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EXECUTIVE SUMMARY 
, '\ 

Chlorofluorocarbons (CFÇ's) are rnanufacrured in eanada by DuPont Canada Inc. and Allied 
Cheinicâls !nc. 'Together these two fJl1l1s pn'xl,uced in 1987 approximately ,17.6 kilotonnes of the 
five CFC's that are Ont .therestricted list bf the Montreal ProtocoL' , ' 

. Additionally. li number of.c~mpanies,i~clil(iing 'CIL.impon ÇFC·s. totruling about 3.2 
kilotOJ:mes iI:t 1987. ' 

, CFC;s find their, way into a l~ge, number'of end-use applications. A brief overview of the se ' , 
applications is provided in Exhibit 1-1. This Exhibit is organizedinto 'Process Groups' and ' 
"Ptoduct Groups'. Process Groups are broad categories of use. which are representative of the 
majorindustry usage of CFC's. Product Groups are subs~ts within each Process Group which 

.. ( foCu~ in Onl. a 'more" ~pecific ~s~ of CFC's~ T~is ~e~inology is usedt _throughout ;his report~ . 

, . 
EXHIBIT 1·1 . 
ChlQrofluorocarbons process group and. product groupclassifiçations 

PROCESS GROUP 

AEROSOL PRODUCTS 

, RIGID FOAMS 

FLEXIBLE FOAMS 

REFRIGERATION & 
AIR CONDITIOMING 

SOLVENTS· 

OTHER APPLICATIONS 

Stevenson Keilogg Ernst & Whinney 

PRODUCT GROyP 

Personal 
Phannaceutical '. 
Household 
Commercial and Indusmal' 
Insecticides . (' 

Polyurethane foam bunstOck and laminated boardstock 
Polyurethane pourect and spràyed foàms 
Phenolics : ' ' 
Exttuded polystyrene foam boàrds " . ' 
Extruded poIystyrene and low denSity p6lyethylene foam 

Slabstock 
Molded 

Aftennarket and 'wholesale (service and start-up), 
Commercial institutional and industrial peoducts and systems 

Electronic applications 
. Othee applications' . 

Stceilants 
Miscellancous categories 
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· . , . 

The manufacturing. importation. distribution and use of CFC's in Canada is extremely complex. 
1heproducts are sold both directly to users by the manufacturer-importer group~ as weil as, 
through a large group of wholesalers. In turn these wholesalers are. in sorne cases, major users of 
the CFC's themselves. as in the autrrlobile industry. In othercases they arè independent supply 

, houses. ' 
\ ' 

Control of the use of CFC's in Canada throughrestrictions placed Ont: the :user industry, 
'must consequently be carefully planned:' ' , , 

, ' , 
, " .. .. 

,In this report we also examine, a number of su bstitute products or materials that might be used 
, in place of the restricted CFC's. In sorne cases compounds such as HCFC 22 are immediately , 
available and can readily substitute for the high ozone-depleting potential (ODP) ofthe restricted 
CFC's. In other situations. extensive conversion costs are necessary before other substances can 
be used. For still other uses, alternate substances are, notyetprovèn' and maybe very expensive. 

We aiso review the direct and indirect employment in',each of the majpr producers and user 
groups. Parallel studies under coritract by Environment Canada will use' this information to 

, explore the impact Ont. Canadian inqustty of legislating against these restricted substances. 

, The information in this report was developed through extensive discussions '-:-. both individual 
and group -with industry and industry associations. We worked closelywith thé Society of 
Plastics ~ Industries who aSsisted with these dis€ussions. We have also incorporated sorne of the 
extensive documentation and 'published reports about the industry. 

, " 
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INTRODUCTION 

) . 

This'report summarizes the resultsof our findings regarding the structure of 
chlorofluorocarbon (CFC) supply and consumption in Canada., .It also summarizes our findings 
Ont. subsntute materials for chlorofluorocarbons 'and the impact of using these substances in 
various.applications.' , " ' 

"" ..' " ,.' . . 

The'scope of thi~ report includes the five fully halogenatedChloroflùorocarbons which faU 
under the terms of the 1987 Montreal protocorand are therefore to be restricted by EnvÏronment 
Canada under its iniplementation of the protocoL These are shown in Exhibit II-l,along with their 
ozone depletion potential (ODP). ODP is ,à .measure of the relative ,ozone destruction potential of 
each CFC. 

EXHIBIT 11-1 
Restricted CFC's and, Relative Ozone Depletion' Potential (ODP) 

Restricted CFC ODP 

CFCll 1.0 
" 

· . CFC 12 ,LO' 

• CFC113 :8 ' 
• CFC 114 1.0 

• . CFC 115, 
, 

.6 

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 halogenatedchlorofluorocarbon 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. alternatives, 

. HCFC 22 is cited frequently as ari alternative to th~ potentially more damaging CFC's. 

, The findingsi,n th~s document are based Ont. ' discussions with CFC suppliers, indus trial 
users, organizations reprèseming industrlal' users, and other knowledgeable industry participants. 
Wè also reviewed many of the numerous documents and research findings whièh have been 

Stevenson Kellogg Ernst & Whinney 



prepared Ont. CFCissues in Ca~ada and 'the United States. 

A top down approach has been followed in compiling this material. We have asked that 
senior spokesmen for industries and industry groupsadvise 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. Our approach did not include a survey of 
the entire group of CFC users. Detailed information Ont. the use of CFC's by individual fmns 
has al.ready been compiled by Environment Canada. 

In Chapter m. we discuss chlorofluorocarbon supply . in Canada. in terms of the current 
manufacturers and imponers, estimated employment and estimàted volume. We then discuss, in 
Chapter IV, chlorofluorocarbon consùmption in termsof six "Process Groups", i.e. major 
categories of CFC usage. These Groups are funher detailed in the individualseètions within 
Chapter IV.. ,. . 

, . 
. In Chapters V Md VI, we summarize an extensive range of alternatives which exist or have 

been considered for eacli of the catégories of .CFC usage. These findings are presented in the form 
of datasheets Ont. each alternative which summarize the key implications of using each 
alternative. 

4 
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'. ", 

CHLOROFLVOROCARBONSUPPLY 

'Chlorofluorocarbons'(CFC's) are manufactured in Canada by DuPont Canàda Ine. (DuPont) 
and' AlliedChemicals 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 cornes from the ilbove production and imports and is supplied directly by 
these companies. Imports by other companies typically vary between 2% and 5% of total supply 
in ariy given year. CFC's have not historically been exported iri significant quantities (i.e. more 
than 5%). . , . 

. . 

DuPont.and Alliednàmeplatecapaciti~s 'are estimaied aS follows: 

. EXHIBIT III-l 
Production Capacities 

Company 

DuPont 

Allied . 

, . . Plant location 

: Maitland, Ont. 
Maitlaitd, Ont 

Arnherstb.urg, Ont: 

CFC's' produced 

11,12,113,114 
113, 114 'or 22 

11,12,113, 
114, or 22 '. 

TOTAL PRODUCTIQN cÀP ACITY (kilotonnès per yèar) 

, . Capacity (kt/yr.) 

'. 18.0 
3.5-4.5 

q.5,· 

35.0-36.0, 

. Source:, Stevenson Kellogg Ernst & WhinnèyeSÙniate based Ont. external and ÎnternaI sources 
" . ' 

CFC 115 is not produèed in Canada. It is generally supplied through importsof CFC 502 
(which is50% CFC115).· . 

. :-
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Total Canadian suppl y of CFC Il, 12; 113, 114 and 115 is estimated as follows (excluding any 
exports): . . . 

EXHIBIT 111·2 
Supply 

1986 1987 

Canadian production (kilotonnes) 16.7" 17.6 

Canadian imports (kilotonnes) n 3.2 

. TOTAL. SUPPL Y 19.5 20.8 

Source: Stevenson Kellogg Erns~& Whinney estimate based Ont. extemal and internal sources 

. The value of this supply ih revenue to Canadian companies is difficult to calclilate because of 
a lack of information about the split between the various CFC's and actual selling priees (as 
opposed to listprices). However, a reasonable èstimate of the value of 1986 'would be $42 to $48· 
million; for 198'Z suppl y, $46 to $52 million. ' 

DuPont Canada has recently announced that il has "set as its goal an orderly transition to the 
total phase-out of fully halogenated chlorofluorocarbon production" as part of a worldwide E.1. 
DuPont de Nemours policy. The nature and timing of the impact of this policy Ont. DuPont's 
plant in Maitland octhe timing of reduction in Canadian CFC supply have not yet been announced. 
As aresult, the overall impact Ont·Canadian CFC capacity arid production aie not yet known. 

. . Estimated employment for production of CFC's bythe 3 producer/importers to Canada is as 
follows: . . . 

Direct employees 
Indirect employees 

TOTAL: 

98 
48 

146 

Employment is estimated in tenns 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 ail individuals that are 
directly occupied within each company with manufacturing, handling and promoring. rndirect 
employment includes inside environment;d, legal, administrative andoutside employees. For 

. comparative purposes, total Canadian employment for Allied, CIL and DuPont is approximately 
15,000. . . . . . ' '. '. " 
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IV 

. CHLOROFLUOROCARBON CONSUMPTION 

Exhibit IV -l, which follows, summarizes the structure of CFC consumprlon in Canaqa. The 
estimates of companies, employment and consumption are organized by the Process Groups 

-outlined in Chapter 1. The importance of CFC's to Cost of GoodsSold in the companies in which 
theyare used is then discussed below. Following Exhibit IV-l, we discuss the nature ofCFC 
usage in terms of each of the Process and Product Groups. 

A .CFC USAGE-

Although certain more detailed information Ont. usage exists for certain Product Groups 
within each Process Group,much of it cannot oe presented for confidentiality reasons. This 
applies for example, to the breakdown -of consumption within certain Process Groups where 
individual companies dominateusage of a specific CFC or in a specific Product Group. In other 
areas, such as the 'Solvents' and 'Other Applications' Process Groups, accunùe information does 

. not exist Orit. the number of companies or employment represented because of the diversity of uses 
involved. The total number of companies using CFC'sinCanada, estimatedat 2,000, is a reliable 
estimàte based Onl information supplied by producers. -

_ Estimates of direct 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 handIing, 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 il 
involves usÇ! of already-manufactured mobile air-conditioning units. Second, as discussed larer in 
this _ chapter, Canadian consumption of CFC's for mobile air conditioning is complex to define 
because of thecombination of Ont. and off-line charging and the movement between Canada and 
the United States of both components and finished autoIl1.obiles. 

, l 
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EXHIIHT IV-I 
Sumnuuy ofCFC Usage 

Vl 

~ .. 
::l 

. Numberof Dire.ct Indirect "CFC's Used èS Process Group . Total Estimated 
::l Companies Employees Employees . Usage (KilololUles) 11 12 113 114 115 
~ 
ë 

(10 
;(10 

~ Aerosol Produçts 16 700 200 1.9· X X X X ::l 
l!! 
fI.o 
~ 
::r Rigid Foams 280 4,500 . 1,600 .6.9 X X X 5' 
::l 
.~ 

Flexible Foams ' 18 6,000 400 1.7 X 

Refrigeration and 190 6,000 1,000 (1) 7.5 X X X X X 
Air Condilioning 

0.: 
Solvents 20+ (2) NIA NIA, 2.0 X 

Other Applications 50 + (2) NIA NIA 0.8 X 

TOTAL 2,000 (2) 17,200 + (2) 3,200 + (2) 20.8 

. . 

'Source: Stevenson Kellogg Ernst & Whinney estima tes based or internaI and externa.l sources. 

(1) Note: Excludesautomobile production -- related employment. 

(2) Note: There are an eSlimated 2,000 users of CFC's in Canada. The majority of these consume onJy smaU quantities of CFC's. 



B. COST OF GOODS SOLD 
:y. 

The importance of CFC's to cost of goods soid (COGS) variesttemendously,depending 
Ont. thé 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 

1 labour andmanufacturing overhead costs). The. imponance of ÇFC in eachProcess Group is 
. summarized as follows. '. !. . . '. . . 

• 

.. 
• 

. . 

For Aerosol !1"oducts. ÇFC's, r~ng~ between 20% and 80% of coas depending 
Ont. its use as a propellant. vapour depressantor slurrying agent ..... . 

. For Rigid Foams, CFC's range between 2% and 15% of COGS depending Ont. the 

. specific foam beingconsidered. . 
. . . 

. ' For Fléxible' Foams, CFC's represent l,ess than 1% .COGS for l;>oth Molded and 
. Slabstock Product Groups. . 

• For Refrigeration and Air Conditioning, CFC's typically 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 aftennarket and wholesale distribution 

• 

J 

activities. . 

For l;>oth'Solvents and Other Applications, CFC's typically represent 40% to 80% of 
COGS since they are usually being used in blended or near-pure fonn direétly (i.e. 
not as pan of manufacturing process). . 

, [ 
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C. . NATURE OF CFCUSAGE IN PROCESSAND PRODUCT GROUPS 

1.' Aerosols 

Use of CFC's in Clll'lada for aerosol products has dec1ined drarnatidilly 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 fo~ cookingsprays. This has now changed 
significlll'ldy; with Boyle-Midway's decisiorl to stop using CFC in Parn. the market leader. At this 
point, aerosol uses are spread among a wide variety of other applications. These include the 

. following product groups and products: .. 

a) Personal 

• Breath sprays 
• Perfume sprays 
• Shave lubriclll'lts 
• Depilatory sprays 

b) Pharmaceutical 

• Branchial dilators . 
Anti-peripirants (regrilated as a pharmaeeùtical produd) 
Foot powders . . 

• 
• 
• Topical applications (anesthetic lll'ld lll'ltiseptiç wound spray) 

c) Household 

• , Çooking products 
• ' Air fresheners ' 
• Room deodorants 
• Oum remover 

d) Commèrcial and Industrial 

., Mold release agent' 
• Electrical cleaner solvent 
• Electrical du st eliminator 
• Lubricants 
• . Silicone sprays 
• Specialty mine products , 
• Film coating (photographie film development) 
• Analytical fixatives . 
• Adhesives 
• Lock de-icer 

e) . Insecticides 

• 
• 

Insect repellant 
Insecticide sprays 

10 
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, ' , " ,', .' CFC'sare consumed both by inartufacturers of end-use' products and by 
custdm man'ufacturers (or co-packers). The primary custom manufacturer is CCL Industries Inc'.,· 
Toronto, which produces a large range ofaerosols in almost all end-ùsc;productcategories: 
. . . .. " . 

2. ' Rigid foams # 

, CFC's àre used in 5 Produtt Groups wlthin the RigidFoams, Process Group. Thé 
vast'inajority of products withiil, each of the se groups are foams of one type or another. The 
prodûct groups are: "., ' , , 

Insulating foams 

• Polyurethane foam bunstock and lâminated boardstock . 

• Polyurethariepoured'and sprây~foams ' 

, .. Phenolic foams ' 

• ' Extruded pOlystyrene foam boards 
' .. ~. 

,Packaging foams" 

• Extruded polystyrene andfoam 

',. ' -' Low-density polyethylene foam 
, ,. . ' " , ;. . ~ \ . 

Note that expanded polystyrene foam (EPS) is a water~blown, not CFC-blown foam.' 

, a) J>olyurethanefoam bunstock and laminated boardsto~k' 

" ,,',,". Three companles {n Canada produc:e polyurethane fo~m bunstock and 
laminated boardstock insulation products, using CFC 114 as a blowing agent. They are Canier 
Insulation (Montreal, P.Q.), Guilford Ltd. (Qartmouth, N.S.) ,and Hanson Inc. (Toronto, Ont.). ' 
This is' a highly competitive inarket in Canada, dominated by imports frommajor Us., 
mai1Ufacturer~. ' ' , " , 

b) Polyurethaoe poured and sprayed foams 

, Foam manufatturers using polyur~thanes can be broken down into two 
categories. These categories àre those companies who blend ,théir own compounds and then 
manufacture produèts withthem, and those who manufacture but do not blend. This lattergroup 

" buys from systems hous,es (see the d,isc,ussion below). Only companies it( the first category 
actuaJly buy and blend CFC's; however, 'the role and importance of the CFÇ is thesame for both 

, groups. ," ",' 

, Polyurethane foam products are used in a wide range of end-uses, including 
insulation, packaging, marineproducts, furniture and automotive products. Insulation is used in 
roof,' wall and floor, ap'plications; walk-in, coolers; curtain wails; doors; modular building 
structures; domestic and commercial freezers, refrigerators and coolers; display cases, shipping , 
'containers; refrigerated road and rail cars and liquid naturalgas tankers; water heaters; vehicles 
carrying perishable food.~ and consumer p'roducts such as picnic coolers and chests. 

1 1 
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. . _ Sorne packaginguses exist for polyurethane foams. These·include fragile' 
products which must ,be moved or shipped suc.h as electronic devices, instruments, appliancesand 
pottery and glass products. Marine uses include flotation devices, floating decks and buoys, rafts, 
life saving products and as both a structural and flotation materiaI· in vessels ranging from 
sailboards to boats. . , 

. . 

, .. In addition to the polyurethanes consumed in-plant to manufacture foams the 
insulation sectoralso has a field applied product. There are .approximately250 contractors in 
Canada who miX: the polyol and isocyanate components· on-site and spray urethane insulation for 
résidential, commercial and industrial purposes. Applications include pipe and storage tanks, 
walls, floors and foundations, roofs, and agricultural and cold storage buildings. . 

. Many manufacturers of polyurethane products do not carry out their own 
blending, but rather, purchase frem systems suppliers who supplythem with components ready 
for blowing into foam. Examples include BASF Cànada, 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 thesupply structure, each of these companies is 
generallya significânt consumer of CFC·s. However, because of the diversity of end-use 
applications in this product group area, it is difficult to relate systems house CFC cortsumption to 
specific end-use products or industI'y. sectors. . , .. ,. . 

c) Phenolics 

. . Bunstock and laminates can be manufactured from phenolic foam for use as 
insulation and packaging shapes .. These foams are generally blown with CFC Il 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 indus trial roofing material and as building sheathing. 
This growth has occurred more quickly in the United States than in.Canada (led by Koppers), but 
bdth Building Products of Canada and Fiberglass Canada (which recently announced a phenolic 
foam plant) are active in [his market; At present, sorne market demand is being satisfied, especially 
in eastem Canada, by imported finished products. . . 

. The only oilier signiflcant phenolic applieation 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 Srnithers-Oasis Canada Ltd. in Ajax, Ont. 

d) Extruded polystyrene foam boards 
,~'. . 

. DowChemical (plants ,in Toronto, Ont. ; Varennes,. P.Q.; and Fort 
Saskatchewan, AB.) and Celfort Ltd. (Grande-Ile, P.Q.) manufacture extruded polystyrene 
boardst6ck for insulation applications ~sing CFC Il and 12. Extruded polystyrene foam competes 
with phenolics and polyurethanes in the huge foam insulation market in Canada~ Altho:ugh 

. fiberglass still dominates this market, each of the other products (ail of which use CFC's) have 
bee!,! gaining increasing market shares. 

·1 
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.. e) . Extruded P91ystyrene low-density polyethylene foain 

Extruded polystyrene and low-density poiyethylene foams used in a variety of 
packaging applications .. These include trays used for meat, eggs, fast-foOds and institutional 
purposes single service plates, cups etc, andhinged containers. These products generally have 

, densiti~s of approxirnately30 to 40 kg!m3. 

3 . • Flexible· foams 

Flexible polyurethane foam is manufacturèd ai contim~otisly-poured slabstock and as 
.individually molded products. Flexible polyurethanes are generally produced through a reaction of 

() a polyol, isocyanate and water. One product of the reaction is càrbon dioxide gas, which serves as 
" the primary blowing agent in the process. Another is a urea product which provides fmnness and 
. load characteristics. Additives used irtclude surfactants (tO stabilize cell structure and control·size), 
catalysts tocontrol the reacgoh of the three activeingredients, and where necessary, colouring and 
fIre retardants. CFC ~ 1 is ger:tèrallytised in the process as an auxiliary blowing agent for softness , 
and density reduction in~he resulting foaIn. In many foams, the CFC also acts to dissipate the heat· 
g~nerated by the water - isocyanate reaction. 

a) Slabstock 

. . .. , In t~ada, the major ap~liCatio~areaS 'for flexiblè si ab stock are fumiture and 
be,dding. Thereare 12slabstock.manufacturer~. Sorne manufacturers combine foam production 
with manufacture of fInished products using the foa.ql., This is particularly mie in thefumiture 
e'nd-use sectors. . . , 

b) Molded 

. The màjor application for molded flexible polyurethanè foam in Cànada is 
automotive This sector consumes the vast majority of molded flexible foams for automotive seat 
cushions and backs. There are 6 manufacturers of molded flexible foam in Canada. 

:4. . . R.efrigeratio~ and 'air conditioning 

. At àbout 36% of total CFC consumption in.Canada, the 'refrigeration process group is 
the largesfuser; slightly higher than therigid foam process group. End-use applications here are 

, split be.tween CFC; sold as refrygerant for the a:rtermarke~ 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, 
whichis the principal· refrigerarit in commercial, industrlal an,d domestic refrigeration systems as 
weIl as automobile air conditioning. However, ail fIve restricted CFC's are used in refrigeration 
systems to satisfy various space, performance and pressure application needs. . 

. . .' , . . 

. a) Aftermarketand (Wholesale service and start-up) .. ' 

Perhaps two-thirds of CFC consumed by the refrigeration 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.indica~ed above, followed by .cFCll, H3, 114 and 115 (as part of CFC 
502) .. T,here are an estimated 25 companieswith 100 wholesale locations which distribute 
refrigerants . in variousend~use· sectors. Twelve of these are major suppliers wirh another 13 

. secondary .suppliers., Wholesalers· sup'ply both .smaller original equipment manufacturers, 
. ,'.. . '.. , 

j 
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refrigeration and air conditioning installation and service companies, and large systems chàrged 
afterinstallation. There are an estimated 23 million units in the field in Canada using controlled 
CFC's as refrigerants. . 

. In the automotive sector, Ford, General Motors and Chrysler all purchase 
CFC's for use in their own on-line charging for .vehicle assembly needs. 'Each also acts asa 
distributor to their respective dealer networks. (There are 3,900 automobile dealers in Canada, in . 
addition to many thousands of service stations almost al1 ofwhich use·at least sornerefrigerant as 
part of their vehiclè service .and repair activities). 

·b) Commercial, institutionar and industrial . 

. Commercial products and systems, institutional' and industrial refrigeration 
products and system include units for building air conditioning, food storage (both ponable and 
walk-in), pharmaceutical storage, chemical storage and processing, chillers for water and soft 
drinks, process chillers for manufacruring applications and a significant perceiltage of ice rinks. 

. Many large systems are chargedin the field in this group. As a result; the CFC consumption is 
accounted for in the. aftermarket totals above.· . , 

CFC 11 and.CFC 12 are the main prooucts used in this product group. CFC' 
Il and 113, and to a limited extent, CFC 114, are used in office tower centrifugal systems (almost 
aIl office buildings over 10 stories high use low pressure centrifugal air conditioning systems). 
CFC 113 is also used in commercial system. A smaller qùantity of CFC 115 is consumed (in CFC 
502) in the food storage refrigeration products. '. 

There are 25 manufacturers of ~ommercial and industrial air conditioning 
units, sorne of which source CFC's directly from the producers/importers, others which purchase 
from wholesale.rs. This product group consUmes an estimated 13% of the total CFC's in the. 
refrigeration process group . 

. c)· Domestic p.roducts 

There are 6 manufacturers of five.main 'products: window. air conditioners, 
central air conditioners, household refrigerators, dehumidifiers and freezers. CFC 12 is the 
refrigeram used·iri this product group. . 

'The end-use sector for' domestic refrigeration products encompasses 
appliance and other rt~tailers and chains who typicallypu~Qase directly from manufacturers pf the 
uMti. . 

d) Mobile products 

. There are 6 manufacturers producing mobile refrigeration units, typically for 
truck applications in transponing 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 
a on-li ne charging, not manufacture. . 

. Consumption of CFC (12) for mobile air conditioning applications is difficult 
to identify because of the Auto Pact (which allows.esseritially free movement or automobiles 
.between Canada and the V.S., subject to cenain contraints) and the fact that airconditioning'units 
are chargedboth on:line during vehicle assembly and at the point of manufacture. Seventy-five 
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percent of the auto~obiles assembled in Canada (1.5 million per year) are exponed to the United 
. States. Another.'l.l· millionàte brought into 'Canada. Because apPIoximately 90% of the, 
automobiles sold in the United States have air conditioning (comp~d to 30% to 40% in Canada), . 
the assembly .(and therefore a cenain percentage of .the ùnit charging) in Canada is 
disproportionately l.arge relative to the Canadian market demand. No àir conditi,oner units are 
manufactured in Canada in captive OEM plants. . . 

5., Solvents' 

• . CFC solvents ha-.:e selective soivent action, which qteans they can be usedto remove 
oil, . grease and din from objèçts without affecting metaI, phistic or elastomeric pans being 
contacted They are available in 'very high purities (i.é. very lowpaniculate content) and are highly 
miscible which enables them to be mixe9 with other solvents:or chemic~ls to suit specific . 
requirements. In addition 'the y are inherently stable and non:.conductive. Ih many applications, 
thëy can be effectively recycled using distillation techniques which lowersthe effective cost of 
using them (in addition to·reducing the effective release quantities). . , . 

As aresult, CFC's have become' increasingly in derrulnd in electronic, microelectronic 
àrid certain other .precision metai cleaning applications such as aerospace and medical equipment 
manufacturing. CFC solvent usage is limited in conventional metai cléaning. The principal 
method ofuse is vapour degreasing with the balance mosüy in cold cleaning. Vapour degreasing 
uses the hot vapour of a heated solve nt to condense Ont. a pan and dissolve the contamiriants. 
C6ld cleaning uses the solvent at or near room temperature to dissolve the contaminants which are 

'then.rèmoved by wiping.or.s.ome other method. . 
. , 

, CFC 113 is the dominantsolvent used because its higher boiling point makes .itmore 
widely applicable. CFC Il is also used, but much less frequentlybecause its boiling point is too 

i low for most uses. : '. . :' . 

CFC sol vents are supplied as pure solvents, blends, azeotropes and special cleaning 
'systems forspeCific applications; CFC 11 is generally sold unblended. An estimated lOto 20% . 
ofCFC 113 is sold unblended with the balance in blends, azeotropes and systems mixed with 
ethanol, isopropanol,. or ,nitromethane priinarily: More spec,ialized blends i.nclude methylene 
chloride, methanoland cyclopen~e with the CFC. . , 

CFC solvents are distnbuted by prodùèers, distrlbutors and systèms 'suppliers, 
depending Ont. the specific product involved. Vmous blended ànd unblended solvents are 
prodùced in Canada. ,Others are imported. 

6. Other applications' 
, \ 

a) , Sterilants· 

CFC 12 is mixed with steriliiing agen~ (generaliy ethylené oxide) and sold to 
medical equipment inanufacturers arid hospitals for use in sterilizing respira.'tory 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 
without degrading in any way its sterilizingcharacteristics .. ' 

'i, • 
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v 
, CHLOROFLUOROCARBON ALTERNATIVES 

, ,\ ' . 
Across the range of 6 process groups and approximately 20 product groups, there arewell in 

excess' of 250 potential alternatives' for reducing é6nsumption of the five restricted, 
chlorofluorocarbons (CFC 1 L 12, ri 3, 114,115). These alternatives can be categorized in three 
ways: chemical, process and product alternatives. Each is discussed furtherbelow. 

'In Appendix A, which follows this repon, we have 'sumtnarized the listef potential 
alternatives for each Process and Product Group. This list was developed for use by the indusrry 
representatives and focus grougs in discussing the applicability of each potential alternative. 

In Chapter VI, which follows, we introduce the 'Functional Alternàtive Data Sheets' which ': 
comprise the balance of this report. ' 

1. ' , Chemical alternatives 

These are new or substitute chemicals which would replace sorne or all of the CFC , 
used in the manufacture of a particular product: The majority of reduction in CFC use willlikely 

, come through 'chemical alternatives. Examples of these alternatives include CFC substitutes being 
developed such as HCFCw134a, HCFCw142b, HCFC 123 and HCFC-141b. Other chemical 
substitutes include existing chemicals such as ammonia and methylene chloride as well as 
HCFCw22,a partially halogenated chlorofluorcarbon with rèlatively low ozone depletion potential 
(0.05). Thesubstitutlibility of these chemicals varies tremendously, depending Ont. the process 
and product groups, and often the end-use as weIL Overall comments, even about sorne of the 
'dropwin' CFC substitutes, are generally possible to only a'limited extent. As a result, specific 
chemical alternatives ~ often discuss~d several times in this chapter for different process/product 
group combinations. ' 

. . . . 

. ' 2 . " " Process alternatives 

These are modifications or major changes to existing maÎlufacturing processes which 
would reduce (generally not eliminate) CFC consumption. Examples includè carbon adsorption 
with recovery in foam'blowing and CFCcapture 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 ofthese factors, and the nature of Process Alternatives, these alternatives are not 
likely to yield major reductions in CFè consumption. ' 

3 . Product al.ternatives 

These are chang:es to à marketplace which would have the effect of ~educing CFC 
consumption by .vinue of reducing or eliminating demand or shifting it to other products which do ' 
not tise CFC. Examples include substituting pulp packaging for foam packaging or fiberglass for 
·foam ins~lation .. Recause product alternatives are also affectedby other issues (such as corporate 
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strategy), it is very difficult to draw meaningful conclUsions about their potential substitution 
impact without maki~g specific assumptions about èontrol strategies and addrèssing specific 
companies individually. This is trUe in most process/product groups, particularly in rigid foam 
insulation which is discussed more fully below toillustrate, by example,these issues. A small 
group of prodt.ict alternatives are discussed under certain Prodùèt Groups in the later sections of 
this report. . 

. The.dominant end-use for rigid fOaIns is in insularion appliCations. Because of the size and 
. diversity of the markets into which the se products are sold, an extensive range exists. These foam 
products frequently. compete against orieanother based Ont. price, appearance and physical 
propenies such as R-value,dirnensional stability, thicknessand water absorption'characteristics. 
Depending Ont. the specificapplications being considered; each generally has strengths and 
weakriesses which will determine itS marketability. . 

. . " 

. Other insulatingproducts such as fiberglass, perlite, fiberboard, cellular gl~ss, vermiculite, . 
rock w001 and gypsum may also compete with one or more of th~ foam products based Ont.their 
properties and the end-use being considered. 

. Over the past 20 to 30 years, use of rigid foams has' gtown steadily thiough bQ[h 
development 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 fbarn. Among other advantages, foam allows a freezer-or refrigerator to have increased 
interior volume for a given set of exterior dimensions and insularing perfonnance leveL 

Many of the rigidfoams use either CFC Il, CFC 12 or CFC 113 as a blowing agent and as a 
component of thefoam structure to con tribu te to the insularing characteristics. Each different foam 

. generally uses different quantitiesof CFC and uses the CFC in slightly different ways in the 
manufacturing process. 

.. Because of this complexity in both manufacturing process and marketplace competition, 
summary comments regarding product substitutions' cannot be made. The impact of contraIs Ont. 
.CFC consumption Ont. each foam insulation manufacturermay vary significantly depending Ont. 
a number offactors. These will include: 

• Which foam or foams are madé by the manufacturer. 

• What the implementation mechanics of the control are, particularly. as they relaté to 
other foamproducts. For example, will a given control affect polyurethanè 
mànufacrurers in the same way as it is expected to affect polystyrene manufacturers? 
., ' 

What chemical or process alternatives exist and what effect they are expected to have 
. Ont. the.. price, appearance and physical 

properties of the foam. For example, a . 
, chemical alternative which in,creases the price of a foam by 10% and reduces its 

R-value by 15% may dramatically alter its 'market positioning by bringing it into 
competition with different products than has historically been the case. 

• Wnat possible end-use irnpactsexist 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 
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c'ost by requiring thicker walls for the same insulating performance. 

Given assumptions or expectations about each of the se points, each manufacturer will hàve a 
numbèr 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. Funherm'ore, the 
competitive strategy in thequtrketplace may also need to change. 

\ . 

The overall impact of this Ont. th~ industry as a whole can thus not .be predicted without . 
making more specific assumptions about controis. Clearly this cannot be done Ont. an 
industry-wide basis publicly, as can the conclusions Ont. chemical and process alternatives which 
follow. It may he appropriate to carry out this analysis confidentially at a later date for sorne or all . 
of the industry, if the existing or any new control options need to be evaluated at this level of 
detail.' ....' . 
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VI 

FUNCTIONAL ÀLTERNATIVE DATA SHEETS 

Although more than 250 potential alternativesexist, the Jist of these which èan be discussed 
is, considerably smaller because many product-related alternatives can only be adcfressed in 
company-specific terms (as discussed above). In addition, many alternatives are notconsidered 
practical or effective becausé of high cost or major technical weaknesses. . 

. . 

For each process group. a series of da~a sheets have been completed which summarize the 
keycharacteristics 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 sorne alternatives are clearly better than others (Le. more effective 
and/or more practical) no attempt hasbeen made to rank alternatives. This is not possible without 
considerable additional work at the company.:specific level combined with assumptions about 
probable control options andtheeir likely impact Ont individu al companies. 

Each alternative has been considered iodependently, -as if it were the only alternative 
available. The relationship of alternatives to each other and the implièations forcompanies which 

'\ result can only be considered ,ata much more detailed level and with assumptions about control 
'options. 

Ternrinology used in each datasheet is defmed as follows: 

l. Alternativ~ 

A functional alternatjve to the current CFC-based product(s) .. This 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 substitutes (such as 
equipment modification to reduce CFC consumptionduri~g manufacture). 

2. Process group 

. Refers to the process group containing product groups. As discussed in Chapter !, 
process groups are major groupings of product types. 

3 . pfQduèt grou p . 

. Refers . to'the' produd group which th,e functibnal alternative applies to. Product' 
groups are groupings of 'related' products. The relationship may be because of the end-use 
application, production methods or product format. '. . . . 

4. End-use 

The enq.-use applicàtion of the CUITent CFC - based product. End uses are defined 
within each producegroup where necessary, if the iinplications of a given alternative change for 
different end-uses. '. '., . . . . \ 
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5.' Avaiiability and timing 

This section addresses 'the timing associati.::d with developing each functional 
alternatives, and bringing it to market 

a) Technical 

The total elapsed time, from 1988. before the functional alternative will,be, 
sufficiently understood technically so that it could be available for commercial production. 
Technical availability would generally equate to the availability of a man\lfacruring process to make 
a product. ," ' 

b) Commercial , .. 

The total elapsed time from 1988 before the functional alternatives can be 
commercially produeed. Note: this period must be at least às long as the technical period, but 
based Ont. industry confidence levels; and· the type of approvals needed, sorne commercial 
production. preparation work I!lay be done in advance of government approval or final technical 
completion in order to expedite commercial' release. . . 

c) Markel 

The projected total elàpsed time from 1988 until the frrst end-use function 
alternative will he sold 

6. ' End-use market penetration and timing 

This section explores the anticipated market-place acceptance and penetration. 

a) 'Expècted 

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 functional alternative could not completely replace the current CFC use. 

b) Maximum 

.. , The maximum potential market penetration a~suming no buyer preference 
against the functional alternatives. It .should be noted that the only barriers to achieving a 
maximum penetration of 100% are those caused QY technical problems where the alternative cannot 

, satisfy aU of thecurrent CFC based products' markets requirements." . 

c) Substitution Potentia.· 
i 
J The percent reduction in use of the coiltrolled CFC(s) at the eXPected level of 

market penet~tion. 
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, 7._ . End-use market place comparability \ 

This s~tion dis~usses key characteristics of each functional alternative as it relates ta 
the user in comparlson to the current CFC I:>ased product. .' ; , . " 

a) Acceptance .' 

. ,Comments conc~rning the "hows':'and'~whys" of customer acceptance.ind 
the barriers which need to be (or are not expected tobe) overcot:T1e. . . 

b)' Quality 

. Comments conce~ing the importance 'of, as ,w~ll as actual and perce1ved 
'quali~y of, the function:;tl alt!!~ative. For. the purposesof. this disçussion, quality describes 
percelved value and usefulness:,';. . . . ,. ..., . 

c) Durabilityand lire·· 

, Commènts concerning ~h2 duràbility and product Il,fe of th,e functional 
. alternarives·compa.red tO the 'CFC-basedproduct fOrJ.hat end~use application. , . . . . ,", " .., 

d) Environmen'tal and heaJth issues 

Comments concerning the environmentru and health issues associated with the 
fùnctionaIalternative. . , . , . . " 

8 :Cos('and benefits 

. This section reviews the specific types of costs encountered across Canadian industry 
for a given CFC functional alternativ~. These costsare stated in 1988 dollars and are estimates for 
all eompanies, except where, noted. The objective here is to estimate order of magnitude costs with 
relative èonsistency or identify where eosts are unknown. Specifie estimates will clearly not be 
possible. . 

~a) . Reseatch and Development Costs . 

Capital~ oné-rime cost~ and on-going expenses related to the research and 
development of each alternative. . 

b) One-time Conversion Costs· 
. . 

Both capital and one-rime expenses are estimàted aCrossthe projected , 
.. Availability and Timing" peripd andstated in 1988 dollars .. Cost categories eonsider such items 
as façilities and equiprnent conversions and àddjtions, employee training, product design, testing 
and market reSearch . 

... The reponed costs are increme~tal tO current capital budgets over the 
anticipated period: 
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c) Annua) operating cost changes 

On-going operating cost changes, either increases or decreases, as a result of 
convening to the functional alterna~ve. Inèluded in this figure. are changes to bothdirect and 

. indirect costs increrriental. to current costs. . \ . ,:,' .' . 

d) Spin-off costs· and benefits 

Costs and benefits that will be achieved in other areas/product lines as a result ' 
of the shift to the functional alternative, Examples of this are the ability to sell by-products of the 
prodùctionprocess or enter markets previously not availableto the CFC-based product, 

. e) End-use inodi fication costs· 

. IncrementaI costs/benefits to the end-user caused by a shift to the functional 
illternative. These costs are only for those users whocould use thatalternative.· Examples are 
increased energy costs and increased space requirements. ' 

.. f) End-use c,ost changes . 
. . . . 

Changes in productlsèrvice costs tothe 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 lowet impact Ont. the cost of products 
using that foam. . \ '. 
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A~," AERosOL PRODUcTS 

, 'M'âjorend-u~e categorJes and .substitut~ substances thatwe review in' the 
, Aerosol Prodl.1ds gr:oup àre·described in this section: 

1. ,'. Persc:inalProducts 

.", ~,' '6reath sp~ays 

,} 

., HCFC 22 

, Hydi-oca~bon ' 

'~. ,Shayè, lùbricants 

HCFC22 
" 

Hydrocarbon', ,,' . .' . 
. ". . 

2. Ho!isehold 
'.~ . 

~ Cooking,products, air freshèners, room deoQorants 

-, . Hydr'ocarbon 

Gum r~movers 

HCFC 22 

3. Pharmaceutical' 
, ' 

~ 'Bronchial dilator:s 

- Noknown substitutè 
. , 

~ .AnÙ~perspirants 
""~, . 
"HCFC 22.' 

, Hy~rocarbori 

~ Wound sprays' 

HCFC2it142 

, " .,. " Hydrocarbon 

, ' 4~ Com~ciarand IndustriaÏ ' 
" 

Ji. " Mold relèàse agents, ' 

Hydrocarbon . ' 

",' .\ . 

. ~ , . 

,'. ,",' 

"" •• '." 1_ 

, ( 
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( 

... . .Electrica1 clëaner so1vents 

No known substitute 

.. ~ Elec.trical dust èlifninators 

HCFC 22 

Lubricants/siiicone sprays. 

HCFC 22/142 and 1.52 blend . 

Hydrocarbon 

... . Film coating (photographié) 

HèFC 22/l4i11~2 blend 

... Fixatives/adhesives 

HCFC 22/hydrocarbon blend , 

Mining lubricants 

. No known substitutes 

5. . PesticideS 

. ~ . Insect repellants 

Hydrocarbon . \ 

,,;. Insecticide sprays 

HCFC 22 

. Hydrocarbon/chlorinated solvent blends 
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FUNCTIONAL., AL. TERNATIVES 
DATA SHEET 

El"O-USE 

AVAlLABllITY A!\n T""bnical 
TlMll"O 

Cominen:;ill 

Market 

~D-USE ~~RlŒT Elp40Çlcd 
PElŒTRATION Al'\'D 
TIMING Muimum 

Sublûruùo.r 
potentili -

E~'D-USE 
MARIŒTPLACE Accep!llIce 
COMPARABIUTY 

QUIIiI)' 

DurabiÙl)' IlId liIe -, , -' 

Environmenl.f and 
"eal1h i,,_ 

COSTS AND R_n:;h Ind 
BEl'i"EFiTS devdopmenl CON 

One-ùme convcnion 
COl" 

AMUIt opu.ting 
cOlI chang'" 

S pin-off ÇQ.IS .nd 
benefilS 

-' 

End-use modifico-
ùon cast. 

End-use COIII 

chanBcs 

Alternalive: HCFC-22 
Produci Group: PERSONAL. 
Process Group: AEROSOL. PRODUcrS 

BREATH SPRAY PERf1JME 

î Culfcnüy IVlillble in' the m.lite! 

CulTCllily .vlil.ble in the ,milite! ' ' 

.. 
-, 

100'1. fil <l'C12 c:onlUlUcd !or'bluth 'pI"Y' /' 
100'1> o! CFCI2 COMumcd for pedumc ........,ls 

No diffemlcc 
, 

No diI!_cc .. 
Nodiffetencc , 

No dilf_cc 

" 

" 

No dilletencc ' --. . ,No (liff_cc ' . 

lncruicd bumlll toa.icil)', ozone dcplelÎnS aub$uncc (OOP of 0,05) lnClClicd IIumlll \Olicil)', ozone dcplètina aubaWlCe (OOP of 0,05) 

A !oonullliOll il IVl.ÛlbIc Folltlulaù..... arc Ivlilibic 

$~O,OOO for tcatina and "'SÎlltlÙon $~O,OOO for .... tinS 

Unknown (HCFC 22 is highu roll) UnknCIWII (MCFC is IIigh~ <:001) 

None None 
~ 

Nonc None 
" 

Unknown Unknown 



,~~~,I~ 

'i'.i .. '.-" 

FUNCTIONAL ALTERNATIVES AhcmaLive: HYDROCARBON PROPELLANT 
DATA SHEET Product Group: PERSONAL 

Process Group: AEROSOL PRODUCTS 

E!\D-USE 
BREA TIl SPRAY PERFUMI! 

A VAILABIUTY Af\'l) ,T~hnical 
-n~m.;a 

~, 

COllUllercial Cum:nùy avaUabl. in Ihc mad<CI ' Cum:nûy avaUabie in !he mad<CI ' 

Market 

E.'\D-USE MARKET ' Elpectcd 100'1. in 1 yeu 100'1. in 1_ yeu 
PEl\'ETII.A TION A!\.'l) 
TIMING Muimum 100'1. in 1 ycar ' ' 100'1. in 1 yeu ' .. 

, 
Sub.tiwtion 100'1. of CFC 12 100'1. CFCI2 \ 

poIen'ill 

E~D-USE 

MARKETPLACE Acceplance , Dependaru on flammal>ilil)' Wu .. Ocpa1deru on fiammlbility illue 
CO~tPARABIUTY - , 

Qualily No dilfcn:nce No diffeRnce - ) 

Durlbilil)' and life No dilfcrcncc . No diffeRnCC 

Enrironm""11 and InaeawJ naiilmibililY Incl'clIed IIammabilily 
heallh inuea 

COSTS AND Reaearch and Formulation ia available FannuJation ia availablc 
BENEFITS developmenl COlIS 

~ 

One-Ume CQIlyenion $SO,OOO for ~tion miendmcnlS 'and label chlngea $SO,OOO lor regillrltion ameridmerua and label changea -
C~SU ' 

Aruiual operaling Nonc 
coOl changea .. None , 

S pii,-ofl COSIS Ind Chcapcr propcllUlI COS\I o,eapcr propelllni CON - no c:ffcct on produ.::!' Cœl. 
bcncfilS 

- , 

End-..... modifica· None . - , None -Lion cost$ 

Nanc , 
End-use cool -None 
chang.s 

'--,-
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FUNCTIONAL ALTERNATIVES Ahemaùve: HCJ:C-22 
DATASHEET ProdUCI Group: PERSONAL 

Process Group: AEROSOL PRODUCTS 

E~D-USE 
/ 

S'HAVE IlffilllrANT OEPILATORY 
A VAILABlUTY Al'oIl) Technlcil-
T1MI~G 

Commercial 
-

Mukel CulfQlûy .vaiùble in !he maô:~ C""?'Ûy .voÛable in lhc' markCl 

liI'\O-USE MARKET Elpecled 
PEl\"ETRA 110N AND 

~ 

11 MING M.mnum, " 

Subslitution 100<1. 01 CFCI2 cOOiumcd Cc:. aliave lublicanll 
,potenlial 100'l. 01 CFCI2 consumcd for "'av,e lubric.n .. , 

,E!'\D-USE 
\'tARKÉTPLACE Acccpiance A""Plable ACCCpiable 
CO\,IPARABIUTY ' 

Qu,ülY No diifacncc No diffClalcc 

DlÎrability and lite No diifacncc \ . No diffClCncc 

, 
lncruscd human lOlicilY, œone dèplctillg' ",bsUU1CC 

' ' , ' En viroNnauù and Incn:alCd human IOOOly. ozone dcplcling,IWlSlancc .".' 
he..l!h ÎS._ . , 

COSTS AND -R_rch and None None r 
BEt-"EFiTS devel0l'mau co.u 

One-lime convc.rsion $SO.OOO for ~ ana label chang" $SO,OOO for laling and label chang,," ' 
cOslS . 

Annual opcrating 
COlI changea 

Unknown (IICFC il rughcr ""SI) UnknoWll, (IICFC il highcr COSI) . 

-
" 

Spin-off cosu and None None -
bcnefiu 

End-use modif",a- NOne Nono 
tiœ cosU ',., 

'0'" 

"," . 
./ 

End-use _1 Unlui.own Unknown 
changcs 

·'M 
:~~'~'I': ?'!, .. 

~~t~ :~ '~~:? ",.3<" ",''''-'"' 
: 
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J.'UNCTIONAL ALTIi:RNATlVIi:S . Alternative: HYDROCARBON PROPELLANTS 
DATA SHEIi:T Produci Group: . HOUSEHOLD , Process Group; AEROSOL PRODUCTs 

. ël'\D-USE 1 . 

COOKlNG PRODUCTS, AIR FRESIIENER, ROOM DEODORANT 
AVAILABIUTY AND Technic.1 
TIMING 

Commercial CllI1"<nt.ly IVlillble in \.he mimel 

Markel .. 
, 

END-USE MARKET ' EXp""led ~ 

PEI\'ETRA TION AND 
TIMING Mllimum 

Sub"ilUùon ÙlO~ of CFCII wmumcd for Iheac end-use.-
pola"ill / 

END-USE POOl" duc 10 prodUCI cffiçacy; weighl problcms 
. 

MARIŒTPLACE Acccp"lnce 
CO~IPARABIUTY 

QUllil)' Inferior f '-
f 

Durobilily and tif. No chlnse 

Environtnc:nlal and Incr ... cd O.mmlbililY 
hcallh iSluca 

, 

COSTS M'D Rcacarch and A formul.ùœ ii avoilabl. 
.' BENEFITS devcJopme.n1 COIU -

One-Lime convcnion $50,000 for label ching .. 
COs" $50 10 SIOO,OOO for oboolele packaging COSIS 

. 
Ann ... 1 opclI.mg Unknown 

, COSI changu 

-Spin-<>ff COlIS and Chaper formulation -. 
·bénef.1S 

,.. End-use modifica- None f 

--t.iœ costi 
.~ 

f 

End-use COSI Unknown 
.chinge. , 



1\) 

te 

FUl'\CTIONAL ALTERNATIVES 
DATASHEET 

EI'D-USE 
-,' 

AVAlLA81UTY 'Ar-"D 
TIMING 

E.';D·USE MARKET 
PEI\iETRA1l0~ AND 
TI MINâ 

, ' 

END-USE 
!>lARKETPLACE 
CO~IPARABILJTY ' 

, 

COSTS AND 
BENEFlTS 

l, 

\ 

--

" 

Tcclmicat 

" 
Commerçial 

Mu .... 1 

E~pecled 

Muimum 

Substitution 
.poItnlial 

Ac""i>tan~ 

Quamy 

Durability and lifc 

EnWonme.ntal IIId 
hcallb isiuca 

-, 

Raeorch and 
de.eIopmctlr CON 

One.Limc COllvcnioO 
C~ltl -

' A'MuaI 0pu"IinS 
COll dlansca 

Spin ... ff co." and 
benmes 

End-use mOdifica­
tion cOSlS , 

End-use cost 
chang •• 

Allemaùve: 
ProdUCI Group: 
Process Group: 

Cum:nIIy a.lilabl" in Ibe mark", 

100'1> 01 CFCI2 cauuincd fœ- aha." lubricanes 

[')cpCinds on Oammlbili'y isauc 

.) 

Non" 

None 

"Chcapcr propcllant 

None 

HYDROCARBON PROPELLANT 
PERSONAL 
AEROSOL PRODUCTS 

DEPllATORY 

Cum:ntly Ivailabl" in che mllltei 

100'1> ,01' CFel2 <XInIIIrIIcd fot "'ave lubdeanes 

Dc:prnda on aammabüily isaue 

No diffcrcncc 

Inc:n:.tacd Ilammlbilily 

Nono 

$50,000 for icaùnS and lAbel <:hIllSCI 

None 

Chcaper propcllant 

None 



w 
o 
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FUj\\CTlONAL ALTERNATIVES 
DATASHEET 

END-USE, 

AVAIIABIUTY AND Tcclùtical 
TIMIl'\G -

Comm~n:i&1 

Markel 

E.'\D-USE MARKET ElpcCIed 
Pël\liTRATION AND 

Mll'imum TIMI:"G 

SublliwuOct 
po .. ,mill 

E:\"D-USE 
~IARtŒTPLACE Açc~plance 

COMPARABIUTY 
QUllil)l 

.J 

\ '-
,Durabilil)l and tif. 

Envitonmontal and 
heallh i.lsuca 

COSTS AND RClCln:h an~ 
BEl\'EflTS d~yclopmenl CON 

One·lime conversion 
COlts 

" 
~ Annuàl opcrating 

Cl'SI changes • 

Spin-off COSLI, and 
bencfiLl 

.. 

( End:usc, modifiea-
Lion' eosu 

ënd· us~ cool' 
chanacs 

Allemative: HCFC··22 
ProduCl Group: HOUSEHOLD ~ 

Process Group: AEROSOLPRODUcrS 0 

GUM REMOVER 

CunenII)I Ivailablc in Ih~ ,mukCl ' 
, 

100'10 of crCll ",cd for thù lpplication 

..J 

Blond i.I las clficic:nl 

.. 
No diff=cc -

'-

No diffcœncc, . 
- ' 

Ûl.oI1e deplCling AlblWICC 

r, 

',--

$50,000 for lMina and label chanaCl 

" 

Unlr.n~ .... n 

" 

; 

None, " , 

, -
Nonc .-

-~ 

, 

Unlr.nown , 

-



-
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FUI'CTIONAL ALTII:RNATIVES 
DATASHEET 

'. ' 

E:-\D-USE 

A V AILABllITY At,,')) Techoical 
Tl!>IING 

" ' Comme",i.l 

. ' M.lltel 

'''''D·USE MARKET ElpcCled 
l'E:-\ÉlltA TION AND 
lÙUNG Muimum 

Suhatiwlion 
"- palenli.1 --, 

E:-\D·USE 
~tAIÜŒTPLACE Acceplance 
COMPARABIUTY 

Qu~llli 

" 
Dul.billl)' and liIe, 

Environmcnl.l and 
heallh iI,_ 

COSTS AND Rescari::h and 
I1Ei-.r:FITS devcJopmcnl co'lS 

. One-lime canvcnion 
coSU 

Annual opcrating 
, ' COSI chan, ... 

Spin-off COlIS and 
bcncnlS 

End-use modifica· 
tion COSIl 

End-use COsI 

changes 

AhclJ'lative: 
Producl Group: PHARMACEIJfICAL 

' Process Group: AEROSOL PRODUcrS 

BRONCIDAL DlLATORS - ISg PACKÀGE 
" 

Thm am p..-uly 00 knoWII allCm.tiv ... 10 CFC 114 for bronchi.1 dilaLal'l. UIC of " 

hyd""",tbooi il kiloWII 10 have boIh sllSpen.ion .nd n.mmabilily probIcins. CoslSfor 
de\'CIopin&. teWna and è:œvcnioo are W'lknoWII. bol elpected 10 clcœd SI million fo; .. ~~ .' 
Ih" induM, POICntil1 md-liS<: COS! eh.ri"", .re ,Iso unknown. and will dwcndon Ih,,' 
moll viable .llCmalire developed. 

" 
, 

, 

, 
.t ~ 

" 

" " 

" ., 

'. , , 

..... 

'" 
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FU~CTIO~AL ALTERNATIVES 
DATASHEET 

END· USE 

AVAlLAB1UTY A!\'D Technicll, 
TIMING 

C.ommcrc ill 

END,USE MARKET Expcclcd , 
PEi'.rnATION A!\'D 
TI ~L'ljG Mllimu"'-, 

EI'm·USE 
MARKETPLACE 
CO~IPARABiUTY 

COSTS AND 
DE!\'EFlTS 

Subsùwlion 
pOlenÎil1 

Acceptance 

QUllily 

,Dunbiliiy and Iii" 

EnruOlJ'tlcnl11 IIld 
bea/lb isSUCI 

RCICUdI and 
developmcnl COlU 

Alternative: 
Produci Group: 
Process Group: 

ANTI-PëRSPI RANTS 

1()()1I, in 1 yu, 

1()()1I, in 1 yur 

1()()1I,'l. cl CFCll .oo.umcd for Ibis cn~·use 

AcccpUlbl" 

No' dûf"rencc 

No dilference 

Ozone depleting subsuonce (ODP is 0, OS) 

FoanÙllùon ii a.ailablc 

One· Lime canvCItion $50,000 fOl \cating and I.bèl chlngea 
COlU 

,Annual opcnting 
eD$\ chang'" '-

Spin-off coN and 
bcncfiu 

End·use mOdifica', 
Ù"" C06Il 

End,use 'C06I 

changes 

None 

None .. 

None 

None 

1 

r-

HCFC-22 ' 
PHARMACElITlC AL 
AEROSOL PRODUcrS 

.' 

" 

) 
( 

FOOT POWDER 

Cum:nüy ","ilable in Ibe market 

1()()1l, cl CFCIl and 100000,of CI'Cll coo.cumcd for Ibi. cnd-ulC 

Acccpuble 

No diffc:rcncc: 

Ozone depleting subel&nce (ODP Li 0.05), 

Foanw..ù"" is aVlillblo 

$SO,OOO fOf lA:IIlÎIIg and IAobel changea 

None 

f .' 
None 

; 

None 

None 
" 
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l'UNCTIONAL ALTERNATIVES. 
DATASHEET 

END-USE' 

AVAlLABIUTY A/Io'D Technical 
TIMING 

Commercial 

MarkCl 

END-USE MARKET . EIpccled 
PE!,'ETllA nON_. A I\'D 
TIML'IIO ' Muimum 

END-USE 
MARKETPLACE 
COMPARABIUTY 

SubalÎtuliOll 
poIenliai 

Acccplance 

QualilY 

EnvitonmC:nlai . and 
hcalih ilsuca 

Alternative: 
Product Group: 
Process Group: 

ANJI-PERSPIRANJ 

100.. in 1 ycar 

100 .. of CFCII COIllllmcèl for Ihia end-use 

Limiled 

Effi<:ac y il 1"'1 

~' . 

HYDROCARBONPROPELLANT 
PHARMACEUTICAL 
AEROSOL PRODUcrSS 

RX>T POWDER 

Cu.m:nIly IVlilabie in !.he mark", 

100.. in 1 y~ 

100.. in 1 yeu 

100.. cl CFCII Ind 100.. of CfC12 CQlUUmed for w. cnd-IIICI . . 

Unltnown 

Incré.aacd flammabilily. Uac cl d:IIorinated Io/Venl. 

I~~=-~~--~--~~~~~-----+~~~--~~~~--~----'~'----~------~------~------~~~~~--~~------~~--~------------~------------~ .. 
COSTS AND Reaeari:h and fànnulalion avlil.bIé Fwmulalioa .vailablo 
BENEAT.S . dc:velopmcnl c:O.u 

One-lime convUsion $SO,oQo for ~g .nd label chang'" 
COlIS $1 00,000 ~.pilal cquipinml _II 

" 
.~ 

Annuaf opcmin. , None 
cost changa . 

Spin-off COIII and None 
, bc:nclill , 

End-use modifica· None 
tion ~LS 

End-"I< cool Non. 
chang .. , . 

.. 

, 

$50,000 for label change (Wcighl) 
$100,000 c.opilal cquipmcnl COlI 

None 

None 

None 
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FU~CTIONAL ALTERNATIVES 
DATASHEET 

END· USE' 

AVAIL\BlUTY AND Tc.:hniul 
TI M 1:-10 

Commete •• 1 

Markel 

END·USE MARKET Expeeled 
PEl\1ITRATIO:-.l A~'D 
TI MIl\'O Muimwn 

E:\D·USE 
MARKETPL\CE 
CO~IPARABIUTY 

COSTS AND 
8E~r:F1TS 

SübstiwLion 
poI<:nlial 

Q ... IlIy 

DurabilllY and liC. 

Envùonm<:nlal' &l'Id 
Il ... 11Il . jslUCI 

RC#&rch and 
developmenl CCIII 

Alternative: HCFC-22/J42 
Prod~ct Group: PHARMACEIJI'ICAL 
Process Group: AEROSOL PRODUCTS 

:TOPICAL APPUCATIONS - ANESTIŒnC & ANTISEP1lC 
WOUND SPRAY 

1.00'1. in 1·2 yean 

JOM. of CFCll &l'Id 100'1. of CFC12 cansumc:d for Ihi. c::nd'IIK 

Unk.nown 

Unknown 

Unknown 

O.r.onc depleling ouœWICC (HCFC 22) incrcaocd nammabifuy ancl 
lolicily (UCFC 142) 

A foimulaûon ia .vaa.blc 

One-Lime convenion $SO,OOO f~r 1CIting; l'Cgillration changea' and labd change and $SO,OOO - $100,000 far 
e!>S1S capilll '''l''ip"!cnl blcnd eœ\ ' 

AMIIII opcrating 
co",-changCl 

Spin-off eos", 'and 
bcncli", 

End· ... e modifié.· 
Lion COSIS 

End· .. se cool 
changc~ 

Unknown 

None .' 

Nonc 

. Unknown 

\. 

\ 
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FUNCTIONAL ALTERNATIVES 
DATA SHEET 

END-USE 

AVAlLAB1UTY A!\'D TcclIDical 
TIMING 

Commercial 

Markel 

fu'\D-USE MARKET Elpccted 
('E!\1mtA TION A!\'D 
TIMING Maximum 

Sub.tiiution 
polauial. 

END-USE 
MARIŒTpLACE Acceplance 
CO~IPARABIUTY 

Qualily 

DUrabilily and tife 

Environmallù and 
heallh inucs 

COSTS M'D R .... rch· and 
BEf'..'EATS devcloprnenl COiU; 

One·time convenÎon 
COll' 

Annual opcraung 
COOl chang .. 

S pin -off co,," and· 
benefiu 

-

End-use modifica-
tian cosu 

End-use COSI 

change. 

1 

Allemalive: HYDROCARBONPROPELLANT 
Producl Group: PHARMACEUTICAL 
Prcicess Group: AEROSOL PRODUCTS 

TOPICAl AI'I'UCATIONS - ANESTIIE11C AND AN11Spl,-nC WOUNl> SPRAY 

. 
Cum:ruJy available in Ihe madel 

/ 

100'1> of CFCII and 100'1> of CFCI2 coruwncd for LItio ;"d-u .. 

A 

. 
Unknown 

Rcduccd anacslhctic action, 

--. 
- -

. 
. 

InaeaiCd nammabilily 

A foanulation ia availablc 

.. ., 

$50,000 for ICSlÏng, regialrltion chang .. and label change 

Shghl rcduction, a"unlÏng no ca5l: inc.re .... 10 dcal wilh flammabilily ,. 

None 

None 

PropclJanl coil rcduclionl - minor producl ·price decle .. e 

( 
. 



, " 

FUl';CTlONALALTI!:RNATIVI!:S AIr.emaIÎve: HYDROCARBON 
I>ATA'SHEET Producl Group: ' COMMERCIAL & INDUSTRIAL ' , \ 

- Process Group: AEROSOL PRODUcrS 
1i:';[),USE MOLD IŒLJ!ASJ! AGJ!Nrs, l'OK PLASTICS 6< 

) 
ELASTOMER, MA TERIALS ,/ 

A VAIl.ABlurY Al\'D ,T""hnical 
TIMIr-.'G 

Commercill CWRnÙY .v.i1.ble in' Ille m.à .. 

Markel 

E'\D,USE MARIŒT Expc<:led ,Unknown 
l'E:>'1ITRA110N AI\'D 
TIMIl\G Maximum Unkno'wn 

Substiwlion 100'A> of CFCII and 100'A> CFCI2; " 

polmtial 

END-USE 
MARIŒTPLACE AccePt·nce Limiled, bec.use' 01 ooIubilily and llammabililY wu ... 

CO~IPARABIUTY , 

Qu.IiIY Dissolves plastic wttacc , 

Durabilily and life No diffCfUl(C 

Environmcnlll and Incrused llammabililY - &&fay COOCCllll on h .. lCd .unacc 
hullb issue. 

COSTS AND Rcacarcb and' EoùmalCd S5O,OOO 10 SIOO,OOO, 
BEl\llATS developmmi .:o.a 

On~-Limc convenion $50,000 for label chanac , 

COlll 

, . 
Annu&1 opcraùna No diffe:cncc, usumi.na no addition&! CON an: incurred' 10 de&! wilb Oammabili.y 
COli changea ÎSSUU. ' 

Spin-orr CON and None 
bcndilS " 

End-usc 'modifica- None 
tion CO$I$ '-

End,use COli PropeUanl CO$I.$ Ire ,.ligMy lower. t1iercforc a co .. reduction may "",ul!, 
, ching'" 

" 

" 



." 
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FUNCTJONAL. AL.TERNATIVES Alternative: 
DATASHEET Product Group: COMMERCIAL. & INDUSTRIAL. 

" Process GroliP: AEROSOL PRODUcrS 
" 

EI\"D·USE 
CLEANER SOLVENTS (ELECIlUCAL APPUCATIONS) .' 

AV AILABIUTY. 'A!\'Q Teebn.ical 
TIMIl\O 

Commercial 'l'hâc are pmac:ml)' no known a1tcmativeo for eleaner iOlvcnlJl for clceuicol appüca-
tiona (ClllmlÛY CFC 113) .. OIber chlorinalcd solvall' ate known 10 liive toxicily 

Markel prcblcma . A tcplac:crnc:nl lolvent mUJI also mainl.tin Ûle prOOUCI ""id"" pcdOlll\anee 
. . oC CFC 113. When deve1llvcd. an ;'l .. ma,ive m .. &110 need ID confonn~ 

E.':D-USE MARKET Expeacd 10 Clistins·eleeujeal iund.trda. or initiale chana"'. will! Ûle a .. oeillcd COIIJI IIId 
PE:\"E"ffiAnON AND 

1 
timing. 

"-n~ll"'O Maximum 

SU.blÛlUlÎon 
polential 

El\"D-USE 
~lARKETPLACE Aceepllllce 
COMPARABIUTY 

Qualil)' 

~ 

, 
nurabilily,and hle 

-, . 
Environmenlal .nd 
healll! isNlll 

J 

COSTS Al'ID Reocarcb and 
IlEl\'EATS • devclOpmen' CO$U 

0 

J. . 
'One-lime conversion 
COIls' 1 

AnnuIl, opentina 
con chang'" ( 

:" : 

S pin-off CON Ind 
bcnefll. ' 

-
End-use modifiea-

- . 

tion Co:s.tl 

End-use con 
changes 

~ 

-, 
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FU~CTlO~AL ALn:RNATlV[S 
DATA SHE[T 

-
E:\O·USE 

A VAIL\BIUTY AI\"D T..:hnicil 
TI~II:\G 

Commercial 

Mukei 

E."O-USE MARKET E.peaed 
PE~'ETRATlO:-J AI\"D 
T1MI:\G MIÙJ11um 

Substitution . 
potential 

E:-m·USE 
MARKETPL\CE .. Acceptlnce 
COMPARABIUTY 

QUllity. 

Durlbility Ind \ife 

Environmental and 
hea\ah isauea 

COSTS AND Reaearch Ind 
BEI\'EFITS . devdo!""""t COlts 

One-lime convcnion .. 
costs 

AMUlI operlting 
cast ching" 

Spin-off costs Ind 
lien dits 

End'usc modificl-
tian COLSls 

" 
End-use coot 
chonges 

Allcmalive: HCFC-22 
ProdUCI Group: COMMERCIAL & INDUSTRIAL 
Process Group: AEROSOL PRODUCTS 

OUST EUMINATORS (ELECfRICAL APPUCATIONS) 

Currenlly IVlillble in ahe mldtCl 

100'1> in S yean , 
.-

100'1> in S yean 

-
100'1> of CFCI2 consumcd Tor Ihia end-use 

'> 

Acceptable '. , 

No difference 

No difference . 
....J -.. 

Ozone dcpleting aubollnU " 

S50,OOO ta SIOO,OOO f .. t .. ting Ind development. 

S50,OOO for Ilbd change. 
" 

' .. 

None 
.. 

None 

None 

-
None 

, 



I<'UNCTIONAL ALTERNA1'IVES 
DATASiŒET 

ëKI)·USE 

Il. "l\'D, T cchnital 
TIMING ' 

Commen:ill 

Market 

E.-';O-USE MARKET Elpecte,d 
PENETRATION At-.'D • 
TiMING Muimum 

El"O-USE 
MARIŒTPLACE 
COMPARABIUTY 

, COSTS, AND 
BI:'l\"EFiTS 

SubslilUlion 
potcotÎII 

/' Acceptance 

Durability Ind Wc 

En\'Ùonmenlll and 
hCl11h issu" 

R.,..,.,ch' and 
devclgpmenl CON 

AhcmatÎvc: 
ProduCt Group: 
Process Group: 

LUBRICANTSiSlUCONE SPRAYS 

HCFC~22J142 & 152 BLEND 
COMMERCIAL & INDUSTRIAL 
AEROSOL PRODUCTS 

Unknown (.orne 142b ia, availabl~ but only 1 .uppti .... elÏlU; U,S, - baaed PQUlwah) 

Unknown 

Unknown 

100'1. gf CFC1I; IOM. 01 CFCI2; 0% of CFC ilHat !bU ci.d-UIC 

Unknown 

Unknown 

Ozoné dcplcting auœLanœ (HCFC 22), Incn:.Iaed iOJ.Îcity (142/152)' 

FormulalÎ<lnl "., Ivailable 

One-lime conv ..... ion· UO,OOO for tesIin& and Ilbd cbsn&" 
COll., ~ 

. AMIIII opc:tllins 

'00" chans" 

spin-arr casa and 
bcnefia 

End· use modific.­
lion costl , 

End-use cost 
changes 

Unknown 

Unknown 

Unknown 



"'U~CTIO~AL.ALTERNATIVES 
DATASHEET. 

END-USE 

AVAlLABIUTY A:--U Technicar'-
TIMIl'\G 

Conunercial 

Markel 

E.\lD-USE MARKET, Elpecled 
PEl\"ETRATION Al\U 
TIMING Muirnum 

El'\D-USE 
~lARIŒTPLACE 
CmlPARABIUTY 

COSTS AND 
BEl\'"EATS 

-

, 

Subsliwlion 
poienlia' 

Accep'ance 

: Qualily 

.. Durlbiliiy and li!e' 

. Environmerual ind 
-hulÙl il"""" 

ReauR:h and 
devclopmc:nl CON 

One-limc wn~CI1Iion 
çOSla 

AnnUit operatinS 

"'''' "hangcs 

Spin-off "OSII and 
ben.lill 

End-use modifica-
tion COSIS 

End-use CQ$I 

changes 

_ AllémalÎve: 
ProdUCl Group: 
Process Gro_up: 

LUURICANTSJSIUCONE SPRA YS 

100% in 1 year 

100% in 1 year 
. . 

HYDROCARBON PROPELLANT 
COMMERCIAL & INDUSTRlAL 
AEROSOL PRODUcrS· 

100% of CFCII lIId lOM.ol CFCI2; unknown % ofCFC 113 

Accepl.\bl. 

No dilfc:n::nce 

No dilferênce 

FonnulaliO/ll arc IVlilablc in !he UnilCd SI.\Lcs 

$50,000 for latinS and I.be! chanS" 

No diffen:nce, Issuming no .ddiliOllalCOllII arc incum:d 10 dcal wilh llmimabililY 
j,suc' 

None 

None 

PropeUlnl coSls arc ilighLlY lo";.r, Ù1e,cforc 1 CO$l rcduc~on mly "",ull 



J.'UNCTIONAL ALTERNATIVES 
DATASHEET, 

E:,,;o·USE 

AV AILABlUTY A"U 
TIMING ' 

E.'\D-USE MARKET 
PE!\'ETRA 110:-1 A!\U 
TI,MING 

E:<:O,USE' _ . 
MARKETPLACE 
CO~tPARABIUTY 

COSTS AND 
BEl\"EFlTS 

Te<:hiùcù 

Commercial 

Markel 

Mi"ùmum" 

SubstituliOn' 

potcnlial 

, ACCcplanc~ 

Quaüly 

Durabilily an~ liCe 

, Envû';nmenlù and 
, hè.tllh' isSUCI . 

One·lime . ronversion 
COSII 

.\MlIll operalina 
cO$'lchang~' 

Spin'Off coslS'and 
bencfilS . 

. End·u." m;,.ru-,.,.· 
tian ÇQus 

End·use cou 
change .• 

A 
CLEANERS 

COMMERCIAL & INDUSTRIAL 
AEROSOL PROPUCTS 

, There afe Preacnlly no known Ù\=lltiVe4 (or lubricania or clcollCl'l inllÙlliïig 
applicltions, lIydtoc.ubons Ile nOI ( .... ible bcca~se "f Ihcit flammabiliiy,::, 

. ~ .. 

.';." 

.; 
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I<'UNCTIONAL ALTERNATIVES 
~ DATA SHEET 

E;-';D·USE 

AV AilAB1UTY A:!''D T eclmical 
n:'IING 

Commercial' 

Markel 

E.'\D·USE MARKET E1pccled 
PE:-ŒTRA1l0N Al\'D 
1UUl'G MIl.imU/ll· 

E;-';D·USE 
:'IA R KETPlAC E 
cmlPARABILlTY 

SubaùwliOll 
poICllIi.1 

Aceeplanee 

Qualily 

DuubilllY .nd tifc 

Environrnenl.1 and 
hCl11h .is.uc:a 

Alternative: 
Product Group: 
Process Gro!lP: 

INSECr REPEUANT' 

CW1'CIIIly .v.Uabie in mAlte( 

100% in 1 year . 

100% in 1 yClr 

1~.1ll CFCI2 <OOl\lmed for n:pelI.nl$ 

. A=puble 

No dilfc:rencc 

No dilfen:ncc 

Inc~. a.mm.biIiIIY 

) 

HYDROCARBON PROPELLANT 
PESTICIDE 
AEROSOL PRODUCTS 

INSECfiCIDE SPRAYS 

,Cuaenùy .v.U.ble in matit", 

I~ in 1 yeu 

I~Ln 1 yClr 

lOO'l> of CFCII and 100 ... of CFC12 """,umcd (cr 'pny. 

Ac~ccplablc 

No cliffercncc 

No differencc 

, 
lncre.ucd. fiammabilllY, iN:rcaoe.d IOllicily beUu .. of chlonn.Lcd .èlvc:nl 
conlenl 

~~~=---~~~~~~---r~--~------~--~----~------------------~~~~--~~--~~--------------------~~, 
caSTSANO R_rell .nd None '. '.' . , FoanlllaùOlll .ni C1UJa1ûy .vaU.blc 
BEl\'EFiTS developmcnl cooU 

ÛIIc-ùine' cOnversion 
cO$ll. 

Ànnual opcrllLna 
cOSl chang .. 

Spin-off cO'lO"lnd 

ben.fi" 

E~d-.. s.· modiJk.· 
UOCl cosu 

End:u .. cool 

chinges 

$SO,OOO for I.bd chana"" 

No diff~n:ncc, • ..umina no addition.1 COIU .... incurrcd 10 dul wid\ flamm.1lW1 Y . 
USU" 

None 

None 

( 

: Propcll.nl co'" ''''.Ilighlly lower, Ih.reiore • casl red~cùoo moy rauh . 

. $SO,OOO fOr l.beI chailg~ 

No diffcn:nce, .... ...;,ina no .dditioo.l COSlI .re incurred lA> dcaf wilh Illmm.IlWIY uoua . 

. NOIIC 

NOIIC 

Propcl1.nI casu .'" ,lighùy /ower. liIerdo", • COll rcducti .... ni.y rClull 



FUl"CTlONAL ALTERNATIVES 
DATASHEET 

Alternative: , 
Product Group: 

HCFC-22/HYDROCARBON/CHLORINATED SOLVENTS BLENDS 
PEStICIDE ,', 

Process Group: AEROSOLPRODUcrS 

E!'>D·USE 
INSECnCIDE SPRAY 

" AVAILABIUTY, Al\'D' Tc.chnica! 
TI1\lI:'\G 

:, '" .-,', ' 

. B\D:USE MARKET 
PE:--lITRATlON Al\'D, 

'" T1~UNGb': 

E:-.ID-USE 
MARIŒTPLACE ' 
CO,MPARABIUTY 

Commercial 

Markel 

'Maximum 

Su~ti;"1i1Xl ' 
,:P<xcntial 

QuaUIY 

Durabilily and liie 

Environaiiwal and 
, heallhï._ 

.-; 

RaWclt and, 

CurrenIJ Y .nilable in ahe marktl 

Unknown 

..... > 

Unknown 

Nodiffcn:nœ 

No diffcn:nce 

Each alwnative hu a IiJllificai'll wcikncu: HCFe 22 ia an oicno dcplOlÙll , 
aubsuncc:; Hydmcarbona have ificrcalCd f1ammabilily, chIorinatcd lIOIvcnlS have 
inc/eascd ~o"icily ;,.' ,; ,_ 

COSTS A/'.'D 
BEl\'EFlTS' ,',:, ,dovd,opmezIl co.1S 

Qnc-Wni: corivenioo ' $50.000 for ICIninS and label"chansca 
• cosl5 , 

Ânnual opcrating 

coS! :~hansea" 

Spin ,off cosU, and 
bcntfiu' , 

None 

None' 

End-use modifica- None 
ùon cast, 

End-use COSI None 
changei 

·,1 . 

( 

,;': 
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FUNCTIONAL ALTERNATIVES' 
D,\TASHÉET ~ 

E~D·USE 

AVAlLABIUTY AI\U Tcchnical 
TIMIXG 

Commercial 

Markel. 

END-USE MARKET Elpccled 
l'EI\1ITRATIO:-': AI\U 
TI~IIKG ~fllimum 

E~D·USE 
MARKETPI..ACE 
CO!-IPARABIUTY 

SuboliwlÎOII 
po":nlid 

Acceplance, 

Durabilil)' a.nd tife 

Envizoomallii and 
heallh iu"", 

Alternative: 
Product Group: 
Process Group: 

HCFC-221142/152 BLEND 
COMMERCIAL & INDÙSTRIAL 
AEROSOLPRODUCTS' 

l'lUi COATINO (PiIOTOCiRAPHIC FILM DEVELOPMEt-m 

Unlu!own 

Unknown 

Unknown " 

'00'11 cl CFCH and i~ of CFC12 calsumed for lhis end:use -

, 
Profeuional use -a~ unknown Il Ihis poinl. 

Unknown 

, . 
Ozone deplaing .uboIancc (HCFC22)" Increascd IOllC!I)' (i421.152) 

~~~~=---~--+---------~--~,-,~~--~------------~--------------~------~------~ .. ~~--------~--~--~--------------~------------~---i 
COSTS A:-'U Rcoearch and An C5ùmàlCd SIOO.OOO for R &: 0 inLO spcct, ',lil.cd equipmcm/prœcl' 
BE:-,EÂTS deyelopm";l .:0..11 

'One·lime convenion Urikno:Wn'" bUI may bc ',i,nÎficanl far 'a.cr mlclùne' ch,nl" 
costs 

,AMUlI opcr'lÙIg Unknown 
cosl chlngCl 

-

" 'Spin-off COslI and . Unknown, 
bcnefill " 

" 1 
" 

, . 
. ~nd·u ... modifiel-' Unknown .. .. 

ti~ cosu: 
) 

" 

End·use CIlSI Unknown 
ch.nges ,/' 

" 
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FUl\CTIONAL ALTERNATIVES 
DATASHEET 

E:\O-USE 

AVAILABIUTY AlI.'D TC!'hnicll 
TIML~G 

Commç,cill 

Marhl 

E..'\D-USE MARKEr' . Elpecled. 
PENEIRA nON AlI.'D 
TI~IIl\G Muimum 

E:\D·USE . 
~{ARKETPLACE . 
COMPARABIUry 

COSTS Al\'D 
DEl\"EFITS 

Sub.lilUlion 
·poI""li •• 

Acceplance 

Qualily 

[Junobilily and hle 

EnviroNncml1 and' 
heohh i .. _ 

Reua,ch and 
developmcnl co .... 

AllCmalive: 
Producl Group: 
Pro?ess Group: 

ANAL YTICAL AXA TIVEJAOlIESIVES 

CWlCtIÙy avlillble in lhc ma.dc:eI 

HCFC-22/HYDROCARBON BLEND 
COMMERCIAL & INDUSTRIAl . 
AEROSOL PRODUèrS ,.-

100* of CFCll, ~ l'tgl,ding ~ po<cnù.1 far CFCII4 

Unknown 

W.tcr blled fOIJll .. I.li"" lhC:tcfon:: lh= a~ lCChnical limil.lù",," in Ipplicalion 

Unknown 

S.felY problem in 1ab Ule if "Iing hydroc.rbon blend, ozooc 
dcplCling s .. œl.lnœ (lICFC 22) . 

Formulaùon il 'Vlillbl" 

One-lime "",,';crsion $50,000 for "",ling. C.pil.ll cquipmcnl changea up 10 $200,000 
CO$U ,~ 

AMual opcraling 
coS! changea 

Spin-off COI" and None 
bcndi" 

End-use modif.ca- None 
ùoo tœll 

End-.. oe COOl None 
ch.nges 
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FU~CTlONAL ALTERNATIVES 
DATA SHEET 

E.'\D·USE 

AVAILABIUTY AlI.'D Techn;c.1 

Ahcmalivc: 
Producl Group: 
Process Group: 

HYDROCARBON PIWPELLANT/liCFC-152 
COMMERCIAL & INDUSTRIAL 
AEROSOL PRODUCTS 

I/YOROCARBON PROPElLANT FOR lOCK DE-ICER 

TI~IING '., 
Commercial 

'Markel 

E.";o·USE MARKET Elpecled 
PE:>''ETRATION A:>''O 
1nUNG Mll.imum 

E.'\D-USE 
~!A RKETPLACE 
CO~IPARABIUTY 

COSTS AND 
BE:-''EATS 

Sub5LilUlion 
jXllenlial 

QualilY 

Dur.billlY and tifc 

Environmenlal and 
h .. 11h i.s""" 

Resurch and 
de.elopmenl eosu 

iool{, of CFCl2 COIIlUmed for Ihi.l aid-uoco 

Unknown 

No differcnce 

No differcnce, 

InereoUed OammabililY 

Eslimated SIOO,ooo 

One-lime eon ..... ion Eslimated S50,OOO fo. label chanac (weighl), O,,"oI .. e packagins canponcnu 
costs 

Annual opeuting 
COSI chang" 

Spin-ofî COSI. and 
bcnc:fiu 

End·use modifiea· 
tion CO$lS 

End-use cos\ 

changes 

None .. suming no addilianll·cQlu are incuaed 10 dea1 . wil!! Ilammabilily Î.lSUe 

None 

None 

None 

Unknown (Nol cum:zuly commcn::ially avoUoble) 

1001{, of CFCI2 consumcd foi lhÎ.I end-Ille 

Uknown 

Unknown 

Unknown 

Incrc .. ed UlucÏly 

Estim.ted SI 00,000 

Unknown 

Unknown 

Unknown 

Unknonn 

Unknown 



.. , 

.' B. RIGIO FOAMS 

Below are the major end-use categories and substitute sùbstances' that we 
review in the RigidFoam category. 

1. Polyurethane foam bunstock and laminated boardstock 

... HCFC 123 

.... HCFC 141b 

... Carbon adsorption with recovèry 

2. Polyurethanepoured and sprayed foams 

... . HCFC 123 

... HCFC 141b. 

"'CFC ll/HCFC 22 blend 

~ CFC 11/water 
. . 

3.· Extruded polystyrenefoam' boardstock 

... HCFC 123 

... HCFC 141b 

... HCFC.22 

... HCFC 124 

... . HCFC 134a 

. .,.: HCFC 142b 

4. Extruded polystyrene foam sheet/low dènsity polyèthlyene 

... HCFC 22 

.5. Phenolic foam 

. ... HCFC 123 
~." 

... '. HÇFC 141b 

... Carbon adsorption with recovery 

47 



I-'Ul'Cl1QNAL ALTERNATIVES Altemali ve: HCFC-Ill .. 
DATASHEEl:' PrOdUCI Group: POLYURETHANE FOAM BUNSTOCK AND LAMINATED BOARDSTOèK 

Process G~up: RIGlDFOAMS 

E:-:O-USE 

A VAILABIUTY AND Tcdlllitai Avaüablc now 
TIMING 

Commen:ial 410S' ..... AU .. 1irn.1Ca assume IIlII lo';cily lUI reoullS (now und ........ ,)·tiC 

favowlblc, and mly a!Jo vuy dcpéndin, "" Ille lcnJlli of inhaIati"" 
Mullel S\06JCU1 ltudica nccdcd. ........ 

E:-:D-USE MARKET 
PEl\'ETRATION AND 

Expccted IOM. in 6 \0 1 y ..... 

TIMING Muimwn IOM. in 1 \0 8 1C1r1 -
Sub,ù,,".ion IOM. or ŒC il conoumed fo, lhiI prodUCl ,roup 
pou'tlllai 

" 
END-USE 
MARIŒTPLACE Acœptante Acup.anœ will bc hi(lhl 1 cIcpa1denl on Ihc priœ 01 C<lI1lpuablc cod poduda, "-
COMPARABIUTY :-

. 
Qualily Expccu:d 10 yicld a lowet R-value pu sivCIl Ùlickn_ ,) 

: , 
Dunbilily and !ife No diCferèti"", baaccl ... C\ItrCI1Ily availablc infonnaù"" . 
Envimnmc:nlal and Oz""e dcplcùon potenùù of O.OS; olhcrwise no is.u", aNllllÙn8 IOI.ÎCÎly 1eIÙn, i. 
hulÙl iss .... f.vourable. 

~ 

COSTS AJ'..'O Rcaan:h and E.limau:d $100.00)'(0, ÙIC indusuy (n"", ÙIII polyumhanc foam bunIIOCIt and 
BENEFlTS dcvdopmcnl COSI.I I.oùnau:d boa,dlUlCk il • Very ""aU inclusif)' in Canada and il hcavily impat Mven. 

'One-lime COI'Iyc"ion Minimal. baaccl on c:um:onl t.cdWcù information 
cosll 

Annual opcr.ùn, Minimum 10%'incrcasc in COli of Ooodl·Sold ba'cd an elpccu:cl chcmic&1 c:o.t 

cOll chang~ w:rcaSc of 200 10 Soo" over CfC Il. 

Spin-off tOlll and None 
bcndia .' 

End·use modifie.- UnkIlOW!I. bul pouibly major implication fo, end:",,, rosIS and application. bce&usc or 
uon C"'" ·Iowcr R-valuc_ 

End-use C"'1 Probable 22 10 25 .. incrcaoc fo, .",!uivalcnl R·yalue. 
changes 

~ .' 
.' 
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FUNCTIONAL ALTERNATIVES Allernative: HCFC-141b 
DATASHEET 

(!XD-USE 

AVAILABIUfY AND 
TIMING 

END-USE MARKET 
PEl\1ITRATION AND 
TIMING 

, 

ESD·USE 
~IA R IŒTPLACE' 
COMPARABIUTY ' 

COSTS AND 
BEI\"EATS 

~ 

: 

' Te.:hnical 

Commercial 
, 

Markel 

Elpccted 

Muimum-

Subsùluiion 
polc:nliil 

Acceptance 

Qualil)' 

Durabilil)' and Wc 

'EnvironrnenlOl and 
h.ahh iuuea 

Rcsearch and 
, ( developmcnl coN 

Product Group: 
Process Group: 

POLYURETHANE FOAM BUNSTOCK AND LAMINATED BOARDSTOCK 
RIGID FOAMS 

TOlicil)' ICOU h~ve nol )'el "'ane4 00 l'lIb (123 and 141b uc 
œmparable. ho ... ever 123 u ahead of l41b devdopmc:nuUy) 

10()lf, in 610 1 yC&el 

loo~ in 110 8 yeU. 

1 OO~ of CFC 11 COIIIurncd for Ibis produa grwp 

Accepiablc. dc:pendina on end use impacLi 01. cape.:1Cd hlghcr priee 

No diffcrcnce. bucd !"I cum:nLly avaUabie infarmaùoo 

No differClCC. bucd on cuamLly av&ilable infarmaûoo ' 

Ozooeilcpkùoo poItiIùal u leu 1h.t.n 0,05. 14lb u known 10 have Dammabüily DW 
(more daLi ;. rcquired al 10 nammabilily) " 

e.limalCd $100.000 fot Ibe induslty 

'One·lime conversion l'OI.cnIid signiticalll upgrade (;ON la dcal'wilb, Ilammabüily_ ln addiûon, bee& ..... of 
COlIS Ibe nccd for a ne ... producùon linc; Ibere is some likclihood,lbll canvc:nion co.u 

... ""Id he p!OOibiLive for Ibe elÎJÙng manufaclurera, 

AMud operaLinS 
COll changea 

Spin·off COSIS and 
hene/ill 

End.u$CI modilica­
ùan cœt. 

End· .... cool 
chlnge. 

( 

Indcpcndcnl of opcnLinS ""'" incralCl 10 dul wilb Ilammlbilily (such .s elplosion 
proofUl8 and inlUrance).,elpe.:ud incruse il p,obably, 110 8~,Cool 01. 000dI Sold" 

None known 

None uown 

Probable end-use cos! incrcasu of 15 la 16%, 
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FU/liCTIO~AL ALTERNATIVES 
DATASHEET 

E:>:D-USE 

AVAILABIUIY Al\U Technicii 
TIMII'G 

CommerçaI 

Markel 

E!'\[).USE MARKET ElpCICled 
PEr-~A TlON AND 
l1MIXG Muimum 

SubslilllliOn 
potcnùal 

END-USE 
MARKETPLACE Accepl .... ce 
CO:>'1PARABIUTY 

Qualit)' 

I>.>rabilil)' Ind hle 

Envitonmcnlal . and 
bCllth is ...... 

. ' 

COSTS AND RCSCIrcb .... d 
BEl\-EATS dcveJopmcnt ""'" 

Onc-lime conversion 
costS 

- . 

AnnUlI opcrlùnS 
coS! ch&ngcs 

Spin-off COSII Ind 
bcndill 

End-';.c modificI-
lion COlis 

End-us. cost 
changcs 

\ 

-
AhcrnalÎve: CARBON ADSORPTION WITH RECOVER y 
ProduCI Group: POLYURETHANE FOAM BUNSTOCK AND LAMlNATED BOARDSTOCK 

'. Process Group: . RIOID FOAMS . 

AppUcabtUly 01 carbon Id"'!pUOIl 10 oonslocl< " elucmeJy llmllC4 beclua .. or lbc. Illi/l 
pcrœnll&C of CFC l'CUin'" in the fOlm ecU .LNclUte lru:. manufa= . -

... 

,- -. . 

"'. 

. -

. 
, . 

. 



01 ..... 

FU;'\CTIO~AL ALTERNATIVES 
DATA SHEET 

E:-\D·USE 

A V AILABIUTY AA'D 
TI~II:-:G 

Tcchnicii 

Comme",i.tl 

Markel 

, E.,\j)·USE MARKET' Elf'CClcd 
. PE;>''ETRATION AND 

ThUNG " Mlximum 

E~D:USE 
~lARIŒTPLACE 
COMPARAOiUTY' 

COSTS At-.'D 
8Et''EflTS 

Sub.titulion . . 
potenlill 

Qu.lily 

Environmcnui IIId 
bullb ÎsS\lC:jl 

RClClrcli and 
dcvdopmcnl ~ 

\. 

. On~l.ime convcnion 
.. costa 

Ami ... 1 oj>crltfug 
w~cblngea 

S pin-off COSIS and 
hendilS 

End·u~ modifica-' 
tion C05I1 

End-U5C C05I 
change. 

. Alternative: HCFC-l23 
Producl Group: 
Process Group: 

POL YURETHANt; POU RED AND SPRA YED FOAMS 
RIGIDFOAMS 

POURim AND SPRA YIm 

Avàihblc.!lOW 

'AU eal.imllC&' ""ume: Ibll lo.icily 1 ... 1 ~ (no,", und.:,..,IY) arc 
. 'flvounlblc. Ind mly'II$O vary d~ding on Ibe Icngth cl inhalalion 
ItUdiu necdod. . . , ' . 

1001> in " 10 1 ye .... 
" " 

" ," 

1001> oC CFC Il COMumed {or üùi pwdUCI group' • 

AccèPancc will he bigbly dcpendenl on' Ibe pri"';~fcomp.~lc ... d produCII, 

-Elp""tt:d 10 yield • Iowa" !t-value pel' giv ... lhickn"" 

" 

1:'0. diffc:Rnce, blled on c;"rcnily Iv.iI.ble· infonn.tion . 

Ozone dcplctioo p<U.n1W of 0,05; othcrwis!, no i5S\l.,. ... umin, \Oxicity ~ is 
Cavour. bic. , .. . . 

Unknown: 

.' For~, ~,m~ 101> mcrcalé in è,," 'of Gooda 'SoÎd balCd .,,; ... pcclod 
<:hcmicli _1 mcrcasc of 200 10 5001> 0_ CFC Il, Spnyed _IS willlikdy bc IS \0 

2OI>ïùghcr .I!hOup IbClC il JO/JlCpo .. ibilily !hal Ibe incœ.1C will !lé ICa., dcpèndina 
on Ibe suce .... · of rcConnwatioll5. 

None' 

. ,. 
Unkno,",n,.bui possibly major implic.tion for end-use CO$IS uid IppliCltiona becaUie cl 
Iowa' R-val"';, . 

Problble 22 10 251> incrCl5C (or equivalenl R-value in pourcd, up 10 351> highu (Of 

.p .. yc<l. The inc.reue<! càoll o( sprayed in particwu, will likcly hayt m.jor 
competilive ïmplic.tioo$ for the induslry. 

; ... : 
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.'U~CTIO~AL AtTERNATIV)i:S 
D,ÙASHEET 

END-USE 

AVAII..ABIUTY AND 'Tcchnic.1 
TIMING 

Comme",ial' 

Markel 

DlD-(jSE MARKET Expccied 
PE:-''ETRATlON AND 

, TiMING 

E!'\D-USE 

Muirnurn 

SubttiwlÎon 
potaIlial 

MARIŒTPI..ACE ' Aceeplance 
COMPARABIUTY 

COSTS',AND 
BE~'EFlTS 

Durd.llilY and liie 

Environmcmal and 
h ... lth Usuel 

" R ...... rc:h Ind 
dcvcloprncnl COIU 

One-lime convCf$ion 
C0511 

.Ann ... 1 opcr~tins 
c,"" chanSCl ' 

Spin-off CON and, 
bcnefils 

End-use modifica­
tion COSlS 

End-uu COSI 

eh~ngcJ 

Altémalive: HCFC·141b ' 
Producl,Group: POLYURETHANE POURED AND SPRA YED FOAMS 
PrOce,55 Group: RIOlO FOAMS ' 

l'OURED ÂNo SPRA YED 

JIOSJUI'I 

, 4&0 6 ycal'l 

TodeilY ICIU hlve mÎt )'CII",ned on 141b (123 and 141b ..... 
, <:ornP:"llble, howevcr 123 il &bUll ofl41b dcv,cloj>mcnIa1Iy) 

~IOO'" in 110 Il JUI'I 

100.. cl CFC II c:onsurn~ Cor lhisproduci group 

Acc:epuble, dcpcndinS ... end uac impacu oC cxpcctc<l hip:r priee 

No, ditC~ee, buco! "", "unauly aVlillbl.e infOJmIÙon 

No ditC=ee, buco! '"" cu"",1.I1y Ivaillble infO",,"tion 

Ozone dcplctiai pounlill i.lca. than O,OS; 141b la moW1\1O baye OllM\lbilily riIk. 
(more daLl la ""Iwn:d 11\0 Qammabilily) 

Unknown " 

" Pou:ntial .ignificant upsnde CoAI 10 dcal with &mmabilily. 

I~pcndcm oC'opcralinS COOl incrcaSCI \0 dUl with Oammabiliiy (lÙCh .1 expl .. i ... 
plOOMS 'And insull"",,). expcctc<l incrcue la' ptobably up \0 20'" ot Cool cl Gooda 
Sol" for pourcd and approlimllcly IS'L for 'praycd, ' 

_None knOwn 

NOne kn~wn 

Probable end· ... " COSI ine""" .. of up 10 2O'L in ,pourCd Ind 3O'L in ~ycd. ' 

\ : 



FUNCTIONAL ALTERNATIVES 
DATA SHEET 

HW,USE 

AVAllABIUTY Mm . Tcchnic.l, 
TIMING 

· Commercial 

E."D-USE t-tARIŒT E1pca.d· 
PE!\"ETRA nON Atm, 
TIMING 

END·USE 
~iARK.ETPlACE 
COMPARABIUTY 

COSTS AND 
BE!\"EFlTS 

'" ' 

,Muimum' 

· Subslill.llion 
potcntial 

Acc.plance 

· «;lualily 

~r.bilily and life' 

Environrncni.1 and . 

. health .is~ 

R_rc.b and 
d",,:elopmcnl costs . 

ünc:1imc conversion 
COli. 

Annllli 0p .... Ung 
eost chang .. 

, Spin-off .~.ts and 
bcnefits 

Eild-use modifie.­
ùœ ,osll 

End-use .001 

.chlnges 

/ 

, CFC-ll/HCFC-22 BLEND , Alternative: , 
Produci Group: POLYURETHANE POURED AND SPRA YED FOAMS 
Process Group: RIGIO FOAMS " 

POURED AND SPRA YED 

Thil altcrnluve rcpllCClw CFC \2 cwrcntly blcndcd wilb CFC Il (94" (l'C.II; 6 .. 
CFC 12) wiIh HCFC 12, -The blcnd still remlin, 94 .. CFC .11; lhul the Iltèmauve hu 
1 very l.imiIcd d'feel on n::dilction in CFC conswnplion. lit Iddition; il. IppliCibilily Î.I 

I ..... limiled 10 poon:.d Ippfu:alion • .,.,hen: frothing Î.I needed cnly (no apr.yed 
IppliCilions 'al lU). The IOI.lI n::ducLion polt:rlli&l ,is unknowit '''II judged u,bc very 
amaU beÇ"'$eof the acemcnl of on! lb. relevanl cf<: 12 and the limiled ma.d<CI 
IpptiCibillly. 

':; 
\,,' 

f' 

,. . 

,\ 

./ 

,"", 



FUNCTIONAL ALTERNATIVES 
DATA SHEET 

END·USE 

AVAILABIUTY AND 
TIMING 

Techniéal 

Comme.rèi~l' 

Markel 

Alternative: 
Product Group: 
Process Group: 

POURED ~~NDSPRA YED 

CFC-ll/WATER 
POLYURETHANE POURED.AND SPRA YEO FOAMS 
RiOlO FOAMS, 

Allhough lA:Chnically fcasiblc: and available a',.n allemative,-Ihc CFC ll/Wa\.Cr 
cOOIbination is not a preferred allemative by mlny use ... for 1 nwnber. of n:.uoni. 
FllSt, il wwld cawe 1 rc4uction in R·value wilh fCSUlting implicationl for end uses, 
ouen Il waU Ihicl<n .... in building applications, Second, molstun:: aeilsitivity ma)' 

incrus<:, again impacling end use marke .. such as freeze .... Third,. 1"". in rigidity 

==-===-'":-:-:-===-+'=---,,-----1. ind cOOIpreisivc Slrongth .""Id .... u1t, rmking th~e..E prrod~u,=;ct'-w~cù~!::cr"'o~r_!m!!o~n::=c:!!OOI~l~pr..,.=.~.-1_-------------___ ;-___________ --:1 
E.'1D-USE MARIŒTExpeCled' ible. This would IffC<:l m.dt.,.. such as building insul.ùon. Fourth, the production 
PENETRATION AND proc ... generalCS carbon dioxide. FiIth, conveISion coIU would he very·rugl!. For 
1111;1I:-:G ' Maximum : 'pray applications fo'r eumple, Ihe cquipmeni conversion coIU would likcolY range 

belwCCil S500,OOO and SI million. ' , ' 1 

END·USE 
MARKET PLACE 
COMPARABIUTY , 

COSTS A..'ID 
BE!\'EFITS 

-

.. 

. 

SubstilUlion 
potential 

Acceptan.e 

Qudity . 

Duubillty and life 

Environmenlal and 
he.allh issues 

Rese.arcb and 
deve~opniCllt, cost,s 

One-lime .converSion 
costs 

AMUlI operàting 
cost' ctianges 

Spin-off costs and 
benefiLS 

End-use modifica-
ùoo COSI$ .. 

End-use COSI 

change. ' 

An 'alternative view is pn::sentcd by al Ie.ut ooe systems supplier, who feeb thlt, ' 
'Ithou~h not oerfCCl. Ùle CFC-lIlWaler ,. ù' • ",lalivclv in~j)CllSivc and' 

viable solution, particUlarl)' givcn unceminty about Ihe availabillly of othe. al\.Cma-
. lives, Theu conclusion ii Ihal the potéotial problems .JUch ai moÎSWrc sc:naitivily and 

loss. of rigidilY can he overcorne Îhrougn fonnulaûon, Ihll, carbon diolide emmi .. ions 
, would he mÎ1Ùmal and the conversion COlIS relalively competitive ,With othcr ' ' 

.1lernatives. ~ 

" 

" 

., 

j 

,'. , 

, . 
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FUNCTIONAL ALTERNATIVES 
DATA SHEET 

, 
E:>:D-USE' 

A V AILABIUTY Ar.'Q Technical 
TIMING , 

Commercial 

Markel 

EXD-USE Ml\RlŒT Expected 
PEi'>cTRATlON AND, 

TI~llNG j Muimwn 

Substitution 
, potcnti.i, ' 

El\D·USE 
"tARKETPLACE Acceptance 
CO"IPARABIUTY 

Qualily 

Durabilily and life 

. 
Environrncnlal and 
hul!.h issues, 

COSTS ANI;) R-.ch and 
BEl\cflTS devclopmcnt coSts 

One-lime conversion 
colts 

Annual operlùng 
cO$! c:hlnges 

\ Spin,off costs Ind 
, 'bcnefilS 

End-use modifiel-
tioo .<O$1s 

, End-use éO$I 
changes, 

Alternative: HCFC-l23 and HCFC141b / 

Prodllct Group: EXTRUDED POLYSTYRENE FOAM BOARDSTOCK , 
Process Group: RIGlDFOAMS 

HCfC 123 and HCfC 141b m nO!. prescntll' commercial a11<:matives for elltUded 
po1yslyt>:ne fOim. The potential applicabiliW of uch in Ûlis prodUCI group mmins là 
he . det:eanJned, 

" 
, 1 

, 

" 

' " . , 

: .. .. 
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',-
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'. . 
/' 

" 
, 
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FU~CTIO~AL ALTERNATIVES 
DATA SHEET 

E:->D·USE 

AVAllABlUTY AND Tcchnical' 
TIMING 

E.1I;D·USE MARKET 
PE t\"ETR A nON Mm 
TIMING 

E1\l)·USE '. 

Commercial 

Market 

E.\pc:ctcd 

M .... imum 

Substitution 
potcnùal 

MARIŒTPlACE . Acceplance 
CO:'lPARABIUTY 

COSTS AND 
BDiEFlTS 

Qualily 

Durabilily and llfc 

Environmemal and 
hcalth ÏJsues 

Resarch and 
developmcnl COIII 

AvoUable ,now 

Allernaùve: 
Producl Group: 

. Proccss Group: 

HCFC~~2 
EXTRUDED POLYSTYRENE FOAM BOARDSTOCK 
~IGID FOAMS 

Cammerciany avaUable in Europe: for certain types of CXjuipmenl. A blcnd of HCFC . 
22 wi!/t CFC 12 in proportions up ta 100% IICFC 22 ÏJ also Ceuible: The discussion 
bdow Iddrcssa !/te 100'1> HCFC 22 situation sincc it dcmonsU"al.C& !/te maJÙmum CFC 
12 reduction' POtcntill allcm.ûve. 

100% inl yeat 

100% of CFC 12 cumnlly u...J in c.\uudcd poly5lyrcne foam: 

AceepUible, dcpcnding on the priee of comparablc pcrforming prodUCII: 

Probable minimum 1 S 1.0 ~'I> !Cducùon in R-value. 

No diff ercnee 

Ozone depleùon potcnùal of 0,05; oI/terwe no known issue.. 

.Esùmated $1 million far requinod fuU, scale leSùng 

/ 

One-ùme conversion . Esùmated $1' million for induSll')' 
. C05lS 

Annwal oper,ùng 
cost changes 

~ S pin -off cosll and 
bcnelill 

1-

End-use modificI­
ùai COSIS 

End-use cool 
ch~nge. 

Esùmated 5 10 6 % inctœsc in COSII of Goods Sold 

Nonc: 

Unknown. bul possible major implicaùons for end-use c;,." and applicaùons bccluse 
of significanl R-value reducùon, • , 

Incre..e for CXjuivaient R·v.lue. bul will vary by end-use application. 
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FU~CTIONAL ALTERNATIVES' 
DATASHEET 1 

END-USE 

AVAILADlurY A!\1) Te.:hnical 
'11~IING 

Commercial 

Muku 

END-USE MARKET Expected ' 
Î'E!\'ETRATION A!\1) 
TIMING M .. imum 

Substitution , 
potenti,i 

E:-m-USE 
~fARKETPLACE , Acceptance 
COMPARABIUTY 

Qualit)' 

Du'rability and life 

Envjronmenlal and 
health issues 

COSTS AND Ruearch and 
BENEFlTS development COSIS ' 

One-Ume conversion 
cOsts 

Annual opcrating 
~OSI changes 

Spin-off CO'SIS and 
benefits 

End-use modifica-
tion cœlS 

End-use CQ51 

change. 

Alternative: HCFC·l24 
ProdUCI Group: EXTRUDED POLYSTYRENE FOAM BOARDSTQCK 

- Process Group: RIOID FOAMS ' 

HCFC 124 appears to have potCntial 1$ an alternative for CFC 12 in euruded 
polystyn:ne'lpplicatiollS but \Vith limitation. and ""me di/ficult)' in manufaaun:, At 
prcICIt thcze is no tim~ble for availabililY and no Schcduled lOr.icity lating. 

" 
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-

-

. 

~ 

, 
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FUNCTIONAL ALTERNATIVES 
DATA SHEET 

END·USE 

AVAILABIUTY AND Technieal 
n:"IlNG. 

C;'mmef<'ial 

Market 

END-USE MARKET Expccted 
l'El\"EffiATION AND 
TlMII'G Muimum 

E:-:D.USE 
:"IA R KETPLACE 
CmlPARABIUTY 

COSTS Mm 
BE/ŒFlTS 

Substitution 
pOlential 

Acceptance 

Quality 

DurabUily and life 

Enmonmental and 
health issues 

Research and 
developmenl cosU 

.. One-lime conversion 
cons 

Annual operaÙlfg 
eost changes 

Spin-off cosu and 
benefits 

End-use modific.­
ùoo caslS 

End-use cast 
changes 

'Alternative: 
PrOdUCI Group: 
Process Group: 

1 10 2 yelll (Ie<:hnical issues rcmain to be teSolv~) 

HFC-l34a 
EXTRUDED POLYSTYRENE FOAM BOARDSTOCK 
RIOID FOAMS 

4105 }Url 

5 to 6 ye.trl 

HFC 1341 wu design~ as a replacemcnl for CFC 12 in refrigcntion 
appUc.lions bUI ,Iso appearl 10 he technicaUy applicable in this 

produa. group. 

100% in 7 to 8 years 

100% in 7 tO 8 years 

100% of CFC t 2 coosumed for e.uud~ polyilyrene boudstock 

Acceptable, based ~n current HFC 134neclv:ùcal informalÎoo 

Potential Lncre .. e in R-value if HCFC 134a reuin. the flCFC in !he oell wben blown 

No difference, based on cumnûy available infolmaùon 

None known 

Unknown 

Unknown 

1 

Unknown (probable chem.ical COSI inaease is 00 the order of 300 10 400%) 

None known 

None known 

May be positive in lome situalions, depcnding on specifie end-use applicatioos (i.e. !he 
eombinatioo of increased R-v.luè and higher price is favourable for cwin prodUCIS). 
The overaU impaci will dcpend 10 a large .xtenl on th. changes in pricc and perform­
ance which occur with ather comr>eling însulalion proouclS. 
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FUl\CTIOl\AL ALTERNA T1YES 
DATA SHEET 

EKD-USE' 

A VAlLABUlTY Al'.'D T oclinical 
TIMIKG 

Commercial 

Markel 

8'D-USE MARKET EXpcClCd 
PEl\'ETRATlON 'Mm 
T1MI~G Maximum 

E:'\D,USE 
~lA R IŒTPLACE 
CO~.1PARABIUTY 

COSTSAND 
, BEl\'EFlTS. 

Substitution 
polc.nlial 

Acœplance 

Qualily 

Durabilily and !ife 

EnYÎroruncnlal and 
hcalth usues 

Reocarçh and, 
developmc.nt' costs 

Alternative: 
Product Group: 
Process Group: 

HCFC-142b 
EXTRUDED POLYSTYRENE FOAM BOARDSTOCK ' 
RIGIDFOAMS 

A"ai1ablc now; Ibe onl)' NOM American supplier il u.s. baled PCMWall 

Unknown; depcnds hcaviJy on PCMwa,I,', markCl s\falégy and the resWLÎng HCFC 
142b avai1abilily 10 v.rious mmClS . 

. I~ of CFC 12 COIIJiuncd for Cltnldcd polystyrc.ne boardslock 

, Acècptable, 

'A smaU .R-viluc dCCIQse il anùcipatcd 

No diJTcrencc. baNd Q1 cum:ntly available WoimIÙQ1 

Ozooe deplcùon potc:nùal of 0.05 and .orne nammability ilsua. 

EsùmatcdSI 10 $2 million for theinduslry 

One-lime CQnvenion E5ùmated $2 millim 
costs 

Ann"'l opcl'llLÎng 
C051 chlnges 

Spin-off costs and 
benefits 

End-use, modifica­
ùon costs 

End-use COSI 
changes 

Assuming a 1 ID 1 chcmiCiI volume subsùtuùon is feuiblc. COSl of Good.lI Sold ' 
incrcases of 6 1'1 12 ... aRl:expoctcd bascd on a chcmical 0011 incn:a .... of 200 10 400 .... 

None known' 

Modificatioo ,coslS will he Wghly depc.ndc.nl on how significam the R-valuè change'ü 
and who' appro.ches usel$ necd 10 Id~1 as a iesulL . 

Aiso R·value and applicaùon dcpcndenl; could range from negligible 10 IS",. 
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FUl\'CTIONAL ALTERNATIVES:­
DATA SIIEET 

El\D-USE 

A VAILABIUTY AJI.'D 
TI~Ill\G 

T""hnical 

Markcl 

El\D-USE MARKET Expecled 
PE:-''ETRATlON Al'i'D 
TIMING : Maximum 

END-USE 
MARKETPLACE 
Cû:>IPARABIUTY 

COSTS AND 
BEl'ŒFlTS 

Substitution 
potenlill 

Aceeptanee 

QUllily 

Durabilily Ind life . 

Enruonmenlll and 
It ... lth issues 

Reoearclt Ind 
dcvelopmenr costs 

OPEN CEU. 

1102yUll 

Alternative: 
Producl Group: 
Proccss Group: 

HCFC"123 
PHENOUC FOAM 
RIGlDFOAMS 

410 S yca .. All e.ni.maiCl uiIllmc thlliolicily test rc.sull& (now \lIldcnvay) ale / 
favoonblc, and may .Iso VII}' dcpending on ÙlC length cl inhalation 

S 106·.)'CIra IlUdica n..:dod. . 

100% in 610 7 yem 

100% in 7 10 8 yem 

100% of CFC Il consurned for open eell producl& 

Aceept.trice will he hlghly dcpcndcnl on the priee of comparable end prodUCil 

No dlrfeœnce: bued on cum:nLly IVlilable information 

No diffeœnce, bl&ed on cum:nûy IVlilable information 

oZonedepletion potmtial of leu. than 0.05; otherwisc no iuucs uawning IOlicity 
tcsting is favourable_ 

Estimated SI million for the entin:. product group 

One-time con~ersion Estim.ted $0.5 million for ÙlC cntim product group 
costs 

AMUiI operlting 
coS! changes 

Spin-ofr' coStS and 
bcnefitS 

End-use modificI­
tion coSll 

End-use cÇlSI 
changes 

Probable 20 to 25% in"","se in CoS! of Goods Sold based on expected chemlcal eoSI 

incruse of 200 to 500% ovec CFC Il. 

Norie 

None. based on cUl1ertl information. 

Probable 35% increasc. 

CLOSED CEU. 

AVlilablc now 

41O:S yca .. 

S 106 yca .. 

Ail cstimllCS assume thallOlicity len rc:suIu (now \lIldcrwly) are 
favoUIablc, and may allO VII}' depending on the length cl i.nhaillion 

ltudics needed. 

100% in 6 10 7 ycats 

100% in i to 8 ycats 

100% of CFC Il consumed f 0: clo&ed cell prodUCI& 

Acceptanee will lie hishly dependenl on thc price of comparlble end producu and ÙlC 

madr.CI implication. of tower R-value perl'onnance. 

Expected 10 yield 1 10 10 15% reducùoo in R-vllue per given thickncal 

No diifCl'C!lee. based on cum:nùy Ivailable ioformation 

Ozone depletion potentill of 0.05; othcrwiae no ilSSUCS ... suming IOlicity tcsting is 
flvourable. 

Sec commenU regaroing open cell cosu 

Sec commcnl5 regaroing open ceJl CQSU 

Problble 35% inc:rcase in Coll of Gooda Sold bued on expecled chcmical eoSI 

inc:rcase of 200 10 500% over CFC Il_ 

None 

None, bued on current infonnalÎon 



F!J~CTIONAL ALTERNATIVES 
DATA SHEET 

E:-':O-USE 

AV AILABlUTY AI\D T echnical 
m,tlNG 

Commercial 

E\'D·USE MARKET' Ellpected 
PEl\'ETRATlO!'l AND' 
Tl :-.itNG Mnimum 

E!'\D·USE' 
MARIŒTPLACE 

. CO:-'1PARABIUTY , 

COSTS AND 
IlEI\"EFlTS 

Substituüon 
potential ' 

Acceptance 

Quality 

Durability and !ife 

: ) 
1 

En'vironmental and 
hulth issueS 

Resurch and' 
,developmenî COSIS 

One-time 'conversion 
cosU 

Annllal opcraÙlig 
cost ' changes 

Spin-off coslS and 
benefiù 

End-use modifica­
tion cœls 

End-use C051 

changes 

OPEN CELL 

1 to 2 Y,ean 

Alternative: 
Producl Group: 
Proccss Group: 

'HCFC-141b 
PHENOUC FOAM, 
RIGIDFOAMS 

3 ID 5 yun TOllicilY tesll have nOi Yel,sune<! on l41b (1 23 'and 141b an: 
comparable, howevcr 123 is ahead of 141b developmentaUy) 

4 to6 yean 

l()()% in 6'to 7 yu ... 

100% in 7 to 8 yurs 

• 1 ()()% or CFC II consume<! for open ceU p~oduclS 

Acceptable 

No diffcfcncc. ba~ on =!Iy availabl~ information 

No differcncc. based ,on c:urrently available information, 

"Ozooedeplction poten.tial il leu Iban 0.05; 141b js tnown 10 have flammibility mu 
(mole data is ""luire<!, as ID f1ammlbility) 

Estimated $2 million for the ""tire industr)' 

, Unlr.nown, b"t poI.CIltial aignificant upgrade COSIS 10 deal 'with llammabililY. 

,lndcpcndent of operating cost incrca .... 10 dul with flammabilily (lUeII .. explocion 
'prOOrUl& and insurance)! expceted increasc il probably,25'!> Cost or Gooda Sold. 

None known 

None kIlown 

Probabl. end-wc cost incron .. of 30 to 35'!>. 

CLOSEO CEU. 

1 10 2 yeara 

Toxicity \.0$11 have nOi yel ataned on" 141b (123 and l4lb m 
comparable, howevcr'I23 il ahud or 141b devdopn~taIly) 

410 6 yun 

, I()()% in 610 7 yurs 

1 ()()% Îil 7 10 Il yUIl 
, ( 

I()()% of CFC,ll'consumed for opcri c~products 

Acceptable, dc:peiIding on impaa',or R-vllue reduction. 

Expectcd reducuon in R,value (the range '?f reducti,:", ,;; unkn0wn Il, thia point) 

No differc:nce, blsed on' =ùy lvailable information 

, Ozone deplction potenùal il less thon 0.05; i41b il kn~wn 10 hlve nammabilily risb 
(more data,js .rcquircd as 10 nammabilily) 

Sec ca:nmcnll. regarding open ,ceU Coam 

Untnown. but poicnûal lignificant uP8ra~e coSta lO dcal withnammàbili~y. 

". 

Independenlor operating c:ost inCI'CUCI lO deal with,nàinmlbility (weil .. caplœion 
proorUlIl and in.uranec), c1pectcd i.ncrease il probably 30 10 35'!> Cost or Gooda Sold. 

, ' 

None moWn 

None known 

Probable end-use cost increases of 40 10 45'1>. 
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FUNCTlONAL ALTERNATIVES Altemaùve: CARBON ADSORPfION WITH RECOVER y 
DATA SHEET Product Group: PHENOLIC FOAM 

, 

Process Group: RIGIO FOAMS 

END·USE 

AVAILABIUTY AND Technieal. Catbon adsorption i.s nol fusible for cl""cd eeU .pplialion. because of banking. For 
TIMING open ecU applications. il il technicaUy feasible bul judgcd 10 bc prohibitively 

Commercial elpeNlve. The practicalilY of punuing Ihis .Itemative i.s Ilso qucationable given lile 
movcmcnl in Ûle insulllim mukctplace from open 10 c1""cd ClOU foams, 

Market 

E:>;D·USE MARKET Elpecled 
PENETRATION A/I.'O 
TI:;.m'G Muimum 

Substitution 
pOlenlÎal 

" 

E:-:D·USE 
MARKET PLACE , Acceplance 
CO:;'fPARABIÙTY 

QUllily 

. 
DurabililY and !ife . 

, 

Environmmul and 
heallil Î.SS\Ie$ 

COSTS AND Research tnd ", 

BE!'.'EFlTS dcvelopment COS\S 

Onc·lime conversion 
. 

cosU ~ 

. , 

AMuaI operat!ng 
cost' chang" ' . . . 

S pin-off costs and 
.. 

benefits 

.. 
~ 

End·uSe modifiea· 
tion coslS 

.. 
, . , . 

End·use COl5\ 

changes 
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FUi'\CTIONALALTER!'IATIVES 
DATA SHEET 

E:\D-USE 

A VAILASIUTY At\1) Technical 
TIMING 

Commcn:ial 

Markcl 

END-USE MARKET Expcctcd 
PEl'."ETRA TlO:-l At\'D 
TI~tlNG Mlximu~ 

Substitution 
pOlcntiai 

, END-USE 
MARKETPLACE Acccplancc 
CO~IPARABIUTY 

Qualily 

.. 
Durability and Iife - . 

Enruoruncntal and 
hulllt issues 

COST! AND Rcsurch and 
BENEFITS dcVcloprncnt'cosu , 

"" . One-tlmc cOnversion 
costs 

Annual opcrating . 
cost changes, 

, 

'Spin-off C~SIS and 
bcnefilS' 

End-use modifica-
tiœ cosls 

End-use cool 
ch.nges 

Alternative: HCFC-22 
P!od\lct Group: . EXTRUDED POLYSTYRENE FOAM SHEET/LOW DENSITY POLYETHYLENE FOAM 
Process Group~ RIGIDFOAM 

Cum:nùy. IVliI .• blc in IItc market : 

l00~ in t ycar '. -
100%. in 1 !car : - . 

1 !J()%of CFC 12 conswnèd for rlgid foam pack~8ing appli~tions . ' 
,. 

:, 

" 
" 

AcccpLtble (HCFC-22, ÎI becoming lite new s~dard fŒ lItese prod~ grouS-) .. 

Acccplllbie 
. -

, ' 

No diff""",~. basedon currenl infonnl,iion 
" , 

Ozonc dcpletion potcntial of 0,05 

. .. 
None ~ .. , 

Estimatcd $1 million for lite indUSU)' 

Unknown,'" Ihis suge, but HCFC-22 is sornewhat more expcnsive lItanCFC 12 
" 

" 

Nonc 

, , 

.-

None eXFtcd 

, 

Incrcasc, baSed on pass tluaugh chemic.1 COSI increase 
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C. FLEXIBLE FOAMS 
..... . 1.... . 

Below are substitute products for the flexible fo~m category revie\\o'ed in this 
section. 

. . 

1. Ail flexible foams 

.... HCFC 123 

.... HCFC 141b 

2. Slabstock 

Methylene chloride 

.... Formic acid "A~" procèss. 

.... . Molded polyol systems 

.... Carbon adsorpti,<m 

.... E-max system 

Verticle foam di~mber with carbon adsorption 

. .... Natural/syn~hetic fibrefill 

,... Alternative foams; e.g. latex 

Minimum foam density 
1 

3. Molded 
, 

Water and modified polyols 

Carbon adsorption 

Design changes to reduce consumption 

Firmer· seat fequirements 

64.· , 

! 
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FUNCTIONAL ALTERNATIVES 
DATA SHEET 

E~D-USE 

AVAILABlurY A/l.1) 
TI~IlKG 

Technical 

Commercial 

~larkel 

END-USE MARKET Expecled 
PEi\"ETRATION Mm 
TIMIKG MuimulIi 

- El·m-USE 
MARKETPLACE 
CO~fPARABIUTY 

COSTS AND 
BENEFITS 

. Sub,tilUli<În.: 
pOIClllial 

Acccplànèe 

QualilY 

DurabililY and !ife 

Envirorvnenlal and 
heallh Îlrues 

Rcaean:h and 
devèlopmenl .CON 

One-lime convcnilÎn 
costs 

Annual· opcraLing 
co~ changes 

S pin-off CON and 
bcncfil.l 

End:u$e modifica­
tion coolS 

End-use COSt 
changes 

Altemative: 
Product Group: 
Process Group: 

FURNlTURE 

Cum:;lIly avail.ble in !he markel 

NATURAlJSYNTHETIC FIBERFILL 
SLABSTOCK 
FLEXIBLE FOAMS 

BEDDINO (QUILTING) 

3()tl, in 2)'eus 
Key an:a of ",bsùlution i. in IUpcnœt f~. up 1.à 2" lhide 

5()tl, in 2 yeafl 

65% in 5 Y,:"fI 90fi in 5 yeafl 
-< 

7.5% of CFC 1 f ~",med for sllbStock application. 10.5% of crc Il eonaumed for .IIMock appliè:ations 

~Uble (sorne l'CIÎllancc becaUie of infcrior dunbililY and .uppon ~Clf- Ssme.commenll apply hen: a. for fumilUn: applications 

-Mo~ CIIJl~c:ia will pc:n:eive lillle diffCl'Cllcc in qualil)' 

\ 

Campacu morè cuily.and quickly. hencc 1_ dutable 

None ltnown 

Therc is adcqua", e:ùstina Alpply Of.nalUtal/lyn!hctic fibcrfill altcmalive prodoou on /' Same commenu apply hcn: Il for fumillilC applications 
!he madr.eI. . A •• l'CIult, !hc:rc i. lillle likelihood !hal ewlina manufaclUœn _ will 
conven. This partieular "amenl of fleuble foam production would &imply. disappear. 
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FUl'CTIONAL ALTERNATIVES, 
DATA SHEET 

Alternative: 
Product Group: 
Process Group: 

.,,,, . 

ALTERNATIVE FOAMS (E.G. LATEX) ~ 
SLABSTOCK 
FLEXIBLE FOAMS 

END-USE ,FURNITURE BEDDING (CORES) 

AVAlLABIUTY At-.n Technical 
T1MIl\G 

Commercial 

Market 

E.'\D-USE MARKET Elpccled 
PENèlRATION Ar-.n 
TIMiNG Maximum 

E1\D-USE 
MARKETPLACE 
COMPARABIUTY, 

COSTS AND 
8ENEFITS 

Substiwtion 
polenli.1 

Acceptance 

Qu.IiIY 

Dur.bilily and tife 

Environrncnl.1 and 
~eallh issues 

Rescarch and 
devdoprnenl costa 

. . One-time coriveroion 
cosis, 

AMual opcrating 
COSI changes 

Spin-off COSIS and 
bcnefilS 

End.use modifica­
tion coslS 

End·use cœl 
changes 

C=ùy Iv.ilable in the rn.rl<et 

2.5 ~ in 2 yean 
All.emlte foams hne a very limited rnlàcupplicability 

S'li in 5 ycars 

0,7% of CFC Il consurncd for .labs!OCk applicatiOns 

Accepl.1blc, bUI mon. e.pensive (as muchu • 100% COS! incn:a~) 

Accepl.1ble for man IpplicatiOOS (beI1er for nlwral·ba$ed productalllan synlllcûc: 
bascd but nalural-ba$ed prodUClS have limited availabilily) 

Accepl.1ble 

None known 

Currcnùy ,1V.i1.ble in \he rnarl<et 

S'li in 2 yeats' , 
Mlàet for .Item.ûve foam. in lh_ end·u .... is .Iso limited 

10% in 5 ycars 

1 10 2.S~ of CFC Il consumcd for sl.bSlOCk .pplicationa 

Same commcnlS .pply here as for fumilUR\ .pplicaû";'l' 

Thw is adequatc w.ting supply of alternative foams (n'lUraI·ba$ed foams lR\ lirnilcd Sarne commcnli .pply here as for fumi_ applicationa 
by r.w mltcrial availabilily worldwjdc). Curienl produœm ..... not,likcly IOC«IVClt 10 

lIIis alternative. ' 

Foam COSI incruse of up 10 1 ~ 
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FUNCTIONAL ALTERNATIVES 
DATA SHEET 

END·USE 

A VAlLABIUTY AND Tcchnical 
TIMING 

Commercial 

Market 

END·USE MARKET Elpected 
PE!\'ETRA TION At\1) 
TlM1KG.- Muimum .. 

Substiwtion 
potentiil 

EXD.USE 
MAR~TPLACE AC<:Cpt&nce 
COMPARABIUTY 

Quality 

--

Durabilil~. and liCe 

. ' 

Environme.llal and 
heallh il5IlCI 

COSTS AND Rcscarch and 
BEl\'EFlTS devc!opmê:ill coSts .. 

One·'Lime ,?onvmÎon 

COS" 

; 

Annual 'opeming 
coS! ehangca. 

S pin-offeOS\S and 
benefits 

, 
- End· use modifiea' 

tian costs 

End-use COSI 

changes 

Alternative: ENGlNEERED PLASTIC CUSHION 
Product Group: ALL 
Process Group: FLEXIBLE FOAMS 

J 
Engincered Pl •• ùc Cushion il unltnown as an alternative cither technically or for end· 
use applie.ûo,:" in Canada, 

-.. 
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" 
1 

; . ' 

-o. '. 
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FUNCTIONAL ALTERNATIVES 
DATASHEÈT 

END·USE 

AVAlLABIUfY AND ,Tcchnieal 
TIMING 

"'''D·USE MARKET 
PENI:TRATION AND 
TIMING 

END-USE 
MA R KET PLACE 
CO~fPARABIUTY 

COSTS ANI)" 
llENEFITS 

Comme:<:ial 

Market 

Expected 

Muimurrr 

S;'6stiwtion 
polenlal 

Acccpllnce 

Quality 

DurabililY ~d !ife 

,Envimnrnental and 
health is5UCI 

Research and 
development COSIS 

One-time l:onvcrsion 
, COli' 

Annuel operating 
COlI changes 

Spin-off ÇOStS and ' 
henefitS 

End·use modifica­
tion COSIS 

End-use COSt 
! changes 

Allemative: 
Product Group: 
Process Group: 

METHYLENE CHLORIDE ' 
SLABSTOCK 
FLEXIBLE FOAMS 

cum:nùy uscd in coojunction with CFC Il as • blowing .s .... t. Depending on the 
company and produci. mcthylcne chlorlde m.y he weU undcr 50'1. of Ille aSenI or as 
much .. 85'1., The c:stim.1Cd avenge percenLage across Ille indullry ÎJ 35'1. cre 11/' 
65'1. mcthyl~e clùoride. 

50'1. in 2 yean 

50'1. in 2 yean 

50'1. of cre Il CMlWlled (or slabSlOCk applications 

Accepuble excepl for hullll issues disciascd l1c:Iow 

No differencc 10 cre Il bascd prodUCIS 

No differencc iD cft Il bascd prodUCIS 

Mclhylè:ne chloride ÎJ a suspectcd earcinogen and is baMed in CClUin U.S, IIItca, Use 
requites properly desigried and ÎIISlalled ventilation .yalCmll. Th"", may alao he 

'banien 10 use Oncc Ille WHIMIS legisl.tion iJ in ef(cct. Emisaions a", .Iowa lIIan 
cre 11. lypicaUy meaning more gas iJ cmiued afler.produclS arc: shipped. 

.. R&D 10 conven 10 maximum levw would coS! .pprcxim.tlCly $100.000 pet piani or 
$1 million for Ille indullry. 

C,OiIl.no conven would a1so he approximalCly $100.000 pet piani or SI million for the 
indusuy. ' 

Range from a .lighl reduction (<0.5'1. C,051 of Gooda SoId) 10 an inaeaie of 1'1. or 
mo", depcnding' on indiviéluaJ pllnl conditions and environmenlll ehangCl required, 

UnknoWll 'c:nvironmenLaI cOSlS 

'No signifieanl changes 

No 'iignifieant changes , 

,1 



FU~CTIONAL ALTERNATIVES 
DATA SHEET· 

E!"O-USE 

AVAILABIUTY Al\'DTcçhnical: 
TI~IL"'G 

END-USE MARKET. 
PE!"ETRA TION Al\'D 
m,Il;"'G 

E~D-USE 

MARKETPLACE 
- COMPARABIUTY 

COSTS AND 
BENEHTS 

Commercial 

Expeèted 

. Substilution . 
-'poienlial . 

.. Accept&nce 

QuaÜI)' 

Durabilit)' and Iife 

EnviroNnenl.1 and· 
heabh issues 

Resarch &nd 
developrncnt COSI5 

Alternative: 
Product Group: 
Piocess Group: 

2 10 3 )'ura 

(~-" .... -
;; " , . 

HCFC~l23 

ALe 
FLEXffiLE FOAMS 

Al! utimaleS a&SUme IOxicit)' leSI. n:sulta are favourable 

3 [04 yeara 

100% in 8 10 9 yura 

.100% in 8'10 9 )'un 

I.OO~ ofCI'C Il consumed lor ftelible fOim applications' 

Acceptable, ~pendin8 on end ';l'e Ùtlpacts of expe<:led highcr priœ 

No diffcrencc. based on cum:nÛ)' available infoanatiori 

.No differencc. bascd on cum:nll)' available infoanation 

Unknown untillolÛc leSI. l'CIrulta are aVlilable 

Eslimaled $0.5 million for Ill. indu~ 

" 0"' One-tiine. convmion EXpccled 10 he minùnal îf ariticipaled canplCle tcchnical compatibilil)' willl CFC Il il 
COSIS maintaincd. SignifiCllÙ cOSta would he incurred îf sorne aide b)' ride usé of CFC Il 

was nec<lcd af~r .introduction of HCFC 123. 

Ann.ul opcr1llÎJ1g 
con changes 

S pin ,off CON and 
ben~fits 

End-use modifica· 
tion costs 

End-use _1 

changes 

Ex~ 1 to 2% incre"e in Cast of Good~ Sold. bucd on e.a:pcçled chemical COlt 

inCreis. of 100 10 150* GY.cr CFC Il.. . 

None k~own .• 

None known 

Probable end-use rosI inc_ses of 2.10 4% for slabslock applicatiOllB willl molded 
applications slighû)' (i.e. 10%) higher increrncntaU)' duc 10 bloWÎng efficienc)' losses. 
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FU~CTIONAL ALTERNATIVES 
DATASHEET 

El'm-USE 

AVAILABIlJTY Al\'D Technical 
TIMING 

E."\D.USE MARKET 
PEl\tTRATION At\'D 
TIMING 

E:-<D-USE 
MARIŒTPLACE 
èO!>tPARABIUTY 

COSTS AND 
BEJI.'EFITS 

Commercial 

Market 

Expccu,d 

Muimum 

Substituuon 
potential 

Acceptance 

Quality 

Durlbilily and !ife 

Envnonmenlll and 
health Usuel 

Research and 
developmenl COSI$ 

" AlternalÎve: 
Product Group: 
Process Group: 

3 ta 4 yun 

HCFC-141B 
ALL 
FLEXIBLE FOAMS 

5 ta 6 yean _ Toxicity tests have nOl yel I .. rted on 1418 (123 and .1418 are 
comparable. however 123 i. ahead of 1418 developmc:tl"Uy) 

S 10 6 yean 

-100% in 10 ta. Il yean 

100% in 10 ta Il yea ... 

100% of CFC Il consumcd for nelible foam applications 

Acceptable, depcnding on end use impac1& of expec!.ed higher price 

No diffcrence. bascd on cutrenüy availlble infonnltion 

No diffèrence, bascd on currenüy Ivail.ble informaùon 

Unlmown until talicity leSl =11$ are available. however 1418 il known ta have 
_ flamm~bility ri'" du ring Itorage. 

EsÛlnatcd $0,5 million for the industr)' 

One-Ûlne conversion Expected la he ininimal if anucipated complete tecl!nical compatibÙity with CFC Il U 
costs maintaincd_ Depcnding on ·namm.bilily characlCrisùcs however. convcmoo COI5lS for 

flammable stonge capabillly and explosion proofing .may he ~ui.tcd_ 

. Annual operaùng 
cosl changes 

Spin·off COSIS and 
'benefiu 

End-use modifica­
tion COIUS 

End-use cast 
changes 

";"bable2 ta 5% increue in cost of goods sold resulùng fram inclUScd insuranu 
COS1& in addiùon ta 100 to ISO% chernical cast inCre4SC1_ . 

None Imown 

None known 

Probable end-use CaSt increases of 4 ta 9% 

'-



FUNCTIONAL ALTERNATIVES Alternative: MINIMUM FOAM DENSITY 
DATAS«EET PrOdUCl Group: SLABSTOCK 

Process Group: FLEXIBLE FOAMS ! 

E~D-USE , , , 
, . 

/ 
A VAlLAIlIUTY Al\'D Teèhnical 
TIMING S~yi.ng ll)inimum, COlm ~ensily (i.e. i directive 10, èliminate CFC use U: foaml 

Commen:ial below a, CCfUin densily) is cum:nlly lvailable .. III .1tcmtùvc. Dy itself. il il nol 

Market 
elpc:cted 10 ncà .. arily rcdilce CFC consumption, 

E.'1)·USE MARKET, Expeeted 
, 

PEl\mATION A:-'1) 
TIMING MIl.imum 

Subsùtution , 
polenlial 

, , 
,. 

END-USE .' 

MARIŒTPLACE Acccplance 
COMPARADIUTY -Quility 

.' 
.. Durlbwly and tife j ........ . 

Environmental and 
hcallh isJUCS 

COSTS AND Jl.csca~ IIId , , 

BENEi'lTS 'devc1opment costs .' 
; " 

.. 
One-lime conv,ersion , 
COUs ' , 

, 

. Annual operaùng 
COst changes , '- . '. 

, . 
Spin-ofC CON and 
bcnefilS .> 

, 
End-use modifie.-

·ùoo com . > , 

'" 

: 

End-use eœl 
changes 
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FUNCTIONAL ALTERNATIVES Alternative: CARBON ADSORPTION 
DATA SHEET Product Group: SLABSTOCK 

Proçess Group: FLEXIBLE FOAMS 

El'iD-USE 
" 

A VAILABIUTY Al';1) Technical 1 yeu 
TIMING 

Commercial 2yea ... 

Market' 2 y ...... 
-

E.\lD-USE MARKET 
PENETRATION AND 

E~pecled 25% in 2 yelrs 

TIMING Mllimum 30% in 2 yea ... 

SùbstilulÎon 25% of CFC Il consumed end-use 
polentiàl 

.. 

E1\D-USE 
MARKETPLACE Acceplance No Î..,pact 
COMPARABIUTY 

, Qualit)' No impact 
/ 

. .' 
Durabillty'and tife Replace mler eve!)' l'ive yeu, 

~ , . 
Envimnmental and DisposaI of tiller would 10 be e.a1u.lled 
heal!h'i .. ~ , 

COSTS AND Research and $1,000,000 
BE/I.'EFITS developmenl costs 

[ 
One-lime conversion $17,000,000 wi!h fillen replaced every.5 yea ... 
costs 

1 

Annual operating Should compare wi!h eJ.ÎslÎng fcam production equipment elc:ept !hal cvcry live yeB'" 
cost chang~ !he mtcrs would have 10 ~ rcpIaccd Il a cost of $1,000,000 n:duced c:misaions 10 !he 

atmosphere. Pan recov~ and "",)'<;Ie of pan D,. -":1, . " 

Spin-off costs and '- , 
benel'its -~ 

-
End-use modifica- 'Sales price of foam would incr_e by 6% 10 cover !he cost of [llien and opcrating cast 
tion costs wilh additional cost ever)' yeu 

" .. . 
End-use cost ", 

changes . 
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FUNCTIONAL ALT/.':RNATIVES 
DATA SHEET 

Alternative: 
Producl Group: 

FORMIC ACro "AB" PROCESS (SEMI-FLEXffiLE) 
SLABSTOCK 

Process Grol!P: FLEXIBLE FOAMS 

FURNnURE AND BEDDING 

AVAIU.SlUTY Al\'D Technical • y ..... \0 yu" of devc10pmcnlal work has bccn carried oui 10 dOle) 
11~!lNG 

Comm.rcial 4 y .... . 

Markel 6 yca ... 

. E.'iD-USE MARKET E~pect.d . 20 % in9 yun 

. PEl\tTRATlON Al\1) 
TlMI:\G Maximum 100% in 11 )'cars 

E:\D~USE 
MARKET PLACE , . 
CO~IPARABIU1)' 

COSTS AJIID 
BE1I.tFITS 

Substitution 
poIenliai 

Accep\lnce 

Qualily 

DUr.billl)' and life 

Environmenlal and 
hulth issuea 

Résearch and 
developmenl COSII 

. 40~ of CFe .11 COMlmed' Cor IlabslOCk applications 

Acceptable 

. No difference Inticipaled 

No diffetellc.: anticipatcd 

The COlmic aad proce" is higlùy conosive and gcneraÎca.C&tOOn monoxidc, Both Ire 
controU"blc tNwgh propcr cquiprnent and monitoring.· .. 

Eslimated SI million 10 complete R&D necded \0 apply p_ IhroughoUl Cartadian 
induslry 

One-lime conversion Eslimated SI.2 m.illion, much of which would he rcqui.red for the cquipmcn\ and 
com conlrols 10 dCectivcly dea1 with·t!le cnviroruncnlal issuea above. 

Annual operaling A minor inc"",", is1ikdy, bUl in addition, a ro)'ally wouId he payable W \he proceu 
coS! changea invenlors. 

Spin-off COSIS and 
henefill 

End-use modifica­
lion COSIS 

End-use COSI 

changes 

Use of Ibis proceu wou Id rcduce isocyanale usage in additiœ 10 CFC consumplion 

None known 

'-
None known 

/ 



FUNCTIONAL ALTERNATIVES 
DATA SHEET 

Alternative: 
Product Group: 

MODlFIED POLYOL SYSTEMS 
SLABSTOCK 

E1\D-USE 

AV AItABlUTY A:-.n 
TIMING -

E.'-:D·USE MARKET 
PENETRATION Al'.;1) 
TIMING 

E~m·USE 

MA R KETPl.ACE 
CO~lPARÀBIUTY 

COSTS AND 
BE~'EFlTS 

Process Group: FLE?<JBLE FOAMS 

FURNll1.JRE AND B EDDING 

Technical 2yuI1 

Conunercial 3 te S ycan.dcpending on the need Cor louoil)' or Olhcr IMilig 

M~rkel 310S yw> 

.Expecled IQOII, in S 10 10 yean 

Maximum 1 IQOII, in S 10 10 yean 

IQOII, oC CFC II consurncd Cor slabslodt applications . / 
SubstilUtion 
potcnlial 

Accc:plance Acceplible 

Qualil)' No difCen:ncc anùcipa'cd 

Durabillty and life " Unknown - compression set IMing il needcd a1though il appcan thal ÙlÎJ wwld nO( bc 
a problem. Thore may bc fiex Catigue problems as weil although ÙlÎJ allo needllO bc . 

Envirorunenlal and 
health issues 

~~ '. . 
None anticipalcd 

Research &/Id Esùmalcd $O.S million COI field triall COI the indusll'y 
devclopmenl cOlU -

" 
One-lime conversion Eslimated $O.S million ror additional wikage. pumps and other proccsl "'Iuipmcnt. 
cosU 

Annual opc:raùog 
con changea 

Spin-off CON and 
. benefits . 

End-use: modifica· 
tion COSI> 

. End-use' COSI 

changes 

None anùcipllcd 

None anùcipalcd 

None anticipatcd 

None anùcipalcd 



FUi\'CTIONAL ALTERNATIVES 
DATASHEET 

E:-\D·USE 

AVAILA~[UTY A:>''D Technicd 
11:\IIXG 

Commercial 

Markel. 

El·m·USE MARKlIT .ElpeClcd 
PEl\'ETRA TIO~ Al\'D 

. TIMING Muimum 

E1\D·USE 
:"IARIŒTPLACE 
CD:..1PARABIUTY 

COSTS AND 
BEI'ŒFlTS 

Sub,tiwtion 
potcntial 

Acceptance . 

Qualily 

Durabilily and ure 

Environmcntal and 
heal1h issues 

Re.surch and 
development coslS 

Alternative: VERTICAL FOAM CHAMBER WITH CARBON ADSORPTION AND HYPERCURE 
Product Group: SLABSTOCK -
Process Group: FLEXIBLE FOAM 

FURNITURE AND' BEDDING 

· s Y"'" 
6 y ..... 

20% in 10 yUI1 

80% in i4 yUI1 

Recovery of 80% of CFC Il cumo;nùy cmitu:d du~g foarn milllufactute-

Partial accepta_ (60% of madcet) is Iiltely bc<:ause mly ahan (10 fOOl) blocks con he 
manufaclured. '.. . 

No difrercncc 

• No difrercnce 

Improvcd operating cnviroruncnl rcsuIting from rcduccd CFC mÙUIO/IJ 

None' iIllùCÎpatcd 

One·lime conversion E.limalcd SI5 nùllion rcquired for ne ... foam liriea. the recovery lyslana thcmaelvea 
costs and pianI modifications necdcd II each aite. ApprolÎnlltely S20 nùllion.of elÙsting 

eqripmcnl would he .oboolctcd: 

Annual. opera.ting 
con changea 

Spin-ofr COSIS and 
bencfilS . 

End-use modifiea­
. tion COSlS 

End-use cosl 
. changes 

Unknown - anticipalcd !'Oyally plymcnll and uncen..in Ii!e cycles for clrbon bcd. 
would Iiltely increase opcnling CON. 

· Unknown al ÙÙJ poinl 

kone anùcipatcd 

En~ use COSI inclUSes coold ringc from 0 10 10% 
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FUNCTIOXAL ALTERNATIVES 
OATASHEET 

E:->D·USE 

AVAILABIUTY ANU Technical 
JUIIJ\'G 

Et'm·USE MARKET 
PE~F:.TRATION Al'\U 
T1~IING 

E:\D-USE 
MARKETPLACE 
CmlPARABIUTY 

COSTS Al\'D 
BEl\'EflTS 

Commercial 

Market 

Expected 

Maximum 

SubsûlUtion 
potcotial 

Aceepllnce' 

Quality 

Dunbility and lifc 

Enviroruncolii and 
hullh UNCS 

Research and 
developmcot caslS 

E·Max system 
1 yur , 

2 yU" available now for prodù<:tioo 

70'1. in 3 yCllll 

70'1. of CFC II consumcd 

Alternative: 
Producl.GtoUP: 
Process Group: 

-, 

E·MAX SYSTEM' 
SLABSTOCK 
FLEXIBLE FOAMS 

Ya (Idvance in one yeu for lmaU,cale producûon) quality of produCl produccd is 
comparable wi!h existing ayl\Cm. 

As per eaisûng foam plant oquipmcot Icûve carbon in adaorptioo fùtcn wiU rcquÎfC 
",pllcement evcry S, yc.an. 

E'nvironment· c:onccnlntioos of T.D.I. and feron .vlpour in !he feron wiU he n:duccd 10 

S'I. of emling MAC. levels in !he lunosphe",rodu.ccd by 80/90'1.. Fc:i-on wiU he 
recovercd (70'1.) and reuscd. 

$1.000,000 

One.Lime convcISion SI5.4OO,000 depcnda on plant me. Plus S6,600,OOO for fùter 'ysu:m. 
'caslS 

Annual opeflûng 
coS!. changcs -

Spin-off CON and 
henefiLi 

End-use modific.· 
tioo costs 

End-use Cost 
changes 

Should compare wi!h emling fOim producûon oquipment e'ccpt !hat evcry live yeaIS 
ÙIc fÙleIS would have to he rcpllccd Il a cast of $1,000,000. 

ControUcd environment for.fOlm productioo dra.ûcaUy n:duccd emi .. ion 10 the 
aunosptiere. Improvcd fOim quality. Rc:covery recycle.'of F D. 

New E-Max fOlm production equipment rcquirod al $2.000.000. (A 'one ,hO( COIIl) 

Sales priee of foam pradUCt on E-Max incrcase by anpo •. 6'1.. CoS!. Idva,nLage mly 
accrue ' .. priees of FIl riscs. . 
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DATA SHEET ProductGroup: MOLDED 

AVAILABlUTY Al\1) TeduûcII' 
T1~Il"G " 

E.'\D·USE MARKET 
PE)\''ETRA nON AND 
TIMING 

Commercial 

Elpected 

M~ximum 

Substitution 
!",tentilj, 

, Acceptante 
END·USE 
:'lARKETPLACE 
CmlPARABILITY . t·,. " 

QUllity. 

Proccss Group: FLEXIBLE FOAMS 

Cune.n.t1y Ivawble (in effcct 1 differull design 'lwegy) far IUlOmoUve Ipplications 
whichï.)nstitute 95,10 99% of Ihc:"ppliclûons for Canadian moldcd fcam prOOUCIS, 

, 20% in 3 yean 

30% in 5 yu .. 
MI~um penetration,lilr.ely 10 bc:'.c;œP~ble ilnhe markel 

30% of CFC cmsu':;'cd far moldcd Ipplicltions 

ResisUnce It!he dC4ign (V.S. OEM) level i. elpcclcd bot,mlrkel umds .nd CFC 
rcduction p~UfC4 Ire expcctcd 10 overcomc bolb of Ib",e OOII&trainlS. 

• • . No diiferenœ 

, Dl;rabilily and liCe' :' No diiferc:nœ 

COSTS AND 
, BENEFlTS 

Environment,l and 
heallb iSsues 

Research Ind 
,devclopment COlIS 

One-time, conversion 
'COSIS 

AMUII operaLing 
~O.I changea 

Spin·off.coslS Ind 
bc:nefilS ' 

End·usc modifica­
tion cost. 

End-use COSI 
chlnges, 

None 

If introduccd non-caùslOlphicaüy. i.e. 1$ pan of the normaJ lutomObile programs OVCl 

1 .lbrce to five year period. 'the COSIS 'of.this alternative are liIr.cly 10 bc: _ùaJIy uro 
, Mee deaign dllngcs. n:l.ooling and new s~ppJy contrlClS a,re n-.ry and expcctcd at 
. these changcovCr poinlS. Ids unliIr.cly Iba' Ibis altem.tive cwld bc unplemenlcd more ' 

quickl)' Ibl!! t1ùs nor more effectiveJy in Iny oIher wiy. 



FU~CTIONAL ALTERNATIVES 
DATA SHIŒl' -.J 

END-USE 

A VAILABIUTY AND Technical 
TIMING 

Commercial 

Markel 

8'D-USE MARKET Elpt.cled 
PE:--'ETRATION Ar..1) 
TIMING , Maximum 

E:-'1)-USE, 
~tARKETPLACE 
COMPi\RABIUTY 

SUbSÙWlion 
polenlial 

Acceplance 

" Qualhy 

Durlbüiiy and life 

? 

,Environrnc;nal and 
h ... hh us"", 

COSTS AND 
BENEFITS 

,Re.search Ind 
developmenl CoSls 

Alternative: 
Product Group: 
Process Group: 

Cum:nùy Ivaülble 

210 l yc.att 

100% in 4 Il' 1 yean 

100% in 4 10 7 yu .. 

100% of CFC Il çoosumed for 'moldcii applic.ùons 

Acceplable 

No difCerence anùcipa!ed 

WATER AND MODIFIED POLYOLS 
MOI,.DED 
FLEXIBLE FOAMS 

Unknown - compre.ssion Sel ialing la needed alÙlough il appeua !hll lhiI would not be ' 
, a problem, Therc m.y be, fiel Caiigue problems as weU .1Ùloogb lhiI .110 needs \0 be 
IeSled, ' ' • 

None anùcipa!ed 

Estim.!ed $100,000 Cot field !ri.la Cor Ihe indusl.ry 

One-time conversion Estim.!ed $0.5 million Cor addition.1 Wlkage! pum!," .nd olher proee .. equipmenl. 
costs 

Anriual opcr.~g 
eoSI changes 

'SpUl-off C05l$ and 
be'nefil$ 

End-use modifica­
tion cœls 

End-use cœl 
changes 

None .nticipa!ed 

None .ntièipa!ed 

None anùcipa!ed 

None anticipated 



FUNCTIONAL. Al,.TERNATIVES 
" DATA SHEET 

E1\D-USE 

IAVAILABIUTY A/'.l> Technical 
TIMING 

E.:\lD-USE MARKET 
PEr-,'ÈTRA TlON AND 
TI Mh"G 

E1\D-,USE 
MARKETPLACE 
COMPARABIUTY 

, , ,. 

COSTS AND 
BE~"EFI:rS 

. Commercial 

Market 

Mui.mum 

S ub,ùlÙtÎon 
pOlcntial 

Acceptance 

Qu.lily 

Durabilily'and life 

En vironmcntal and 
health isSue.!!, 

ReSearch and 
,developtnenl costs 

O:ne,ùme conversion 
cosi. 

Annuat openiing 
cost chang~ : 

. Spin-orr COlts and. 
benefits 

End-use modifica­
uOil C06ts 

End-u.e cost 
changes. 

Altcmativ,,: 
, 

-Product Group: 
Process Group: 

ÇARBON ADSORPTION 
MOL.DED 
FLEXIBLE,~OAM S 

Technically avaü.ble as an alternative but not considcred wOlÙly of scriOUI 

ccn&idcrsùon in moldcdapplication& givcn iLs prohibitive (:()St for mo" manuraClUrerl 
and two much more feasible alternative&. (design.changes to _ting and watcr and 
modificd polyolJ).' ,... ~ . 

, -
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FUNCTIONAL ALTERNATIVES, 
DATA SHEET 

E:\D·USE 

A VAILABllITY Mn T eehrùcal , 
TI~II:-<G 

CommercÎ.1 

" Market .. 

E.'\D·USE MARKET Expecled 
PE:-'"ETRA1l0N Ar-.n 
TIMIl'G 'Ma~imum 

" END-USE 
MARKET PLACE 
COMPARABIUTY 

S'ubsùtuùon 
potential 

Acceptance 

Dunbility and life -
, Environmcntal and 

health issues 

Alternative: 
Producl Group: 
Process Group:, 

VERY FIRM AUTQMOTIVEBEATS 
MOLDED 
FLEX1BLE FOAMS 

Cum:ntly Ivailable as a desiBll Ilr.Ucgy. Automoùve..,.t d",ign in North America and 
'Japan ha. been moving in this'direcùOl1 consÙlently oVOl,the past 5 yean. 

90% in 5 yean 

90% in 5yean 

20% of CFC Il conilumed for molded awlicaùons 

Resistancc at the d"'ign (U.S, OEM) level is expeeted but mlrxCI !.tend, and CFC 
redUc:Î.ÎOI1 pressLItC.I are expeelOd 10 overcome ,both of these conSl.taÎllu, 

,No differencc 

-
None 

'. 

. 

COSTS AND 
BE!\'EATS 

Research and If introduced non-catasttophically, i.e. as part of the nonnaI automobile prognms over 
development COlIS • three 10 five year pcriod, the \'C.Iearch and development Ind one-ùme convcmon 

CoolS of thù altemlùve Ife likely ta l?e essenùaUy ~ero .incc design ching"', relooling, 
One-ùme conversion and new lupply conuaCII trc neceosary and expecied' al these.chlJlacover poinu. 
coSts 

Anoual operating 
, COlt ehanges 

For those sealS affeeted (nol ail scats), a 5 to 20% increase in the fOlm oost is elpeeted, 

Spin-off cost.$ and Nonc 
benefil$ 

End-use modifie.­
ùon COSIS 

End-use cost 
. changes 

None e.pected 

Probable end·use cast incresse.sof 2 to 3% (fofs""ùog)" Th~ effeet !hat thu would 
have on automobile COSLS is ,O(X known. . 



\ 

D. . REFRIGERATION AND AIR CONDITIONING 

. In this.seç:tion we review substifutE!s f~r the applications noted below. 

1. Ahermarket and wholesale 

~. ·.HCFC 22 

~ HCFC 502 

~ HCFC 134a.· 

.~ HCFC 123· 

~. Ammonia 

~ Alternative.leak test gas 

,.. . Recovery at charge-up 

~ Increased isolation val'v;'ing 

~. . Storage ~essels for refrigerant . 

~ Reclamation 

2. Commercial, institutional, industrial éÙldrèsidential. 

( , ~. Market rrllX 

~ ~CFC 22 (high ~e.mp) 

~ HCFC 22 (Iow tèmp) 

~ HCFC502 

~ HCFC 134a 

~ HCFC 123 . 

~ HCFC 142b 

,.. Amrrionia 

~ Hydrocarbon • 

. ~ Alternative leak test gas . 

,.. Adequate valves 

-

81.· 

l , 



.~. 
3. Mobile products 

,.. HCFC 134a 

,.. HCFC 22 

.. 
,.. HCFC 22/142b 

,.. HCFC 22/142/114 

&2 



co 
VJ 

FUNCTlO~AL ALTERNATIVES 
DATA SUEET 

" 

END-USE 

, A. Teehnic,1 
Tl~IlNG 

Commercial 

Markel 

END-USE MARKET . Elpecled 
PEl\"ETRA nON At\'D 
TIMING Maximum . ' 

.. 
Substitution 
polC!ltiol 

END-USE 
MARKETPLACE Acçepunce 
CO~fPARABIUTY 

. QUllily 

Dunbillty and Iife 

(' 
, 

Envitonmmlal and 
hc.dth isSIICS 

~"' -

COSTS ANO' R_reh and' 
BEl\'EFlTS developmcnl CON 

One-ùme conversion 

" 
COSIS 

,., 

AMUlI operaùng 
cost changes 

.. 
Spin-off cosu .nd 
beitcfiu 

End-use modific.-
tion COi$IS 

End-use cosl 
changes 

Alternative: HCFC-22 
Product Group: AFfERMARKET & WHOLESALE 
Proœss Group: REFRIGERATION & AIR CONDmOJ:ilNG 

\ 

.nnol he droppcd in 10 ".isting field uniu. The e'lml and è:œt of 
reuofilling ""Iuin:d woold likdy mù.e ÙÙl option nol {"".ibl" compan:d 10 n ...... HCr<c 
22 - b .. cd uniu. A. a rcsult, ÙÙl altemative ia cxpcctcd 10 "volve through the normù 

j 
life cycle rmdùng from new uniu bcing introduccd 10 the field. Undcr normal 
unronatr.incd conditions, ÙÙl would l&I<e approximllCly 20 ycan. If CFÇ 12 wén:> 10. 

he unavaUable or bccom" lignificanùy higher in cost (i.e. more lhàn 200'1. of iu 
cunml COiI), ÙÙl ùmetable could .eedCRte sigrûficanlly. 

1 

'-' 

, 

.~, 

'. 

, 

, 
-

-
-

" ; 
; 

~ 

, 

, . ., 
. ' 

'. , 
, 

" 



FUi\CTIOi\AL ALTERNATIVES 
DATA SHEET 

EKD-USE 

AVAlLABIUTY AJ\1) Tcchnical 
TlMI!'>G 

Commercial 

MarKel 

E."\D-USE MAR,KET Elpc~ted 

PE"b'TRA TION AJ\1), 
TIMIl'\G Ml.inium 

E:\D,USE 
MARKETPLACE 
COMPARABIUTY 

Subsûtuùon 
polenùal 

Ac~plaoce 

QualilY 
, 

Durability' and liCe" 

-

Environmental and 
health isSUCI 

COSTS AND Reaearch and 
BEI\'EATS devclopmenl costa 

One-lime conversion 
cnUs 

Annual operaùng 
cost clanges 

Spin-off COlIS and 
bcn<;fl1S 

End~use modifie.-, 
lion' COSI$ 

r 

End'-uSé COiSI 

changes' 

; 

Alternative: , HCFC~S02 
Product Group: AFfERMARKET & WHOLESALE 
Process Group: REFRIGERATION & AIR CONDmONING 

IIŒC 502 CI!!!"'t he droppe<! in \0 the vast majorily of e1isling 6cld unilS, A very 
Iimiled number of wsling ruSh ICmpctllurc crc 12-based .yatcm. cao bc convetled 
10 HCFC 502 oper_ûon, ,Thi.a cœver..ion, if il werc canied 001, would have _ very 

: Iimiled impaci on Ihe crc coosumption leve!. 

, 

.,.~ 

- " 
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FU~CTIO~AL ALTERNATIVES 
DATA SHEET' \ 

E:->O-USE 

AVAlLABlUTY AfI,n T~hrùcal 

TIMING 

E.\;D·USE MARKET 
PEi''ETRA TlO;'! .Al\'D 
TI!'.IING 

E.\;D·USE 
!'.iARKETPLACE 
COMPARABIUTY 

COSTS AND 
BEl\'EATS 

C0""'1crcial . 

. 'Maikcl 

EXpecled 

M~ximu.ri 

Sub.ùtution 
polertlial 

Acceplance 

Qualily 

DunbililY and life 

En vironmenlal and 
he.aIÛl issues 

R~earch.nd ' 
develop~enl COSIS 

! 

One'time 'conversion 
coSIS, 

Annu.1 opcraùng 
COst chang .. 

Spin-off COSIS and 
be.ncfili ' 

End·use modifica· 
tion COSI$, 

End-use COSI 

changes 

Alternative: HCFC-134a - -

Product Group: , 
Process. Group: 

AFTERMARKET & WHOLESALE 
REFRIGERATION & AIR CONDmONING 

S 10 10 years. dcpending on when.HCFC 134a becomcs'Ivlilablc for original 
oqUipmml applicaùons and whelher unilS in Ûle field con bc cllily fàtOlilted, 

51010yem 

510 10 ye.ats 

Unknown 

Unknown 

. HIS pcc=ùal io replace mOlli or III CFe '12-based unilS in Ûle field if chemieal 
. propertica l'C1rIIlin canp"rable. conversion co'li are noi lignifit:anl. an' ad<quate 

jnhri"onl il d~v.l~ ~nd il i. nnt round ln re.aci wiÛl desicants. ' . 

No differcncCl expected 

None known 

AU CON are IiJIknown Il tiù.i liage 

. i 

.', 
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FUNCTIONAL ALTERNATIVES 
DATA SHEET 

END·USE 

AVAILABIUfY A!'.1) Tc:chnical 
TIMING 

Commercial 

Markel 

S-:D·USE MARKET Elpccled 
PEl\1ITRATIO~ AND 
TIMING Muimum 

SUblliuJlÎon 
poteruial 

E]I;D:USE -, 

MARKETPLACE Aèceplance 
COMPARABIUTY 

QualilY , 

Durabilily and life 

Envitonmental and 
healÛ! issues 

COSTS AND Research .• nd 
BENEFlTS developmcnl coSll 

One-lime conversion 
coUs 

" 

: A",!ual opcnûng 

. -- cost ch.n~C$ 

Spin-off cosu .nd 
hencfiu 

End-use modifica-
tion COSI. 

End-use cost 
changes 

, 

Alternative: HCFC·l23 
Product Group: AFfERMARKET & WHOLESALE . 
Process Group: REFRIGERATION & AIR CONDmONING' .-

S 10 10 years, dcpcndinl on whcn HCFC 123 becomes avoilable far original 
cquipmcnl applications and whethcr UlÙlI in the field CUI he easily n:uUfiltc4. 

510 10 years 

5 10 10 years , 

Unknown 
r 

Unknawn 

Has potcntill ID replace mOISI or aU CFC II·bascd unill in. the field i;f chcmîcal 
propeniC& rèmain c:ompa .. b1c, ""nversion cooLi arc n'" significant and an adequate 

. luhnrart' - &v"ln.....n . - . -
-

Primarily dcpcndcnl on Coot of. conversion or coo1/abililY 10 "",,&in wiÛ! CFC Il 

No diffCrc:ncC& e.pecIed 

.. 
No diffcrences elpc:ctcd . 
None known , .. -, 

'- : 

.. 
AU coSU arc unknown al thi.s 1111° 

- - , -
, 

--
--

.. , 

. . 



FUi'\CTIO~AL ALTERNATIVES , Alternative: AMMONIA (NH3) 
DATA SHEET Product Group: AFfERMARKET & WHO LES ALE 

- Process Group: REFRIGERATION & AIR CONDmONING , 

ES"D-USE 

AVAILABIIlTY AND Technical No poICntiai Il an afieunarkCl al"'mative given the very aignificant batricra elpeclCd 
TIMING for ellCnSion of Ille in original Cl9uipmént applications. 

Commercial 

Market 

'. 
END-USE MARKET' Elpccted 
PE:-''ETRA TION A~'D 
n:.mm Muimum 

..: 
Substitution 
potcntial , ,-

EI\'D-USE 
MARIŒTPLACE Acceptancc 

( COMPARABIUTY 
Qllality \ 

Durability and lifc 

, . 
Environmcntal and 
hcalth us ...... 

/. -
. 

COSTS AND Rescarch ind . 
BENEFITS. devc10pmcnt COlÙ , 

, 

One-Ume-conversion .' 

costa , 

Ann ... 1 operating 
cost changea 

, ' 

Spin-ôff cosu and 
benehts 

: 
End-lise modifiea- , 
tion costs 

End'use cost -
changes 
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mNCTIONAL ALTERNATIVES 
DATASHEET 

m-.;o·USE 

AV AILABIUTY Al\'D 
. TIMING 

Technical 

Commercial 

Marltet 

END·USE MARKET Expccled 
PEl\1ITRA TIOS Ai\'D 
T1ML"lG Maximum 

E.KD·USE 
MARKETPLACE 
COMPARABIUTY 

COSTS AND 
BE/I<"Ef1TS 

S ubstilUlion 
polential 

Acceptance 

Qualily 

Du~abililY and life 

Environmental and 
hcalth ÎSSIICI 

Rosea:tclI and 
devc10pmcnl CON 

Alternative: 
ProdUCl Group: 
Process Group: 

ALTERNATIVE LEAK TEST GAS 
AFfERMARKET & WHOLESALE 
REFRIGERATION & AIR CONDmONING 

Cu.mnlly IVlil.ble in the matkel (HCFC,22 ÎS mUst common .. an altcm&te lui. teIIl 
'gas; heliwn is al$o .vailable but cànsidercd 10 eXpcIlsive for 'aflcrmadcel applications 
beQuse of the .peclrometer required}. 

100% in 1 yeu, if appropollcly rcgulated 

100% in 1 yeu 

Fractional rcduction (probably sisnificanùy less than 1 %} in CFC 12 u$Cd in 
.ftellllatkCl application.. A Iypical industriaVcommcrcial syStem is """cd with 2 10 3 
rounds of ",fri~er"nl and th ... char. cd with 1000 10 1500. 

US<I of HCFC 22 as an all.Cm.te h .. incrcascd significanlly, in' the put yeu. 'The major 
barrier 10 univers" use of HCFC 22 or other altemlles ÎI n(ll technical bul rathcr the 
facl thlt il ÎI molt convcni'cùt to IcaI< lC5t with the S" wlùch is going 10 charae the 
syslem. 

No differcnce 

None bcyond the ozone deplction potential of HCFC 22 .. the mon coinm"" and 
acceplcd Illcm ative. . 

None 

1 

One-lime conversion None, 
eoSls 

, 
A~ual opcrating 
COSI changes 

Spin·off casa and 
benefits 

Fractional COSI increase (signilicanlly less than 1 % cost of gooda .oId} becaùse of 
lùghér cost of HCFC 22 cornparcd ,,10 CFC 12, 

j 

None 

End·use modifie.- None 
ùon casu 

End·use cost None 
changes 
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FU~CTlONAJ... ALTERNATIVES 
DATA SHEET 

E:\D-USE, 

AVAlLABIUfY Al\1> Tecl:ulica,1 

Commercial 

END·USE MARKET Expecled 
I>El\'ETRA TION AND' 
TIMiNG Maximum 

/ 

END·USE 

Subsûwtion 
potenlial 

MARKETPLACE Aécep\ance 
COMPARABIUTY 

QuaUty 

Durability ,.nd life 

Alternative: 
Product Group: 

RECOVERY AT CHARGE-UP, SERVICE AND/OR DISPOSAL 
AFfERMARKET & WHOLESALE 

Proèess Group: , REFRIGERATION & AIR CONDmONING 

Sy.tcm. Ire aVlilable nOW for recovery at charge-up and service, however they are 
curnbcnlame and, impracùcal for many applie.ttions. 

Unknown 

Potcnûal for "",overy i, &mali given thl! an estimated 10 to 90% of l''f,,geranl il Ion 
prior 10 !he service beginnlng (i.e. only 10 to 30% of service il on • non-cmp\y urut). 

,'Probable maximum potenti.1 would range fr<Xl! lesoth.n 1% io 10% ofCFC 11 .nd 12. 
consume<! for ... ' ' -denendino <Yl !he mechanism for imolementin. 

thi' alternaùve and the truc maaimum polenûal (which il unknown). Recause of-the 
diversilY and Iiz;e of the aftermalket, implemenuùon wwld be exuanely difficult 
wilhoul legisl.ùon and even Ihen, diffiCù~1 to regulate. 

Not appUcable 

) 

Environmental and None 
health issues 

, COSTS AND 
BEl\'EFITS 

Rescan:h 'and 
devdopmcot caSts 

UnWr.cly, but uriknown .t thi. point in Û1nc 

r 

Onc'ÛIne ~Onversion :Unknown 
cost. 

AnnUlI ' operating Unltnown inclcase 
C<]S\ changes 

Spin-off' COSIS and None 
benefits 

El'\d·usc modifica· None 
tion coslo 

End- use cool 
changes 

Unltnown pu. through increase, dcpending on !he COSl ,of implementing l"Covery 
methods. 
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FU~CTIONAL ALTERNATIVES 
DATASHEET 

END-USE, 

AVAllAllIUTY A"''D 
TIMING 

Technical 

Commercial' 

, Markel 

E"D-USE MARKET Elpected 
PE"'ëfRA nON Al>i'D 
TIMING Muimum 

END·USE 
MARKETPlACE . 
COMPARABIUTY 

COSTS M'D 
BEl\"EATS 

SubstilULion, . 
polential 

Acceptance 

Quality 

Durability and life 

Envîronmental and 
heahh ilS\ICl4 

Reaearch and 
. developmcnt costs 

One-time conversion 
costs 

'Annu.\ opcrating 
cOSI chang"" 

S pin -off costs and 
benefits 

End-use modifiea­
tioo casts 

End-use cosl 
changes 

Avail.ble now 

AllemalÎve:· 
Product Group: 
Process Group: 

INCREASED ISOLATION VALVING 
AFrERMARKET & W'HOLESALE 
REFRIGERATION & AIR CONDmONING 

100% in 1 yur if appiopri~\ely regul.1e<! (this alternative may be very difficultlO 
"'Sulale effectivcly) , 

Fractiooal seduction (significintly leu lb.n 1%) of crc Il and 12 used. }bis 
a1lC1'l1ativc il only oC valu" if valves are ins~1led when a system il heing repaire<:! as a 
possible mesnS oC rcducing ..mge",nt loss duting pump down in Ibe cvent oC fulure, 

. nnn_leak c ... u~ """,i'L on the same unil. '. . 

Would n:quUe replation 10 enfarcc. 

NOl, applicable 

NOl applicable 

None .. 

-. 
None 

1 ,.. 

None 

Unt.ilown bUI amln increue in the pa-unil service cost. 

None 

None 

Unkn~wn pa .. wough incrCl", depending on lbe increased valve rosts. 



FUNCTIONAL ALTERNATIVES 
DATA SHEET 

E~D-USE 

AVAILABllJTY AND 
TI:'Il~G 

E.l\"D-USE MARKET 
PE:-""ETRATION AND 
Tl:'Ill':G 

E:\D-USE 
:'lARKETPLACE 
CO:'IPARABIUTY 

COSTS·AND 
BEl\cFITS 

Tcchnica! 

Commercial 

Markel 

Elpecled 

Maiimum 

Substiwtion 
polenlial 

. Ac.ceplance 

Qualily 

... 
. Dunbilily and life· 

Environmenlal and 
healih ilsues 

Research and 
developmenl colIS 

Onc·time conversion 
cost, 

AMUlI operating 
coSl changes 

Spin-off COlIS and 
benefits . 

End-use modifica­
tion c"osts 

End-use C051 • 
·changes 

. Allemalive: 
Producl Gn,lup: 
Process Group: 

~r: . 

STORAGE VESSELS FOR REFRIGERANT CHARGE 
AFTERMARKET & WHOLESALE 
REFRIGERATION & AIR CONDITIONING 

Slal1ge vesseu exisllo a certain degree now·in many lyslCIlIS, espccially largé lySlC:m1 
whe", vessels make cconomic sense. MOSI IICFC S02. and CFC 12 iysteml coollin 
lhcm_ The CFC reductioo potential of regulating uscof a vesse! in ail applications il 
unknown bUI atimaled la be very Imall. Il illikely lhal ihe majolily of ihe CFC I05S 
which il laking place il due la existing vessels which are ·100 I~I Il opposed la ih05C 
nol installed_ 
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FUNCTIONAL ALTI:;RNATIVI!:S . Alternative: RECLAMATION 
DATA SHEI!:T '. Producl Group: AFfERMARKET & WHOLESALE 

Process Group:. REFRIGERATION & AIR CONDITIONING 

END-USE ~, 

, 
AVAILABIUfY AND Tcchnical The ellClll 10 wh .. :h n:cùmauon Il now being camcd ouI II unknown. Sorne 
TIMING ICChnology cxisu md Ùllr.nown 10 Ile in wc bUI ÛlCIC il llso lr.nown 10 he a nccd fOf 

COfn1llcrcial !eChnology 10 lm .nd idcnùfy .ysicm ConlelllS I.Ild clean rccl&imcd re!tiSéfanlS fOf 
future wc. 

Markcl , 
DiD-USE MARKET Elp.:ctcd .' 

PE~'ETRA TIO~ AND 
TIMING Maximum 

SubstiwlÎ<in 
pOienli.1 . 

E:'\D-USE 
~ÎARKETPLACE Acceplance 
CO~IPARABIUTY . 

QUIUly 
'. 

-

Ounbilily and lifc 

. 
Environmenlal. and 
healÛl issUC$ 

COSTS A/I.'D R_n:h:~nd 

BE/l.1lATS dcvelopmcnl CO$\I .' 

, , 

On~-timc conversion 
costs 

: .. 
, ' 

Annual ope1atlng " 
cost changes 

~ . " 

Spin-off coslS and 
.. 

bcnciilS 
, 

End-use modifica-
tion COSIS r~ 

End-use COSI 

changes 
.. 



FUI\CTlOI\AL ALTERNATIVES 
DATA SHEET 

Ef"D·USE 

IAVAILABIUTY A~'D Tcchnical 
TIMIJI\G 

Commercial 

Markel 

E"D·USE MARKET Elpccled 
PE~'ETRATION Mm 
TIMING Muimum 

E:>\D-USE 
MARIŒTPLACE 
CO:-IPARABIUTY 

COSTS AND, 
BEtŒFlTS 

" _ S'ub$ùlllùon 
pou:.ntial 

Acceplance 

QualilY 

DurabililY and lite 

Environm""tal and 
hullh isSUCi 

Research and 
deve1opmcnt, costs 

One-time conversion 
COSI. 

Annual operating 
CDS! changes 

Spin..,ff COSI$ and 
benefil$ 

End-u$C modifici­
tiœ cost., 

End-use cost 
change. 

Alternative: 
Product Group: 
Process Group: 

MARKETMIX 
COMMERCIAL INSTITUTION AL AND INDUSTRIAL PRODUcrs Mm SYSTEMS 

'REFRIGERATION & AIR CONDITIONING 

C""trifu,gal ChiIletll -, convenion lO rugh pleuun: 'Yln""" (only applieableend-use) 

Avai1able no'" 

o 10 7 ycon depcnding en end-uSè application 

o 10 '7 ycon depcnding en end-uK application 

100% in S la 1 YU", if regulated 

100% in S la 1 yun 

,100% of CFC Il uscdin Càltiiugal chiller appli~ations (unknown ~tage' of LA:lta1 
CFC II conswned for lhU product group) 

Cum:nùy very ütlle 'acceptance, primarily due 10 eùsting ~egislitian' wruàl rcquire8 an . 
operating engincet for any rugh-pressure 'ySLern instaUatian. Acccptance will Likcly 
hinge' on whether or not lhU rcqili.rtinent n:mains. 

No dirf e~ce expccted 

No difference ellpccted. but trIck record of installed. lySlCm$ is 'very limited. 

Ccn:venion iD 'ligh pressure changea rèfrigetl/U 10 HCFC 22. Oz.œe dcplction 
poiential thus romains albc:it al S% of CFC 11 Icvcls. 

, . 
None for Can.dian indUlIly. AU WÛI$ cu:rrcntly supplièd for lhU end-usé are dCligned 
and manufaewre4 in the United Stilc.t. 

, None for eanodian uldum} 

None for Caoadian indultry 

None 

E.lim.ted in~se in th~ order of 10%, ba.cd on change to high pressure design. 

Unlcnown increase, blsed on eperating englneer requin::ment and IncreaScd encrgy 
COSlS per,lon ~ , , 
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FUNCTIONAL ALTERNATIVES 
DATASHEET 

_. Allcmaùve: 
Producl Group: 
Proccss Group: 

HCFC-22 (Medium and High TemperalUreApplicalions) 
COMMERCIAL INST:ITUTIONAL AND.INDUSTRIAL PRODUcrS AND SYSTEMS' 
REFRIGERATION & AIR CONDITlONlNG 

E/\D-USE Medium and High Temperature (2 HP and rusher) Medium and High Temperature (L.eo& than 2 HP) 

AVAILABIUTY AND Technical 
TI MI l'\G 

~"D-USE MARKET 
PENETRATION AND 
TIMI!>iO 

END-USE 
MARKET PLACE 
COMPARABIUTY 

COSTS AND 
BE~ŒATS 

Commercid 

Muimum 

.Substilllùon 
potenti.1 

AcceptÎiice 

Quality' 

. Durability and lite 

Environment.1 and 
health issues 

Rescarcb and 
devclopment . cON 

. Currcnùy .availablc in the MaIkct 

100% in 1 year 

100% in 1 year 

100% of CFC 12 eonsumed for !ha c;:nd-usc (œtimale<l 0.3 kiJotOMè for ail banc­
power ranges of Ihi. end-use: application) 

No difference 

No difference 

No difference 

None beyond the ozone deplcllon potenùal of HCFC 22. 

None 

One-lime conversion None 
cosls 

Annual operating 
cost èhangea 

Spin-off COSIS and 
benefilS 

End-use mOdifica­
tion COSIS 

End-use cosi 
chanses 

None 

Reduced encrgy consw,.ptiOli 

None 

Estiinated 7 ta 10%I'Oductioo in energy cost in ~aùon. 

o 10 2 years, depending on end-use application 

o 10 2 yea~, depcnding on end-use application 

o to 2 yea~. depcnding On c;:nd-use ,pplication 

100% in 2 103 yem 

100% in 2 ta 3 yem . 

100% ofCFC 12 cOlliumed for ÙÙI c;:nd-llIe' (a"" commenta illide< 2 HP and up aection) 

No differcnce 

No diffe"",ce 

No differcnce 

. None beyond !he oUllle depleùon potcnti.1 of HCFC 22. 

EsIim.1e<I $1 nùIlion for indusiry 

. None 

None 

\ 

. Reduced energy consumptim 

Non~ 

Eslimated 7 ta 10% l'Oduction· in energy cost in <>pCrlùon. 
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FUl'iCTIONAL ALTERNATIVES 
DATA SHEET 

END-USE 

AVAlLABIUTY Al'>'O Techriical 
TIMING 

END-USE MARKET 
PEI\'ETRATION AND : 
TIM~NG 

, , 
END-USE 
MARKETPLACE 
COMPARABIUTY . 

COSTS AND 
BEl\'EFlTS 

CpffiffiercÎal 

Markel 

ExpcCled 

Maximum 

SubslÏwùon 
. p<ltcnlial 

Aùept.nce. 

QUlüly 

Dllrabilily and life 

EtiVÙ'onmcntal and 
heallh issuès 

Re&carch a~d 
de~elopmcnt CON . 

. u,w Temperalure 

!OOil. in S ycal1 

100'1. isi S yem 

/ .... ~,- ". 

Altemativé: HCFC-22 (Low Temperature Applications) 
Product Group: COMMERCIALlNSTITUTIONAL AND lNDUSTRlÀL PRODUCTS AND SYSTEMS 
Process. Group: REFRIGERATION & Al~ c:ONDITIONING . 

100'1. ofCFC· 12.c:oosumcd for Ûlis end-use 

Accepuble, bill pric:cs would likcly incrcasc and HCFC 22-blscd iy.lCins arc more 
comP.lex bec.wc Of Ûle neC.! for 2n.&cs. . 

No aifferencc 

SigrÎificanûy inferior, expcclcd much rusher expected incidémc of brcakdown: 

None bcyond Ille ozone deplctÎon patenlial of HCFC 22. 

None for CUlId.im indusuy (""carel! and devdopmcnt would he carricd ouI in Ûle 
United S talCS. . 

One-lime conversion None Cot <:anldian industty 
.. costsi 

Annual opctating None 
COSI·.chanS"" 

·Spin-off CO$U and 
heneJiI5 

Ena·use modific.­
lÏoo cœlS 

End-use COSI 

changes 

Süghtly ÎIlI:IU.Icd encrgy consumplion 

N.jne 

Eslimated lOO%.incrcase in COlSt of uniu because of design and m.nufaclllring 
. -compleüly. . 
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l'Ul'\CTlONAL ALTERNATIVES 
DATA SHEEl' 

E1\D·USE 

AVAlLABIUTY Al\1) Technical 
TlMING 

Commercial 

Market 

Eo"DjUSE MARKET EXpc<:tcd 
PEl\'ETRATION AND 

\ TI~t1NG Maximum 

Substilution 
potenùal 

E!'\D-USE 
MARKETPLACE Aeeeplanee 
eOMPARABIUTY 

Quauly 

DurabÎlity and life 

Environrnent.1 'and 
he.'lllh issues 

COSTS At-.'D Researeh and 
BENEFlTS dcvelopmenl C05Ls 

Onc .. time conversion 

- COStS 

AMual operaùng 
COSI changes 

Spin-off COSLs .and 

" ben.fiLs 

End·us. modifica· 
c tion costs 

End·use. cost 
changes' 

AhcmatÎve: HCFC·502 
, Product Group: COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCTS AND SYSTEMS 

Proccss Group: REFRIGERATION & AIR CONDlTIONING 

, 
" 

Thete lias been aome limile4 dùft 10 HCEC S02-bued sySlCma in medium \eI1IpetaUW 
applieaùon. 10 reduce coauurnpùon of CfC 12. IICFC 502 ia DOl conlideœd 1 viable 
large aeale replacemenl IIlern.Ùve for CEC 12-bascd • yslanS for IWO r...-.., Finll, 
because of iLs unique and lllCmfote cntie.l role in low \eI1Ipetalllrc aya\el1la ,wbc:rc no 
allem.tive plC$cnlly cxisLs, Second; becausc il has ,In ozone dcplcùon poI«Ilial or' , 

SO% of CEe 12, il is of Umil«l avenU benefit, 

, 

, , 
" c 

c . 
" '. 

J 

.,. 

-
. 

.. , 

" 

-



FU~CTlO~AL ALTERNATIVES 
DATA SHEET 

E~D-USE 

AVAlLABIUTY AND T~hnical 

TIMING 

END-USE MARKET 
PEIŒTRA TION AND 
TIMiNG_ 

END-USE 
MARIŒTPLACE 
CO~IPARABIUTY 

COSTS AND 
BEl\'EFiTS 

Commercial 

Markel 

Maximum 

Substitution 
pOlentiil 

Accepllnce 

QuaIily 

Durlbilily Ind life 

/Environmen\al and 
h""hh issuea 

Rcsurch and· 
developmenl COSII . 

, 

Alternative: HCFC-l34a 
Product Group: 
Process Group: 

COMMERCIAL INSTITUTION AL AND INDUSTRIAL PRODUCTS AND SYSTEMS 
REFRIGERATION & AIR CONDmONING 

. S years (I~xicily lesùng is l!Arting; 1 J 34a-based cooler wUl is aiso being lesled) 

S 10 8 y":'", depcnding on Ibe ellenl of wod< reqUÏted 10 CŒlvert eilitingdcsigns. 

S 108 y""" 
100% in 6 10 9 yCllfS 

100% in 610 9 y""" 

100% of CFC 1 ~ corilwned in Ihis prodUCI group 

No dilfen:nce Clpecled, .allbough inen .. ed coS! may impicl ~cccplance, dq>ending on 
end-lISer options_ 

. No diff~ce elpecled 
'---_. 

No diffennce Clpec~, based on CUrrCnl knowledge of chcmical propertiea allhough a 
lubricanl hu yCl 10 he developed_ • 

None kriown 

Unknown. A lubricsnl remains 10 he developed. Resear~ w developmc:nl will he 
driven by aUlomotive applications. . 

( 

..• 

One-lime conversion Unknown 
~u • 

Annual operaùng 
COSI changes 

.Spin-off cosll and 
benefill 

End-use modifica­
tion COSIS 

End-use cOSI 
changes 

. Unknown 

Elp~1ed 10 he 10% less efficienl Iban CFC 12 -based sySlcmI. En"'1lY consumplion 
will he higher as a rc:sUIL 

Unknown 

Unknown increase 
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FUr\CTIONAL ALTERNATIVES Alternative: . HCFC-l23, 
DATA SHEET Product Group: COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUCTS AND SYSTEMS 

Process Group: REFRIGERATION & AIR CONDITIONING 

E:'\D-USE 

AVAlLABIUfY All,,1) Technical Syull 
TIMING 

Commercial S 10 8 yUII. depend1ng on !he c,Lent or worlr: ""luircd \0 coovert ellisting dc:aigns. 

Mar~el S 108 yun; 

E'\D-USE MARKET Elpecled 100% in 6 \0 9 yu", 
l'Er-:l:lRATiON A!l.1) 
TIMING_ Muimum 100% in 610 9 yu", 

" Substitution 100% or CFC 11 consumcd in liÙJ producigroup 
polenti.1 

END-USE No difCerencc Clpcc:tcd' allhoug/l incre.ased COSI may iinpKI acceptance. dcpcnding 00 

MARKETPLACE Acceptance end-user optioos. . 
CmÎPARABIUTY -

. Qu.lily No düreialcc elpecled \ 

~ 

~ 

Dunbilily and liCe No düfc:rencc elpCClcd. bosed on currenl knowledge of chcmical propertica alIhough a 
Jubricanl has yCl 10 be developed. , 

"-

Environmenlal· and HCFC 123 hu an "'one deplwon polCntial rlled al 1_ ljIan O.OS· ~hich mùea il , 
hul!h issues comparable or somewhal bellCf \han HCFC 22. bul nO( as low as O(ber replacemcill 

ehernie.ls .• 

COSTS AI\'D Resurch and Unlenown. A lub.ricalll ranains \0 be developed. 
BEl\'EATS developmenl COSIS -

One-lime conversion Unlenown .. 

costs 

AMual oper'Ung Unlenown 
CO$\ changes 

' . 
Spin:off COSIS and None kno"!ll 

? • : 
bencfilS 

, 
End·use modifia. Unlenown bUI elpeclcd 10 he lower !han conversion coolS 10 IlCFC 22-
tion COSIS 

End-use eOOI Unknown incrusc ) 
changes 

" 

' . 
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FU~CTlO~AL ALTERNATIVES 
DATASHEET 

El\D-USE 

AVAlLABIUTY AND Technic.1 
TlMll"G 

Commercial 

Market 

E.''D-USE MARKET Expected 
PE~'ETRA 110N A/'.'D 
T1~Ul"G 

Et'\D-USE 
MARKETPLACE' 
COMPARABIUTY 

COSTS AND· 
BEI\'EFITS 

M'lÛmum 

Suhstiwuon 
potenlill 

Accèptailcc 

Qu.lilY 

Ourahilily and Iifc 

EiwLrorunenlal ind 
heallh issu", 

Rese.arch and 
develapmenl cam 

oné-time conversion 
cons 

Annull operating 
cast changes 

Spu,-off costs Ind 
henefiis 

End-use modifica­
tion COS!S , 

End-use COSI 

changes 

Alternative: HC FC-22;HCFC-l 42b' 
. ProdUCI Group: COMMERCIAL INSTITUTION AL AND INDUSTRIAL PRODll.CTS AND SYSTEMS 

Process Group: . REFRIGERATION & AIR CONDmONlNG 

This mechanic.1 mixture is nOl known 10 Ile in use e<mmetcially in Canada ahhougl! il 
is reporIC<Ily a"il.hle in Ihe United SUtu. Il is not conside:ted a viahle lilemativ", for 
IWO ~son.. FlIlIt. il is nOl 1 Wc din:<:t ",hstilule. in p"rt b<ic:au.ce il is a mec:hanical IS 

opposed 10 chanica1 mixture. Second, il h .. Ilammahility prohlcm.. . 
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FU~CTlONAL ALTERNATIVES 
DATA SHEET 

E~D·USE . 

AV AlLABIUTY A!\1) Tcchnical 
TIMI~G 

Commercial 

Market 

END·USE MARKET Elpected 
PEl\cTRATION AND 
TIMING Maximum 

E:\D-USE 
MARKETPLACE 
CO:'1PARABIUTY 

COSTS AND 
BEl\'EFlTS 

Sub.tilUl.ioit 
polential 

Acccplanee 

Qu.lily 

Durlbilily and ure 

En vironmentll and 
healÙl issues 

Research' and 
development COSlS 

One-lime eonvc.rsion 
costs 

AnnuI) opcrating 
COSI éhangcs 

Spin-off cosu: and 
. benefiu: 

End-use modifie.- . 
tion costs 

End-use cosl 
changes 

Alternative: 
Product Group: 
Process Group: 

AMMONIA (NH3) AND HYDROCARBONS (HC) 
COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUqS AND SYSTEMS 
REFRIGERATION & AIR CONDITIONING 

Ammoni. is Icchnically .vail.ble ~ •• proces. and is uscd commcrcially in rcfrigera­
tion .y'Lema rangîng (rom IS 1025 1001 upward. moit commolÙy in 50 and 100+ IOn 
applications. ft il lCChniClllly feuible·w dcvclop ammonia-balcd 'ylleml in Ùle 
arnaUcr WMiSeII èWIUllly. usinS œnltoUcd CFC-bucd Iystcml, FrOl1l. pnctical 
lundpoinl, howev ..... mmoni. ùo nlll considere<! • lCrÎoua a1u:mative for ocvc:ral 
rea.on., ·Firs~ en2ine<:ring costa wwld he enonnous. Second ammorii. cannOI legoUy 
he uscd in an encloocd .pace fOr Clpansion-rdatcd application •• ÙlUS .evcrdy 
reslricting even jll poICIIùal indoor .pplicability wiÙloullegillaùve change. 1lUrd. il is. 

. boIh hiah~y loue and flammable. 

i 
For e.uentiaUy Ùle ume reasons. hydrocarbons are alSo !lOI œnilÎdcrcd a viable 
alternative.' . 



FUl'iCTIONAL ALTERNATIVES 
DATA SHEET 

END-USE 

A VAILABlllTY Mn 
TIMING 

E.'\D-USE MARKET 
, PEI'.·ETRATION AND 

TI1\IING 

Tcchnical 

Commercial 

Markel 

E.pecled 

;. 

Muimum 

Substitution 
polcnlial 

/ END-USE 

a ...... 

MARKETPLACE . 
COMPARABIUTY 

COSTS AND 
BEI'.'ERTS. 

~ceepl";ce 

Qualily 

DurabililY and Iife 

Environrncnlal and 
health issues 

'Research and 
developmenl 'COSlS 

i· 

AlLcmaLÏve: 
Producl Group: 
Process Group: 

ALTERNATIVE LEAK TEST_GAS 
COMMERCIAL INSTITUTIONAL AND INDUSTRIAL PRODUcrS ANDSYSTEMS 
REFRIGERATION & AIR CONDmONING 

CUrrcntly,available in lhemllket.' HCFC 22 is masl common .. :an altemlte leak Lc5L 

gas. Heliwn il also availabl;, and used, bol predominanlly in amoU ayJtaiu (luch Il 
domestic llrtits) and primarily for qualily control 'purpooes. Use of heliurri rcquirca a 

" 'mass spectrometer_ 

100'l> in 1 yur, if approprialCly iegulated 

100'l> in 1 year 

Fractional reducüan (probably aignificanLly Icss than l 'l» in CFC 12 u.cd in original 
cquipmcnL applications. A Lypical indusiriaVcommerciallYlLcm il Lc5Lcd with 2 Lo 3 
nnll~d. nf r.fri ... anl and th..." ch ... .d with 1000 ln ISno' , ' 

Use of HCFC 22' Il an a1teritate h~ incre .. ed significantly in the ~II yeU, The major 
barrier 10 universal use of HCFC 22 or other altemates is riot technical bul rathcr the 
fact thal il is mOll c:onvenicnl Lo leak tesl, with 'the gal which il going Lo charge the 
syslem. 

No diffcrencc 

, None beyond !he ozone, depletion polenlial of HCFC 22 as the- mO!ll c:onunon arid 
accepted allernative. ' , 

None 

One-lime convetliion, None 
costs 

. Annual operating 
coS! change. 

Spin-off coslS and 
benefilS 

End-use modifica­
.um casts 

End-use cosl 
changes 

Fractional casl increue (significantly Icss than l'l> coS!' of goodl aold) becauae of 
higher COSI of HCFC 22 compared 10 CFC 12. 

None 

None 

None 
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FUNCTIONAL'ALTERNATIVES 
DATASHEET 

E!\D-USE 

Alternative: 
, . Producl Group: 

Process Group: 

ADEQUATE VALVES FOR SERVICE 
,COMMERqAL INSTlTUTIONAL ANDINDUSTRIAL PRODUCTS AND SYSTEMS 
RERIGERATlON & AIR CONDITlONING 

AVAILABIUTY A!'.D Technical. 1·-
TIMING 

. . Commercial 

Markel 

~D·USE MARKET Expecled 
PEr..'ETRATION AND 
TIMING Mlllimu~ 

E;>.1D-USE 
MARKETPLACE 
COMPARABIUTY 

? 
, , 

ICOSTS,AND 
BEl'.'EFlTS 

Substitution 
potential, 

Acceplance' 

Qu.lity 

DurabililY and !ife 

Environmenlal and 
health issu ... 

Rcsearch and 
devdopmeni cOSll 

o.ie-Iime convmion 
casts 

Annual operating 
COSI chang .. 

Avail.ble now 

100% in 1 year if appro~ldy rcgulated conc1.ll"ll!tl\ly in Canada and Ihc United SalClS 
(Ibis al~mative may be very diffic:ull 10 fCgulate cffcctiv~y) 

Fractional redw:tion or none in CFC 1 i. used since mosl CFC Il·bued aylleml are 
.dequalely dcaigned ror valving.' S"'IlC potential bUI W1known redw:tion in HCFC 
S02·based systems is Iike\y, Titis alternative' is ';nJy oC value (if in.talled al original 

• fnr f ... n_. service "",uirin. oumn down. whcre leakue has no( oocurred, 

Would rcquirc:rcgulation 10 rni'orce. 

Not applicable 

Not applicable 

None 

.. 
None 

None 

Probable 1'10 2% incrcasc in,lbe per-unil COSI of manufacture. 

Spin·off CO$IS and ·None 
bençfilS 

End-use modifica­
tion costs 

End-use COSI 

changes 

'None 

Probable 1 10 2% inerCise in cos\. 
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FUNCTIONAL ALTERNATIVES 
DATASHEET 

E:\D-USE 

A VAILABJl.ITY Al\U T echnical 
TI~IL"G 

. Commercial 

Market 

END-USE MARKET. E.xpected 
PE~'ETRATlON A!>;U 
TIMING . Muimum 

E~D,USE 

~1ARIŒTPLACE 
COMPARABIUTY 

COSTS AND 
BEt-.llFlTS 

>SubstilÙti";' 
patential 

Acceptance 

. Quality 

Durability and !ife 

Envirorunc:ntal and 
hcalth i .. ~ 

Rescarch and. 
development COlIS 

Altemaùve: HCF-134a 
Producl Group: MOBILE PRODUcrS 
Process Group: REFRIGERATION AND. AIR CONDITIONING 

7 10 10 ycall 

100% in 10+ yeull 

1 00% in 10+ Yeu!I 

1110% ofCFC 12 used. for ~oblie air çooditioriing 

Probably accq>Uble, would lilr.e1y be inu:oducèd wilh Iiule vilibility 10 'custancr from 
, petfonnance nandpoint. 
Pcrfoonancc losa, possible rcquiring luge: hcat exchangcn and hlghcr compœslOr 
operating Ipec:dS, . 

Unknown,', lubricanl nc:cds 10 'be developed, 

Noi,e - ozone deplelion factor is _0 

Unknown. dcpenda oci coll 10 develop lubriclnl and whClhcr or DOt hcal elœqCl 
. and/or compreuor wod: il rcquired, 

One-lime convc:sion. Unknown. howevc:r. major n:toWlng il not anticipated becaUIC thc:mo-phyaical 
com propellies are close 10 elisting refrigeranl, 

Annual operating 
COSI changea 

Spin'off costs and 
benefits 

End-use modifica­
tion éOSl5 

End'use cost 
.changes 

Unknown 

None 

Depends on eltellt of change requited If,?, œseuch and developmenl il ""'."pleted. 

Unknown. depenw on changes required .. 



FU~CTlONALALTERNATIVES 
DATASHEET 

EKD-USE 

AVAILABIUTY M'D TéchnicaJ 
TI Ml:\'G 

'Commercial 

Markel 

E."D-USE MARKET E.pcCled 
PEl\lî'ffiAT10N AND 
TI Ml'iG Maximum 

E:'\D-USE 
~IARKETPLACE 
COMPA RABI UTY 

conS'M'D 
BE:>''EF1TS 

Substitution 
poiential 

Accepllllce 

Qualily 

Dufllbwly and tife 

Environmenlal lIId 
bealLh U$\IC6 

Researcb and 
'developmenl co.u 

Ahemalive: HCFC-22 . 
Produci Group: MOBILE PRODUCTS 
Process Group: . REFRIGERATION AND AIR CONDmONING 

Cum:nùy Ivailablc in Ùle muket 

91012 yem< 

100% in 12+ fun 

100% in 12+ yean. 
100% of CFC 12 use<! for mobile lir .coodil.iooing 

Acceptable ,. 

Acce~lable 

. G .... ter pcnneabwly of HCFC·22 would likely caus<: men f""luCIIl service inlmVals. 

'. 

Ozone deplelion pàlcnùal of 0.05 

Unknown bUI.major; ~ IOtal'yslem rede.sign 10 opctalC al 50% higher preasurc 
and new e\UICrnClt (becluse of use of fiexible tubing) and·lubricanll. 

. One~tim~ conversion 'Unknown bUI major; noquirea ret.ooling 
COSIS 

Annuai opcrating Unknown. bul highcr 
. cost changC6 

,. 
Spin-off COIU and, Noné: . 
benefiu 

End-use modinc.: Nonc. once looling cooversion is complelc .. 
-, , Lioo caslS 

End-use cost Unknown, bUI highcr 
changes 
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FUNCTIONAL ALTERNATIVES 
.DATASHEET 

EXD·USE 

AVAlLABIUTY A~'D Technical 
TI~tL'iG 

çommerc,al 

't Matket 

E.'iD·USE MARKET Expecled 
PE:-ŒTRA TlON AI\'D 
TIMI:\G Maxi~um ' 

Substitution 
potental: 

E:\D·USE 
~IARKETPLACE Accepllnce 
COMPARABIUTY 

.' (2uality . 

Durlbility Ind life 

Environmental and 
he..lth issues 

COSTS A~'D Ruèarch and 
BEI\"EFiTS devcloP,"lent cosu 

One·lime conversion. 
COSIS 

Annual operaùng 
COSI changes 

Spin·off cosu and 
benefiu 

End·use modifica· 
tion COSIS 

End· use COSt 
changes 

.. 

, 
Alternative: HCFC22/142b OR HCFC ·22/142/114 
Product Group: MOBILE PRODUITS 
p.rocèss Group: REFRIGERATION AND.AIR CONDITIONlNG r 

, 

Ncither of lhè8e blends an:; consideted ptllctical altemativàI fot .everal ":uon!. l'ml, ' .. 

each hu Che redesign and reIOOling necds of the HCFC 22 altemative (discuued 
eulier). Second; because HCFC·142b is n.mmable. the 'Y'1em mlY be Il ria.in lUe 
in combination ""th the perrne..bility of IICFC-22. Third. a lubricanl is lIIill ""IuiIed. 
Founh. the o~<lI\e depleùon issue, Ilthough reduecd. still ranlina. Pifth. perfo.mlnee . ., 
nrobl";';, mlv rtSUIl in use bec.us" of dUrerin.... . """·of Che varioUA 

chc:mical.: 

'. < 

'. i 

. , , 
, 

'" 
1 , 

-. .. 

/ . 

./ 

.. -
. . , . , 

/ 

.1 

\ 

.. 
, 
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E. . SOLVENTS 

Below are the substituteproducts for solvents, reviewed in detail in this 
. section. 

1. Electronics 

.... . Methylchloroform 

.... TrichJoroethylene 

.... Low soqd fluxes 

! . 

. 106 

J 
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FUNCTIONAL ALTERNATIVES 
DATASHEET 

E:\D-USE 

. AVAILABIUTY AND Technical 
lU.lI~G 

Commercial 

Market 

E.'\D·USE MARKET El.pccted 
PE1\'ETRATION AND 
T1~t1NG Maximum 

~ ., 

. E;\D·USE. 
~IARlŒTPLACE 

COMPARABIUTY 

., 

CQSTS Al\'D 
BEl'.'EFiTS 

Substitution 
pOlcntiai 

AcceptAnce 

Quality 

Durability and )if" 

Environmc:ntal and 
heal!b issues 

Rcaearch and 
devclopment cosa 

One-time 'conversion 
CO$\S 

Annual opcraùog 
cos! changes 

Spin-<>ff COSIS and . 
bencfilS 

End-use modifica· 
tion COS\$ 

End-use COS! . 

changes 

Alternative: 
Product Group: 
Process Group: 

SOLVENTS (M ETH YL CHLOROFORM. TRICHLOROETHYLENE AND OTHERS) 
ELECfRONICS APPUCATIONS 
SOLVENTS 

Th_ ,olvenl.l an:: IeChnicaUy fusible 10 tepl.ce CFC 113 in cenain eleclronica 
applications. E.ch howevcr. hu 'petille loxie, Catcinogenic or odicr cnVÙUlmcnla1 
bAzarda associatcd wi!b il. inc1uding waslewalct dw,haIgca and hazaNOUI aolid waste 
c ..... tion problCIIII. AI a re.sult. !bey ate consideted Wllcceptlb\e long u:rm and non­
prer~ mort ICnn altctnaûVca wlùch can be imp\emcnlCd. if at.oluldy n""""ury. 

-. 
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FUl'\CTIO~AL ALTERNATIVES 
DATASHEET 

EXD-USE 

AVAILABIUTY A.ND Technical 
TI~II;-';G 

Commercial 

Market 

E.'I;D-USE MARKET Eapeeled 
PE:-'"ETRATlO:-l AI\1) 
TI:-'U;-';G 

E:\D-USE 
~lA R lŒTPLACE 
CO~!PARABIUTY 

COSTS M'D 
BEl'ŒFlTS 

Muimum 

Substitulion 
polenLÎaI 

Aceeptlnee 

Q'ullity 

Durabillty and !ife 

En,vironmenlll and 
hcallh issues 

Rcaeareh and 
deve10pment COIL.$ 

One-Lime conversion 
COlts 

Annual,operating 
cos! changca 

Spin-off COlts and 
benefits 

End-use modifica­
tion C'!'SIS 

End-use 'casl 
changes 

- Alternalive: 
PrOdUCl Group: 
Process Group: , 

LOW SOUD FLUXES 
ELECTRONICS APPliCATIONS 
SOLVENTS 

LOWiOU<I or clcancr!w IlUle.s are beUlg evaluated by many manUlaC\Un:rI lOf 
appliclbilily in eloctroniCl lpplication,_ 'Initial results have indiclted that '<me 
potential mly eds!, wilh !wu deve1opmenl, in lcas critical applicatiœs such u 
radiOil, allhough incrcased solder joint faUure.s were reported here lS weU_ ln mOre 
critical_ dOlIC IOlerancc lpplic.tions,_.uch Il engine control modules, lhia all_ltive 
hl. been droppcd fran furlh ... consideration duc 10 Wllcccptable rugh risk. of 
eleclneal .hON lcross clrCuilS, 

) 

, ( 
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, F. 'OTHER APPLICATIONS, 

Substitt.ites ,from other, major CFC use categories that are descrbed in' this 
seètion are noted below. 

1., SterilantS' 

,.. Pure ethylene oxide 

,.. Acid-'water scrubber and condensaÙôn ~eclamation 

,.. HCFC 134a/ethylene oxide 
'. . . / . 

".. , ,Gamma radiation 

1 
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J.'UNCTJONAL ALTERNATIVES 
DATA SHEET-

E~D-USE 

A VAILAIllUTY Al\'D T echnical 
TIMING 

Commercial 

Market 

E.'\D-USE MARKET Eipecled 
PE;-'lITRAT)ON AI\'D 
TIMING Muimum 

END-USE 
MARIŒTPLACE 
COMPARABIUTY 

COSTS AND 
. BENEFITS 

Substitution 
potential 

Acceptance 

Qualily 

Durability' and liIe 

Envirorlmental and 
hcalth issues 

Re<earch and 
development cœu 

One·lime convCl5ion 
CO$t$ 

Annual opcr.ting 
CO$l clan~cs. 

S pin--offcO$LS and 
bencfiu 

End·use modific.· 
'tion c.osts 

End·use cast 
changes 

Allemalive: 
Product Group: 
Process Group: 

ALL STERlLAl'IT APPUCATIONS 

Availablc now 

100% of CFC l:i cansumcd for Ihis end·use, 

ETHYLENE OXIDE (EO) 
STERILANTS 
OTHER APPUCATIONS 

Will have to inNU EO acrubbcn/rccl.m.tion wiil.l. Righl)' flammable. 

Unknown spa ce requiremcnLS 

USERS: . 
60% of subconlr.Clol$ in 8·10 ycal'l 
50% of mcdical ciquipmcnt supplie:s 
45% or miscCÜaneoui applications 
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FUNCTIONAL ALTERNATIVES 
DATA SHEET 

E;-';D-USE 

AVAILABIUTY Al\'D Technical 
. TIMING 

Commercial 
, 

Market 

E.\'D-USE MARKET Elpected 
PE1\'ETRA TION Al\'D "-

TlI>III"G Muimum 

, SùbstitulÎon 
.. potenùal 

El\D-USE 
MARKETPLACE Aceéptanc~ 
COMPARABIUTY 

QuaUt)' 

; 

Ourabilit)' and ·llie 

; 

EnvironmeruaJ and 
. ~ ... Ith lssuea 

COSTS AND Rcsurcll and 
BEI'<'EFITS devdopmcnt cœll 

\ . 
Onc-time. convenion 
CO$ts 

Aru1ual <?pcming 
cosl changes 

.. 
Spin -off cœll .and 
benefill 

End-use modifiea-
lion coots 

End-use cool 
. changes 

Alternative: ACID-WATER SCRUBBER AND CONDENSATION RECLAMATION 
. Product Group: STERILANTS 
Process Group: OTHER APPUCA TIONS 

ALL STERlLANT APPUCATIONS 

-

. 
Sn.99% of CFC 12 ccnsumcd for this end-use. . 

1 

.. 
.' 

. 
. . .. 

'. 

Too c"'ù)' !or mort e:dni.ng a)'IIem.l. - c.g. hOOlpitals maybe theneCcaary ahort-te.rm 
aolûuon for contractOI1 and mcdic'I cquipmenl supplier.. .' '. '. 

, 

'. , . 

-

--. 

) . . .. 
" . 

... --
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FUNCll0NAL ALTERNATIVES 
DATA SHEET 

E!'\D-USE 

AVAILABlUTY Al'I'D Technical 
TL\IL'l/G 

Commercial 

Markel 

END-USE MARKET Expcclcd 
l'El\"ETRATlO!ll Ar-.'D 
TIML'l/G Maximum 

Substilulion 
pOleniial 

E:\D-USE 
~IARKETPLACE . Acceplance 
COMPARABIUTY 

. Qualily 

Durabilily and tife 

Environmenl.1 and 
huilh ÎsSl.\e$ 

COSTS Ar-.'D Re.search and 
BEl\'EATS devclopmcnl CON 

One-lime conversion 
COSti 

Annwr !>pcr.tin.g 
cost changc.s 

Spin-off coSlS and 
benefilS 

End-use modiftca-
tian costs 

. End-use "051 
changes 

Alternative: HCFC-1348/Ethylene Oxide " 

Product Group: STERILANTS .. 
Process Group: OTHER APPLICATIONS 

FOOD & DRUG APPUCA TIONS 
4107 )'UII 

6 10 10 yUII because of !hé nccd for food and drug approval 

910 13 ycan 

1 OO~ of CFC 12 consume.! for IIùs end-use . 

.. 
" 

, 
; 

. 
Will have 10 m.tall EO sCl\lbbe,"/reclam~tion UroU. Highly nlmm.blc. 

./ 

-
P05sible use in cmting c:quipmenl unknown _pace ~IS. 

"-
" 

" 

.- ~ 

.' 

, 

~ 
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FU~CTIONAL ALTERNATIVES 
DATA SHEET 

m";D-USE 

A VAILABIUTY MU, Technieal 
TIMING 

CommerCial 

Market 

E.'\D-USE MARKET E.pecled 
PE!\'ETRA nON AND 
n~IlI\G Ma.imum 

" 

Substiwlion 
pOlenli,1 

El'm-USE 
MARKETPLACE , Acceplanee 
CO:-IPARABIUTY 

Quality 
, 

" " : 

.. , Durabilily imd life 

EnYÙ'onmcnlai and , hcallh issues ' , 

COSTS Al\'D '15cscarch and 
BEl>o'EFiTS developmcnl CON 

Onc-iime conversion 
costs 

Annual opcraùng 
coS! changes 

Spin-ofr cons and 
benefits 

End-use modifica-
tion CQSI$ 

End-use cOSI _., 
change. 

Alternative: /, ,CONVERTTO GAMMA RADIATION 
Product Group: STERILANTS 
Process Group: OTHER APPUCA TIONS ' " 

, , 
" 

" .: 

" 

, '. 

!()()<I, of CFC 12 consurncd for Ihls end-usc, 

" , -

Hillh cast but' moo effective .leriltnL " 

-. 
" 

/ 1 

" . 
l" " 

Concem over nfe Irlnsporution and dlSpoul of radiatioo IOUn:c, 

: ' , 

. 
" 

,Mast e.pensive Ilerillrn option, 

USERS: S% of lub-eOOlrlclDrI in 8-10 ycars 

-

" ' 

-
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Potèntial Alternatives by process and product group, 
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AEROSOL PRODUCTS 

A. PERS QNA L 

A.l. ÉND-USE APPLICATIONS (INCOMPLETE) 
-metered - dose drugs for inhalation 
- contraceptive foams 

.. 
- other persona! products 

A.2. SUMMARY OF'FUNCnONAL ALTERNATIVES \ 

B. HOUSEHOLD 

B.l. END-USE APPLICATIONS (INCOMPLETE) 
.' - cooking products 

- air fresheners, room deodrants .' . ' 

- oyen cleaners 

B.2. SUMMARY OF FUNCTIONAL ALTERNATIVES 

C. AUTOMOTIVE 

C.l. END-USE APPLICATIONS (INCOMPLETE) 
- gas fdled sh~k absorbers 
- lubricants. cleaners. waxes, etc. 

C.2. SUMMARY OF FUNCTIONAL ALTERNATIVES 

D. COMMERCIAL & INDUSTRIAL 

D.l. END-USE APPLICATIONS (INCOMPLETE) 
- mold release agents for plastics andelastomeric materials· 
- c1eaner solvents 
- aitcraft applications 
- lubricants 

D.2. SUMMARY OF FUNCTIONAL ALTERNATIVES 

E. INSECTICIDES 

E.I. END-USE APPI..ICATIONS (INCOMPLETE) 

E,2. 

- aircraft fumigation 
- fOod handlingarcas 

. . .. . . 

SUMMARY OF FUNCTIONAL ALTERNATIVES 
- HCFC22 
- HCFC 142b 
- HCFC 152a 
- Hydrocarbons 
-dimethyl ether 

'.1 

'1 
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RIGIDFOAMS 

A. RIGID POLYURETHANE FOAM B1JNSTOCK AND LAMlNATED UOARDSTOCK 

A.l. END-USE) APPLICATIONS 

Insulating applications 
- residen~a1 walIs 
- industrial walls 
- industrial roofs 

A.2. SUMMARY OF FUNCTIONAL ALTERNATIVES 

", 8.- ' 

8.1. 

Product Substitutes ' 
-' thick fiberglass batts/thick walls/conventional stud spacing 
- thick fiberglass battslthick walls/wide stud spacing , 
- other insulation materials/conventional thickness 
- other insulations materials/equivalent insulating capacity 
- innovative insulation mate rials and systems 
- thick fiberglass batts - industrial insulation systems 

, Chemical Substitutes 
• HCFC-123 
-HCFC-141b 

Engineering" Controls/Process Substitutes 
- carbon adsorption with recovery 
• carbon adsorption wittiout recovery 
• plant exhaust incineration 

RIGID POLYURETHANE pm IRED AND SpRAyED FOAMS 

END-USE PRODUCTS AND APPLICATIONS 

Poured 
, - building consU'UCtion 

-industrialconsuuction 
• refrigeration/cooling systems " 
• transportation (ail applications) 
• packaging 
• recreational 

Sprayed 
- building consU'UCtion 
~ indu.strial consuuction 
- transportation 

, 1 

, 1 
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B.2. 

. B.2.a. 

SùMMi\RY OF.FUNCTIONAL ALTERNATIVES~ 

Packal:inl: App!jeaijQus 

Product Substitutes 
- other packaging materials 
-EPS Bead ~. 

- innovative packaging materials and designs . 

Chemical SubstittÎtes 
- H200nly 
'. HCFC-123 
- HCFC·141b 

B.2.b. InsulatjQn Apolications 

Product Substitutes 

Industrial Roof 
- fiberglass board 
• perlite 
- expanded PS 
- fiberboard 
· cellular glass 
.- insulating concrete 

CommerciatRoof 
• fiberglass board 
". perlite 
. - expanded PS 
-'fiberboard 
- cellular glass 
- insulating concrete 

Commercial Walls 
• fibe)"glass board 
- rock wool 
- perlite 
- venn,iculite 
- expanded PS 
- fiberboard 
- cellular glaSs . 
- insulating,brick. 
-thick fibcrglass batts/thick walls. 
• insulating concrete 

Commèrciai FIc)()rs 
- fibcrglass board' 
- rock wool 
- cxpandcd PS 
- insulating brick 
- insulatingconcrctc 

, , 

, . 
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C. 

C.l. 

\ 

\ < 

Residential Walls 
- fiberglass board 
- expanded PS 
- fiberboard 
- perlite board 
- cellular glass 
- gypsum 
- plywoOO 
- foil f~ Iaminated board 
- insublting brick 
~ thick fiberglass battslthick walls 
- insulating concrete 

Foundation/Below Grade, 
- expanded PS 
- high density fiberglass board 

Cbemical < Substitutes 
- HCFC-123 
- HCFC-141b 
- CFC-ll/HCFC-22 Blend 
- CFC-ll/H20 

RIGID EXTRUDED POLYSTYRENE FOAM nOARDSTOCK 

END-USE APPLICA TIQNS 

New Construction 
- industrial mofing , 
- commercial roofing 
• residential constructiori" 
• commercial rrtasonry walls 

Retrofit Insulation 
- commercial buildings 
- industrial buildings 

< • residential buildings 
'/ 

C.2. FUNCTIONAL ALTERNATIVES 

Product Substitutes 

Indusirial Roor 
- fiberglass board 
- pcrlite 

, - expanded PS 

- fiberboard 
- cellular glass 

. - insulating concrclc 

t < 

/ 



COmmercial Roof· 
- fiberglass board 
- perlite 

· - expanded PS 
- fiberboard 
- cellular glass 
- i~ulating concrete ' . 

Coinmercial Walls 
- fiberglass board 
"rock wool 
- perlite 
- vennicuÎite . 
- expanded PS 
- fiberboard 
- cellular glass . 
- insulating brick 

; . 

.. ' .. - t?ic~fiberglass batts/thick walls 
. . '- insulating concrete 

Commercial.Floors 
- fiberglass board 
- rockwool 
- expanded PS 
- irisulating brick· . 

· - insulating concrete . 

Resfdential Walls . 
- fiberglass board 
- expanded PS 
.~ fiberboard 

· - pèrlite board . 
- cellular glass 

· ~ gypsum 
-plywood 
- foil faced laminated board 
- insulating brick 
- thick fiberglass ballS/thick walls 
- insulting concrete 

Foundation/Below Grade 
~ expandcd PS 
- high densily fiberglaSs bOard 

Chemical Substitutes . 
- HCFC-123 
- HCFC-Î41b . . 
- CFC-IIIHCFC-22 Blcnd 
- CFC-IIIH20 • 

,.1' 
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Cbemical Substitutes (continued) 
~ HCFC - 22 
-'HcFC -124 
- HFC -l34a 
- HCFC -142b 

, , 

. Engineering ControlsiProcess Substitutes 
- none feasible (emissions are relatively smalt'- controlling them wouldbe a high cost for low 
. recovery. Alternative producLS anq chemicals can completely eliminate CFC use and emissions). 

D. RIGID EXTRIJDED POLYSTYRENEFOAM SHEET 

D.L END-USE APPLICATIONS 

- stock f<;>od trays 
- single servièe plates, cups, bowls etc. 
- eggcartons 
- hinged containers 

D;2_ SUMMARY OF FUNCTIONAL ALTERNATIVES 

D.2.a. Options For Ali ApplicatiOns 

Product Applications Substitute 
- substitutes for egg cartons 
- substitutes for single service plates, cups, etc. 
- substitutes for hinged containers 
-substitut~s for stock food trays 

Chemical Substitutes. , 
- hydrocarboris wiLhout carbon adsorption 
- hydrocarbons with carbon adsOrption 
- CÛ2 Auxiliary 
- HCFC-124 
- FC-134a 
- HCFC-22/HCFC-142b Mixture· ) 
- HCFC-22/Hydrocarbon 
- innovative blends 
~ HCFC-22 

Engineering Controls, Process Substitutes 
- carbon adsorption with rccovery 
- carbon adsorption without recovcry 
- plant exhaust incineration 



r 

'I1 

D.2.b. SlImmao Or Current Alternatiye PrQdllctS 

Application. 

Thennoforriled Sheet 
Stock Food Trays 

Egg Càrtons 

Single Service Goods: 

Plates, Cups, and Bowls 

Hinged Containers 

Alternatives 
( 

Hydrocarbon Blown PS 
Solid Plastic Trays 
Plastic Film Wrap . , 

. . . Coated Papçr Trays . 
Butcher Paper " . 
Controlled Aunospht;re Pacbging 
Pulp,Trays 

Hydfocarbon Blown PS.' _ .:, " 
PulpTrays 

., . 

Hydrocarbon Blown PS 
EPS 
Paper' 
Solid Plastic 

Hydrocarbon Blown PS 
Paperboard Containers 
Sol id Plastic Containers 
PaperWraps 
Foil Wraps 
Plastic Wraps 
Combination LaminatedWraps. 

E. . EXTRIIDED LOW DENSITY POLYETHYLENE EOAM 

E.l. END-USE APPLICATIONS' 

. Eoam Sheèt 
- (less than 2cm thick) surface i>rotectÎon/packagi~g , 
- spons and leisure .' 

Plank & Profiles 
~ foarn - (ùsuaIly 2-10 cm thick) 
- padding, cushion pàckaging . 
- construction 
- sportS and leisure . 
- returnable dunnage . 
- commercial floatation appl ications 
- thermal insulation . 

1 . 
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E.2. . SuMMARY OF FUNCTIONAL ALTERNATIVES 
Product Substitutes 

- alterilativepackaging materials 
- innovative packaging materials 
- rubber or plastic gaskets . 
- rubber or plastic flotatlon devices 

Chemical Substitutes 
- HCFC-142b (mixture w/RCFC-22) 
- HCFC-124 
- HFC-I34a 
- HCFC-22/CFCi 14 blerid 

. Engineering Co~trols, Process Substitutes 
- carbon adsorption 
- plant exhaust incineration· J 

F. LOW DENSITY POLYETHYLENE FPAM 

·F.I. END-USE APPLICATIONS 

Product Substitutes 
. - electronic and delicate item packaging 

- void filling 
- antistatic applications" 
- insulation blankets' 
- floatation applications 

F.2. SUMMARY OF FUNCTIONAL ALTERNATIVES 

Product Substitutes 
- alternative paèkaging materials 
- innovative packaging materials 
~ plastic fùm bubble wrap 

F.2.a. Low-Densjty PolYllropylene Alh:rnatjyes 

Product Substitutes 
1 

- expanded polystyrene beads 
- water-blown polyurethane foam 
- plastic film bubble-wrap 
- other paper and ~Iastic packaging 

Chemical Substitutes 
- HCFC-123 
- HCFC-124 
- HCFC-142b(ormixlurc with HCFC-22) 

. Engineering ContraIs, Process Substitutes 
. - carbon adsorption 

- plant exhaust incincraliori 
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G. ~HENOLIC EOAM 

G.l. "END-USE APPLICATIONS 
- base material, floral arrangementS 
- themial insulation applications 

G.2 SUMMARY OF FUNCTIONAL ALTERNATIVES 

Product Substitutes 
, - thickfiberglass batts/thick walIs/conventional stud spacing 
- thick fiberglass batts/thick walls/wide stud spacing , 
- other insulation materials - equivalent insùlation capacity 
,- innovative insulation materials and systems , 
, - othér insulation matenals - conventional thickness ' 

, Chemical Substitutes 
- HCFC-123 
- HCFC-141b 

, , , 

Engineering Controls, Process ,Substitutes 
- carbon adsorption with reèovery 
• carbon adsorption without recovery 
• plant exhaust incineration 

H. rOLyVINYL CHLORIDE FOAM 

H.l. END-USE APPLICATIONS ' 
.;. gasket and sealing applications 

, , - aÛlletic pàdding , 
• flotation devices "- , 
- insulation applications 

H.,2. SUMMARY OF FUNCTIONAL AL TERNAJ"IVES 
< • '.' 

, ,Product Substitutes ' " ' 
• rubber or plastic gaskets 
- rubber or plasuc flotation devices 

Chemical Substitutès ' 
- chemical blowing agent 

,- HCFC-124 
- HCFC-142b (or mixture .wIHCFC-22) 

Engineering Controls, Process Substitutes 
-carbo~:adsorption. ," f , 

- plant exhaust incirieration , , ' 

r 

,,' 
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A. SLABSIQCK 

A.1. END-USE APPLICATIONS 
- furniture 
- transportation 
- rug underlay 
- bedding 
- textile 
- packaging 
- miscellaneous 

A.2. FUNCTIONAL ALTERNATIVES 

Product Substitutes 

Option Name· 

NaturaVSynthetic Fiberfill 

Alternative Foams and Built­
up Cushioning 

Engineered Plastic Cushion 

. Chemical Substitutes 

Methylene Chlocide 

HCFC-123 
. HCFC-141b 

nI 

FLEXIBLE FOAMS 

Applications 

Slab 

Slab 

~Iab 

.Slab 

Slab 

procèss Modification/ Add-on Con troIs 

Minimum Foam Density Slab 

Des~ription , 

. Use of presently available 
low-density batting or 
fiberfill matccials 

Latex or other foams or 
higher densitycushioning 
systems (e.g. springs) 

Developmental substitute 
(porous plastic) 

Currently available 
substitute auxiliary blowing 
agent 

Developmental substitutc 
blowing agent 

Foam specification LO 

includc a Iowcst pcrmissiblc 
dcnsity 
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Option Name Applications 

Carbon Adsorption 

FonnicAcid "AB" Process 
(semi-flexible) 

, , Modified Polyol Systems 

Vertical FoantChamber 

Minimum Density Specifications 
with MeCI use 

Vertical foam chambet with 
Carbon Adsorption 

B. MOLDED 

'B.l. End-use applications 
- furniture 
- transportati,on " 

- rug undcrlay , 
- bedding 
- ~xtile 
-packaging , 

, - miscellancous 

Slab 

Pour-in-place 

Slab 

Slab, 

Slab 

Slab 

. " 

, Description 

Activated carbon t.reatment of 
plant exhausl, with CFC-II 
recovery. (developmental) 

Developmental proceSs that 
uses fonnie acid in place of , 
water in fonnulation for' 
semi-flexible applications 

Advanced JX>lyol chemicals 
, that could reduce CFC-II 
blowing agent 

New'slab equipment system 
that employs vertical 
conveyor' 

Combined minlmum foam 
density expànded MeCI ' 
substitution ' , 

Combined vèrtical foam 
eqiupment with 
developmental carbon 
adsorption system ' 
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8.2. FUNCTIQNAL ALTERNATIVES 

. product Substitutes 

Option Name 

NaturallSyntheùc Fiberfill 

Alternative Foams and Built­
. up Cushioning 

Engineered Plastic Cushion 

themical Substitutes 

Water 
HCFC-123 
HCFC-141b 

Applications 

Molded 

Molded 

Molded 

Molded 

. Process Modificationl Add-on Con trois 

Minimum Foam Density 

Carbon Adsorption 

Formic Acid "AB" Process 

MpI - or TDI bascd, Water 
Blown HR Systems 

Min. Dens. Spec. w/Water­
Blown HR Systems 

Firmer Automotive Scats 

Molded 

Moldcd 

Molded 

Molded 

Moldcd 

Moldcd 

Description 

Use presently available low­
density batting orfiberfùl 
materials 

Latex or other foams or . 
higher density cushioning 
systems (e.g. springs) 

Developmental.substitute 
. (porous plastic) 

Developmental substitute 
blowing agent 

Foam specification ta 
include a lowest permissible 
density 

Developmental activated 
carbon treatment of plant 
exhausl, with CFC-ll 
reo;>very 

Developmenta1 process Lhat 
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 



IV 

REFRIGERATION ANDAIR CONDITIONING 

. QYERYIEW QF FllNCTIONAL ALTERNATIYES FOR REFRIGERATION· 
APPLICATIONS , . 

v·' 

Option Name 

Product Substitutes 

Modified Stirling Cycle 

MarketMix 

Chemical Substitutes 

HCFC-22 

HCFC-502 .. 

HFC-I34a 

HCFC-123 

. HCFC-22!HCFC7 I42b 

Ammonia (NH3) 

Applic~tions 

. .. 
Home Appliances/SmaU Refrigeration 
Units/Refrigerated Transport;ltion 

Centrifugal 'Chillers 

. . 
Home Appl iances/S mali ,Refrigeration 

. ~eciprocating Chillers 
Food Processing and Handling 
Industrial Procèss Refrigèration 

Home Appliance/Small Refrigerations 
Reciprocating Chillers 
Food Processing and Handling 
Industrial Process Refrigeration 

Home Appl irulces/s mal 1 Refrigeration 
Commercial/lndustrial Building Chillers 
Food Process!ng and Handling 
Injjustrial Process Refrigeration 

',CFC-l1 Centrifugai éhillcrs 

Home Appliances/Small Refrigeration 
Refrigeratcd Transportation . 

Cold Stornge Warchouscs' 
. Industrial Process 

Refrigeration 

Descri ption 

Innovative new technology 
. originally developed for 

cryogenie cooling. 

Redistribution of future 
,ma .. ketshare to oilier 
currently available systems 
(e.g., CFC-22 screw . 
chillers). 

1 

Curienûy available 
substitute refrigeran~. 

CuiTently available 
substi.tute refrigerant 

Developmental substitute 
refrigerant for CFC-I2. 

Dcvclopmental substitute 
refrigerant for CFC-Il. 

Dcvclopmental 
non-azeoiropic 
refrigerant mixture to 
substitute for CFC-I2. 

Substitutc rcrrigcrant . 
currently availablc 
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Option Name Applications 

'Hydrocarbons (HC) Industrial Process Refrigeration 

Proc.ess substitutesl Add-on Engineering Controls 

A. 

A.1. 

Alternative Leak Test Gas 

Heliwn Leak Test 

Dye D Refrigerant 

Recovery at Rework 

Recovery at Service and! 
or Disposai 

. Commertial and Industrial Building 
Chillers Retail Food/Cold Warehouses 

Home ApplianceslSmall Refrigeration 
Units 

Retail Food & ArenaS 

Home ApplianceslSmall Refrigeration 
Units Refrigerated Transportation 

.' Commercial and Industrial Building 
Chillers Retail Food/Cold Storage 
Warehouses/Home Appliances/Small 
Refrigeration Units 

AFTERMARKET AND WHOLESALE 

END-USE APPLICATIONS 
- aIl refrigeration and air conditioner applications where: 

. Description 

Currently available. 
substitute refrigerant. 

Substitute HCFC-22 for 
CFC-12ïn leale testing. 

Sensitiveleak test method 
using mass spectrometer and 
helium gas. . 

Dye D Refrigerant a9ded to 
system to locate leales. 

. \ 

Recovery of refrigerant 
during manufacture when 

. repairing or testingsystems .. 

Recovery of refrigerant at 
service or when retiring old 
systems 

- start-up charging is not performed at point-of manufacturer or where the unit 
is assembled in place 

-all service related re-chargcs 

FUNCTIONAL ALTERNATIVES 

A.2.a. Building Chiller Refrigerant 

CFC-ll Centrif Chillers 

Add-on Engineering Con troIs 
- recovery at Service and Disposai 
- recovery at Service 



IV 

, , CFC-12 CentrirCbjlJers 
, , 

Add~on Engineering con troIs 
- alteÎ1lative leak test gas 
- reé:overy at service and disposai' 

. - recovery at serVice 
- inèreased isolation valving 

'CFC. J 14'Centrir Chilien 

Add-on engineering con trois 
- reCovery at service and disposai 
- recovery at serVice 

, CFC-12Reciprocatim: Cbjl!ers 

Add·on engineering controls : 
l ' - alterna.tive leak testgas 

~ 
< 

) 
t.-, 

- recov~ry at service and disposai 
, - increased valving, ' 
_ - storage cbamber for refrigerant charge 

A.2.b. Food Processjni' and Handlina 

Retail Food ' 
, , 

Engineering controlslprocess substitutions 
- alternative,leak test gas 
~ leak test gas recovery 
- recovery at service 
- recovery al disposai 

Cold Storal:e 

Engineering controls 
" ~ alternative leak test gas , 

- recovery at service 
- recovery at disposai 

A.2.c.Aftermarket and Wbolesale Cqn.rol OptjOns for Domestic Products and Small 
" ~efrÏl:er!1tioD !Jnhs 

C,hemical Subsitute 
- HCFC-22 
- HCFC-502 

" ,ammonia " 
- hydrOcarbons 
- HFC-134a , ' 

1 
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A.2.d~ Aftermarket and WbQlesale Options For Domes'ic Product5 and Small Refrh:eratjoQ 
. llni.ts 

Refri&erators 

Engineering controls 
- helium leak test 
~ recovery at service 
- recovery at disposaI 
• recovery al rework 

Freezers 

Engineering con trois 
- helium leak test 
• recovery at service 
- recovery at disposaI 
- recovery al rework 

Debumjdjfiers 

Engineering controls 
• helium leak test 
- recovery al service 
- recovery at disposaI 
- recovery al rework 

. A.2.e. Mobile Products 

/ 

/ 

A je CondjtjoDiD& 

Engineering controls 
- quality engineering/recovery at Service. 
- recOvery at disposaI 
• recovery at service 
- rec~ation ~ 

Refrjgerated Trapsportation 

Engineering con trois 
, '·.helium leak test 

. - recovery ,at service 
• recovery at disposaI 
- recovery alrework . 

B. COMMERCIAL. INSTITUTIONAL AND INDUSTRiAL rROJ)UCTS AND SYSTEMS . 

B.l. END-USE APPLICATIONS 

Building Chillers 
- vapor compression . 
- absorption chillers , 
- includes rcciprocating, cenuifical and rotary hclical (screw) styles 
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Food PrOces.sing and Handling 
- retail fooc:I store refrigeration 
• .cold storage warehouses 
-restaurant,and food service 

.• food processing plants 

Industrial Pr~ess Refrigeration 
- petrochemical and refinery applicaùons 
• ice skating rinks ' 

,. ice manufacturers, 
- environmental testequipment 
- proCessing ànd storing of volatile liquids 
- pa~r mills , ' , 

B.2. FUNCTIONAL AL TERNA TIV~S ~ ~. ' 

B.2.a. BuildiU Cbiller Refri\:erant 

Application. '. 

CFC -Il Centrif Cltillers 

CFC-12 Centrif Chillers 

, CFC-1l4 Centrif Chillcrs , ' 

CFC -500 Ccntrif Chillers 

. Control 

FJoduct Substitute - Alterna,tive technology 
Chemical Substitute - HCFC·123 
, Add-on Engineering Controls 

- recovery at service ~d 
disposaI 

:- recovery at service 

"-

Product Substitute - AltelT!ativetechnology 
Chemical Subsùtute - HFC-134a 
Add-on Engineering Controls " 

- alternative leak: test gas 
- recovery at Service and 
diSpOsai, 

- recovery at service 
- adequate storage for total cha!'ge ,-' 

Product Substitute - Alternative technology 
1 

Add-on Engineering Controls '-
- recovery al service and 
, diSpOsai' 

• recovery at service , 

Product .substitute ,-. Alternative Tcch~ology 
AM-on Engineering Controls 

, - recovery at service and 
disposai 

, _ • recovery'at service, 
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,CFC-12 Reciprocating Chillers 

B.2.b. Food Processjo& and Handlinl: 

Retail Food 

Chemical Substitute 
- HCFC-502 

. -HCFC-22 

Chemica] Substilule - HCFC-22 
-'HFC-134a 

('. \uU Vil l-UbU11r..\...uug ,"-vuuv!.:> 

, ,- alternative leak lest gas 
- recovery al serVice and 
- disposaI 
- adequate 'storage for complete charge 
- adequate valves for service ' 
- reclamaüon 

Engineering con trois '" procesg substitutions 
- alternative leak test gas 

. - leak test gas recovery 
- recovery at service 
- recovery at disposaI 
- dye D refrigerant 

Cnld StPra," 

Chemical substitute· . 
-CFC-502 
~HFC-l34a 

-CFC-22 
- Ammonia 

Engineering cootrols 
- alternative leaJc test gas 
- recovery at service 

. '. recovery al disposaI 
- dyed refrigera.nt 
- adequate valves for service 

B.2.c. ' Industria,' Process Re(rieeratjQn 

ChemicalSubstitute 
- HCFC-22 
-CFC-502 
- ammonia' 
~hydroc~ns 
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C. DOMESTIC PROQUCTS AND SMALL REFRIGERATION UNIIS 

C.l. '- 'END-USE APPLICATIONS 

- refrigerators' , 
, - freezers 

- dehumidifiers . 
- water éoolerS , 
- ice machines 

C.2. FUNCTIONAL ALTERNATIVES 

Re[rÎaerators 

Product substitute ' , 
- mooified stirling cycle, 

Chemical substitute ' 
, - HFC-l34a : 
- HCFC-22 

, - CFC~22/HCFC- i42b 
-CFC-502 

Engineering con trois 
- helium leak test 
- recovery at service ( 
- recovery at disposaI 
- recovery at rework 
- ban sale of smalt cans 

Freezers, , 

Product substitute 
- mooified stirling cycle 

" Chemical substitute 
- HFC-I34a 

,- HCFC-22 
- HCFC-22/HCFC-142b 
- CFC-502 

Engineering con trois 
- helium leak test 
'-recovery at service 
- recovery al disPosaI 
- recovery at rework 
- ban sale of small cans 

J 

'\ 

" 

'. , 

~; 

',:.; , ' 

\. 
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Debumjdjfiers 

Chemical substitute 
- HFC-l34a 
-HCFC-22 
- HCFC-22/HCFC-142b 
-CFC-502 . 

. -CFC-500 

Engineering con trotS 
- helium leak test 

. - recovery at service 
- recovery al disposai 
- recovery at rework 

D. MOBILE PRODUCTS 

D.l. END-USE APPLICATIONS 

D.2. 

( 
1 

Air Conditioning 
- automotive. buses. streetcars. etc. 
- railway pasSenger cars, subways 

Transport cargo refrigeration 
- trucks. trailers 1 

- railroad freight cars 

Transportation of: 
- volatile liquids 
- food products 

SUMMARY OF FUNCTIONAL ALTERNATIVES 

Air Condition;o!: 

Chemical Substitutés 
7" FC-134a 
- HtFC-22 
- HCFC-22/HCFC142b . 

, - hydrocarbons . 
- HCFC-12 Mixture 

Engineering Con trois 
-ban sale of smaU cans) 
- quality engineering/rccovery al service 
- use of refrigerant dye 
- recovery al disposai 
- rccovery at service 
- quality engineering 
- use of higher quality hases & connecLors 

Process Substitutes 
. ~ alternative refrigeration cycles (e.g., modificd stirling cycle) 

'. , 

) 
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. ~ , 

r" 

. RefrjKerated Trapsportation 

Product Substitute 
- modified stirling cycle 

Cbemical Substitute 
- HFC-l34a 
- HCFC-22 
- HCFC-22/HCFC-142b 
-CFC-502 

Engineering Con trois 
- helium leak test 
• recovery at service 
- recovery at disposai . 
- recovery at rework . . 

, . ~ . 
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Engineering eontrolslprocess substitutes 
o baseline standards (e.g. cover) 
o conveyorized vapour degreasers 
o reclarnation of waste solvent 
o removal of solvent cleanirig from certain appliçaûons 
o increased freeboard ratios 
o increased leak testing frequency 

A.2.e. . Solyent vapQur Dej!reasim: (CopyeYQrjzedl 

Chemieal substitutes 
.. water 
o chlorinated solvents 

Èngineering eontrolslprocess substi~utes 
- conveyorized units 

, 0 carbon adsorber . 
o drying tunnel 
o engineering controls (thennostats, covers etc. 
o hot vaPQur recycle 
o reclamaûon of waste solvent , 
o elimination of solvent cleaning for certain applications 
o regular leak tesûng .. 

B. NON-ELECTRONICS APPLICATIONS 

B.l. END-USES 
o organic compound removal surface preparation for metals or other ~anufactured parts e.g: 

• plastics . . 
o elastomers 
~ temperature sensitive materials 
- dry cleaning , 

lU. SUMMARY OF FUNCTIONAL ALTERNATIVES 

B.2.a. Solvent cold cleaning 

! ' Chemieal Substitutes 
o water 
o aliphàtic petroleum sol vents 

. - chlorinated hydmcarbons 
- alcohols 
- other solvents 
- chlorinated solvents (e.g., methyl chlorofonn, methylene chloride, trichloroclhylene, 1,1,1 -

trichlorocthane, perchloroethylerie) 
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Engineering controlslprocess substitutes 

Control Teehnology 

Cover 
Increase freeboard ratio (from 0.3 to 1.0) 
Proper draining techniques . . 
Proper waste solvent storage and reclamation 
Proper operating techniques 
Elimination of solvent cleaning for certain applications 

Emission Type 

Bath Evaporation 
Bath Evaporation 

. Carry-Out 
Waste Solvent Evaporation 
Spray Evaporation . 

n.2.b. Solyen' vapwlr QeW'easinl: (open-top) 

n.2.c. 

\ 

.J 

Chemical substitutes· 
- water • . . . . . .. 
- chlorinatedsolvents (e.g., methyle chloroform, trichloroethylene, perchloroethylene, methylene 

. chloride) . . 
- carbon tetrachloride . 
~ 1,1,2 - trichloroethane 
- newly developed CFC solvents: 

-'HCFC-123 
- HCFC-132b 

. Engineering controlslprocess substitute 
- baseline stan~ e.g. cover, free board ratio etc. 

. - refrigerated chiller 
. - conveyorized vapour degreasers 
- reclamation of waste selvent 

. - removàI of solvent c1eru;ing from certain application 

Solyent vapour De\:reasj0l:(conyeyorjzed) 

Chemical substitutes 
- water 
~ chlorinated sol vents 

Engineering controlslprocess substitutes (conveyorÎzed uoits) 
- carbon adsorber . 
- dryingtunnel 
- engineering controls (thermostats. coversetc. 
- hot vapour recycle . 
. - reclamation of waste solven! 
.• elimination of solvent cleaning for certain applications 
- leak testing 
- improved operator training 
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B.2.d. Dry ÇJeanÎU Applicatjons 

Chemical substitutes 
- perchloroethylene 
- methyl chloroform . 

Engineering Iprocess substitutes 
- refrigerated condensers 
- waste reclamation 
- increased water Jaundering 
• carbon absorption 

) 
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OTHER APPLICATIONS 

A. STERILANIS 

A.l . END-USE APPLICATIONS 

Sterilizati~n and fumigation proc~ using Lhe sterilantgas"i2~8"(12 weight percent eLhylene 
oxide, 88 wèight percent dichlorodifluoromeLhane). 

- animallabs 
- beehive fumigant 
• libraries . 

. - medicàI equipment 
- non-commercial R & D labs 
- commerCial R & D labs 
- phannaceutical 
• spice fumigant 
- hospitals 

A.2. SUMMARY OF FUNCTIONAL ALTERNATIVES 

Control Option 

Contract out 

Use disJX)sables 

Convcrt tO,gamma radiation 

10/90 (E0/C02), 

N2 purge, then pure EO 

Acid-water scrubber ànd 
condensation 'n:clamation 

Explosion-proof condenSation 
reclamation 

HCFC-22/EO, 

HCFC 1 34a/EO . 

. Definition 

S~nding produèts to be sterilized t~ a contrnct sterilization 
facilityLhat uses eiLher gamma radiation, pure EO, or 
12188 'sten lant gas. . 
- - .. ' . . 

;: Substitute reusable, restenlizable surgical instruments wi th 
dispoSable, presterilized instruments. This option is 
applicable to hospitals only;. 

Construction of a gamma radiation stcrilization facility. 

Substitutethe sterilant gaS 12/88 eLhylene oxidc/CFC-12 
. with,"10/90" (Le., 10 weig~t percenteLhylene oxide, 90 
. weight pen:enl carbon dioxide). . . 

. A proçess in which,Lhe sterilization chamber is purgcd 

with nitrogenbefore sterilizïng with pure ethylene oxide. 
If desired~ the facililY could opt to evacuate the chamber by 
drawing a dcep vacuum, instead of purging with nitrogen . 

. Use of an add.~ler scrubbe~ to con veit eLhylcne oxide 
'to e~ylene glycol followed by nonexplosion-proof 

Use oran explosion~proof condensation/reclamation unit 
, 10 recover both eLhylene oxide and CFC-12. The mixture 

is Lhen rèblendcd tobe 12/88 in composition and is reuscd. 
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B. MlSCELLANEOJJSCATEGORIES 

B.l. END-USE APPLICATIONS 
- single staùon hem detectors 
- drain c1eaners and pressurized blowers 
- odor-warriing deviees . . 
~ skin chillers andpresurgical skin c1eaners 
-whipped topping stabilizer 
- tbbacco puffing 

. . 

B.2. SUMMARYOF CONTROL OPTIONS BYEND-USE APPLICATION 

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

Drain c1eaners and preSsurized blowers 
- HCFC-142b/HCFC-22 

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

1 / 

Skin chillers and pressurgical skin c1eaners 
- none 

Whipped topping stabilizer .. 
~ none 

Tobacco puffing 
-none 
- HCFC-123 

. \ 




