only

Consu'ucuon ofa gamma radlauon stcnhzauon facility.

Substitute the sterilant gas 12/88 ethylene Oxxdc/CFC 12
- with "10/90" (i.e., 10 weight percent clhylcnc oxide, 90
, weight pencem carbon dxox:de)

’ A process in whlch the sterilization chamber is purged -

with nitrogen before stcrilizing with pure ethylene oxide.
If desired, the facnhty could opt to evacuate the chamber by
drawing a deep vacuum, instcad of purging with nitrogen.

- 'Use of an acid-water scrubber to convert ethylene oxide
to ethylenc glycol followed by nonexplosion-proof

Use of-an explosion-proof condensation/reclamation unit

B to recover both ethylene oxide arid CFC-12. The mixture
_is then reblended to be 12/88 in composition and is reused.
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B.1.

B.2.

" END-USE APPLICATIONS

- single station heat detectors
- drain cleaners and pressunzed blowers
- odor-waming devices )

- skin chillers and presurgncal skin cleaners

* - whipped topping stabilizer
- tobacco puffing )

SUMMARY OF CONTROL OPTIONS BY END-USE APPLICATION

Single station heat detectors
- HCFC-142b/HCFC-22

Drafn .cleaners and pre'ssuri.zed blowers
- HCFC-142b/HCFC-22

Odor-warning devices .
- HCFC-142b/HCFC-22

Skm ch|llers and pressurg|cal skin cleaners .

- none

. .‘Whlpped toppmg stablllzer

= none

Tobacco puffing

-none
- HCFC-123





