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2002 RIGID AND FLEXIBLE FOAMS REPORT

EXECUTIVE SUMMARY
INTRODUCTION

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

The firg technology trangtion in the early 1990s led to the introduction of trangtiond
substances such as HCFCs as well as the increasing use of hydrocarbons and other non-ODSs.
This trangtion is gill taking place in Article 5(1) countries. In non-Article 5(1) countries, particularly
in Europe and North America, atention is now firmly focused on the second phase of technology
trangtion out of the trangtiona substances. This trangtion is concentrating attention on the emerging
HFC-basad technologies, athough it should be stressed that much consderation is till being given
to the optimisation of hydrocarbon and CO, technologies and these technol ogies are gaining market
share in severa sectors.

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

purposes within the appendices only.
TRANSITION STATUS

Severa developing countries are gpproaching find phase-out of CFC use in the foam
sector. However, ddays in other developing countries have limited progress and are
threatening compliance.

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

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

! Carbon dioxide or CO, as ablowing agent in polyurethane foam can be chemically
generated from the reaction between water and isocyanate but also added in both polyurethane and
other foams as an auxiliary blowing agent in liquid or gasform. The different options are heregfter
referred to as CO, (water), CO, (LCD) or CO, (GCD).
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The commercid introduction of new HFC blowing agents has taken place and HFC-245fa
and HFC-365mfc are now readily available in key trangtiona markets. Thereisnow dso a
better view of how HFCs will ultimately be used in practice. However, issues reman
concerning non-flammable blends and these are recaiving atention. 1ssues of responsible use
are continualy being reinforced to ensure that emissons of HFCs are minimised.

In this respect, focus has aso increased on end-of-life management of foamed products.
Because of ther long gpplication lifetimes (up to 50 years), it has been recognised that
sgnificant ‘banks of ODSs Hill exist and, in many cases, can be managed. Actions are
aready underway in Europe, Japan and sewherein this regard.

The market share of insulation foams continues to grow againg dterndive insulaion
materias because of their excdlent insulaion efficiency and structurd integrity. Increased
concerns over climate change will continue to drive this growth further.

The chat below illudrates the overdl dsatus of trandtion for Article 5(1) and non-Article 5(1)
countriesin the combined rigid & flexible foam sectors as at 2001.

Total Foams - Breakdown of Blowing Agent by Type & Region (2001)
(Total ~326,000 tonnes)

Non-Article 5(1) - HCs
16.0% Non-Article 5(1) - HFCs
2.1%

Article 5(1) - CFCs
7.8%

Non-Article 5(1) - HCFCs

38.2%
Article 5(1)

20.1%

Article 5(1) - HCFCs
5.3%

Article 5(1) - HCs
4.9%

Article 5(1) - HFCs
0.0%
Article 5(1) - Other
2.1%

Non-Article 5(1) - Other

Non-Article 5(1) - CFCs
23.6%

0.0%

This chart suggests that, for the first time, the ozone depleting impact of HCFC-based
blowing agents is gpproaching that of on-going CFC use.
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Thefallowing graph illustrates the trend further.

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

The following graph provides further andyd's of some of the regiona variationsin phase-out
progress and in preferred technology options:

Total Foam - Blowing Agent comparisons for selected regions as at 2001
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Zero ODP dterndtives are currently the subgtitutes of choice in many foam types and

gpplications. The mgor zero ODP gpplications are:

(0]

extruded polystyrene sheet with CO, (LCD), hydrocarbons and, under certain circumstances,
HFC-134a and/or HFC-1523;

polyolefin with hydrocarbons;
polyurethane packaging with CO, (water or LCD);

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

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

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

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

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

polyurethane integral skin where skin qudity requirements can be met with CO, (water), HFC-
134a, or hydrocarbons.

However, during this trangtiona period, the choices are expected to vary with time and

country status as shown in the following tables:
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Foam Type

CFC Alternatives

Currentlyin Use
(2000/2001)

Anticipated in 2005-2010 period

Developed Countries

Developing Countries

Polyurethane: Rigid

Domestic Refrigerators
and Freezers

Other Appliances

Reefers & Transport

Boardstock

Panels— Continuous

Panels — Discontinuous

Spray

Blocks

Pipe

One Component Foam

HCFC-141b, HCFC 141b/22, HCFC-
142b/22 blends, hydrocarbons,
HFC-134a

HCFC-141b, HCFC-22, HCFC-
22/HCFC-142b

HCFC-141b, HCFC-141b/-22
HCFC-141b, HCFC-141b/-22

HCFC-141b, HCFC-22, HCFC-
22/HCFC-142b

HCFC-141b,

HCFC-141b

HCFC-141b

HCFC-141b
HCFC-22

HFC-245fa, HFC-134a,
hydrocarbons

CO, (water), HFC-1344,
hydrocarbons, HFC 245fa, HFC
366mfc/HFC 227ea

HFC-245fa, HFC-365mfc/227ea

Hydrocarbons, HFC-245fa, HFC
365/HFC 227ea

HFC-134a, hydrocarbons , HFC
365mfc/HFC 227ea, HFC-245fa

HFC-134a, hydrocarbons, HFC
365mfc/HFC 227ea, HFC-245fa

CO, (water), HFC 245fa, HFC
365mfc/HFC227ea

Hydrocarbons, HFC 365mfc /HFC
227ea, HFC-245fa

CO, (water), cyclopentane

HFC-134aor HFC-152a/
Dimethylether/propane/butane

HCFC-141b, hydrocarbons

HCFC-141b, CO, (water),
hydrocarbons

HCFC-141b
N/A

HCFC 141b

HCFC 141b

HCFC 141b
HCFC 141b
HCFC 141b

HFC-134aor HFC-152a/
Dimethylether/propane/butane

Polyurethane: Flexible

Slabstock and Boxfoam

HCFCs are not technically
necessary for thisend use

CO, (water, LCD), methylene
chloride, variable pressure, LCD,

CO, (water), methylene
chloride, variable pressure,

special additives LCD, special additives
Moulded HCFCs are not technically Extended range polyols, CO, CO, (water, LCD, GCD)
necessary for this end use (water, LCD, GCD)
PU Integral Skin HCFC-141b, HCFC-142b/-22 CO, (water), HFC-134a, -245fa, - | CO, (water), HFC-134a,
365mfc/227ea, hydrocarbons hydrocarbons
PU Miscellaneous HCFC-141b, HCFC-22/CO2 CO, (water) CO, (water)

Table ESL — Alternatives for Polyurethane Foams
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CFC Alternatives

Foam Type Currently in Use Anticipated in 2005-2010 period
(2000/2001)
Developed Countries Developing Countries
Phenalic HCFC-141b Hydrocarbons, 2-chloropropane, | HCFC-141b, hydrocarbons

HFC-365mfc/227ea, HFC-245fa

Extruded Polystyrene

Sheet Primarily hydrocarbons, CO, (LCD), hydrocarbons, inert | Hydrocarbons, CO, (LCD)
HCFCsare not technically | gases, HFC-134g, -152a
required for this end use
Boardstock HCFC-22, HCFC-142b CO, (LCD) or with HC blends, HCFC-142b, HCFC-22
hydrocarbons (Japan only),
HFC-134a, HFC-152aand HC
blends
Polyolefin HCFC-22, HCFC-142b

Table ES2 — Alternatives for Other Foams

ISSUESAFFECTING TRANSI TION

The issues affecting trangtion are reviewed in detail within Chapter 2 of this Report. They
encompass factors in both Article 5(1) and non-Article 5(1) environments. There are severd
common eements and these often focus on SMEs. Key pointsto highlight at this sage are:

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

The financid condraints of SMES remain key factors in many trangtion strategies, both in
developing and developed countries

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

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

The long higtoric use of CFCsin rigid foams, the long product lifetimes and the dow release
rates of blowing agents continue to point to the existence of a sgnificant bank of future CFC and
HCFC emissions. As noted under the Trangtion Status review earlier in this Summary, this is not
only an issue arisng from earlier practices, but is aso impacting decisons about current and future
product use. This may result in a grester condderation of insulation product design in buildings to
facilitate removd at end-of-life and to encourage re-use of the building e ement wherever possible.
These issues have been identified previoudy by the Foams Technica Options Committee (FTOC)
both in its own reports and those of relevant TEAP Task Forces and are addressed in Appendix 4
of this Report.

For the firgt time in this Report, and in the interests of information dissemination, Appendix 2
gives a comprehensve overview of the physicad and chemicd characteridtics of the blowing agents
together with issues that need to be consdered when handling them. The Technicd Ogptions
Committee hopes that thiswill be avauable further dimension for readers.

Finaly, unless otherwise stated, dl graphs in the main report relate to 2001 data. Since this
continues to be a period of rapid trangtion, there could be sgnificant further changes by the time of
reading of this report.
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CHAPTER 1: TRANSITIONAL STATUS

POLYURETHANE FOAMS
RIGID POLYURETHANE FOAM
NON-CONSTRUCTION APPLICATIONS

This sector includes domestic refrigerators and freezers, commercia refrigeration units, water
hesters and refrigerated transport applications. It does not include miscellaneous non+insulaing
applications.

DOMESTIC REFRIGERATORS AND FREEZERS
Current Technology

In developing countries there is gill some use of CFC 11, paticularly by the smdler
producers. Many of these are likely to trandtion to HCFC-141b because economies of scale are
not sufficient to judtify other dterndives.

The most widely applied technology globdly is hydrocarbon and, specificdly, cydo-
pentane. This is used in dl regions except for South Africa, where the blowing agent itsdf is not
avalable, and in North America where HCFC-141b has remained dominant. Hydrocarbon
technology has evolved from the initid 100% cyclo-pentane to blends with other hydrocarbons.
Blends of cyclo-pentane with iso-pentane are emerging as the favoured blowing agent in the market
because of better cost effectiveness. The initia density increase of cyclo-pentane is reduced because
the blend offers improved flow and a more uniform and lower average density distribution. In 2001
some 60% of European production was based on this blend. Its use has been long established in
Audrdia and is dso increasing in the Chinese market. Blends of cyclo-pentane with iso-butane have
grown in use for smilar reasons to the cyclo-pentane/iso- pentane blend but the difficulty of usng a
liquid/gas blend has dowed its growth. Energy standards are met by use of thicker foam and cooling
system improvements.

In North Americathere is additiona use of a blend of HCFC-141b with HCFC-22 because
this gives better foam stability. It dso lowers the average ODP and could stretch HCFC availability
under a cap. In addition, the use of HFC-134a as the blowing agent for some modelsis expected to
continue.

Future Technology Trends

In developing countries there will be further conversion to HCFC 141b from CFC 11 and
use of cyco-pentane with further progresson to blends will continue in both developed and
developing countries. The next round of European Union energy requirements is likely to be met
with the current blowing agent technology.



After HCFC-141b is phased out, the mgority of North American gppliance manufacturers
will use HFC-245fa to meset the energy efficiency standards. One manufacturer will continue using
HFC -134a.

The use of HFC 245fa and HFC 365mfc may be considered in other markets, too, if energy
consumption requirements become more stringent.

Data Summary

The current globa digtribution of blowing agent use in the domestic refrigerator and freezer
sector is shown below:

Global Blowing Agent Usage in the Domestic Refrigeration Sector
(~57,500 tonnes - 17.6% of total)

Latin America,
13%

MENA

4% Europe

Sub-Saharan Africa 26%
1%
South Asia
3%

South East Asia
3%

North East Asia
18%

North America
22%

Rest of Developed World
1%

It can be seen that the mgjority of production of domestic refrigerators is in the non-Article
5(1) countries. However, production in China is growing extremey rapidly and this is likey to
become the single biggest market within the next five years. Production esewhere in the world is
farly widdly soread in contrast to many of the congtruction gpplications where climatic factors have
more influence.



The trangtiona status for each of these regions and choice of technologiesis shown in the
following grapht

Blowing Agent Selection by Region - Domestic Refrigeration
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Additional Regional Observations

In generd terms, those regions supported under the Multilaterd Fund have benefited from
access to hydrocarbon technologies and the larger plants have aready been converted as a priority.
However, dower conversion in regions such as South Ada and Sub-Saharan Africaisindicative of
the smdler-scale of many of the plantsin the region. Nonetheess, many are dlill targeted to switch to
cydo-pentane with the baance trangtioning to HCFC-141b.

OTHER APPLIANCES

Current Technology

CFC-11is4ill in use by enterprises in developing countries.

The main option, in both developed and developing countries, to replace CFC-11 in these
sectors is HCFC-141b. Thisiis because of the low capitd investment required by the manufacturers
- many of these are amd| enterprises with limited production capecity

Cydo-pentane is used for commercid refrigerators and freezers in those areas where the
market demands a zero ODP, low GWP option. Some vending machines and water heaters are

produced with CO, (water). For water heaters the comparatively poor therma insulation properties
of the foam can be compensated by increased thickness in some cases.



Future Technology Trends

For the replacement of HCFC-141b the blowing agents being evaluated are HFC-245fa
and HFC-365mfc. The various forms of pentane are dso technicdly suitable, but the cost of
appropriate safety measures and the difficulty in supplying pre-blended formulations may rule out
wide scale use.

Data Summary

The current globd digtribution of blowing agent use in the commercid refrigeration and other
appliances sector is shown below:

Global Blowing Agent Usage in Commercial Refrigeration & Other Appliances
(~13,900 tonnes - 4.1% of total)

Latin America
MENA 4%

8%

Sub-Saharan Africa
1%

South Asia
1%

Europe
19%

South East Asia
5%

North East Asia
8%

Rest of Developed World
2%

North America
49%

The North American demand for commercid refrigeration represents the largest single
element of the blowing agent market, partly based on population, but aso because of the propensity
for drinking dispensersin public places and the Size of the cabinetsinvolved. It can aso be seen that
the regiond manufacture of commercid refrigeration units and other gppliances is farly widdy

spread.



The trangtiona status for each of these regions and choice of technologiesis shown in the
following graph:

Blowing Agent Selection by Region - Other Appliances
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Additional Regional Observations

As noted earlier, the ‘Other’ blowing agent used in Europe is CO, (H,0). Otherwisg, it can
be seen that, where conversion from CFCs has occurred, HCFCs have been the favoured
replacement. Thisis partly because of the smaller sze of commercid refrigeration companies and the
more widdy varying product range being manufactured.

REEFERS & REFRIGERATED TRANSPORT
Current Technology
The most widdy usad technology is HCFC-141b and, with the transfer of much of the

globa manufacture to Article 5(1) countries such as China, the use of HCFC-141b is likely to be
maintained for a considerable time to come.

Future Technology Trends
In developed countries the manufacturers are evauating the use of foam systems based on

hydrocarbons. These are usudly based on linear pentanes and other smilar blowing agents. HFC-
245fa and HFC-365mfc are a0 likely candidates.



Data Summary

The current globd didribution of blowing agent use for reefers and other PU trangport
goplicationsis shown below:

Global Blowing Agent Usage in the Reefers & Transportation
(~4550 tonnes - 1.3% of total)
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Thetrangtiond tatus for each of these regions and choice of technologiesis shown in the
fallowing graph:

Blowing Agent Selection by Region - Reefers & Transport
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Additional Regional Observations

The growth of China as a producer of regfers is wdl illustrated in the graphs and this is
expected to continue. The development of hydrocarbon technology for other transport applications
in Europe and its trandfer into some MENA areasis dso highlighted.

CONSTRUCTION APPLICATIONS

This sector covers dl gpplications of rigid polyurethane foams in building and congtruction,
including the use of foamed pands in large-scale wak-in cold storage facilities, which are typicaly
congdered as temporary buildings.

BOARDSTOCK
Current Technology

Thisis currently predominantly a developed country technology. Both HCFC-141b and n-
pentane (or iso-pentane) have been in use since 1992. In Europe, the use of HCFC-141b has
reduced dgnificantly to a few niches where the best foam fire performance has been required.
Technology based on nrpentane has taken it place and has achieved about 9% of the market. In
North America HCFC-141b (and HCFC-141b/HCFC-22 blends) have been dominant but
manufacturers have been evaduating hydrocarbons, including cyclo-pentane, with a view to their
introduction when the use of HCFC-141b is phased out.

Future Technology Trends

It islikely that hydrocarbons will be the long term blowing agents in this sector but the use of
HFC-245fa and HFC-365mfc (and blends based on them) are likely to find niche gpplications for
end uses where the most stringent foam flammability standards are required. Cost considerations are
likdy to inhibit their wide-scale use.



Data Summary

The current globd digtribution of blowing agent use in the boardstock sector is shown

below:
Global Blowing Agent Usage in the PU Boardstock Sector
(~52,250 tonnes - 15.5% of total)
MENA
Europe
19%
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The trangtiond status for each of these regions and choice of technologies is shown in the
following graph:
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Additional Regional Observations

The only Article 5(1) activity identified is Stuated in the MENA region and relates to an
operation in lran which is beieved to operate with flexible facings. The predominance of PU
Boardstock use in the United States is illustrated bearing in mind thet the respective sizes of the
overdl insulation marketsin Europe and North Americaare Smilar.

PANELS - CONTINUOUS

Current Technology

The use of CFC-11 has been replaced in nearly al developing country enterprises. The main
blowing agent in this sector, in al countries, is HCFC-141b with additiona use of rpentane,
HCFC-142b/HCFC-22, HCFC-22 aone and HFC-134a.

Future Technology Trends

With the phase-out of HCFC 141b the European manufacturers are mainly converting to
pentane. The option to use HFCs will be necessary for end applications where the most stringent
end product flammability requirements are needed. In the USA and elsewhere awider variety of
blowing agents will be used with most of them based on HFC blends. In developing countries the
use of HCFC-141b is projected to continue for many years.

Data Summary

The current globa ditribution of blowing agent use in the continuous panel sector is shown
below:

Global Blowing Agent Usage in the PU Cont. Panel Sector
(~13,100 tonnes - 3.9% of total)
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The trangtiond status for each of these regions and choice of technologiesis shown inthe
fallowing graph:

Blowing Agent Selection by Region - Continuous Panel
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Additional Regional Observations

Agan the linkage between European and MENA technology sdection is shown here.
However, with fire concerns continuing to pressurise the European market in certain countries, the
introduction of HFCs in place of the remaining HCFC useislikely.

PANELS - DISCONTINUOUS

Current Technology

The use of CFC-11 in developing countries is continuing with severd of the smdler
enterprises options. The most widely used blowing agent in this sector is HCFC-141b and there
have been sgnificant chdlenges in its replacement in a cogt-effective manner. Pre-blended HFC-
134a formulations have been introduced in the European market and both cyclo-pentane and
pentane have been used in the European and some devel oping country markets for severa years.

Future Technology Trends

There will be some extenson of the use of pentane but blends based on HFC-134a, HFC-
245fa and HFC-365mfc are likely to emerge as the main replacements for HCFC-141b.
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Data Summary

The current global distribution of blowing agent use in the continuous pand sector is shown

below:

Global Blowing Agent Usage in the PU Discontinuous Panel Sector

(~14,850 tonnes - 4.4% of total)
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This graph illustrates the widespread operation of discontinuous pand operations around the
world. With the exception of the South Asa region, the production levels seem to be related

primarily to population levels.
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The trangtiond gtatus for each of these regions and choice of technologiesis shown in the
fallowing graph:

Blowing Agent Selection by Region - Discontinuous Panel
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Additional Regional Observations

The continuing reliance on HCFCs in this sector is sdf-evident, athough hydrocarbon
technologies are beginning to break through, particularly where the capital costs can be addressed
under the Multilateral Fund.

SPRAY FOAM
Current Technology

CFC-11 remains in use with the foam gpplicators in some developing countries. The most
commonly used blowing agent, in al countries, is HCFC 141b. However, CO, (water) isused in
some cases. Nether gaseous HCFCs and HFCs, nor the pentanes are suitable for this sector. All
formulations are pre-blended and a gaseous blowing agent would not give the required foam quality
because of frothing and would result in unacceptable losses of the blowing agent. The flammatility of
pentanes would make their on-site gpplications unacceptable.

The use of CO, (water) is in gpplications where the higher (about 50%) foam thickness to
give equivaent insulation vaue can be accommodated.
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Future Technology Trends

Systems based on both HFC-245fa and HFC-365mfc are being devel oped as replacements
for HCFC-141b. These include systems based on HFC-245fa and water CO, (water) and on
HFC-365mfc and HFC-227ea. There continues to be consderable further development activity
regarding hydrocarbons, particularly in the United States. However, concerns over process and
product fire risks are limiting progress, especidly in regions where fire regulaions ae most

demanding (e.g. Japan).
Data Summary

The current globd digtribution of blowing agent use in the PU Spray Foam sector is shown
below:

Global Blowing Agent Usage in the PU Spray Foam Sector
(~18,300 tonnes - 5.4% of total)

Sub-Saharan Africa
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Japan "-'.'_'-'.'.'-'.'.'-'.'.'-
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As before, the widespread use of spray foam technologies is demondtrated with well-
established markets in both North America and Japan. Markets are growing rapidly in Europe and
in some Article 5(1) regions, where the utility of spray foams is assgting in the retrofit of many
exiging buildings.
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The trangtiond status for each of these regions and choice of technologiesis shown inthe
fallowing graph:

Blowing Agent Selection by Region - Spray Foam
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Additional Regional Observations

Again, the dominance of HCFC-basaed technologies is sdlf-evident where trangtion has
already occurred. With non-Article 5(1) countries reaching the transtion phase from HCFCs, this
sector is expected to become one of the most sgnificant users of HFCs.

ONE-COMPONENT FOAM

Current Technology

The current blowing agents in wide scae use are HCFCs, HFC-134a and HFC-1523, the
hydrocarbons, propane and butane plus dimethyl ether (DME). They are frequently used in blends
and, for example, a blend of HFC-134a/DME/propane/ butane is widdy used in Europe.

Flammable blends are used in about 80% of the tota European market for codt-effectiveness
reasons.

Future Technology Trends

Legidative pressures againg HFCs will limit their use in Europe. One the wider scale, the
most cost effective blends are likely to gain market share.
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Data Summary

The current globa distribution of blowing agent use in the One Component Foam sector is
shown below:

Global Blowing Agent Usage in the One Component Foam Sector
(~3,100 tonnes - 0.9% of total)
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Thetrangtiona status for each of these regions and choice of technologiesis shown in the
fallowing grgph:

Blowing Agent Selection by Region - One Component Foam
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Additional Regional Observations
Although the compasition of OCFs in the North East Adan region stands out as unusud, it

needs to be recognised that most gaseous propel lants/blowing agents can be used in this application.
In addition, the volume of OCFs produced in Chinais generdly low, as indicated in the preceding

graph.
PIPES
Current Technology

The man blowing agents in use are HCFC-141b, cyclo-pentane and CO, (water). In
Europe cyclo-pentane is an industry standard.

Future Technology Trends

The replacement of HCFC-141b could be by cyclo-pentane or by HFC-245fa or HFC-
365mfc.

Data Summary

The current globa didribution of blowing agent use in the pipe-in-pipe sector is shown
below:

Global Blowing Agent Usage in the Pipe-in-Pipe Sector
(~5,100 tonnes - 1.5% of total)
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It can be seen that the utilisation of digtrict heeting in the centralised Chinese system has a
magor effect on the overal blowing agent consumption in this sector. Indeed, as shown below, the
phase-out of CFCs in this gpplication was il not fully implemented by 2001, leaving aconsderable

on-going usage.

A summary of the trangtiona status for each of these regions and choice of technologiesis
shown in the fallowing graph:

Blowing Agent Selection by Region - Pipe-in-Pipe
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Additional Regional Observations
The anticipated technology in the North East Asan market will be predominantly HCFC-

141b, athough some consderation may aso be given to hydrocarbons as the technology in Europe
matures.

BLOCKS

Current Technology

CFC-11is4ill in use by some samdler developing countries enterprises.

The main blowing agent in use is HCFC-141b and there is minor use of pentane and CO,
(water). Severd European enterprises are converting to pentane which can only be used after
process development to ensure safe operation despite the propensity for high temperaure

exotherms being generated in this gpplication. Smilarly, use of CO, (water) dso has the penalty of
difficult processing because of the high exotherm temperature.
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Future Technology Trends

Both HFC-245fa and HFC-365mfc have been evauated for this sector and process well
and give acceptable foam properties. Their use is likely to develop together, in Europe, with the

wider scae use of pentane.

Data Summary

The current globd digtribution of blowing agent use in the PU Block Foam sector is shown
below:

Global Blowing Agent Usage in the PU Block Sector
(~3850 tonnes - 1.1% of total)
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The differences in development of the PU block foam market in Europe and North America
is interesting, bearing in mind that both insulation markets are roughly the same Sze. This seems to
relate to the dominance of the minerd fibre lobby in the pipe insulation sector of the North American
market. It can be seen that the versatility of process and rdlatively low investments costs has alowed
it to get afoothold in most regions of the world to a greater or lesser degree.
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The trangtiond status for each of these regions and choice of technologiesis shown in the
fallowing graph:

Blowing Agent Selection by Region - PU Block
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Additional Regional Observations

There are some surprisng omissions in the regions athough we have recorded these under
the heading ‘no known activity’, they could equaly read as ‘no data avalable. The Technica
Options Committee will continue to research these regions and will hope to provide clearer picture
inits 2004 Update.

FLEXIBLE POLYURETHANE FOAM
SLABSTOCK

Current Technology

The remaning use of CFCs in flexible PU dabstock is becoming more limited and
technicadly there is no judtification for its use. The numerous replacement technologies cover dl
goplications but processing is sometimes more chalenging and in some cases more expendve. This
is specificdly the case for low densty/high hardness foams where the high process temperature
(“exotherm”) limits the effectiveness of current replacement technologies.

The mogs widdy gpplied technology is methylene chloride. However, the use of this
subgtance is increasingly limited through regulatory redrictions and is therefore itsdf subject to
replacement. Other significant current replacement technologies are liquid carbon dioxide, varidble
pressure technology and acetone. On a smdler scale, specid additives are used—frequently as co-
technology to limit the amount of methylene chloride required. There is dso very limited use of n
pentane, formic acid and MDI based foams—the latter generdly for speciality products. Forced
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cooling, a previoudy popular technology in the USA has virtudly disappeared because of perceived
increased emissions of TDI and firerisk. Thereisno use of HCFCsin this sector.

Future Technology Trends

Flexible foams are open-cdled foams. Thisimplies that al blowing agent will be emitted in
over a rather short period (>90% within 24 hours). The acceptability of process emissons is
therefore a critical factor. Organic vapour emissons are increasingly restricted and it can therefore
be predicted that the gpplication of organic blowing agents will be more and more limited. This will
lead to more emphasis on technologies that can limit or avoid the use of these chemicds. The
application of exiging indudtridized technologies such as variable pressure, liquid carbon dioxide and
specid additives will therefore grow over-proportiondly. The demise of organic blowing agents will
be gradud and most pronounced in indudridized countries. Because of ther rdative ease in
processing and cost-effectiveness, they may continue to be used to the adlowable limit as a co-

blowing agent.

Of specid interest is the recent emergence of the so-cdled Exotherm Management
Technology (EMT), dlowing for dl-water based foams at acceptable process temperatures.
Because the technology combines codt-effectiveness with low converson costs and is most easily
gpplied in boxfoam gpplications, it isthe most potent “third generation” technology.

Data Summary

The current globd digtribution of flexible dabstock foam production is shown below:

Global Blowing Agent Usage in the PU Flexible Slabstock Sector
(~76,700 tonnes - 22.7% of total)

Sub-Saharan Africa
South Asia 2.6% Latin America
0.1% 0.8%

South East Asia
2.9%

North East Asia
4.4% Europe

CEIT 33.9%

0.4%

Rest of Developed World
2.1%

North America
43.6%

20



The trangtiond status and choice of technologies is shown in the following graph.

Blowing Agent Selection by Region - PU Flexible Slabstock
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Additional Regional Observations

The use of replacement technologies other than methylene chloride in developing countries
may be overstated. While many enterprises have ingaled LCD technology (CO, (LCD)) and some
variable pressure technology, the actua use may be far less The use of these technologies is
technically chalenging and many enterprises use methylene chloride dongsde.

Boxfoam production is more pronounced in developing countries. LCD technology cannot
be usad for this type of production and varigble pressure requires a large invesment. EMT will
therefore be for many SMEs the only recourse if methylene chloride were to be disalowed.

MOULDED
Current Technology

All-water-based technology is predominant in cold cured foams. In hot-cure gpplications
there is aso use of methylene chloride. In very low dengty/soft foams (eg pillows) there is some
use of LCD or GCD but generdly, this technology did not get the same attention as in dabstock
aoplications—most likely because there is no exotherm problem and water-based technology
performs well in most cases. In developing countries there is ill some use of CFC-11—often by
adding to indudridly avalable dl-water-based systems to decrease densities. HCFC-141b isused
in exceptiona circumstances such as highly filled acoustica foams but is not essentid as replacement
inthisindustry. The use of HCFCsin thisindustry is not alowed in most indudtrialized countries.
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Future Technology Trends

There are no ggnificant technology trends in thisindustry related to blowing technology. The

remaining CFC and HCFC use can be phased out without any technica chalenges, without mgor
investments, but with a cost penaty for low density goplications.

Data Summary

The current global distribution of flexible moulded foam production is shown below:

Global Blowing Agent Usage in the PU Flexible Moulded Sector
(~16,850 tonnes - 5.0% of total)
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The trangtiona status and choice of technologies is shown in the following graph.

Blowing Agent Selection by Region - PU Flexible Moulded
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Additional Regional Observations

As mentioned, the remaining CFC useis related to low dengty or highly filled gpplicationsin
deveoping countries. The conversion to CFC/HCFC-free systems may carry a dendty pendty or
require the use of foams with a high TDI content. These systems would require srict control of
workplace emissons.

INTEGRAL SKIN AND MISCELLANEOUSFOAMS

This sector includes both rigid and flexible integrd skin gpplications and also nor+insulating
rigid foam applications for packaging, leisure (e.g. surf boards), floatation and floral foams.

Integral Skin
Current Technology

Zero ODP technologies have been developed for every gpplication. Whilerigid foams have
amog universdly converted to al-water-based systems—sometimes in a two-step process—this
has not been the case in flexible and semi-rigid foams. The related cost pendty related to sometimes
ggnificantly increased dendties made the use of pentane and HFC-134a technology éttractive in
indudtridized countries and caused continuous use of CFC-11 and conversion to HCFC-141bin
developing countries. Other issues are availability in developing countries and acceptable physica
properties such as abrasiveness and skin development. One of the drivers in the technologica
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development was early legidation in the USA and the EU, which prohibited the use of HCFCsin dll
non-thermd insulation applications (except, initidly, in safety related automotive products).

Future Technology Trends

As water-based systemsimprove in performance, it is expected that its use will increase. In
those cases where water-based systems do not perform, there will be continued use of
hydrocarbons and HFCs. It is expected that liquid HFCs—HFC-245fa and HFC365mfc/227ea—
will dso emerge as suitable technologies for high performance applications.

Data Summary

The current globa digtribution of PU Integra Skin foam production is shown below:

Global Blowing Agent Usage in the PU Integral Skin Sector
(~10,900 tonnes - 3.2% of total)
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The trangtiond status and choice of technologies is shown in the following graph.
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Additional Regional Observations

Because of the relatively smal market for integral skin foam products and the wide variety of
technicd requirements the development of suitable non-ODS dternativesin this sector has been a
low priority for chemicd suppliers. This is specificdly the case for developing countries where
dengties in generd are lower and technologies that are acceptable in industridized countries do not
adways peform. The introduction of adequate—cost-effective and technicaly acceptable—non+
ODS technologies in these countries is a concern.  While future introduction of liquid HFCs will
dlow the entire range of technicd requirements, the related costs may be prohibitive and the

availability aconcern.

POLYOLEFIN FOAMS

There are three prime product types in the polyethylene foam sector: sheet, plank and
tubular. All of these have used CFCs in the past. This is in contrast to cross-linked polyethylene
foams which are produced for specidist gpplications and have typicaly been blown with inert gases
such as nitrogen. The trangtion issues facing sheet, plank and tubular products are broadly smilar
and these are therefore considered together in the review.
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Current Technology

With the use of HCFCs phase-out in severd nontArticle 5(1) countries as early as 2000,
the primary technologies currently in use are based on various hydrocarbons. However, there is
some use of HFCs, particularly in the magor market of Japan.

Future Technology Trends

Hydrocarbons are expected to remain long-term subgtitutes in this sector, unless ther use
contributes to, as yet, unforeseen problems with fire performance. In early developments with
hydrocarbons there were problems with the entrgpment and dow release of hydrocarbons in storage
and shipment. However, these were overcome by the use of various perforation techniques.

Data Summary

The current globa distribution of extruded polyethylene foam production is shown below:

Global Blowing Agent Usage in the Extruded Polyethylene Sector
(~5,275 tonnes - 1.6% of total)

Europe
Latin America 6.3%

13.6%

North America

1
...........
&

.......

Japan
69.7%

The dominance of the Japanese market in the globa consumption of extruded polyethylene
came as something of a surprise to Committee members. It may result from the inconsstent
congderation of packaging and technical foams across the mgor globa markets. As with previous
issues, the TOC will seek to clarify thiswhen it produces its next Update.
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The trangtiond status and choice of technologiesis shown in the following graph.

Blowing Agent Selection by Region - Extruded Polyethylene
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Additional Regional Observations

It is assumed in this resume tha the polyethylene market in the United States of America
continues with the use of HCFCs in smilar fashion to the XPS sector, bearing in mind thet the
avalability of HCFC-142b and HCFC-22 will continue until 2010 under the current Allocation
Rule. However, currently, SNAP limits HCFC use to insulation gpplications only and future SNAP
provisons may lead away from HCFC use atogether prior to the phase-out in availability.

EXTRUDED POLYSTYRENE FOAMS

SHEET

Use of CFCs or HCFCs, is considered technically unnecessary in both Non+Article 5(1)
and Article 5(1) Countries and have been banned by a significant number of countries. A wide
range of dternative blowing agents have been evauated for use in polystyrene sheet foam including:
atmospheric gases (CO, (LCD), nitrogen); hydrocarbons (butane, isobutane, pentane, isopentane),
HFCs (HFC-134a, HFC-1524); and hydrocarbon / CO, (LCD) blends.

Current Technology

Hydrocarbons (butane, isobutane, pentane, isopentane), HFCs (HFC-134a, HFC-152a);
and hydrocarbon / CO, (LCD) blends, have found arange of commercid use in roughly that order
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of volumes used. Capitd investments required for handling flammability issues and VOC emissons
will be the limiting factor in further expansion of hydrocarbon containing systems.

Future Technology Trends

Few future developments are expected.

Data Summary

A globa assessment of blowing agent quantities in use within the XPS sheet market has not
been conducted for this sector because of difficulties in collecting information from a very diverse
ands diffuse packaging industry. However, an assessment of the trangtion technologies has been
made and is shown below:

Blowing Agent Selection by Region - XPS Sheet
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Additional Regional Observations

MLF funding must continue to support ultimate conversion to hydrocarbon systems as HFC
based processes will prove commercidly nonvigble over time.

BOARDSTOCK

Current Technology

CFC's have not been a sgnificant factor in this segment since the early 1990's. HCFCs
142b and 22 have found widespread use even in Article 5(1) Countries. Conversion to HFCs 134a

and 152a blends occurred as early as 1997 in Sweden, but with severe impact on product and
process performance.
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The divide between European and North American technologies and markets is becoming
increasingly clear as nationd and European-wide regulations on HCFC phase-out are implemented.

HCFCs have not been used in Europe since January 1, 2002. The conversion in 2002 has
been to either CO2 of HFC based sysems dbet with Sgnificant pendties in production
performance capacity (throughput) and process efficiencies. CO, and CO,/dcohol systems have
gained market acceptance, except where traditiondly heavy focus is put on therma conductivity
performance. Technologicd limitations on thickness (i.e. currently no greater than 120 mm) Hill exist
ether in actud production or in pogt- production performance vis-a-vis dimensond sability. HFC-
1344, in paticular, is the dternative blowing agent preferably selected for those markets and
goplications where high therma insulation performance is demanded. Its low polymer solubility is
offset by blending ether with HFC- 152a or an organic solvent.

In North America, the XPS industry has not yet identified a way to trangtion from HCFCs
owing to the particular chalenges of the North American market. The market and subsequently the
manufacturing processes have evolved around lower dendty products emphasizing thermd
performance over structura. The preponderance of thin (12mm) and wide (1200mm) products for
sheathing agpplications presents severe process condraints which are not present in Europe.  In
some cases the required fire performance within the existing building codes in use across the USA
cannot be met a high dengties because of the higher fud loadings. This prevents the adoption of
either of the CO, or HFC- 134atechnologies currently making progressin Europe without significant
modification.

Future Technology Trends

The European Market will likely see a Sgnificant rationdization occur in the Industry with
only the largest manufacturers able to make the capital investments required to profitably run the non
ozone depleting blowing agent systems. CO; is dearly the system of economic choice if problems
with dimensiond gability can be overcome.

North American manufecturers are devoting significant resources to research and
development and will solve the problems associated with HFC use prior to the 2010 phase-out
currently imposed by the USEPA.. Itisless clear that CO2 systemswill ever be viable in the North
American markets due to the sgnificant lossin thermd performance.  Without a breskthrough in the
manufacturing costs associated with HFCs, the use of XPS boardstock will increesingly be
restricted to niche markets which put a premium on the combination, d high moisture resistance,
high thermd efficiency, and dimensiond ability.

29



Data Summary

The current globa distribution of extruded polystyrene boardstock foam production is
shown below:

Global Blowing Agent Usage in the XPS - Board Sector
(~32,400 tonnes - 9.6% of total)
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The trangtiond status and choice of technologiesis shown in the following gragph.

Blowing Agent Selection by Region - XPS Board
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Additional Regional Observations

As can be seen, in Japan there is some hydrocarbon use in XPS., Typicdly amixture of n-
butane and iso-butane is used in conjunction with methyl chloride or ethyl chloride to produce a
Grade 1 product, dbeit with rdatively poor insulating properties. While this may suggest thet the
hydrocarbon diffuses out of the foam before use, there is evidence that iso-butane has dower
permestion rates than n-butane. Nonethel ess, even when hydrocarbon is retained, it has a higher gas
therma conductivity than fluorocarbon dternatives. However, more recently, one manufacturer has
announced that it will be able to make a Grade 3 product with atherma conductivity of lower than
0.028 W/mK. This is made with pure iso-butane and relies on maximum retention of the blowing
agent and specific cdl gructure for its performance. Although thisimmediately raises concerns over
the rease of blowing agent in afire as the thermoplastic mdlts, the producer clamsthat the use of a
novd fire retardant system suppresses any ignition process. The ultimate resolution of these concerns
can, of course, only be gained from the successful commercidization of these systems.
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PHENOLIC FOAMS

BOARDSTOCK

Current Technology

In the main globa phenalic foam markets, the primary blowing agent remains HCFC-141Db,
athough progress is being made with hydrocarbons in some regions (e.g. Jgpan). There is dso
preliminary use of HCFC-365mfc/HFC-227eain Europe. One European producer continues to use
2-chloropropane for its production.

Future Technology Trends

The key decison to be made for most producers is whether the fire properties of phenolic
foams can be retained when using hydrocarbons. This decison rests mostly with the fire standards
and classfications being adopted in the various regions of the world. Blends of HFCs and
hydrocarbons may emerge as a key substitute for HCFCs when the time comes.

Data Summary

The current globd digtribution of phenolic boardstock production is shown below:

Global Blowing Agent Usage in the Phenolic Board Sector
(=750 tonnes - 0.2% of total)
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The trangtiond status and choice of technologiesis shown in the following graph.

Blowing Agent Selection by Region - Phenolic Board
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Additional Regional Observations

The production of phenolic foam board is concentrated in the main non-Article 5(1) markets
and is unlikdy to develop a wider regiond spread in the short-term because of the sgnificant
investments required to control the process technically.
PIPESAND BLOCKS

Current Technology

As with phenolic boardstock, the main current blowing agent is HCFC-141b. Bearing in
mind tha the block process is discontinuous and therefore more difficult to flame-proof
satisfactorily, it islesslikely that hydrocarbons will play a sgnificant role in this sector.

Future Technology Trends

The man blowing agent option for block foams is expected to be HCFC-365mfc/HFC-

227ea or possbly other combinations utilisng HFC-245fa. Blends of any of the above with
hydrocarbons may also emergeif flashpoints can be controlled satisfactorily.
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Data Summary

The current globa ditribution of phenalic block foam production is shown below:

Global Blowing Agent Usage in the Phenolic Block Sector
(~600 tonnes - 0.2% of total)
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Thetrangtiond status and choice of technologiesis shown in the following graph.
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Additional Regional Observations

As with other discontinuous block foam processes, it can be seen that the genuine versatility
of the technique and its relatively low invessment cost has caused farly widespread uptake of the
technology. However, with a further blowing agent trandtion pending, there may be some
rationdisation.

PANELS

Current Technology

This is an emerging market in Europe, primarily for cold storege facilities. In Japan,
however, phenolic foam panels have been produced as office partitioning for some years. Currently,
the primary blowing agent is HCFC-141b.

Future Technology Trends

With regulatory requirements forcing a trangtion in Europe by 2004, the main replacement,
as with the other phenolic foam sectors, is expected to be HFCs or HFC/hydrocarbon blends. The
fire requirements of the cold store panel market are expected to diminate the possbility of usng
hydrocarbons as a sole blowing agent.

Data Summary

The current globd digtribution of phenolic foam panel production is shown below:

Global Blowing Agent Usage in the Phenolic Panel Sector
(~475 tonnes - 0.1% of total)

Europe

North America
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The trangtiona status and choice of technologiesis shown in the following graph.

Blowing Agent Selection by Region - Phenolic Panel
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Additional Regional Observations
The fact that pand production technology is based on a discontinuous process may lead to

the more widespread production of phenolic panelsin future. Should this occur, thereislikely to be
an increased burden on HFC requirements in the regions affected.
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CHAPTER 2: ISSUES AFFECTING TRANSITION

Progress in the phase-out of ODS usage in the foam sector has been hampered by avariety
of both process and product-related factors. Some of the product-related factors, have been
particularly problematic since issues such as building code revison and fire sandard development
are usualy dow processes and unlikely to be hurried by single issues such as ODS phase-out.

This section provides a review of the factors influencing phase-out in both Article 5(1) and
non-Article 5(1) countries. Interestingly, it has been found that there are often common barriers in
both environments, many of which are focused around the particular congtraints of small & medium
Szed enterprises (SMEs). Ironicdly, the SME-related factors can be more severe in non-Article
5(1) countries than in their Article 5(1) counterparts, where support funding is available through the
Multilatera Fund. A slection of examples of common barriers and SME-pecific issuesis shown
below. The drivers behind these issues are explored in more detail in subsequent paragraphs.

- Common Barriers

Expanding the technica acceptability of hydrocarbons, for example, in fire tets (eg. FM
4450) and in processing (particularly discontinuous processes)

There is a need for HFC-blown foams to be fully characterised to confirm thet they meet
stringent fire codes such as LPC 1181

In the United States, and elsewhere, there is uncertainty about the potentia of import/export
of HCFC-containing polyol pre-blends and finished articles that would fal outsde of any
phase-out regulation and destabilise markets

Uncertainty about precise phase-out regimes & regiona and country level and the effects of
these regimes on the availability of favoured blowing agent choices

- SVIE Issues

There is a need to avoid the cost of multiple trangtions. In the EU and other European
countries there is uncertainty about regulatory acceptance/early phaseout of HFCs

There is a need to make cost-effective technology sdections. Uncertainty continues
regarding optimum HFC technology/operating costs per sector. Time is required to define
these and to seek certification

There is a need to ensure loca availability of blowing agent. Producers have clarified the
avalability of the “new” HFCsand systems houses have to clarify the availability of sysems
based on them. Thisincludes ddlivery to dl regions and includes SMEs

There is a need to minimise capitd invesment. The use of HCs in SMEs limited by
converson economics and is likely to result in other non-ODS technol ogies such as HFCs
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COMMON BARRIERS

Although regulatory phase-out mechanisms have been in-place for many years in some
regions, the redlity of achieving phase-out requires the coincidence of four key factors.

The avallability of suitable technology

The potentid for cogt-effective trandtion and on-going use of the technology
Market acceptance of the technology and products manufactured by it

A ‘leve playing fidd' for dl suppliersto the market

Experience has shown that regulation done does not ensure any of the above and that
gppropriate motivation to innovate needs to be present. This usudly arises from the long-term need
to satisfy market requirements and this will often be sufficient to support substantid investment (e.g.
in the agppliance sector). However, other markets may be much less secure and may not have the
critica mass to support significant invesment. This is often the case in specidi<t, niche applications
or in markets where there is strong competitive pressure and price sengtivity isamaor component.

Where barriers are ggnificant it will be inevitable that the find on-set of regulation will force
a change, but this may drive ertain segments or manufacturers from commercia practice to the
detriment of the overdl market and/or economy. When lower energy efficiency is the result even
globd environmentd objectives are compromised. Thisis a ‘badanced cdl’ and regulators need to
be vigilant to ensure that they understand the dynamics of trangition in each case, since these can
vay dramaticdly from sub-sector to sub-sector. Thisis one of the reasons why this report continues
to contain a comprehensve description of the sectors (see Appendix 1).

It is interesting that, for the most part, these principles apply as much in non-Article 5(1)
countriesasin Article 5(1). Indeed, it can be argued that barriers of the type outlined are more acute
in the non-Article 5(1) environment, since they are often being tackled for the first time there. A
good example of such difficulties lies in the recent experience of the US adminidration, with the
phase-out of HCFC-141b from the PU systems house sector (spray and poured in place foams). In
this ingtance, locd condraints on the avallability of dternaives have put immense pressure on the
trangtion process, causing the regulators to need to re-consider phase-out srategies and timings.

SME ISSUES

The common barriers outlined above are even more accentuated at SME level. Depending
on the definition of SME applied, it isimportant to note that the mgority of foam producers, evenin
non-Article 5(1) countries fal into the SME category. Only the largest of the producersfal outside,
as do mogt of the raw materid suppliers. There is therefore considerable reliance on the supply-sde
to develop and support the introduction of new technologies. This leaves SMEs feding vulnerable,
even if ther predicament is no worse than larger playersin the market.
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One of the over-riding requirements of the SME scenaio is the need to avoid multiple
trangtion steps. This has inevitably made SMEs more cautious than most in consdering future
technologies. In many cases, there are periods d innovation when there can be as many as 510
credible options available. However, as the innovation ‘curve moves towards maturity, there are
usudly two or three technologies that emerge as the true front-runners. SVIEs are less concerned
about being technology followers than the larger manufacturers and are much keener to avoid
expensve mistakes. Accordingly, the trandtions in these sectors will be naturaly dower.

Overd| trangtion costs are another mgjor factor and these have two distinct components:

Q) Capitd costs
2 On-going operational costs

Because of a lack of financia resources, SMEs are often not as well placed to take
advantage of long-term operationa cost benefits, where they are attached to greater up-front capita
costs. Accordingly, a trangtion process often leads to an overal weakening of their competitive
position. This aspect has been largely negated in Article 5(1) countries where the Multilaterd Fund
can asSgt enterprises in respect of investment. However, investment condraints ill exi in this
environment, particularly in low-usage scenarios where cost- effectiveness criteria are often not met.
Some of these developing country aspects are explored more fully in the next section.

DEVELOPING COUNTRY ISSUES
ACCELERATORS

Advanced (sector) phase-out datesin several Article 5.1 countries

Severd deveoping countries are gpproaching find phase-out in the foam sector. Ahead of
the 2010 Montreal Protocol deadline, some Article 5.1 countries, like Brazil, China, Nigeria,
Thalland, Mdaysa, have established sectord CFC-11 phase out programmes where technology

options permit.

Voluntary advances in ODS phase-out have aso been encouraged by the presence of
multinationa producers and customers, particularly in the domestic refrigeration sector (Electrolux,
Whirlpool, Genera Electric, Bosch, LG, etc.). Specificdly, foam producers with sgnificant export
potential have needed to be aware of the demand for ODS-free and sometimes HFC-free products.
These factors have gpplied to domestic refrigerator and freezer imports from developing countries
into the European Union and to drink vending cabinets (e.g. as required by Coca Cola).

Key role of Multilateral Fund
The funding and technology trandfer provided by the Multilaera Fund have played a

sgnificant and positive factor to speed up ODS phase out. The assistance has been extended to
those countries that combine a developing country status with alow ODS use.
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DECELERATORS
L ack of economic incentives because of low price and ready availability of CFC 11

The ready availability and lower price of CFC-11, manufactured in Article 5(1) countries
(China, India, Argentina, Mexico, Venezuela, etc) with a shut down deadline of 2010, continue to
dow down the conversion programs in some countries. Differences as high as U.S. $ 1.20/kgin
landed cost between CFC-11 and HCFC-141b have been reported. This Stuation is particularly
criticd in the case of SVIEs and has serioudy aggravated by illegd trade.

Limited R& D Capacity

The limited research and development (R& D) capacity of loca suppliers and manufacturers,
a common feature in most of Article 1) countries, make them strongly dependent on developed
countries technology. Trade bariers which make more advanced technologies from externd
suppliers too expengive to gpply are another factor. These points, combined in some countries with
insufficient information on new vigble options and frequent ddays in avalability of nonODS
technologies, negatively affects the on going phase down programs.

Coordination of Government regulatory programmes

The Government regulatory action programs are frequently not well coordinated with the
industry or other public dependencies. In one country, as aresult of an unplanned CFC-11 imports
prohibition, the suppliers switched to HCFCs without informing their customers, which generated
severe product quality problems.

Safety related issues

The introduction of hydrocarbons (c-pentane, butanes, LPG), a non-ODP option for PU
and polystyrene foam, has been negatively impacted by the safety factors taking into account the
increased investment cost and a poor operating discipline. This issue is specificaly gpplicable for
SMEs, where, dong with economic condrains, limited the use of HCs, likely to result in other nor+
ODS technologies such as HFCs.

POTENTIAL INBALANCE BETWEEN SUPPLY AND DEMAND FOR
HCFC-141B

From the data presented in the chapter one it is remarkable the sgnificant role that HCFCs,
epecidly HCFC-141b, are playing during trangtion period in Article 5.1 countries. There remains
concern among users about the possibility of a supply/ demand imbalance for HCFC-141b once the
phase-out in developed countries takes place. This extends to the maintenance of adequate

geographic supply chans
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Long term ODSreplacement
The MLF policy of one time funding for CFC replacement may creete problems for the

implementation of long term solutions in countries where phase out technology has been or is being
focused on trangtiond options, like HCFCs.
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APPENDIX 1: DESCRIPTION OF SECTORS

RIGID PU FOAM PRODUCTS AND APPLICATIONS

Polyurethane foams are generdly based on the exothermic reaction of isocyanates and
polyols. By itsdf, the polymerisation reaction produces a solid polyurethane. During a process
known as foam blowing, polyurethane foams are made by forming gas bubbles in the polymerisng
mixture. The "blowing agent”" can be ether a gas chemicaly formed by water or formic acid reacting
with the isocyanate, or a physicd blowing agent such as low boailing inert organic compounds
separaey introduced into the reaction.

Used in alarge variety of products, polyurethane foams can be classified into three mgor
categories rigid, flexible and integrd skin/expanded dastomers. Product applications include
insulating materias for buildings and gppliances, cushioning products for furnishings and automobiles,
packaging for protection of high-vaue products, automobile instrument pands and steering whedls
and shoe soles.

RIGID DOME STIC REFRIGERATOR AND FREEZER INSULATION

Rigid polyurethane foams continue to be the dominant insulation used in refrigerators and
freezers. In these products the foam serves as a key dement in the Structure of the gppliance, as
well as a very effective insulation. The foam must have adequate compressive and flexura strength
to ensure the integrity of the product under extreme temperature conditions during shipping, as well
as heavy loading during usage of the gppliance. 1t must maintain both its insulation effectiveness and
dructura properties throughout the design life of the product. Using CFCs, foam manufacturers
were successtul in developing formulations which met al of these requirements.  As subgtitutes are
developed, care must be taken to ensure that properties are not compromised to the extent that the
overal performance of the appliance is degraded.

Although the basic requirements for refrigerator/freezer foam insulaion are Smilar for most
manufacturers, unique manufacturing fadilities, locd market conditions and regulatory requirements
result in a gStuation where unique requirements exist for specific markets.  For example, the
importance of energy consumption in the US and Japanese markets has influenced manufacturers to
use formulations with higher levels of CFCs to achieve lower conductivities than are required in the
European market.

Production Process

Liquid chemicds are injected between the outer shell and the interior liner of an gppliance
cabinet where they react, flow and expand to form rigid polyurethane foam throughout the cavity.
Subgtantia fixtures are provided to support the wals which are under pressure from the foam.
Typicaly, a few percent of the blowing agent escgpes from the chemicd mixture and is vented
during the foaming process. Production systems do not reedily lend themselves to recovery of this
lost blowing agent, so it has generdly been vented directly to the aimosphere.
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Over time, foam suppliers have developed formulations (usng CFCs) which have properties
(viscosity, reaction speed, exotherm, etc.) that meet the needs of production processes. With any
new blowing agent, these properties must be maintained in order to produce quality products and
control costs.

OTHER APPLIANCES

This category encompasses al "appliance’ gpplications other than domestic refrigerators and
freezers. The main gpplications are :

Water Heaters -- Where foam insulation leads to a Sgnificant saving in energy
consumption, particularly in designs where the space for insulation islimited.

Commercial Refrigeratorsand Freezers -- Which are typicaly much larger then
domestic units and includes open top display units.

Picnic Boxes (Coolers) -- With apremium on insulation vaue and strong lightweight
structures.

Flasks and Thermoware -- Severd types of articles require the same characteristics
as picnic boxes.

Refrigerated Containers (Reefers) -- A very stringent gpplication with emphasison
durability and minimum wall thickness whils maintaining inauation value.

Production Process

All the listed applications are produced by direct pour or injection of the foam chemicas
between the inner and outer surfaces of the aticle. Mogt are held in moulds or jigs during the
foaming process. Refrigerated containers are aso produced by foaming section by section into a
large pre-assembled jigged structure.

CONSTRUCTION —BOARDSTOCK/FLEXIBLE-FACED LAMINATION

Polyurethane (PUR) and polyisocyanurate (PIR) foam can be continuoudy laminated to
various facing materids, such as duminum foil, paper, glass roofing felts, and plasterboard. These
products are primarily used as insulation in buildings, with some aso used as tank and solar collector
insulation.

In buildings, the largest use isin commercid roof insulation. Other usesinclude insulation for
walls, cavities, internd linings (including agriculturd buildings), exterior ventilated facades (Europe)
and sheathing for residentia congtruction (North America).

Rigid laminated PUR and PIR foams have penetrated many building insulation markets
becauise these products offer the following properties.
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L ow thermal conductivity -- High vaues of energy efficiency can be achieved by using
comparativey thin layers of foam insulation. Laminated foams with impermesble facers
offer the highest degree of long-term insulation vaue. The low thermd conductivity was
origindly derived from the fine, closed-cell polymer structure combined with CFC-11 as
the main blowing agent. Retention of low thermd conductivity is a key concern when
consdering dternatives.

Fire performance -- PIR and fire retarded PUR foams provide excdlent fire test
results under avariety of test procedures,

Compressive strength -- This property is very important in roofing gpplications
because of the condruction and maintenance traffic that a roof system, including the
insulation, must besr;

Ease of processing -- One advantage of the product is its ease of manufacturing
combined with its excdlent adhesion to awhole range of facing meterials, and,

Ease of use and handling -- Laminated products are lightweight, offered in a variety
of thicknesses, provide excdlent structurd rigidity, and, in the case of PIR when used on
roofs, can be sedled with hot bitumen and be used without separation technology.

Production Process
There are two principa types of continuous laminating machines:

The continuous horizonta laminator used to produce products with two flexible facers,
eg., duminum fail, paper or roofing felt; one flexible facer and onerigid facer; and,

The inverse laminator variation used to produce one rigid facing in sheet form. The
chemica components are metered and mixed from the mixing head onto the pressure
conveyor where externd heat may be applied to promote faster curing before the foam
is moved to the cut-off saw area. This product can also be produced using dabstock
production methods.

The two main centres of manufacture are Europe and North America.  In Europe, mostly
PUR foam is used with added fire retardant to obtain the desired fire properties and the term flexible
faced lamination is commonly used. In North America, boardstock is a PIR product and no fire
retardants are normaly used. Thereislittle production by this technique in developing countries.

CONSTRUCTION AND TRANSPORT: SANDWICH PANELS

Products and Applications

Sandwich pands have foam cores between rigid facings. The facings are often profiled to
increaserigidity. Facing materids are typicdly sted, duminum or glassfiber reinforced plastic sheet.
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The panels are increasingly being used in the construction industry for gpplications such as:

cold stores: for frozen and fresh food storage;

doors: entrance and garage;

retail stores: incuding the cold rooms for food storage within them; and

factories. particularly where hygienic and controlled environments are required such as
in eectronics, pharmaceuticals, and food processing.

The pands are dso usad in the transport industry for the manufacture of insulated trucks and
reefers.

In dl gpplications, the insulating property of the foam is used in conjunction with its strength
and f-adhesve cgpability. The panels are components of high qudity modular congtruction
techniques and their use is growing rapidly in developed and developing countries.

Production Processes

The panel thickness, depending on gpplication, varies from 30 to 200 mm and products
over the entire range can be made by ether continuous or discontinuous processes.

- Continuous Process

The continuous process uses a horizonta laminator Smilar to that used for the production of
boardstock/flexible-faced laminates. However, additional equipment is indaled to convert coiled
sheet sed to profiled facings which are fed into the laminator.

- Discontinuous Process

In the discontinuous process, pre-profiled or flat facings are assembled, with appropriate
spacers, in sngle- or multi-daylight or in oyster presses. The foam is injected at multiple ports or a
lance withdrawal techniqueis used.

SPRAY POLYURETHANE FOAM INSULATION

Products and Applications

Sprayed foams are used for in Situ gpplication of rigid thermd insulation. Their mgor useis
in roofing applications, especidly in North America.  Worldwide, sprayed foams are used for
resdentid and commercid buildings, industrid storage tanks, piping and ductwork, and refrigerated

trangport trailers and tanks. Spray foam is gpplied by contractorsin the field in accordance with the
ingructions of manufacturers of spray foam systems.
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Production Process

Spray foam is gpplied usng a hand-held pressurized spray gun, in which separate polyol and
isocyanate liquids are metered under pressure, mixed and then dispensed. Different formulations or
processing parameters impart specific properties to the foam, such as increased compressve
srength, good dimensiond gability a high heet and humidity, and greater high temperature stability.
The ability of the formulator to adjust foam propertiesis beneficid, condgdering the foam is gpplied in
avaiety of dimatic conditions.

The foam is sprayed directly from the mixing head onto the subgrate.  This method of
goplication fecilitates coverage of large and complex surfaces. For those gpplications where a thick
layer of foam is needed, multiple thin layers of foam, of not less than 10 mm, are applied to create
the thick layer. The sprayed foam needs to be highly reactive, especidly for adhering to vertica
surfaces during gpplication. Pipes can dso be insulated with spray foam by using a fixed spray gun
and rotating and traversing the pipe.

OTHER RIGID POLYURETHANE FOAM APPLICATIONS

Other rigid polyurethane foam applications include dabstock, pipe-in-pipe, and one
component foams.

Slabstock
Product Applications

Rigid polyurethane dabstock is used as insulation for pipes and storage tanks, as insulation
boards in congruction, and can be the insulating materid for refrigerated trangport containers. Rigid
dabstock can be fabricated into a variety of product shapes and forms.

Production Process

Rigid dabstock is produced using ether the discontinuous or the continuous manufacturing
process. Traditionadly, CFC-11 has served in both processes as the blowing agent, although water
and/or CFC-12 are sometimes incorporated into the foam mixture. During 1993, partid converson
to aternate blowing agents took place.

- Discontinuous Process

In the discontinuous method, the chemica components of a dow-reecting foam sysem are
weighed and hand or machine-mixed, after which they are poured into a wooden or cardboard
mould. Fitted on top of the foam, afloating lid rises with the expansion of the foam. The lid serves
to level the top surface of the foam block that is being produced. The output of the discontinuous
method can be increased by using mechanica girrers and agitators to replace the hand-mixing Sage,
or by machines that both mix and digpense the foam reaction mixture into the mould.
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- Continuous Process

In the continuous process, the foam reaction mixture is dispensed continuoudy into atrough
lined with paper or polyethylene film and located on a moving conveyor belt. The foam expands as
it moves forward on the conveyor bet. Some bets are fitted with equipment that produces afoam
with aflat top surface, smilar to the floating lid used in the discontinuous process.

In production by ether method, the foam rises due to the expansion of the blowing agent
and cures. Then it is cut into sections for use in the gpplications and products listed above. In
generd, rigid dabstock has neither afacer nor an impermesble liner attached to it.

PIPE-IN-PI PE/PREFORMED PIPE
Products and Applications

Foam-insulated pipe-in-pipe sections typicaly have an inner stedl pipe which is surrounded
with foam insulaion which, in turn, is protected by a plagtic outer skin. These pipes are inddled
underground and are used to trangport hot water from a central boiler to surrounding dwellings.
Similar pipes and others insulated with preformed pipe sections are used in production units and
chemicd plants for the transport of hot or cold fluids. Large diameter insulated pipes may have
post-gpplied eastomeric or bituminous coatings to provide a permanent water barrier.

Production Processes

Pipe-in-pipe sections are produced by injecting the foam chemicals into the cavity between
the inner and outer pipes. Preformed pipes are produced by pouring or injecting the foam chemicas
into half-section moulds.

Continuous processes have been introduced in which the foam is injected onto the inner
pipe, cured and the outer plastic cover is then extruded onto the foam through an annular die.

ONE COMPONENT POLYURETHANE FOAM

One component foams are used by both the building industry and the do-it-yoursdf market
in a variety of gpplications. These include draft-proofing around pipes, cable runs, doors, and
windows, sedling doors and window frames, and joining insulating pandls, roofing boards, and pipe
insulation. One component foams are preferred because they are portable and easy to apply, and
offer both therma and sound insulation properties.

Production Process

One component foams are polymeric MDI-based prepolymer compositions that historically
contained dissolved CFC-12. CFC-12, which has a lower boiling point than CFC-11, has been
used because it acts as a propellant and because it produced "frothed” foam, thereby preventing the
materid from flowing away from the Ste of its gpplication. Additiondly, one component foams do
not generate enough heet to volatilise CFC-11.
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One component foams are supplied in pressurized cylinders and aerosol cans fitted with a
nozzle through which a thin strip of materid is extruded. After gpplication, the foam expands a
room temperature and cures by reacting with moisture in the air. This characterigtic is unique to one
component foams. The foam continues to cure interndly after becoming dry to the touch as
moisture from the air diffuses into the foam. The totd time needed for foam cure depends on
temperature and relative humidity.

FLEXIBLE POLYURETHANE FOAMS
SLABSTOCK FOAMS

Products and Applications

Slabstock foams include both polyether and polyester-based foams of varying dengties and
firmness, in each of the generic categories, conventiond, high-resilience (HR), and mmbugtion
modified high reslience (CMHR). They are widdy used in comfort gpplications such as furniture,
bedding, carpet underlay, and automotive interiors and technica applications such as sound
dampening, air filters, fud cdls, and packaging. Avallable in arange of densties and firmness, the
foams are produced in large blocks, which are cut/shaped for use in individua application. In
applications requiring combustion-modified foams to meet fire safety standards, the foams include
melamine, graphite, chlorinated phosphoric esters, or aumina trihydrate to improve the foam's fire
resgance. Greater amounts of auxiliary blowing agents are normdly used in these foams to offsat
changes in hardness and dengity resulting from the introduction of these solid additives. Applications
are mainly in upholstered furniture and bedding. In some countries, thisis limited to inditutions and
meass trangit; however, in other countries, such as the UK, their use is compulsory for dl domestic
gpplications of upholstered furniture and bedding.

Production Processes

While the choice of process chemicals provides the basis for the resulting foam properties
and cogts, the production process has aso a profound impact. A foam operation can be divided
into a “wet part” and a“dry part”. The wet part ranges from the chemical storage/blending to the
metering/mixing of the chemicas, while the dry part congtitutes of dl the subsequent equipment used
to process the chemical blend and the resulting foam.

Sabstock foams can be produced following a continuous process or a discontinuous
process.

- Continuous Processes
In atypicd continuous production line, the wet part consigts of a storage/conditioning and
metering system through which the liquid chemicds are metered to amixing head. Feed formulation

varies for different foam grades and between different foam producers. The metered stream from
the mixing head is digpensed to a nozzle with a traversng pattern across the width of an inclined
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portion of the conveyor bdt: this is termed the "laydown". The dry part conssts of an enclosed
continuous conveyor bdt, cdled a "foam tunnd”, that can be over 60 meters long. The conveyor
belt is lined with paper or polyethylene film to make a "U" shgped retainer for the risng foam mass
asit descendsthe dope. In the wet part, the laydown can be effected in different ways.

Trander directly on the conveyor: “Liquid Laydown Technology”,
Transfer through a pre-expanson device:  “Trough Technology”
Transfer through a direct expansion device: “Froth technology”
The dry part can be:
An inclined conveyor
A horizontd conveyor with fdlplate
A verticd three-dimensiond conveyor sysem

The equipment industry frequently offers certain combinations such as:

Maxfoam/Varimax - Trough technology with horizontal conveyor/falplate
Vertifoam - Trough technology with vertica conveyor system

These different processes are described in more detail below:

Traditiona Sabstock Method

Inatypica continuous dabstock foam production line, the dabstock foam is produced on an
enclosed continuous conveyor bet, caled a"foam tunne”, that can be over 60 metres long.

Liquid chemicds are metered to a mixing head. Feed formulation varies for different foam
grades and between different foam producers.

The metered stream from the mixing head is dispensed to a nozzle with a traverang pattern
across the width of theinitia inclined portion of the conveyor bdt: thisis termed the "lay down". The
conveyor bt is lined with paper or polyethylene film to make a"U" shaped retainer for the risng
foam mass as it descends the dope.

As the polymerisation reactions proceed and cells form, the foam rises and the blowing
agents are volatilised due to interna heat generation.  Within x metres of the lay down, the foam
meass generdly reaches its point of maximum expansion.

The foam can be as high as 1 to 1.25 metres and up to 2.5 metreswide. From its maximum
expansion, the foam starts to release its blowing agents and some unreacted chemicals. A ventilated
tunnel, typicaly covering the fird section of the conveyor system, exhauds these emissions and
thereby controls workplace concentrations.

The continuous dab of foam moves through the production tunnd to a cut-off saw which
dicesit into blocks for curing and storage. These blocks can be as short as 1 meter or aslong as 60

Al-8



metres. The exothermic chemica reaction continues within the foam mass while in the curing area.
The naturd insulating qudities of the foam maintain the hesat for a period of severa hours. Sowly,
the heat disspates while air penetrates the block and replaces the blowing agent.

The traditiond traverang dabstock process is less economicd than newer methods,
consequently, the use of this process is on the decline. In addition, processing is generdly more
critical, and the introduction of CFC dternatives is more problematic. However, the processis il
the primary choice for polyester foams and many other specidty products where cell Sze and cell
uniformity are criticdl.

Maxfoam/V arimax

Developed in the early 1970s, the Maxfoam/Varimax process differs from the traditiona
method in lay down and foam expanson. The metering from the mixing head is discharged directly
into the bottom of atrough, which is nearly level with the ultimate height of the foam dab.

The rising foam mass expands and spills over the front edge of the trough and is drawn away
on a series of doped fal plates. This dope is kept Smilar in shape to the rise profile of the foam,
thus dlowing a downward expangion, giving the resulting foam dab a nearly rectangular shepe.

Currently the process of choice for most manufacturers, the Maxfoanm/Varimax process for
flexible foam production is less complicated and more efficient that conventiond foaming (higher
blocks, more dendity control and firmness control).

Vetifoam

The Vertifoam process produces foam verticdly rather than horizontaly. This resultsin full-
gzed blocks a a far lower foam chemica throughput rate and a dower production rate than
conventiond equipment.  This more controllable rate is suited to smdl to medium manufacturers,
gnceit alows efficient operation from 500 to 3,000 tonnes per year.

In addition, the foam blocks produced are accurately shaped and trimming losses are low.
All the skins on Vertifoam blocks are thinner and less dense than conventiona blocks and have none
of the heavy top and bottom skin. These thin skins dlow rapid diffusion for cooling or recovery.
Both sgquare blocks and round blocks can be produced.

The Vertifoam process differs substantialy from conventiond horizonta foam machines that
need high chemical throughput rates to produce large foam blocks. The high chemica throughput
rates of conventiond foam machines result in high capital costs and large heeting and ventilation
requirements.

The reductions in floor area achieved with the Vertifoam process are very substantia -- up
to 85% reduction has been reported. The lower chemica throughput of the process means that a
large reduction in the extraction system is possible, which in turn means heating and ventilation costs
are reduced.
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In countries where legidation may in the future require blowing agent recovery and/or fume
scrubbing, the low air extraction rate substantially reduces the capitd and running costs of recycling
and/or scrubbing equipment.

- Discontinuous Processes
Box Foam

In many developing countries where manpower is abundant, two pre-baiched liquid
components are mixed together and then literdly poured into a lined box, which then expands ad
curesinto afina block.

The pressure to switch to the use of dternative blowing agents has led to the devel opment of
vacuum assisted box foam processes which, in contrast to their predecessors can have a high degree
of sophigtication.

MOULDED FOAMS
Products and Applications

Moulded Foams are mainly used in transportation applications such as seet cushions, back
cushions, armrests, and headrests. A speciaty market is the sound dampening in cars by back-
foaming of carpets and firewal (shared with dabstock). Together, trangportation uses account for a
least 90% of the flexible moulded foams used worldwide. The other 10 percent used for furniture
and a range of miscdlaneous applications. Fexible moulded foam can be produced by either "hot
cure' or "cold cure" with cold cure being the predominant process worldwide. Hot cure foams are
used for automotive seating and headrests. Cold cure moulded foams are used in both automotive
(seeting, headrests, carpet ticking backing) and non-automotive (furniture) uses.

Production Processes
Moulded Foams

In the production of moulded flexible foams, chemicds are dispensed (usudly a pre-blended
two component system) to an open mould of a desired shgpe and size. Following mould cleaning
and application of arelease agent, the moulds are filled, sometimes manudly, and then closed.

As the foam reaction occurs within the mould, the polymer forms and Smultaneoudy
expands to fill the mould cavity. Many moulded products are manudly flexed and/or crushed by
rollers upon remova from the mould, which opens the remaining cdls. In some cases, the newly-
demoulded part is heat-treated to further cure and harden the skin.

Generdly, within the automotive field, flexible moulded foam can be produced by ether "hot

cure' (gpproximately one third of production) or "cold cure" (gpproximeately two-thirds of
production) on aworldwide basis. Hot cure foam production is used exclusively for automotive
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seating and headrests. Cold cure moulded foams are used in both automotive (seating, headrests,
carpet ticking backing) and non-automotive (furniture) uses.

CFC-11 hastypicaly been used in supersoft grades (for back cushions) and in the low-
dengty grades (25 kg/nT). In 1986, approximately 10% of al moulded foam production used
CFC-11 in manufecture. In formulations using high reslience foam, auxiliary blowing agents are
essentidly phased out.

INTEGRAL SKIN AND MISCELLANEOUS FOAMS
Products and Applications

This section includes the many types of polyurethane foams which do not fdl into therigid or
flexible category. Theligt of gpplicationsislong and varied.

Integra skin and miscellaneous polyurethane foams include:
Integra Skin
flexible (or semi-rigid) integral skin foams for steering whedls, headrests,

armrests, shoe soles, beer barrels, etc;
rigid integra skin foams for computer cabinets, skis, and tennis rackets,

RIM
microcdlular high-density foam for exterior body parts of automobiles;

NortInsulation Rigid

low-dengty packaging foam;

floatation foam;

floral foams, and,

energy absorbing foams for Sdeimpact in automobiles.

The principd bendfits of polyurethane use for these applications are physicd performance,
ease of processing, and cost. CFCs have essentidly been diminated in these foams in most
developed countries.

Production Process

Integrd skin foams are molded foams, manufactured ether by injection into closed vented
molds (i.e. seering wheels) or by pouring into open molds (i.e. kin soles). These foams are
characterized by a high dendty outer skin and a low dendty, softer core. The dendity gradation
results from (&) blowing agent condensation at the mold surface compacting the cdlls of the urethane
foam, and (b) overpacking of the mold.
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Microcdlular high density foams (RIM) are manufactured via injection into closed molds, in
many cases using large presses to maintain clamping pressure and produce parts within dimensond
tolerances. The microcdlsform ar nudeation and dso from smadl amounts of CO, (resulting in most
cases from residua water).

Non insulation critica rigid foams are manufactured via a variety of processes including
soray, moulding or rigid dabgtock, usng conventiond or high pressure urethane digpensng
equipment.

Mogt integra skin and miscdllaneous foams are open cdl, where the blowing agents used in
manufacture are emitted to the atmosphere during the foaming reaction or soon theresfter. Rigid
integra skin and flotation foams are closed cdll, but low therma conductivity is unnecessary in these
products.

EXTRUDED POLYSTYRENE
EXTRUDED POLYSTYRENE SHEET
Products and Applications

Extruded polystyrene foam sheet is a thermoformable materia used primarily to manufacture
food service and food packaging products, such as hinged carry-out containers, sngle-service
plates, cups, egg cartons and food trays. Other gpplications include dunnage, laminated sheets, and
wrap-around labels.

- Food Service and Packaging

Food service applications for extruded polystyrene foam sheet include the manufacture of
cups, plates, bowls, and hinged-lid containers, while food packaging applications include the
production of mest trays, egg cartons, and produce trays. In 1986, food service and packaging
gpplications consumed about 83% of the CFCs used for rigid polystyrene foam packaging.

CFCs were attractive blowing agents for some foam food service products because they
contributed to the products ability to insulate food and beverages at the proper temperature and to
provide appropriate moisture resistance. I1n food packaging, CFCs also contributed to the products
moisture resstance; therefore, the end products eliminate the need for frequent in-store rewrapping.

- Dunnage
Dunnage is loose fill packaging materids such as foam "peanuts” pellets, and chips. This

foam is used to protect products during trangt and, thus, reduce the amount of breakage. Foam
dunnage is reusable, sanitary, lightweight, and moisture resstant.
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- Laminated Foam Sheets

Laminated foam sheets are used as art board and in insulated packages. Providing aesthetic
versatility when used art board, laminated foam sheet is rigid yet lightweight, and readily accepts
printing inks. In insulated packaging gpplications, laminated foam sheets are lightweight, rigid and
moidiure resstant, in addition to providing therma insulation.

Production Process

Extruded polystyrene foam sheet is produced by a process that mixes polystyrene resin with
additives and mdts the mixture to a low viscodty in a two-stage screw extruder.  During the
process, blowing agents are injected into the extruder under high pressure and dispersed into the
polymer mdt.

Then, this mixture is cooled and forced through a die under controlled pressure.  As the
molten polymer exists the die, the dissolved blowing agent vaporises and expands.  This reaction
causes the plastic to foam. An annular die is used to form atube, which is subsequently dit to make
foam shests.

Find production stages involve cooling, shaping, cutting or winding the foam into the desired
form. Extruded foam sheet is normdly aged two to four days prior to thermoforming into the
desired form. Approximately 80% of the extruded polystyrene foam sheet produced conssts of
foam sheet that isthermoformed into avariety of products.

The thermoforming step typicdly generates a substantid amount of foam scrap. |n some
cases, 30% to 40% of the extruder feed becomes scrap. Manufacturing processes commonly
include grinding and repdletisng seps after find cutting and thermoforming.

The peletised foam scrgp recovered from thermoforming is recycled back to the extruder
feed. Thetypical extruder feed mixtureis 65% virgin polystyrene and 35% recycled polystyrene.

EXTRUDED POLYSTYRENE INSULATION BOARD
Products and Applications

Polystyrene foam boardstock was invented in Sweden in the early 1940s but was further
developed to the extrusion process in the United States. It is a rigid foam with a fine closed-cdll
dructure. The origina blowing agent was methyl chloride, not CFCs. Extruded polystyrene foam
insulation made with CFC-12 was introduced to the market in the early 1960s.

Globdly, approximatey 90% of extruded polystyrene rigid foam boards are used for
thermd insulation purposes. The cdlular products consst dmost entirely of polymer and blowing
agent. The type of blowing agent used determines the character of the cdlular structure formed
during the manufacturing process.
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There are two main types of foam boards available:
boards with a smooth skin covering the two principa heet transfer surfaces,

the main gpplication of the sdlf-skinned materia includes insulation for roofs, floors, and
wadls in dwdlings, commercid and agriculturd buildings. In some northern cuntries,
another mgor application is the protection of roads, airport runways and railways
agang frost-heave by laying the insulation boards in the earth below the pavement and
ral permanent way;,

boards with a planed or cut cdl surface that provides grip for plaster, adhesve, and
pour-in-concrete -- the main gpplication for this product includes wal insulation of
concrete buildings, tile and plaster backing, core materid for sandwich pand
congtruction, and low temperature space. There are a number of smal specidty
goplications in most geographicad markets aswell.

High moisture resstance combined with mechanicad srength makes extruded polystyrene
insulation both an economica and practica materid for below-ground building applications, suchas
basements, foundations and earth-sheltered homes, and inverted roof applications, where the
waterproofing membrane is below the insulation material.

Other properties of extruded polystyrene foam include:

low thermd conductivity;
resistance to freeze-thaw deterioration;
excdllent compressive strength and dimensiona stability (low shrinkage);

and

good handling properties, including low toxicity and low insulating gas diffuson loss with
time.

Production Process

The manufacturing of extruded polystyrene foam board for insulation purposes involves an
extruson process Smilar to that described for sheet. Polystyrene resin is mixed with additives, then
continuoudy fed into an extruder where it is melted. Blowing agent, continuoudy injected under high
pressure, is digpersed in the resin to form a foamable gd. The gd is then cooled and extruded
through a rectangular cross section die where the blowing agent volatises, causing the plagtic to
assume a foam structure.

After the foam has been formed, it is trangported away by a continuous conveyer belt and
cut into gppropriate lengths and widths. This cutting section can dso include equipment to remove
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the skin (i.e,, make planed boards). Interndly generated scrap is recycled within the plant. 1n order
to be recycled the scrap has to be reground with consequential release of cell gases.

In closed-cdl insulation foams, such as extruded polystyrene, the blowing agent performs
two functions:

it makesthe gd foam
and
it contributes insulation vaue to the foam.

The blowing agent which stays in the foam to provide insulation vaue, the primary blowing
agent, is sometimes cdled the insulating gas. A second, or auxiliary, blowing agent is sometimes
used to support the foaming process, another proprietary technology uses vacuum foaming. In dl
processes the primary blowing agent must be present to provide characterigtic high level insulation
performance.

POLYOLEFIN FOAMS
Products and Applications

The generd category of polyolefin foams includes products made from ether polyethylene
or polypropylene resins. These generd foam types sometimes include other olefinic condituents,
such as ethylenelvinyl acetate or ethylene/acrylic acid copolymer resns, as modifiers. Severd
different manufacturing processes are used for polyolefin foams, which result in different product
forms.

One type of processing, which involves the crosdinking of extruded resin sheet and its
subsequent expangion, uses only decompaosable blowing agents, such as azodicarbonamide, and, as
such, this process will not be considered further here. These products have different properties
and are typicaly more expengve than polyolefin foams manufactured with physicad blowing agents.
They ae not generdly conddered to be subgtitutes for most non-crosdinked polyolefin foam
aoplications.

Polyethylene and, more recently, polypropylene resins are used in expandable bead
products, which may be subsequently shape-moulded. These foam products are used primarily as
moulded cushion packaging and automotive bumper sysems. CFC-11 and CFC-12 were
previoudy used as blowing agents. All bead producers now use hydrocarbons or carbon dioxide.
Consequently, no further comments will be made regarding these products.

- Sheet products

Both polyethylene and polypropylene resins are extruded into sheet products. These sheet
products are commonly used as protective packaging for furniture, eectronic devices, and other
goods. Other applications include flotation devices (such as life vests), condruction materids, and
gaskets. CFC-11, CFC-12, and CFC-114 have higtoricaly been used for mogt of these sheet
products.
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- Plank products

Polyethylene resins are used in the manufacture of extruded plank products. Their most
frequent gpplication is designed cushion packaging of ectronic or other high-value goods. Some
plank products are dso used in military packaging, flotation, congtruction, aircraft seeting and other
applications. CFC-12 and CFC-114 were generdly used in the manufacture of plank products.

- Tubular products

Polyolefin foam is dso extruded in an annular shape i.e. as a tube, for use as thermd
insulation for pipe. Applications include resdentid hot and cold water pipe insulation and smilar
near-ambient temperature applications. Higtoricaly CFC-12 or CFC-114 were used as blowing
agents.

In mogt polyolefin foam applications, products are used because of specific properties. The
most important of these properties is the materid's ability to provide insulatiion from mechanicd,
vibrationd, therma and/or other environmental stresses.

Production Processes

In the case of extruded products, the resin is melted and mixed with the blowing agent(s).
The resin and blowing agent are then passed through a die, where the product rapidly expands and
cools.

- Sheet products

For sheet products, a circular, annular die is used to form a thin-waled hollow cylinder of
foam. This foam tube is subsequently dit to produce a flat sheet that can then be rolled for storage
or shipment. Sheet products are normaly no thicker than 6 mm, and most are no thicker than 3
mm.

- Plank products

Typicdly, plank products are made using a specific die, which produces the particular
cross-section desired.  Each cross-section requires a different die. The plank is then cut to length
and, if necessary, the edges are trimmed. Plank products can be from 12 to over 100 mm thick, are
made up to 1200 mm wide, and are occasiondly made in circular or other non-rectangular cross-
sections.  One process injects the foaming materids into a closed cavity to help dimension the
product.
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- Tubular products

Tubular pipe insulation dso uses an annular die but one producing a reasonably small
diameter, relatively thick-waled foam product. Theingde diameter of the tubing ranges from 6 mm
to 125 mm with wall thicknesses of 5 to 50 mm.

All three foam types are closed cell products. Thus, most of their blowing agents areinitidly
trgpped within the foam. With very thin sheet products, a Sgnificant portion of the blowing agent
may be logt a or near the die. For extruded plank, tubing and thicker sheet products, very little is
logt a the die dthough some will be logt in trimming operations, which open the cells.

PHENOLIC FOAMS
Products and Applications

Phenalic foams represent only a smal proportion of the foamed insulation materids used
world-wide. However, their generic fire properties (particularly their extremely low smoke emission)
have established the product in many applications previoudy served by other insulation products.
Phenolic foam products have particularly gained acceptance in public and commercia buildings
where fire concerns are often more sgnificant. Cost usudly rules agangt phenolic foams when
consdered for the domestic environment.

There is a ggnificant leve of subgtitution againg fibrous products where cleanliness and
moisture resistance can be offered without unnecessary loss of fire performance. Thisis particularly
the case in the building services sector, where insulation is often exposed. Fipe laggings are an
example. Uptake of the product has, however, been heavily dependent on locd building methods
and fire codes. In some Member States in Europe, laminate products are widdly used for wall and
roofing gpplications, particularly within the growing sngle-ply roofing market. However, in others,
there is very little usage. Phenalic foam is making particular in-roads in Japan, where the building
methods and population dengity create a ready market. However, mixed experiences with phenolic
technologies in North America have led to a virtud de-sdection in severd gpplications. More
recently, activity in Europe has increased in the use of phenalic foams in rigid faced panding for
cool-rooms, doors and partitions.

There is dill some resdud usage of opencdled phenolic foam for specific market
requirements. A prime example of this is its use for flord arangements. The unique wetting
properties of this particular product make it virtualy irreplacesble. However, these properties are
not reliant on the use of CFCs and most production had dready switched to hydrocarbons on the
basis of cost. Accordingly, floral foams are not considered further in this report.

More orthodox open-cdled phenolic foams are till used in some countries, most notably
the former Soviet Union, as prime insulation. As these foams exhibit poorer insulation characteritics
than those made from the more recently developed closed-cell technologies outlined above, there
has been pressure to transfer these technol ogies under license or other co-operative agreement.
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Production Processes
- Discontinuous Processes

Several discontinuous processes have been developed for closed-cell foams but
undoubtedly the most prevaent is the Block or Bun process. This has been particularly dominant in
Europe where the process lends itsdf to the varied requirements of Building Services market.
Complex computer-controlled cutting equipment optimises yields from blocks when cutting pipe
sections. Despite this, yields can be as low as 50% for the more awkward shapes.

Other discontinuous processes include the manufacture of rigid faced panels by injection
(normdly referred to as "pour-inplace’). Multi-daylight and oyser-press routes have been
followed, but invesment in these sectors has only re-emerged following the development of
thermdly efficient CFC-free technology.

Mogt, if not al, discontinuous processes have used CFC-11 and/or CFC-113 to obtain
ther high thermd efficiencies historicdly. Accordingly, most plant technologies, and their associated
inddled units, are unable to handle low boiling blowing agents. Additiondly, few plants are flame-
proofed. These factors have inhibited the move to dternative blowing agents, particularly the low
boiling HCFCs and HFCs.

- Continuous Processes

Within the range of continuous processes, lamination with flexible facings is the most
common There has been less focus on rigid faced lamination and continuous block to date,
athough these may follow as and when ODS-free technologies become established. The machines
used for continuous lamination are, in the main, more cgpable of processing low boiling blowing
agents than ther discontinuous counterparts and, accordingly, CFC-114 has been a common
condtituent within severd technologies historicdly. It should be stressed that it is the process rather
than the machinery per se which facilitates the use of these materids. Therefore, it is unlikely thet
much of the associated technology will be transferable to the discontinuous operations.
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APPENDIX 2: REVIEW OF BLOWING AGENT OPTIONS

This Appendix has been produced specificaly to provide relevant information to potentia
users on the characteristics and availability of the blowing agents referred to in this document. Efforts
have been made to provide as much information as possble. However, commercid concerns about
the disclosure of the locations of specific plants have made it impossible to provide a comprehensive
review of potential geographic congraints. To avoid mideading anecdota comments, the Committee
has eected to omit any comments related to geographic limitations, except where their useis legdly
defined by patents. The Committee would refer the reader to the suppliers listed under each blowing
agent cited for further information.

In addition, the UNEP Technical and Economic Assessment Pand (TEAP) will address the
issue of supply and demand of HCFCsin Article 5(1) countriesin aforthcoming Task Force Report
scheduled for publication in mid-2003. Again, readers are encouraged to reference this document
directly for further information on the on-going availability of HCFCsis various geographic regions.

The mgor blowing agents being commercialy used in the foam sector, or being considered
for commercid introduction in the short-term, are shown in Table A-2.1 overlesf. This, table and the
subsequent descriptive paragraphs, provide technica information on the blowing agents themsdves
and some information on usage patterns and commercid avallability. It should be noted that there
are no references to regulatory condraints in this Appendix. While, the impact of ODS Regulations
is probably well known to the reading audience and does not require further iteration here, it might
be useful to note, for example, that al fluorocarbons in the United States are not treated as Volatile
Organic Compounds (VOCs) for regulatory purposes.
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TABLE A-2.1 PHYSICAL AND ENVIRONMENTAL PROPERTIES OF MAJOR BLOWING AGENTS

CFC-11 | CFC-12 | HCFC- HCFC- HCFC- Methylene | HFC-134a | HFC-152a | HFC-245fa | HFC-365mfc | Isopentane | Cyclo- n-pentane | Carbon Isobutane | n-butane
22 142b 141b Chloride pentane Dioxide
Chemical Formula CFCl3 CCl2F2 CHCIR, CH3CCIF, CCl,FCHs CH3Cl, CH,FCFs CHF,CH3 CF3CH2CH | CF;CH; CHgCH(C (CHz)s CH3(CH2)3 CO; C4H1o C4H1o
F> CF,CH3 H3)CH,CHs CHs
Molecular Weight 137 121 86 100 117 85 102 66 134 148 72 70 72 44 58.12 58.12
Boiling point (°C) 24 -30 -41 -10 32 40 -27 -25 15.3 40.2 28 49.3 36 -139 -11.7 0.5
Gas Conduct. 74 10.5 9.9 8.4 8.8 N/A 12.4 14.3" 12.5** 10,6** 13.0 11.0 14.0 14.5 15.9 13.6%++*
(MW/m°K at 10°C)
Flammable limits in | None None None 6.7-14.9 7.3-16.0 None None 3.9-16.9 None 3,8-13,3 1.4-7.6 1.4-8.0 1.4-8.0 None 1.8-8.4 1.8-85
air (vol.%)
TLV or OEL (ppm) | 1000 1000 1000 1000 500 35 to 100 1000 1000 N/A N/A 1000 600 610 N/A 800 800
(USA)
GWP (100 Yr.) *** | 4000 8500 1700 2000 630 N/A 1300 140 820 840 11 11 11 1
ODP 1.0 1.0 0.055 0.065 0.11 0 0 0 0 0 0 0 0 0 0 0
Producers (major) Honeywell | Honeywell | Atofina Honeywell Honeywell Atofina, DuPont, Honeywell Solvay ExxonMobil | ExxonMobil | ExxonMobil Chevron Bayer
Honeywell | Atofina, Solvay DuPont, Solvay Central Haltermann Haltermann | Haltermann Bayer DuPont
s Solvay Atofina INEOS, Glass Philips Phillips Phillips Huntsman Huntsman
Solvay Honeywell Shell Shell Phillips Phillips
DuPont Solvay

+

*kk

*kkk

Measured at 25°
Measured at 40°C
Measured at 20°C
Measured at 24°C
IPCC-Report 1996
Measured at 0°C
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Description & Usage

HCFC-22 is a non-flanmable gas liquefied under pressure. One main gpplicaion is as a norn+
flammable mixture with HCFC-142b for PU and XPS foams. In rigid PU foam it has been used in

combination with HCFC-141b.

Physica and Chemica properties

Chemicd name

Formula

Molecular Weight:

EC Number (EINECS):

CAS Number:

Dengty/Specific gravity

Bailing Point (°C)

Vapour pressure

Gas Conductivity (mW/m. °K at 10 °C)
Gas Conductivity (mwW/m. °K at 30 °C)
Vagpour dengity (air=1)

Solubility (20°C, 1bar)

Decomposition temperature

HSE properties
Toxicologicd data:

VOC
GWP' (100 years)
ODP

Commercid Status

Producers:

*

|PCC — Report 1996

Chlorodifluoromethane

CHCIF,

86.5

200-871-9

75-45-6

1.22

-40.8

9.08 bar (20°C), 19.33 bar (50°C)
9.9

11.0

3.65 (20°C)

Sightly soluble in weter (0,42 %)
Soluble in most organic solvents
480°C

TLV (ACGIH-USA) 2001

TWA = 1,000 ppm

TWA = 3,540 mg/n?

TLV or OEL (USA, ppm) = 1000
No

1700

0.05

Atofina, Honeywdl, Solvay, DuPont,
Daikin, Mitsui-DuPont, Asahi Glass
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Description & Usage

HCFC-141bisaliquid a room temperature and does not have a flash point. HCFC-141b has been

HCFC —141b

used as afoam blowing agent in dmogt al rigid and integral skin foam sectors.

Physical and Chemical properties

Chemicd name: 1,1-dichloro- 1-fluoroethane
Formula CH;CFCl,
Molecular Weight: 117

EC Number (EINECYS): 404-080-1
CAS Number: 1717-00-6
Dengty/Specific gravity 1.22

Boailing Point (°C) 32

Vapour pressure @ 25 °C (bar) 0.78

Gas Conductivity (mwW/m. °K at 10 °C) 8.8

Gas Conductivity (mW/m. °K at 25 °C) 9.7

Vapour dengity (air=1) 4,86 (25°C)

Solubility
Decomposition temperature

approx. 4,8 % (20°C)
> 200°C

Hammable limitsin air (vol. %) 5,6-17,7
HSE properties
Toxicologica data:
TLV or OEL (USA, ppm) 500
WEEL, 8 hr. TWA, ppm 500
VOC No
GWP' (100 years) 630
ODP 0.11
Commercid datus
Producers: Atofina, Honeywell, Solvay,

Hangzhou First Chemica Co. Ltd.
Zhgjiang Sanhuan Chemica Co. Ltd.,
Centra Glass, Dakin

*

|PCC — Report 1996
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Description & Usage

HCFC —142b

HFC-142b is a gas a room temperature. It is used as a foam blowing agent for both polyurethane
and extruded polystyrene foams. It can be used done or as a blend with HCFC-22. A blend of
60/40 HCFC-142b/HCFC-22 (60/40) is non-flammable,

Physica and Chemica properties

Chemicd name:

Formula

Molecular Weight:

EC Number (EINECYS):

CAS Number:

Dengty/Specific gravity

Boailing Point (°C)

Vapour pressure @ 25 °C (bar)

Gas Conductivity (mwW/m. °K at 10 °C)
Gas Conductivity (mW/m. °K at 25 °C)
Hammeble limitsin arr (val. %)

Vapour dengity (air=1)

Solubility

Decomposition temperature

HSE properties

Toxicologica data:
TLV or OEL (USA, ppm)
WEEL, 8 hr. TWA, ppm
VOC
GWP' (100 years)
ODP

Commercid saus

Producers:

*

IPCC — Report 1996

1-chloro-1,1-difluoroethane
CHsCF.Cl
100.5

75-68-3
1.22

-9.6

34

8.4

11.5

6-18

4,18 (25°C)
0,14 %

no data

1000
1000
No
2000
0.066

Atofina, Solvay, Honeywdll, Dakin
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METHYLENE CLORIDE

Description & Usage

Methylene chloride, or dichloromethane, is a clear, colourless liquid with a penetrating ether-like
odour. Pure, dry methylene chloride is very stable and will not produce corrosion in mild or
gdvanized sted, copper, nickd, lead or tin. In the presence of water, however, it may undergo very
dow hydrolyss to produce smal quantities of hydrogen chloride, which can lead to corrosion. This
process is accelerated by elevated temperatures and the presence of dkdine or metds.
Commercidly available methylene chloride is normdly inhibited with smal quantities of sabilizers to
avoid this process. Typicd stabilizers are propylene oxide and cyclohexane.

Methylene chloride's combination of properties, such as a low boiling point, relaive inertness, low
toxicity and non-flammeability have led to its use as an auxiliary blowing agent in the foam indudtry.
Its bw photochemica ozone creation potentid (PCOP) and lack of ozone depletion potentid
(ODP) has increased its use dramdicdly in the recent years, making it a sgnificant CFC-
replacement in the manufacture of polyurethane foam. The U.S. EPA has recognized this by
mentioning methylene chloride under the Agency's Significant New Alternatives Program (SNAP) as
an acceptable aternative to ozone depleting solvents.

Physica and Chemica properties

Chemicd name: Dichloromethane
Formula CH.Cl,
Molecular Weight: 84.9
CAS Number: 75-09-2
Densty/Specific gravity 1.32
Bailing Point (°C) 40
Freezing Point (°C) -95
Viscosity, 25 °C, ¢p 041
Refractive index (25 °C) 1.421
Vapour pressure @ 25 °C (bar)

Ignition temperaurein ar, °C 615 - 932
Vapour dengity (air=1)

Solubility

Decomposition temperature

HSE properties

TLV or OEL (USA, ppm) 35- 100
Fash point (closed cup) none

LEL (25 °C, %) 15

UEL (25 °C, %) 20
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Methylene chloride is considered non-flammable but under certain circumstances it may propagate a
flame. In the vapor phase and under abnorma conditions (elevated temperatures, flame, sparks
etc.), it may be decomposed to give off small amounts of hydrogen chloride, carbon monoxide, and

phosgene.

The mogt likely routes of human exposure will be inhdation and skin contact. Methylene chloride is
absorbed through the lungs and through the skin. It can, however dso be absorbed through the
intestines upon ingestion. It is quite rapidly excreted, mostly through the lungs, without any chemica
change. The remainder is metabolised to carbon monoxide (CO), carbon dioxide (CO2) and
inorganic chloride. There are two pathways for this metabolism: a cytochrome P450 pathway, aso
caled “mixed function oxidise (MFO), generating CO and CO2, and a glutathione- S-transferase
(GST) pathway, generating only CO2.

The MFO route is predominant at relatively low doses, saturation occurs a around 500 ppm.
Increasing the dose above the saturation level does not lead to extra metabolism by thisroute. The
GST route seems to be used very little in the human system. In other species (e.g. the mouse) this
pathway can become the mgor route at sufficiently higher doses.

The generation of CO in the body is of sgnificance. It can combine with haemoglobin in the blood,
forming carboxy- haemoglobin (COHb) thus reducing the oxygen carrying capacity of the blood.

MC has a relatively low acute toxicity. High exposure (> 1,000 ppm) triggers anaesthetic effects
and a depressant effect on the central nervous system (CNS). The CNS effect is additive with
those from other CO sources, eg. cigarette smoking. Some reversble effects on sensory and
psychomotor function have been observed from acute exposures to 300-500 ppm, but not to lower
concentrations. Little evidence is available on ord toxicity. Swalowing of smal splashesis unlikely
to have sgnificant effect.

Liquid MC isadight skin irritant, due to the remova of naturd oilsin the skin.

Long term behaviourad and neurologicad studies have shown no sgnificant adverse effects. There is
no evidence that MC causes the irreversible chronic CNS damage sometimes diagnosed as "Danish
Painters Syndrome" (solvent induced encepha opathy).

The potentid carcinogenicity of MC is a controversid issue. There is one study, performed for the
Nationd Toxicology Program (NTP), that suggests carcinogenic effects of high lifetime doses in
mice. Other bioassays with different animds (rat, hamster) and at lower concentrations did not
confirm these findings, indicating that the association between MC exposure and carcinogenicity may
be unique to mice and even then concentration related. This was supported by subsequent research,
concluding that important species differences exist in metabolism between the mouse on one side,
and rats, hamsters, or humans on the other sde. Evidence was provided that the GST pathway of
metabolism is linked to the carcinogenic response observed in mice.  Since humans show a very
limited ability to metabolize MC via the GST pathway, the mouse is a poor surrogate for assessing
human hazard.

The above mentioned research efforts led to the development of a physologicdly based
pharmacokinetic (PB-PK) modd to evauate the carcinogenic risk to man from exposure to MC.
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Application of this modd on experimentd anima data concludes to no sgnificant risk for man under
current hygiene standards.

The U.S. EPA has accepted the PB-PK mode, and used in its draft Update to the Hedth
Assessment Document (HAD) for methylene chloride. Also EPA's Science Advisory Board
indicated approva. OSHA, however, indicated reservations, and has based its proposed revison
of the occupationa exposure standard for MC on the before mentioned NTP study. The industry
has submitted critical comments to this proposal, and achieved reconsideration by the agency. The
effected date for the new standard delayed accordingly.

Indugtrid mortdity studies have shown no evidence of that methylene chloride, even a rdativey high
concentrations (100-350 ppm, with peaks of up to 10,000 ppm) represents a carcinogenic or
cardiovascular ischemic risk to humans.

The US Occupationd Safety and Hedth Adminigtration (OSHA) in January 1997 adopted a
comprehensive standard for workplace exposure to methylene chloride. The standard establishes
permissible exposure limits (PELS) of 25 ppm as an 8-hour time-weighted average (TWA) and 125
ppm as a short-term exposure limit (STEL). The compliance dates vary by industry sector and size
of busness, dl companies must be in compliance by April 2000 at the latest. The standard also
requires medica surveillance and contains a number of other ancillary provisons. The ACGIH
threshold limit value (TLV) is 50 ppm for an 8 hour TWA exposure. In 1987, the US Consumer
Product Safety Commission (CPSC) published a Statement of Interpretation and Enforcement
Policy for household products containing methylene chloride. This policy statement establishes
labeling guidance for these products under the Federa Hazardous Substances Act. In addition, the
use of methylene chloride in cosmetic and food products is restricted by the Food and Drug
Adminidration (FDA).

The EU dlassification was established as Carc. Cat. 3 /Xn;R40 in the 23 ATP in 1997. This
classfication was implemented by member states by December 1998.

Commercid saus

Methylene chloride is a generic chemicd and available from numerous manufacturing and trading
sources. Theuse of recycled materid in PU foam applications is discouraged because of a possible
cataytic effect of dissolved trace metds. Severd manufacturers such as Dow Chemical, Solvay and
ICl offer product versions that have been specificaly stabilized for the use in PU foam.
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Description & Usage

HFC-134a

HFC-134a is a non-flammable gas & room temperature. It is the most widely used zero ODP
fluorochemica and is an established refrigerant. HFC-134a has been used as a blowing agent in
amog dl foam sectors, particularly rigid and integral skin foam. It is dso being used for extruded

polystyrene foam in Europe.

Physical and Chemical properties

Chemicd name:

Formula

Molecular Weight:

EC Number (EINECYS):

CAS Number:

Dengty/Specific gravity

Boailing Point (°C)

Vapour pressure @ 25 °C (bar)
Vapour pressure

Gas conductivity (mW/m. °K at 10 °C)
Gas conductivity (mW/m. °K a 25 °C)
Vapour dengity (air=1)

Solubility (20°C, 1bar)

Decomposition temperature
Hammable limitsin air (vol. %)
Vapour dengity (air=1)

HSE properties

Toxicologica data:
TLV or OEL (USA, ppm)
WEEL, 8 hr. TWA, ppm
vVOC
GWP' (100 years)
ODP

Commercid dtatus

Producers:

*

|PCC — Report 1996

1,1,1,2-Tetrafluoroethane
CF;CH.F

102,0

212-377-0

811-97-2

121

- 26.3

6.6

5,72 bar (20°C), 13,18 bar (50°C)
12.4

13.7

4,32 (20°C)

Sightly soluble in Water (0,15%)
Soluble in many organic solvents
no data

None

4,32 (20°C)

1000
1000
No

1300

Atofina, DuPont, INEOS, Honeywell,
Solvay, Showa Denko, Mitsui-DuPont
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HFC-152a

Description & Usage

HFC-152ais aflanmable gas at room temperature. It has limited use in polyurethane foam
because it is flammable, and it diffuses out of the foam quickly, preventing it from offering additiond
long term thermd insulation vaue. Yet, HFC-152aiswiddy used as a blowing agent for one
component PU foam system where the foam is mostly used to fill a cavity and therma insulation
vaueis not the mogt critica parameter.

HFC-152a is used with HFC-134a in XPS boardstock. Although it does not offer long
term thermd insulation vaue for the product, it is mainly used to reduce the foam density of HFC-
134a foam, and improve processing conditions. It is aso used as blowing agent for extruded
polystyrene sheets, mostly used in food packaging applications. It is the only HFC that is approved
by US food and drug administration (FDA) for this gpplication.

Physica and Chemicd properties

Chemicd name: 1,1-Difluoroethane
Formula CH3CHF,
Molecular Weight: 66.0
EC Number (EINECYS): 200-866-1
CAS Number: 75-37-6
Density/Specific gravity 0,886 (g/cnT) at 30°C
Bailing Point (°C) -24.7
Vapour pressure @ 25 °C (bar) 6.1
Gas conductivity (mwW/m. °K at 25 °C) 14.3
Hammable limitsin air (vol. %) 3.8-21.8
HSE properties
Toxicologica data:
WEEL, 8 hr. TWA, ppm 1000
VOC No
GWP' (100 years) 140
ODP 0

Commercid dtatus

Producers. DuPont, Solvay, Maruzen Petro Chem.

|PCC — Report 1996
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HFC-245fa

Description & Usage

HFC-245fa is a non-flammable liquid having a bailing point dightly below room temperature. It is
being actively consdered for awide variety of foam blowing applications.

Physical and Chemical properties

Chemicd name 1,1,1,3,3-Pentafluoropropane
Formula: CF;CH,CHF,
Molecular Weight: 134.0

EC Number (EINECS):

CAS Number: 460-73-1
Densty/Specific gravity 1.32

Bailing Point (°C) 15.3

Freezing Point (°C) <-160
Vapour Pressure @ 20 °C (KPa) 123

Gas Conductivity (mW/m. °K at 20 °C) 12.05

Water Solubility in HFC-245fa, ppm 1600
Hammeable limitsinar™ (vol. %) None

Fash Point™" (°C) None

HSE properties

Toxicological data:
WEEL, 8 hr. TWA, ppm 300

HFC-245fa is currently listed on the US EPA TSCA inventory, the European EINECS inventory,
and the Japanese MITI inventory. Extendve toxicity testing indicates that HFC-245fa is of low
toxicity. Overal results from a series of genetic studies indicate that HFC-245fa is non-mutagenic. It
was aso not ateratogen. The American Industrid Hygiene Association has established a Workplace
Environmental Exposure Level (WEEL) of 300 ppm.

vVOC No
GWP' (100 years) 820
ODP 0

HFC-245fa is a fluorinated hydrocarbon. Treatment or disposa of wastes generated by use of this
product may ke of concern depending on the nature of the wastes and the means of discharge,

Measured at ambient temperature and pressure using ASTM E681-85 with electrically heated match ignition,
spark ignition and fused wire ignition; ambient air.
" Flashpoint by ASTM D 3828-87; ASTM D1310-86.

*
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treatment or disposa. HFC-245fa is not consdered a “hazardous waste "by the Resource
Conservation and Recovery Act (USA) if discarded unused. Care should be taken to avoid releases
into the environment.

The US EPA has given SNAP gpprovd for the use of the HFC-245fa blowing agent as a
replacement in al foam gpplications. Based on areview of toxicity and food migration test results by
Kdler and Heckman, it was concluded, there is no impediment to refrigerator and freezer
manufacturers adopting a self determined GRAS position on HFC-245fa.

Commercid dtatus

Honeywell has supplied semi-commerciad quantities of HFC-245fa since 1998. A world-scale
commercid manufacturing facility, located in Gelsmar, LA, USA came on stream in Q3 2002.
Centrd Glass has announced the construction of an HFC-245fa manufacturing facility in Jgpan. This
plant is scheduled to come on-stream in mid 2003,

Current Producers: Honeywell, Centrd Glass
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HFC - 365mfc

Description & Usage

HFC - 365mfc isaliquid a room temperature with low gas phase therma conductivity. It is being
actively consdered for awide variety of foam blowing applications.

Physical and Chemical properties

Chemicd name

Formula

Molecular Weight:

EC Number (EINECS):

CAS Number:

Dengty/Specific gravity

Bailing Point (°C)

Vapour pressure @ 20 °C (bar)

Hest of vaporization a boiling point, (k¥mol)
Gas conductivity (mW/m. °K a 25 °C)
Hammablelimitsin ar (vol. %)
Minimum Ignition Energy (mJ) (25°C)
Hash point, °C

Auto flammahility, °C

Vapour dengity (ar = 1)

Solubility in Weter, g/l

1,1,1,3,3- Pentafluorobutane
CF;CH,CF,CHs
148

430-250-1
406-58-6

1.25

40.2

0.47

26.2

10.6

3.6-13.3

10.4

<27

580

511

1.7

HFC - 365mfc has a flash point, but the flammability behaviour is much different to hydrocarbons.
This is due to the high content of fluorine, which takes avay much energy from the molecule.
According to the manufacturer, the flammability can be managed by adding 5% of anon flammable
HFC, e.g. HFC-134a, HFC-227ea or HFC-245fa. Non flammable blends have been devel oped to
overcome the origind flammability of neat HFC - 365mifc.

HSE Properties

Toxicologica data:

WEEL, 8 hr. TWA, ppm N/A
Acute toxicity ora route, LD50 rat, mg/kg > 2000
Acute toxicity inhalation, LC50, 4h, rat, mg/kg > 2000
No mutagenic effect

Comments. Not hazardous under normal conditions of use.
GWP' (100 years) 840
ODP 0

|PCC — Report 1996
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Commercid Satus

HFC-365mfc has been produced since 1999 in a pilot plant of Solvay, and acommercid plant with
a capacity of 15 000 t/year will be operationa end of 2002.

Geographic Congtraints

The use of HFC-365mfc might fal within the scope of European Paent 381 986 and its
counterparts, dl held by Bayer. Solvay has acquired from Bayer the right to sublicense its customers
under these patentsin al countries except in the USA and in Canada.
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CARBON DIOXIDE

Description & Usage

Carbon Dioxide (chemicd formula CO,) isagasin norma conditions and exist in the amospherein
amal concentrations. It is a colourless, odourless, non flanmable gas, with very low chemicd
reectivity and toxicity.

Physica and Chemical Properties

Formula CO,
Molecular weight 44.01
Triple point pessure 511 bar.
Temperature -56.6 °C
Critical point pressure 75.2 bar
Temperature 31 °C
Specific volume 2.156 I/kg
Dengty rdativeto air at 20 °C (air = 1) 1.521
Latent heat of vaporisation at triple point 83.20 Kcal/kg
Latent heat of sublimation at atmospheric Pressure 136.40 Kcal/kg
Heset of formation of gasat 25 °C 2.137 Kcalkg
P [adenoa)
= LgQuip
8
MR
] GAS

Phase diagram for carbon dioxide
HSE Properties

Carbon dioxide istoxic only at very high concentrations (5000ppm = 9000 mg/m?3).
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Commercid Data

Carbon dioxide is a generic chemicd with numerous suppliers and wide availability im most
countries. There are two main supply sources :

From mining sources (natura CO,). Carbon Dioxide exist in the underground and is produced
by the decomposition of carbonate compounds in presence of steam or by the sudden cooling of
magmawhich reease CO, asagas.

Chemicaly generated as a by-product of severd chemica reactions in the main indudrid
processes. One of the main sources is the process to produce ammonia and urea. The main
impurities are sulphurous products, inert gases and water.

Since CO, is normally utilized as an additive in the food indudtry, it is supplied & very high purity
(some suppliers guarantee more than 99,9%).

CO, isliquefied to be stored and transported. There are two are systems to store carbon dioxide
for indudtrid use: pressurized bottles for small consumption requirements and bulk tanks for high
consumptions. All mayor suppliers of liquid gases provide renta contracts for the mentioned storage
solutions.

Pressurised bottles: Bottles of liquid CO, are at pressures of 70 to 100 bar at norma ambient
temperature. Two types of pressure bottles are used — bottom feed, with an interna bottom-
feed pipe for delivering liquid CO, or top-feed, for delivering gaseous CO,. Avoid any hegting
of the bottles elther by sun light or any heeting source. Bottles must be handled with care using
gloves and avoiding any hard contact.

Bulk tanks. CO; is stored in insulated, pressurised tanks of capacity from 3 up to 50 n?, at a
pressure of about 16-18 bar and temperature about —30 to —24 °C. The tank is normally fitted
with a CO;, level detector and cooling system to control the pressure within the required limits.
It is recommended that the tank is protected from adverse weather conditions and to erect
around it a guard ralil, to redtrict access. Any parts of the dectric ingalation should be placed
under aroof or indoors.

Carbon Dioxide as blowing agent for polyurethane foams

In polyurethane flexible foam (dabstock or moulded) the main blowing agent is carbon dioxide
generated chemically by the reaction between water and isocyanates.
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CYCLOPENTANE

Description and Usage

Cyclopentaneis a colorless and flammable liquid with a gasoline-like odor. It isablowing
agent for polystyrene and polyurethane foam processes.

Physical and Chemica properties®

Chemicd name: Cyclopentane
Formula C5H10
Molecular Weight 70.134

EC Number (EINECYS) 206-016-6
CAS Number 287-92-3
Density/Specific gravity (15°C) 0.745

Boiling Point (°C) 49.3

Mdting point (°C) -93.9
Vapour pressure 515 mmHg at 100 °F
Gas Conductivity (mW/m.°K @ 10°C) 11.0
Solubility in Weater Insoluble

HSE properties

TLV: 600 ppm; 1720 mg/nt
(ACGIH 1993-1994).
NIOSH REL: TWA 600 ppm (1720 mg/nt)

Toxicologica data (exposures limits)

vVOC Yes’

GWP (100 years) 11

ODP 0

Hammeable limitsin ar (%) 14-80
Vapour density (air=1) 2.42 (20°C)
Autoignition Temperature 350°C

Commercid Satus

Producers’ Chevron, ExxonMobil, Hatermann, Phillips

2 Specific data fromhttp://ull.chemistry.uakron.edu
3 Subject to regulations that can vary from country to country and within acountry even from region to region
4 http://www.chemchannels.com

A2-17



ISOPENTANE

Description and Usage

| so-pentane is a colorless and flammable liquid with a gasoline-like odor. It isablowing
agent for polystyrene and polyurethane foam processes.

Physicd and Chemica properties’

Chemicd name: 2-Methylbutane
Formula C5H12
Molecular Weight 72.15

EC Number (EINECYS) 201-142-8
CAS Number 78-78-4
Density/Specific gravity (15°C) 0.625

Boiling Point (°C) 27.8

Mdting point (°C) -159.9

Vapour pressure®

Gas Conductivity (mwW/m.°’K @ 10°C)

Solubility in Weater

595 mmHg (20.4 psi) at 21.1°C
13.0
<0.1g/100ml a 23°C

HSE Properties

Toxicologica data (exposures limits) TWA = 600 ppm (ACGIH 1996), OSHA

1995

PEL (8Hr. TWA) for isopentane = no listing
(n-pentane =1,000 Molar PPM).

Odor threshold 10 ppm
vVOC Yes'

ODP 0

GWP (100 years) 11
Hammable limitsin arr (%) 14-76
Vapour density (air=1) 2.48 (20°C)
Auto-ignition Temperature (°C) 420

Commercid Satus

Producers® BExxonMoabil, Hdtermann, Phillips, Shell

® http://ull.chemistry.uakron.edu

® http://chemfinder.cambridgesoft.com

" Subject to regulations that can vary from country to country and within a country even from region to region
8 http://www.chemchannels.com
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n-PENTANE

Description and Usage

N-pentaneis acolorless and flamnmable liquid with a gasoline-like odor. It is a blowing agent
for polystyrene and polyurethane foam processes.

Physical and Chemica properties’

Chemicd name:

Formula

Molecular Weight

EC Number (EINECYS)

CAS Number

Density/Specific gravity (15°C)
Boiling Point (°C)

Mdting point (°C)

Vapour pressure *°

Gas Conductivity (mw/m.°K @ 10°C)
Solubility in Weater

HSE Properties

Toxicologica data (exposures limits)

VOC

ODP

GWP (100 years)

Hammable limitsinar (%)
Vapour dengity (air=1)
Autoignition Temperature (°C)

Commercid Status

Producers®®

n-pentane

CsHiz

72.15

203-693-4

109-66-0

0.632

36.1

-130.0

400 mmHg a 185°C
14.0

0.04 g /100ml at 23°C

OSHA PEL: TWA 1000 ppm (2950 mg/nt)
NIOSH REL: TWA 120 ppm (350 mg/nt’) C
610 ppm (1800 mg/nT) 15-minute
NIOSH IDLH: 1500 ppm LEL

Yest

0

11

1.4-8.0

2.48 (20°C)

285

ExxonMobil, Hatermann, Phillips, Shell

° http://ull.chemistry.uakron.edu

19 http://chemfinder.cambridgesoft.com
' Subject to regulations that can vary from country to and from region to region
2 http://www.chemchannels.com
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ISOBUTANE

Description and Usage

Isobutane is a colorless gas with afaint petroleum-like odor. It is ablowing agent for

polyethylene and polyurethane foam processes.

Physica and Chemica properties'®

Chemicd name: | sobutane

Formula C4Hio

Molecular Weight 58.12

EC Number (EINECS) 200-857-2

CAS Number 75-28-5
Densty/Specific gravity 0.557

Bailing Point (°C) -11.7

Mdting point (°C) -255.3

Vapour pressure 3723 mmHg at 100 °F
Gas Conductivity (mw/m.°K @ 20°C) 15.9

Solubility in Weter Sightly soluble

HSE properties™

Toxicologica data (exposures limits) NIOSH REL: TWA 800 ppm (1900 mg/nt)
VOC Yes

ODP 0

Hammable limitsin arr (%) 18-84

Vapour density (air=1) 2.01(20°C)

Flash Point (°C) -107

Autoignition Temperature (°C) 460

Commercid Status

Producers®

Chevron, Bayer, Huntsman, Phillips

13 http://ull.chemistry.uakron.edu

¥ Subject to regulations that can vary from country to country and within a country even from region to region
B http://www.chemchannels.com
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N-BUTANE

Description and Usage

N-butane isacolorless gaswith afaint disagreesble odor. It is used It as blowing agent for

polyethylene and extruded polystyrene processes.

Physical and Chemical properties®

Chemica name: n-butane
Formula C4Hio
Molecular Weight 58.12

EC Number (EINECYS) 203-448-7
CAS Number 106-97-8
Dengty/Specific gravity 0.6

Boiling Point (°C) 0.5
Mdting point (°C) -138.4
Vapour pressure (mmHQ) 760

Gas Conductivity (mW/m.°K @ 0°C) 13.6
Solubility in Water @ 20°C 0.0061¢g/100mL

HSE properties'’

Toxicologica data (exposures limits)™®

ACGIH TLV 800 ppm, OSHA PEL 800 ppm

Odor threshold 50,000 ppm

VOC Yes®

ODP 0

Hammable limitsin arr (%) 18-85

Vapour dendty (air=1) 2.046

Flash Point (°C) -60

Autoignition Temperature (°C) 405

Commercid Status

Producers Chevron, Bayer, Huntsman, Phillips, DuPont

18 http://ull .chemistry.uakron.edu

" http://ull .chemistry.uakron.edu

8 http://www.cpchem.com/special tychem/products/M SDS/nBUTANEpuregrade. pdf

9 Subject to regulations that can vary from country to country and within a country even from region to region

A2-21



APPENDIX 3: DESCRIPTION OF TECHNICAL OPTIONS

RIGID PU FOAM TECHNICAL OPTIONS

DOMESTIC REFRIGERATOR AND FREEZER INSULATION

Performance Requirements

Rigid polyurethane foam is the dominant insulation materia used in refrigerators and freezers.
The foam serves as a key dement in the dructure of the gppliance, as well as a very effective
insulation. It must have adequate compressive and fexurd srength to ensure the integrity of the
product under extreme temperature conditions during shipping, as well as heavy loading during
usage of the gppliance. It must maintain both its insulation effectiveness and structura properties
throughout te design life of the product. Using CFCs, foam manufacturers were successful in
developing formulations which met dl of these requirements.  As subdtitutes are developed, care
has been taken to ensure that properties are not compromised to the extent hat the overal
performance of the appliance is degraded.

Although the basic requirements for refrigerator/freezer foam insulation are smilar for most
manufacturers, unique manufacturing facilities, local market conditions and regulatory requirements
result in a Stuation where unique requirements exist for specific markets. For example, the
importance of energy consumption has influenced manufacturers in the USA to use foams giving
lower conductivities than those required in the European market. Nevertheless, energy regulations
control the energy consumption of the complete unit and the foam therma conductivity is only one of
severd factors.

In the EU stringent energy consumption requirements have now been put into place since
September 1999. Developments to reduce energy consumption have continued. For example, the
ability of some of the current European models to surpass the current best rating of class A by a
considerable margin has been highlighted in a report?® prepared for the European Commission in
2001. This levd of performance has been achieved with hydrocarbon blowing agents. The report
recommends a new labeling and minimum energy performance system from 2005/6 in which the
minimum energy performance alowed would be today’s class A.

New and more stringent US energy efficiency standards set by the DOE were implemented
in July 2001. These require, on average, a 30% reduction in energy consumption compared to
exiting modds. Cabinet design, flammability, capitd converson cost, and potentid liability issues
moved the industry towards a HFC solution in contrast to the hydrocarbon solution preferred in
most other regions.

0 COLD Il *The revision of energy labdling and minimum energy efficiency standards for domestic
refrigeration gppliances
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Technical Options

There are two main technology streams in use. Hydrocarbon technology has been in use
since 1993 and has been under continuous development to deliver improvements in foam properties.
This technology dream is seen as a long-term option. The other current technology is an
intermediate one based on HCFC-141b, aso in wide scae use since 1993, and is expected to be
replaced by, mainly, "liquid" HFC blowing agents. There is some use of the HCFC-141b/HCFC-22
blend and minor use of the HCFC-142b/HCFC-22 blend and of HFC-134a.

- Low ODP Technologies

The foams based on HCFC-141b show the best insulation performance of any CFC 11
subgtitute used so far. The increase in initid therma conductivity is about 7-10% relative to an
optimised full CFC-11 foam (measured a 10°C) or equivaent to dightly lower than for a 50%-
reduced CFC-11 foam. There has been an increase in dendity because of the solvent effect on the
foam matrix of the blowing agent - this amounts to 4- 7% on overal density compared to afull CFC
foam. Work with blends containing up to 50% HCFC-22 shows that this effect can be reduced (see
below).

There are many solutions in use to counter the solvent effect of HCFC-141b on the plastic
liner. Most show an economic pendty of up to 15 % on the cost of the liner materid depending on
product design and foam system characteristics. For those designs where voids (which contain
pockets of HCFC-141b) can be avoided, there may be no need to take special measures to protect
"standard chemically resstant” grades of HIPS. For other designs, a barrier layer may be required to
protect the liner or a specia grade d ABS may be used with an economic pendty that can be a
magor issue for dl producers. High-pressure dispensers are recommended to obtain the best foam

qudlity.

The thermd insulation properties of foams based on HCFC-142b/HCFC-22 are about 5%
poorer than for HCFC-141b but this blowing agent combination is less aggressive to the plagtic
liner. Pre-blenders capable of blending-in the gaseous blowing agent mixtures are required.

The technology based on blends of HCFC-141b with HCFC-22 has been extended up to
50/50 blends. These give advantages in terms of reduced dendty and cogt, reduced effect on liners,
good dimensond sability and minimad effect on therma conductivity and energy consumption.

Another blowing agent being consdered is HCFC-124 but little information is available on
its performance in appliance foams.

- Zero ODP Technologies

Hydrocarbon technology has been mostly based on cyclopentane, either "pure’ grade
(95%) or "technicd" grade (75%). There is no sgnificant difference in their performance in practice.
Both are easy to process in formulations that have been developed around them. Because of thelr
flammability, extensive but now wdl established modifications to the foaming part of the factory to
meet gppropriate safety requirements are essentia.
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These include a dedicated storage tank for the cyclopentane, pre-mixers, adapted high pressure
dispensers, suitable moulds (often water-cooled) plus process exhaust, hydrocarbon detectors,
gopropriate classfication of eectricd equipment, avoidance of datic dectricity and, above dl,
training of operating saff. See Appendix 4 for a more detailed outline of standard hydrocarbon
process safety procedures. These requirements make economic conversion to this technology,
particularly in the cases of samal factories, a difficult issue. However, in this sector most of the
production units, even in deveoping countries, are large enough to make converson to
hydrocarbons an economic proposition. To extend the use of this technology to some aeas,
including some regions in the USA, precautions would be necessary to comply with limits on the
emissons of VOCs.

Conventiond liner systems, as used with CFC-11, are suitable for use with any of the
hydrocarbon blowing agents.

The conventiona cyclopentane-based foams show an overal density of, typicaly, 38 kg/nt
or 15-18% above the 50%- reduced CFC-11 foams which they replaced and, typicaly, the initid
therma conductivity is increased by 12-13% to about 20.8 mW/m°K (at 10°C). Optimisation of
the foam systems has reduced these deficiencies to 36 kg/n? (an increase of 10-13%) and 20.2
mW/m°K (an increase of 7-10%) respectively. The latter figure equates to an increase of cabinet
energy consumption of about 5% relative to the reduced CFC- 11-based foams.

Further development of hydrocarbon systems involves the use of blends which reduce the
economic dendty pendty without affecting the insulation performance and may even enhance it a
refrigerator and, particularly, at freezer operating temperatures. For example, an optimised cyclo/iso
pentane-based foam shows the overal density reduced to about 35 kg/nT (an increase of 6:8%
compared to 50%-reduced CFC 11-foams) with smilar thermd insulation performance to the best
cyclopentane systems. Another gpproach, using cyclopentane/isobutane blends, achieves the same
improvement plus improvement in low temperature thermd insulation because of the higher gas
vapour pressure in the foam cells. There is minor use of iso/normd pentane blends. This is in
markets where cyclopentane is not available localy and the iso or norma isomers are used despite
ther deficienciesin terms of thermd conductivity.

The technologies that have been actively evaduated as non-hydrocarbon replacements for the
HCFCs are those based on HFC-134a and HFC-245fa

Foams based on HFC-134a are seen as a safeguard against the nontavailability of liquid
HFCs. They have been used in gppliances, for short periods, dready and are being used in a few
production lines today. The main issues are: processing because HFC- 134ais a gas and has poor
solubility in polyol formulations; and the thermd conductivity pendty of the foam - which is 15-20%
compared to CFC-11-based foam.

In contradt, the evauation of HFC-245fa shows it to be a technicdly viable blowing agent
for this gpplication, giving dmilar dendties to those of CFC-11-based foams. The thermd
conductivity of the foam, at aout 185 mW/m’K (at 10°C) and the energy consumption of the
appliance are equivaent to those of HCFC-141b-based products and up to 10% lower than for
current hydrocarbor+blown foams. The bailing point of 15.3°C may mean that pressurised blending
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equipment will be necessary for its use, dthough evauations reported to date suggest that HFC-
245fa can be processed through foam equipment designed for use with CFC-11 and HCFC-141b
in many cases. The very good solubility in polyol formulaions is a sgnificant factor in its use. The
liner materids used with CFC-11 are suitable for use with HFC-245fa with the exception of some
ABS compostions.

To date, there has been little evduation of HFC-365mfc in this gpplication.

Vacuum insulation panels continue to be developed and are used in limited quantities. They
are not, grictly, CFC-11-replacement technologies but alow insulaion efficiency to be maintained
or improved when using foam technologies of inferior insulation compared to that based on CFC-
11. Thereis now production of refrigerators and freezers using open-cdled polyurethane rigid foam-
based vacuum pands. These dlow, for example, a reduction of either 20% in energy consumption
or, in another example, an increase of 25% in internd volume at the same energy consumption. Such
advances are obvioudy strongly dependent on modd design.

OTHER APPLIANCES

Perfor mance Requirements

This category encompasses dl "appliance” gpplications other than domestic refrigerators and
freezers. The main performance requirements are;

Water Heaters - Where foam insulation leeds to a sgnificant saving in energy consumption,
particularly in desgns where the space for insulation is limited. There is a trend towards energy
consumption controls in some regions. For example, the US DOE has implemented energy
efficiency standards for water heaters that will require approximately a 15% improvement in
energy efficiency beginning in 2004. There are dso controls on energy consumption in the EU.

Commercial Refrigerators and Freezers (including display units) - These are typicdly
much larger than domestic units and include open top display units. Vending machines are dso
included and there have been requirements for zero ODP and low GWP blowing agents from

large manufacturers of soft drinks. Basic performance requirements are as for domestic
refrigerators.

Picnic Boxes (Cooler s) - With a premium on insulaion vaue and strong lightweight structures.

Flasks and Thermoware - Severd types of articles which require the same characteristics as
picnic boxes.

Technical Options
- Low ODP Technologies

Theman option to replace CFC-11 in these sectors is HCFC-141b. Thisis because of the
low capitd invesment required by the manufacturers - many of these are amdl enterprises with
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limited production capacity. The "drop-in" naure of this liquid blowing agent is of paramount
importance. In addition, for the reefer gpplication, the excdlent thermd insulation performance of
HCFC-141b-based foams is important for this goplication in which there are stringent requirements
in terms of wall thickness and energy efficiency.

- Zero ODP Technologies

Cyclopentane is used for commercid refrigerators and freezers in those areas where the
market demands a zero ODP, low GWP option.

Some vending machines and water heaters are produced with CO, (water). For water
heaters the comparatively poor thermad insulation properties of the foam can be compensated by
increased thicknessin some cases.

For the replacement of HCFC-141b the blowing agents being considered are HFC-245fa
and HFC-365mfc. The question of whether HFC-245fa can be supplied pre-blended into
formulations will be an important factor in its wide scae use in temperate and tropica climates and
thisissueis being sudied.

The various forms of pentane are dso technically suitable, but the cost of gppropriate safety
measures and the difficulty in supplying pre-blended formulations may rule out wide scde use as
many of the manufacturersin this sector are comparatively small enterprises.

INSULATED TRUCKS AND REEFERS

Performance Requirements

This is avery gringent gpplication with emphasis on durability and minimum wall thickness
whilst maintaining insulation value. Most products for this market are produced by the discontinuous
sandwich pand technique (see below) athough reefers can aso be produced by foaming section by
section into alarge pre-assembled jigged Structure.

Technical Options

The technica options available for insulated truck bodies are the same as for discontinuous
panels for other gpplications and these are dedt with later in this section. For the manufacture of
reefers, the gdtudion is rather different snce the skins are much thicker and are often jigged
differently. The badc technologies can be set out asfollows:

- Low ODP Technologies

Higtoricaly, HCFC-141b has been widdy used in this sector and with the transfer of much

of the globa manufacture to Article 5(1) countries such as China, the use of HCFC-141b islikely to
be maintained for a considerable time to come.
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- Zero ODP Technologies

Although thermd insulation requirements can be onerous, there is sufficient leeway in the
design of reefers to dlow the use of foam systems based on hydrocarbons. These are usualy based
on linear pentanes and other smilar blowing agents.

BOARDSTOCK/FLEXIBLE-FACED LAMINATION
Perfor mance Requirements

Rigid laminated PUR and PIR foams have penetrated many building insulation markets
because these products offer the following properties.

Low thermal conductivity - High vaues of energy efficiency can be achieved by using
comparatively thin layers of foam insulation. Laminated foams with impermegble facers offer the
highest degree of long-term insulation vaue. The low therma conductivity was origindly derived
from the fine, closed-cdl polymer structure combined with an ODS as the main blowing agent.
Retention of low therma conductivity is a key concern when conddering aternatives.

Fire performance - PIR and fire retarded PUR foams provide excellent fire test results under a
variety of test procedures. The impact on fire performance is another factor when consdering
dterndive blowing agents;

Compressive strength - This property is very important in roofing applications because of the
congtruction and maintenance traffic that aroof system, including the insulation, must bear. Some
dternatives can plasticise the foam and reduce the compressive strength and result in the need to
increase dengity;;

Ease of processing - One advantage of the product isits ease of manufacturing combined with
its excdllent adhesion to awhole range of facing materias, and,

Ease of use and handling - Laminated products are lightweight, offered in a variety of
thicknesses, provide excdllent structurd rigidity, and, in the case of PIR when used on roofs, can
be sedled with hot bitumen and be used without separation technology.

Technical Options

There are two main blowing agent technologies in use. Both HCFC-141b and npentane
(and isopentane) have been in use since 1992. HCFC-141b (and the HCFC-141b/HCFC-22
blend) provide the best insulation vadue of the CFC-11 replacements, and these boards satisfy a
wide range of building codes. N-pentane, iso-pentane and cyclopentane plus blends are used in
markets, which require azero ODP option.
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- Low ODP Technologies

HCFC-141b processesin avery amilar fashion to CFC-11. There are two main differences
in terms of foam properties. The dengty is usudly increased by up to 10% in order to obtain a
satisfactory dimensond gability and the initid and aged thermd conductivities of the foam are
increased by up to 5% and 10% respectively.

The dimensiond gability problem arises because of the plagticisation effect of the blowing
agent and its higher boiling point (32°C) compared to CFC-11 (24°C). There have been problems
in both US and European markets with dimensiond ingtability of roof boards based on HCFC-141b
(also with npentane in Europe). These effects were not predicted by the then existing standard
dimensond gahility tests. Some manufacturers had aso reduced dendity, for economic reasons, to a
borderline level. There have been severd actions to amdiorate the problem. Foams based on
HCFC-141b/HCFC-22 blends with, typicaly, 10% of the gaseous blowing agent are in use - these
give an increasein cell vapour pressure and hence avoid shrinkage. New, more severe, test methods
have been introduced and adopted by the industry.

Boards/foam based on HCFC-141b can be produced to meet the same flammability
requirements as were achieved with CFC-11. However, changesin building codesin both the USA
and the EU are congtantly introducing new chalenges.

- Zero ODP Technologies

N-pentane/isopentane requires changes in the processing area of the factory to ensure safe
operaion because of its flammability. In addition, there are issues of dimensond gability, thermd
conductivity and formulating to satisfy fire codes.

There have been dimensona gability problems in the European market with shrinkage of
ingtaled roof boards, particularly in winter conditions. This has arisen because of the high bailing
point (36°C) of the npentane and is Smilar, in some respects, to the problems seen with HCFC-
141b. Industry has addressed the issue by assuring that the dendity is maintained and through the
introduction of the new test methods mentioned above.

The initia and aged thermd conductivities are about 10% higher than with CFC-11 but the
rate of aging is no more than with CFC-11 and with isopentane it is dower than with CFC-11.
Some code standards, such as the DIN 020 classification, cannot ke met. This is a consderable
pendty in the market.

The need to meset fire codes means that the potentia economic advantage of usng a chegp
blowing agent is not redised in practice The inherent flammability of the blowing agent is
counteracted, in practice, by the use of flame retardants. Preferably, these are of the reactive type
because non-reactive fire retardants can lead to plagticisation of the foam matrix. By these means
most smal scae tests can be met, as can some of the larger scale tests. However, the increasing
stringency of both the developing EU harmonised tests and those of the insurance companies’ results
in pentane-based boards being unable to meet dl market requirements. However, progressis being
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made and recent developments in the USA have achieved ASTM E-84 Class 1 and FM
Caorimeter ratings.

For severd markets the HCFC-141b replacement options are HFC-245fa and HFC-
365mfc. Current evduation indicates that processing, insulation, physical propety and most
flammatiility requirements would al be met by these blowing agents. Initid insulation properties
would be smilar to those of HCFC-141b with the advantage of reduced rates of aging.

The key issue relating to the acceptance of these blowing agent in this sector are their prices
and the resulting cogts of the boards in an extremely cost sengtive market in which there are severd
potential subgtitution products. Thisis currently an open question.

CONSTRUCTION: SANDWICH PANELS

Performance Requirements

These panels are increasingly being used in the congtruction industry for gpplications such as.
light industrid stedd congtruction
resdentid buildings
cold stores - for frozen and fresh food Storage;
doors entrance and garage;
retal stores - including the cold rooms for food storage within them; and
factories - particularly where hygienic and controlled environments are required
such asin eectronics, pharmaceuticds, and food processing.

Similar pands are dso used in the trangport industry for the manufacture of insulated trucks
and reefers.

In dl gpplicaions, the insulaing property of the foam is used in conjunction with its strength
and bonding capability. The pands are components of high quality modular construction techniques
and their use is growing rapidly in developed and developing countries.

There has been particularly strong growth for continuoudy produced sandwich panes in
Europe. This market has grown a the expense of built-up wal and roof sysems with minerd fibre
insulants. By developments such as the use of PIR foam and attention to edging and joint detail the
fire performance of these panels has improved to aleve close to those of panels based on minerd
fibre core materids.

Technical Options — Continuous Panels
The main CFC-11 replacement blowing agent in this sector is HCFC- 141b with additiona

use of n-pentane, HCFC-142b/HCFC-22, HCFC-22 adone and HFC-134a. This sector does not
sl on therma conductivity aone and this resultsin arange of options being used.
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Low ODP Technologies

HCFC-141b gives most of the property and processing advantages of CFC-11 with few
pendlties. The dimensiona stability is not an issue because the core density is about 40 kg/nT to
endow the pand with adequate Structurd properties. Flammability performanceis dso smilar to that
obtained by CFC-11.

HCFC-142b/HCFC-22 and HCFC-22 done are d0 in use. The processing equipment
has to be modified to include pre-blenders. These can be of the in-line type. The impervious sted
facers counteract the rather more rapid diffusion out of the foam cells of HCFC-22.

Zero ODP Technologies

N-pentane is used where a zero ODP-blowing agent is required. The production equipment
has to be modified to counter its flanmatility.

HCFC-134ais ds0 in use in markets where a zero blowing agent is required. The poor
solubility of HFC-134a in polyols is less of an issue in this application. This is because of the low
level of blowing agent required at the higher dengty of the foam used in structural pandls. Another
factor is that the HFC-134a is used as a co-blowing agent with CO, (water), thus reducing the
amount of HFC-134a required.

This market is facing ever more gringent flammability requirements and this has, so fr,
favoured HCFC options, particularly HCFC-141b, and it inhibits the wider scae use of n-pentane.

This sector aso sees HFC-245fa and HFC-365mfc as the most significant future options
(together with n-pentane). Eva uations have shown them to be technically suitable but, asin the case
of boardstock, the industry is uncertain about the economics of their use.

Technical Options - Discontinuous Panels

The options and market requirements are basicdly smilar to those for continuoudy
produced pands. There is often the requirement for non-flamnmable pre-blended systems for the
smaller producers in both developed and developing countries.

- Low ODP Technologies

The most widely used dternative is HCFC-141b. It gives a performance dmost equivaent
to CFC-11 and isusudly supplied in pre-blended formulations.

- Zero ODP Technologies
Pre-blended HFC-134a formulations have been introduced in the European market. The

latter is possible despite the low solubility of this blowing agent in polyol formulations because the
mixed CO, (water)/HFC-134a systems only require about 2% of the gaseous blowing agent.
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HFC-245fa and HFC-365mfc are seen as replacements for HCFC-141b.

Because of safety consderations, there is a strong reluctance to market pre-blends
containing pentane.  Accordingly, these systems are virtudly not marketed. However, both
cyclopentane and npentane have been used in the European and some developing country markets
for severa years where direct supplies of blowing agent can be handled.

SPRAY POLYURETHANE FOAM INSULATION

Perfor mance Requirements

Sprayed foams are used for in Stu gpplication of rigid polyurethane foam thermd insulation.
Worldwide, sprayed foams are used for resdentid and commercid buildings, indudtria storage
tanks, piping and ductwork, and refrigerated transport trailers and tanks. A mgor use is in roofing
goplications, especidly in North America. There are strongly growing markets in other countries
such as Spain and in severd countries in the Asa Pacific region. Spray foam is generdly applied by
contractors in the field in accordance with the ingtructions of manufacturers of spray foam systems.
In view of these requirements, spray foams have to demonstrate the following characterigtics:

» Highredlience (eg. to foot traffic)

= Low moisture absorption and transmission (closed cell requirement in some
cases)

= Good therma properties

= Sufficient fire performance to meet relevant building codes

= Applicaion cgpability in avariety of dimatic conditions

= Easeof use and operation

= Multi-layering capability

Technical Options

The main CFC replacements in current use are HCFC 141b and CO, (water). Neither
gaseous HCFCs and HFCs, nor the pentanes are suitable br this sector. All formulations are
preblended and a gaseous blowing agent would not give the required foam qudity because of
frothing and would result in unacceptable losses of the blowing agent. The flammability of pentanes
would make their on-site applications unacceptable.

- Low ODP Technologies
The mgjor CFC-11 replacement is HCFC-141b. It gives equivaent processing and foam
properties to its predecessor. There may be a density pendty depending on the choice of the
sysem.
- Zero ODP Technologies
The use of CO, (water) is in gpplications where the higher (about 50%) foam thickness to
give equivadent insulation value can be accommodated. There is dso a pendty of a densty incresse

of about 30% for the lower, 32 kg/nT dengty, foams but this penaty does not apply to those higher
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dengity foams used for example in roofing applications. The processing equipment can be modified
to cater for stream ratios of about 1.5:1.

Systems based on loth HFC-245fa and HFC-365mfc are being developed as replacements for
HCFC-141b. These include systems based on HFC 245fa and water (CO,).

PIPE-IN-PIPE
Perfor mance Requirements
These pipes are used, mostly underground, to transport hot water over long distances.

The foam in this sector has ahigh dengity of 70-80 kg/nT and iswell protected by athick
high dengity polyethylene cover. However, it must |ast for a specified 50 years (CEN 253) a an
operating temperature of 80°C. The main markets are in Northern Europe and in China.

Technical Options

In the pipe-in-pipe sector, the main CFC- 11 replacements are HCFC- 141b, cyclopentane
and CO, (water).

All the above options meet the performance requirements of the application. The only
ggnificant difference isthat thicker wals are required with CO, (water) to achieve the same
insulation vaue.

The two "liquid* HFC options, HFC-245fa and HFC-365mfc, have not yet been eva uated
in this gpplication.

S ABSTOCK/PREFORMED PIPE
Perfor mance Requirements

The performance of foam required will depend heavily on the application envisaged.
Slabstock production tends to be the method of producing foam for many low-volume standard and
non-standard gpplications. In many cases, these niche markets can be highly demanding and hence
the potentid range of performance criteria needs to be kept in mind when sdecting blowing agent
dternatives. A dgnificant gpplication is for the low volume manufacture of panes in which the metd
or other facing materias are glued onto the foam. These are used for trucks and other applications.

In the case of preformed pipe section, it is common that these are used in exposed interna

and externa environments and particular care needs to be taken in ensuring thet fire properties and
moisture performance requirements can be met.
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Technical Options
The options to replace CFC-11 are the same as those in the boardstock sector. The mgjor
replacement blowing agent is HCFC-141b and there is minor use of pentane and CO, (water). The
options tend to be amilar for both continuous and discontinuous processes, dthough particular care
isrequired in desgning plant for hydrocarbon use (see below).
Low ODP Technologies
Because of the thick sections and range of densities required the processing requirements in
this sector are quite stringent and HCFC-141b gives equivaent processing to that obtained with
CFC-11.
Zero ODP Technologies

Pentane can aso be used but only after process development to ensure safe operation
despite the propengity of the high temperature exotherms being generated in this gpplication.

The use of CO, (water) a0 has the pendty of difficult processng because of the high
exotherm temperature. Care has to be taken to ensure safety, especialy in the post gpplication
storage phase.

Both HFC-245fa and HFC-365mfc have been evduated for this sector and process well.
The foam properties are acceptable.

ONE COMPONENT POLYURETHANE FOAM

Perfor mance Requirements
One component foams have rather unusua performance requirements which are associated
with its prime end-use (gap filling) and the fact that its usage is shared between the DIY sector and
the professiond building industry. Accordingly, the following characteristics become important:
Rapid foaming and curing characterigtics indegpendent of climatic conditions
Safety inuse (low levd of flammable blowing agents/propelants)
Low surface soread of flame for cured foams (alegd requirement in some markets)
Good foam adhesion
Technical Options
A gaseous blowing agent/propellant is required to replace CFC-11/CFC-12. The thermd

conductivity of the foam is not a critical requirement. The gaseous HCFCs, HFC-134a and HFC-
1523, the hydrocarbons, propane and butane plus dimethyl ether (DME) are dl technicdly suitable
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and ae in use. Thee ae frequently used in blends, for example, a blend of HFC-
134alDME/propane/ butane is widely used in Europe. Flammable blends are used in about 80% of
the total European market for cost- effectiveness reasons.

Condderable modifications are required in the production and storage areas to ensure safe
operation with hydrocarbons.

FLEXIBLE PU FOAM TECHNICAL OPTIONS
S ABSTOCK
Perfor mance Requirements

The use of ODS technologies in this sub-sector has been driven historically by the need to
generate lower dendty and hardness combinations and, by providing a heat sink, to lower the
process heat generation. The mgority of the foams are TDI-based—which is rdaivey voldile a
prevaent process temperatures (80-150 °C)—and virtudly al blowing agent is released within
twenty-four hours after production. This makes control of process emissons together with potential
flammability and toxicity issues a mgor factor in the choice of CFC replacement—which is inert,
non-toxic and non-flammable. However, while these issues limit the replacement choices, the fact
that there are no requirements for therma insulation, alows more latitude and makes it feasble to
select from non-ODP/non-trangtiona substances alone.

Technical Options — Slabstock (Continuous)
Avallable technologies can be classfied into

Conservation Methods
Alternative Substances
Chemicd Modificaions
Process Modifications

- Conservation

Conservation techniques are those technologies and procedures, understood to reduce the
use of CFCs through best management practices, reformulation and recovery/recycling.  Proper
housekeeping and formulation management can save a plant up to 10 % of its use of ABAs. Some
recommendations—not only for CFCs, but for any blowing agent:

Use closed loop unloading systems

Do not leave drums open

Store at reduced temperature and out of the sun

Avoid usng CFCsfor non-essentid gpplications (flushing, viscodty adjusments)

A3-13



Recycling/Recovery: Has been practiced in severd foam plants but logt in Sgnificance
after because of codts, low efficiencies and unwanted side effects. In this process, the ABA is first
adsorbed to activated charcoal, and subsequently desorbed through steam or nitrogen. Precondition
is a reduction of the process ventilation, which can lead to exposure problems for production
workers. Recovery of curing emissons is hardly feasible, reducing the obtainable overdl efficiency
to lessthan 50 %. Investment and operational costs are high.

"E-MAX"™: The E-Max process combines the production and curing steps by
encgpsaulaing the developing foam in a mold as the foaming mixture is introduced to the foam line.
The foam mold dlows al emissons from the process to be captured and collected, using rdaivey
low arflow. The codts are high; retrofitting is not possible and the enclosure of the lay-down and
expanson process complicates process control. Only one facility has been congtructed and is
believed not to be in operation anymore.

- Alternative Substances

Methylene Chloride (MC): Methylene chloride's combination of properties, such as a
low bailing point, relative inertness and virtua non-flammability have led to its use as an auxiliary
blowing agent in the foam industry. It does not contribute Sgnificantly to amospheric pollution
through formation of tropospheric ozone, to the depletion of stratospheric ozone, or to globa
waming. MC is a widdy used indudrid chemicd and its hedth effects have been sudied
extensvely both in animas and through epidemiologicd dudies. It is consdered “possbly
carcinogenic to humans’ (Group 2B) by the Internationa Agency for Research on Cancer (IARC).
MC's voldtility can result in high concentrations in the production area, requiring careful handling to
avoid overexposure. Loca and regiond exposure and emission regulations vary and may affect the
use of this auxiliary blowing agent. MC is cgpable of replacing CFCs without any sgnificant
limitations, a lower cods. The "learning curve", however, can be considerable, as the process is
less forgiving. Also, contamination of MC with metals can cause severe scorching. It is
recommended to use only a sabilized verson ("Urethane Grade'). MC is currently the preferred
replacement technology in many countries. However, some countries limit its use based on toxicity
concerns.

Acetone: Acetone has been proven fully capable in replacing CFC-11. Precautions must
be taken in view of its flammability. Only about 60% is needed compared to CFC-11. Capital
outlays and license fees may put the costs close or equa to those of MC.

AB Technology: This technology utilizes the reaction between TDI and formic acid to
create an ABA, conssting of equal amounts of carbon monoxide (CO) and CO,. Asthisreactionis
exothermic, a complete replacement of CFCsis not feasble. Substantial equipment adjustments are
needed and monitoring of CO is highly recommended. This technology has been used in a few
European plants, but has found no acceptance dsewhere, due to safety concerns and limited
goplicability. It is believed that most users have in the mean time changed--or are in the process of
changing--to other technologies.
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Pentane: While proven cgpable, the flammability of pentane would require extensive safety
precautions when used in flexible polyurethane foam. There is currently very limited use of this
technology.

Liquid Carbon Dioxide (LCD) Technology: The basic principle of LCD technology is
the blending of liquidized CO, with other foam components under pressure prior to the initiation of
the chemical reaction. This blend is then released and, triggered by the decompression, releases the
CO,, reaulting in froth. This froth further expands because of the CO, redeased from the
water/isocyanate reaction. While the "wet end" (storage, metering and blending of chemicals) of the
process requires condderable modifications to dlow the dorage and processng of
liquefied/pressurized CO,, the "dry end” (conveyor) remains essentidly unchanged. The application
of LCD requires the resolution of a number of chalenges, which include limited solubility in the PU
chemicad mixture, controlled decompresson, and digtribution of the unavoidable froth. Severd
approaches—ranging from pre-blending to co-blending—are offered. All LCD equipment suppliers
have developed patented technologies to manage these issues. Three didtinct, proprietary
technologies through four manufacturers are currently offered. LCD technology has proven to be
commerddly viable for a Sgnificant variety of foam grades in the 15-35 kg/nt dengity range and
applicability to densities as low as 10 kg/nT has been daimed (albeit a density associated with high
exotherms and not recommended by industry trade associations). Each individud foam
manufacturer faces chalenges specific to equipment design and product range. Typica problems
include achieving high hardness at low dengty, control of cdl dructure (pinholes), achievement of
optimum block profile, and producing foams with solid particles. Storage can dso be an issue and
bulk fecilities will generdly be more appropriate for dabstock processes than bottled supplies.
Economicdly, the use of LCD offers potentiad savings compared to the use of CFCs based on a
lower cost price and higher blowing index. These advantages are to an extent negated by higher
cogt of other chemicals, energy and maintenance as well as license fees. In addition, a sgnificant
learning curve can be expected when introducing this technology. About 100 dabstock production
units are currently operating with LCD technology with about 20-30 more in planning or in
congtruction stages. LCD is dso widdy used where toxicity controls inhibit methylene chloride use.

- Chemical Modifications

Chemicd modifications dlow water technologies to be more widdy used. These
modifications have been effectively applied in foam softening, but fal short in dengity reduction.

Extended Range Polyols. These polyols are able to provide a larger range of foam
hardness, and consequently, partidly replace CFC-11 as a softening agent. Some do aso dlow the
use of lower TDI indexes, and will therefore lower the exotherm. Thisdlows in addition areduction
of the foam dendty. However, a complete replacement of G=C-11, while mantaining the full
production range is not (yet) possble. Additional metering systems and tanks are needed, and the
price of an extended range polyal is higher than conventiond polyol. Application isrdativdy limited.

Additives. Severd additives have been developed to modify the chemigtry of the flexible
PUF production process. These additives are predominantly for softening and do not dlow very
low dendties. Some additives can be used in addition with extended range polyols and reduced
TDI index. A specid vaiant of additive technology is the so-cdled “Low Index/Additive (LIA)
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Technology”, in which the use of certain additives is combined with a lower TDI index. The
gpplication of additive technologiesis limited by the rdatively high price.

Exotherm Modifiers: one of the functions of an auxiliary blowing agent (ABA) isto reduce
the process temperature, in other words, act asaheat Snk. Accelerated Cooling technology aims at
the same purpose. Recently the use of an organic additive with excelent heat Snk properties have
been presented (PFA Congress, October 2002, Salt [ake City). The powderized additive allows up
to 25 °C reduction in process temperature and alows therefore al-water-based formulaionsin all
dengities over 15 kg/nT and significant reduction of the use of ABAS in dengities lower than that.

The technology provider clams

Formulation costs matching or lower than MC as well as LCD technology
Rdatively low related conversion costs

Improved safety

Good environmenta performance — No organic emissions

The technology provider has applied the technology for more than three years in its own
facilities before offering it in the market and produced thousands of tons product. While no other
enterprises have yet goplied this technology on production scae, many have initiated test programs.
The technology is regarded as the most significant recent development in this sector. The technology
is offered under license as “ Exotherm Management Technology” (EMT).

M DI Technology: Water-blown MDI technology is widespread in the manufacture of
molded flexible foam because of its inherent softness and lower exotherm, which alows higher weater
formulations. Severd chemica suppliers offer MDI-based flexible PUR systems aso for dabstock.
Some interesting environmenta features are:

no need for auxiliary blowing agentsto achieve softness,
ggnificant lower isocyanate emissions,
rapid curing,

lower exotherm, alowing higher water formulations.

The technology is, however not capable to produce low dendties without sacrifices to
physica performance. Its useistherefore more focused on achieving better hardness combinations.

- Process Modifications

Severd technologies have surfaced, that could be classified as ‘mechanicd™ replacement
technologies for the use of CFCs in flexible PUR, predominantly dabstock. The "mechanica”
technologies dlow the integration of the curing area in the emission control, or dlow eimination the
use of auxiliary blowing agents dtogether.

Accelerated Cooling Systems. The process is based on an accelerated dissipation of
process energy, which alows increasng the amount water up to a leve that permits complete
eimination of the use of ABAs for the purpose of dendty reduction. The chemicd codts are
reported to be very close to those of MC-blown foams. Capital cogts are highly dependent on loca
layout. There are severd proprigtary sysems on the market that apply this technology in severd
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variations, sometimes including treatment of process emissons. The emergence of LCD technology
has decreased the attractiveness of forced cooling technology considerably and the application of
this technology is on the decline.

Variable Pressure Systems: It is well known that the blowing efficiency increases with
decreased atimospheric pressure. This alows at higher dtitudes the manufacture of lower dendty
foams with less or no ABAs through a higher effectiveness of the water/TDI generated CO,. This
principle can be applied a lower dtitudes by encapsulating the foam production line and then
reducing process pressure.  Conversdy, the increase of pressure reduces the effectiveness of the
water/TDI induced gas generaion and in this way alows the generation of higher urea levels (a by
product of this reaction). Two equipment manufacturers market this technology as proprietary
technology. Six production units are currently in operation with good results and several more in the
planning. The capitd requirements are high - gpproximatdy 2 to 5 million U.S. dollars, depending
on the configuration.

Technical Options (Slabstock — Discontinuous)

Chemicdly, dabsock foams mede through a discontinuous process—aso caled
“Boxfoams’—are identicd to product made through the continuous process and application of the
previoudy mentioned CFC replacement technologies is only limited by different—more Smple—
manufacturing equipment.

Methylene chloride is the prevdent CFC replacement technology applied in boxfoam
operations. In cases where the use of MC is subject to regulatory limitations or poses process
problems, additive technologies are gpplied, often with a restricted production program, as these
technologies do not provide for afull range replacement and are less economical.

L CD technology, while theoreticaly capable of being applied in boxfoam operations is not
(yet) offered for this production process.

The use of forced cooling has been gpplied but the prevaent production of rather close-
cdled foams—a method to provide an nitid increase in hardness—interferes with the cooling
operations and has rendered the introduction of forced cooling in boxfoam operations less than
successtul.

Severd variable pressure technology (VPT) systems target the boxfoam market following
essertialy the same technology as described before—but in a dragticaly reduced complexity. There
are currently VPT facilities in the USA, Spain, Brazil and severa African countries. In totd, in
excess of 25 plants are ingdled, but some of the earlier ones may not be operating. VPT provides
the only option in boxfoam application to avoid the use of methylene chloride—a substance that is
increasingly under regulatory scrutiny and redtrictions.  Capitd outlays are condderable—US$
300,000-500,000. The process provides sgnificant operationd savings because of the imination
of the need for an auxiliary blowing agent, without replacing this by other chemicals.

A3-17



MOULDED FOAMS
Perfor mance Requirements

Dengties of moulded foams are higher than dabstock foams, and there is consequently no
concern of excessve process heat. This reduces the need for ABAs and facilitates the gpplication
of CFC-free options. Moulded foams can be produced using either "hot cure’ or "cold cure"
technology. In hot cure and cold cure/primarily TDI-based formulations, CFCs reduce the
hardness. In cold cure/MDI-based formulations, CFCs perform also a function in density reduction.

Technical Options—‘Hot Cur€e

For hot cure molded PU foams, established replacement technologes include methylene
chloride systems, water-blown systems (with the use of an additive) or subgtitution by water-blown
cold cure foams. The use of HCFCs, athough technicaly feasible, is not considered necessary as
aufficient technically feasible zero ODP options exist.

Technical Options—‘Cold Cur€

For cold cure foams, established technologies include water-blown systems and auxiliary
carbon dioxide. The use of HCFCs, dthough technicaly feasible, is not considered necessary, as
sufficient technicaly feasible zero ODP options exidt.

The advantages of CO, (water) based systems include superior environmenta performance
(no ODP or GWP), no hedlth and safety hazard, dmost unlimited commercia availability and low/no
capitd outlays. Disadvartages include the potential of increased densties and reduced flow
properties of the foam mixture due to higher viscosty. These disadvantages can be overcome by
equipment, chemical and process modifications.

Technology based on carbon dioxide—liquefied (LCD) or gaseous (GCD)—as an auxiliary
blowing agent is the most important replacement option to have recently emerged. Whilst there are
20-30 LCD units in operation, only a few GCD plants are known to be in operation. This
technology provides significant economic and environmental benefits (no ODP, very low GWP or
hedth hazards) and lower foam dengties, while essentidly maintaining quaity. Disadvantages are
rdaively high initid investment and more complicated process control. The technology can be
goplied in two ways.

Fird, directly through injection in or just prior to the mixing head. This dlows ingtantaneous
formulaion change and in this way very flexible manufacturing.  The maximum amount of
CO, that can beinjected is 3% of the foam mixture. Thisis equivaent to dmost 10% CFC-
11 replacement and sufficient to cover most replacement scenarios. The technology is only
offered as LCD.

Second, indirectly through premixing in one of the foam components. This is done

preferably in the isocyanate to avoid potentid hydrolyss that would occur in the polyol
component. Asthisisin principle a "batch" system:-even when effected in the day-tank on
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a continuous base, no ingantaneous formulation change is possble. The tank has to be
emptied and refilled with another CO, concentration. Also, the control on the CO,
concentration is more critica as this concentration has to be maintained over alonger period
againg atank atmosphere. LCD aswel as GCD can be gpplied. The maximum amount of
CO, tha can be added to the foam formulation is restricted--less than 1%--and this may
reduce the technology co-replacement option.

The gpplication of LCD/GCD in flexible molded foams has not shown the rapid
development seen in dabstock. This may be related to the fact that the current mgor CFC
replacement technology—the use of CO, (water)—does not face regulatory redtrictions and
requires Sgnificantly lower investment.

INTEGRAL SKIN FOAMS
Perfor mance Requirements
This category can be sub-divided in

Hexible Integrd Skin Foams
Rigid Integrd Skin Foams

The mgor performance requirements in both sectors relate to the following:

Processability

Skin formation

Dengty

Cogt of processing (e.g. pre-mould coating)

Technical Options— Flexible Integral Skin

The choice of technology is frequently regulation and specification driven. Zero ODP
technology is mandated in most indudtriaized countries, despite drawbacks in performance such as
skin qudity and dendty. In countries where no regulations limit the choice, the use of HCFCs
(mainly HCFC-141b, which mirrors closgly the performance of CFC-11) remains important.

Severd specifications, paticulaly in the EU, favor water-based formulations. Such
technology is now avalable for dl goplications but may require in-mold coatings (IMC) to be first
injected into the mold.

HFC-134ais adso used in this application and may aso require the use of an IMC to give
the required skin qudlity.

There is aso use of npentane blown foams for applications such as shoe soles, exercise
equipment and steering whed slinstrument panels in trucks, where avery durable skin is required.
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Technical Options —Rigid Integral Skin

Water-blown systems are available and commonly used where avalable. Thereisminor use
of HCFC-141b where water-based sysems are not commonly available or where water-based
systems do not perform—mostly based on skin problems.

NON-INSULATING RIGID FOAMS

These gpplications are met by foams manufactured from a variety of processes induding
spray, pour-in-place, moulding and dabstock. Accordingly, it is difficult to categorise specific
dternative technologies for each gpplication.

Perfor mance Requirements
For smilar reasons, technica categorization is chadlenging and difficult in view of the

many different and highly individudized requirements. The following breskdown is an
gpproximetion:

Semi-Rigid Foam - Packaging Foam

- Flord Foam

- Energy Absorbing Foam
Rigid Foam - Low Densty (i.e. floatation devices)

- Medium Densty (i.e. cornices)
- High Dengity (i.e. wood imitation)

Technical Options
All goplications have moved predominantly to dl-water-base systems with minor

goplications of HCFCs in low-dengty rigid foams for floatation devices (HCFC-22) and flord foam
(HCFC-141b), and some methylene chloride in packaging foams.
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SUMMARY

The following table provides a summary of the current status and future trends for technologiesin the

Hexible PU Foam sector.

SECTOR TECHNOLOGIES
CURRENT TREND
SLABSTOCK MC, Acetone, VPT, LCD, LIA LD, VPT
BOXFOAM MC, VPT, LIA MC, VPT
MOLDED FOAM — HOT CURE MC, Water/CO, Water/CO,
MOLDED FOAM - COLD CURE Water/CO,, LCD/GCD Water/CO,
INTEGRAL SKIN — RIGID Water/CO,, HCFC-141b Water/CO,

INTEGRALSKIN — FLEXIBLE

Water/CO,, HCFC-141h, HFC-134a,
Hydrocarbons

Liquid HFCs, HFC-134a, Water/CO,

NON-INSULATION RIGID

Waer/CO,, HCFC-22, -141b, MC

Water/CO,

EXTRUDED POLYSTYRENE
EXTRUDED POLYSTYRENE SHEET
Perfor mance Requirements

The major uses of extruded polystyrene sheet are in the food packaging sector, where there
is a requirement for basic thermd insulation and reslience. However, as these are not difficult to
attain with extruded polystyrene shedt, there is little dependence on the blowing agent to contribute
in fina product performance. Accordingly, if processing characteristics can be maintained, there are
severd other blowing agents available for use.

Technical Options

Use of CFCs or HCFCs, is consdered technically unnecessary in both non-Article 5(1) and
Article 5(1) Countries and have been banned by a sgnificant number of these countries. A wide
range of aternative blowing agents have been evauated for use in polystyrene sheet foam including
amospheric gases (carbon dioxide, nitrogen), hydrocarbons (butane, isobutane, pentane,
isopentane), HFCs (HFC-134a, HFC-1524), and hydrocarbon/CO, (LCD) blends.

- Zero OPD Technologies

Atmospheric Gases--CO, (LCD) is conddered a technicaly proven, licensable
technology and remains as a viable dternative. Some have clamed it to be a higher cost dternative
to hydrocarbons when the license package costs are included. Nitrogen gas is very insoluble,
produces smdl-cdled, high dengty foam that is not dimensondly sable. It isdifficult to process and
very difficult to make high quality foam. For these reasons, nitrogen is not recommended as avigble
zero-ODP option.
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Hydrocar bons (butane, isobutane, pentane, and i sopentane)-- Hydrocarbons produce good
quaity foam sheet and are rdatively bw in cost. Due to their high flammability, stringent safety
precautions in manufacturing, storage, handling, transport and customer use are imperative. These
safety measures should include periodic safety audits to ensure continued compliance by al.
Hydrocarbons are volatile organic compounds (VOCs), contribute to ground level ozone and smog
and are regulated in many regions. Capitd (emisson control, safety equipment) is a usud
requirement to convert to this category of dternative.

Hydrofluorocarbons (HFC-134a, HFC-152a)--HFCs have been implemented by some
foam sheet manufacturers. HFC-152a is flammable requiring equipment modification and safety
precautions. No VOC emisson controls are necessary. This classfication of dterndive is
sgnificantly higher in cost than CO, or hydrocarbons.

Hydrocarbon / CO, (LCD) blends -- Although blends are definitdy viable, few
manufacturers are employing them. Difficulties of additional equipment for storage, trander and
emission control are afew of the drawbacks of this dternate technology.

EXTRUDED POLYSTYRENE BOARD
Perfor mance Requirements

Asthe mgor gpplication for extruded polystyrene board isin thermd insulation for buildings,
there is a diginct requirement to optimise therma conductivity at dl times This is particularly the
case in the highly competitive domestic markets served by the product in the United States. As an
additiond chalenge, the blowing agents are of much greater processing sgnificance in board
production and the right solubility characteristics are a key factor in successful production. Findly,
dengty needs to be carefully controlled to avoid undue influence on cost and fire loading. All in all,
the performance requirement of a blowing agent in extruded polystyrene board is greetly contrasting
tothat inits‘sheet’ counter-part.

Technical Options
- Low ODP Technologies

HCFC-142b and HCFC-22 remain the primary trangtiond blowing agents for extruded
polystyrene boardstock insulation across most of the world because of their important contribution
asinaulating gases in the product. The high insulation vaue obtained helps to reduce and mitigate the
amount of carbon dioxide (CO,) produced from fossil fue combustion in the home and commerciad
heeting contribution sectors of the globa climate change chdlenge. Although some zero-ODP
dternatives are commercidly available, performance requirements, inability to produce a wide
enough product mix, loss of insulation vaue, poor processability, dimensond ingability, low dendty
foam capatiility, economic viability and commercid availability cannot be met for al productsin al
markets a thistime.
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- Zero ODP Technologies

Potentidly viable zero-ODP dternatives for extruded polystyrene boardstock are the
folowing: HFC-134a, HFC-134, HFC-152a, HFC / CO, (LCD) blends, CO, (LCD)/ Organic
Blowing Agents (i.e. ethanol), 100% CO, (LCD) and hydrocarbonsin limited applications.

Technica advantages/ disadvantages of each of these sysemsinclude:

HFC-134a--Avallability and comparative economic viability versus other zero-ODP
dternatives will cause HFC-134a to be serioudy considered as an HCFC replacement. Lack of
solubility during manufacture (causing inability to produce a full product mix adong with higher
dengties), dong with higher raw materia prices compared to other HCFC dternatives will be
deterrents. Hammahility is of little concern during manufacture, storage and use. Equivadent insulation
performance to HCFCs can likely be maintained. Work continues on processability and the ability
to make codt effective insulation.

HFC-134--As an isomer of 134a, HFC-134 possesses greater solubility in polystyrene. It
diffuses from the foam more rapidly than HFC-134a, consequently grester starting concentrations
must be used to achieve equivaent long-term insulation vaues. HFC-134 is more expensive to
produce and when coupled with the need for higher concentration makes this option unattractive
economicaly. No producer has planned to commercidise this product at thistime.

HFC-152a--HFC-152a as an dternative in extruded polystyrene boardstock holds no
technica advantages over HFC-134a Limited producer activity will cause this dternative to be
higher cost than HFC-134a. HFC-152a is flanmable, requiring capitd expenditure for storage,
processing and safety considerations.

HFC / CO; blends--CO, (LCD) when combined with either HFC-134a or HFC-152a has
potentia to reduce overall blowing agent system costs. CO; itsdlf has poorer solubility than HFCsin
polystyrene consequently production of a wide-enough product mix at low dengties is even further
chdlenged. It will however continue to be explored by industry because of its potentid as an
attractive economic zero-ODP dterndtive.

CO, / Organic Blowing Agent blends (i.e. ethanol)--Organic blowing agents combined
with CO, (LCD) produce lower dengty, full cross-section products. The organic blowing agents
(i.e. ethanol) are usudly flammable (requiring capitd dectricd upgrades), are volatile organic
compounds (VOCs), requiring emisson controls in many regions and produce foam having 10-15%
lower R-vaues than those containing HFCs.

100% CO,--While this option is the most environmentaly preferred, it is the mogt difficult
technicdly to perfect and commercidise. Today, product mix breadth is limited and foam dendties
are higher than producers can tolerate economicaly. Significant capita investment is required to
convert to CO, (LCD) capability. In addition to capita investment, heavy research and development
time is needed to work on these formulation disadvantages. Thermd efficiency is aso reduced by
10-15% over conventiond HCFC technology.
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Hydrocarbons (butane, isobutane,)--Hydrocarbons produce exhibit good processability,
because of their solubility in polystyrene and are rdatively low in cost. Dueto their high flammability,
sringent safety precautions in manufacturing, storage, handling, trangport and customer use are
imperative. These safety measures should include periodic safety audits to ensure continued
compliance by dl. Hydrocarbons are volatile organic compounds (VOCs), contribute to ground
level ozone and smog and are regulated in many regions. Capitd (emisson control, safety
equipment) is a usud requirement to convert to this category of dternative. Ther largest drawback
resdesin product performance; - namdy flammeability and lossin thermd efficiency.

HFCs will likely remain an important option for parts of the product mix where flanmability,
dimensiond gability constraints and therma performance are key properties that must be met.

POLYOLEFIN FOAM
Perfor mance Requirements

One of the primary criteriain blowing agent sdlection is the ability to match the diffuson rate
of blowing agents out of the foam with te diffuson rate of ar into it. This match is necessary
because the polyolefin resins are resllient. If the diffusion rates are not sufficiently matched, the foam
will ether shrink or expand while ageing. This is unacceptable in dl three product types. shest,
plank and tubular. Permeability modifiers can sometimes be used to help match these diffusion rates
where they are reasonably close but not acceptably so.

Technical Options
- Low ODP SQubstitutes

Initialy the sole option for polyolefin foam producers was to move to hydrocarbons either
via HCFC-142b or HCFC-142b/22 blends, in an attempt to preserve, especidly in the cushion
packaging areq, traditional physica properties, or, as typicdly the case for new entrants to the
market, directly. With the experience which now exidts, it is possible to convert directly from CFCs
to hydrocarbons. Thiswill be further discussed in the next section.

- Zero ODP Substitutes
The usud choiceisablend of norma and isobutane. Some pentane is aso used.

Hydrocarbons are flammable. For example, isobutane flammability limits are about 1.8 to
8.4 volume percent in ar with an extremey low energy of ignition. This Stuation requires the careful
consideration of proper processing equipment upgrades aong with gppropriate safety procedures
and equipment in manufacturing, storage, handling, and shipment of the product. Periodic safety
audits should be performed to ensure full worker compliance. Remova of flammable gases (eg.
through perforation) from the foam in order to ensure safe trangport, storage and use in an
economicaly viable time period represents “best avallable technology” that is patented and
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licensable. In addition, hydrocarbons are volatile organic compounds (VOCs) that are regulated in
certain regions. Emission controls would be required in these aress.

It isvery difficult to make extruded polyolefin foams using HFCs 152a and 134adone. To
facilitate meeting VOC emission requirements, HFC-152a is sometimes used in combination with
hydrocarbons.

- Other Theoretical Options

Carbon dioxide, nitrogen and other inorganic gases have very low solubility in the resns and
have only very limited use in extruded polyolefin foams. In addition, process pressures will be very
high, typicaly beyond the capability of most processes without sgnificant or prohibitive capita
expenditure. These volatile gases are, however, being used in some mouldable bead products
where the process pressure problem can be overcome.

Carbon dioxide diffuses rapidly out of polyolefin foams and causes massve dimensond
gability problems. Without some, as yet unidentified, enabling technology, carbon dioxide, except
asavery minor component of the blowing agent system, is Ssmply not an option.

CO,, nitrogen and other inorganic gases thus remain theoretica options only for the bulk of
today’ s polyolefin foams applications.
PHENOLIC FOAM

Perfor mance Requirements

Phenalic foams are differentiated by three key criteria:

= Good reaction to fire properties

=  Vey low thermd conductivities (arisng from the use of emulson technologies)

=  Extremdy low inherent smoke generation.

The sdection of dternative blowing agent therefore has to maintain these properties in both
continuous and discontinuous processes.

Technical Options— Continuous Processes

- Low ODP Technologies

HCFC-141b continues to remain the predominant blowing agent in use for the continuous
lamination of phenalic insulation foams. In some technologies it needs to be used with a smdl
proportion of perfluorocarbon to stabilise the cdls in view of the increased solubility of HCFCs in

the foam matrix. It looks unlikely that this gpproach will be required for the future use of HFCs in
phenolic foam because their solubilities are dready |ower.
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One European continuous laminate technology makes use of 2-chloropropane as the
blowing agent. Although this does not provide such good therma conductivity properties as
HCFC-141b it has a sgnificantly lower ozone depletion potentid of 0.002. This technology has
been in the market place since the early 1990s and is not likely to be more widdy used in future
because of atrend towards tricter fire requirements in the sector served by laminated products.

- Zero ODP Technologies

Liquid HFCsand blends thereof

In previous FTOC reports, the key zero-ODP options for the phenolic sector were defined
as liquid HFCs and hydrocarbons.  In the intervening period more attention has focused on HFC-
245fa and HFC-365mfc as both products are now becoming more readily available. HFC-365mfc
is being particularly paired with HFC-227ea for flammability and processing reasons. However,
ggnificant confirmatory work on continuous processes using these blowing agent options is 4ill
required. Of course, the eventud commercid price of the materias will be an additiond critica
factor for the industry.

One further option that has also been assessed is the blending of liquid HFCs with small
quantities of hydrocarbon (n+ or iso-pentane). However, to maintain the non-flammeble
performance of the blend, the level of hydrocarbon used has to remain below 8% by weight. Even
a this leve the blowing contribution is sgnificant (around 15%) because of the higher efficiency
associated with hydrocarbons.

Hydrocarbons

End- product fire performance continues to be the chief concern for closed cell hydrocarbon
phendlic foams and the uncertainties surrounding the future harmonisation of Europeen fire
regulations have only served to heighten this. Additiond concerns are dso arising from strengthening
VOC legidation in certan pats of Europe and North America tha are pressuring existing
hydrocarbon usersin reated industries.

A dgnificant additiona factor in the sdection of hydrocarbons as a blowing agent for
phenolic foam remains their poorer thermd efficiency. Current estimates show a 5-20% reduction in
thermd efficiency over existing HCFC-141b blown foams and this has, to some extent, been
trandferred dso to the HFC comparison. Obvioudy, such thermd efficiency differences are a their
mogt influentid in applications where thickness is redricted. Nonetheless, the lower cost of
hydrocarbons can offset many of these drawbacks where performance requirements are less
restrictive and some producers have aready adopted this option.

Thisis specificdly the case in Jgpan where one producer has invested subgtantidly in a new
‘gate-of—the-art’ facility to produce hydrocarbon-blown foams for the domestic housng market. As
with dl such invesments, the key to success is a comprehensive understanding of the prevailing
gandards and classfication requirements and a full knowledge of product performance agangt
these.
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Findly, a mention of 2chloropropane is gppropriate. Although the blowing agent has a
finite ozone depletion potentia of 0.002, it is not a controlled substance under the Montrea Protocol
and is, therefore, consdered a long-term subdtitute. This trestment is consstent with that given to
other very low ODP materias. On this basis, it is likely that the blowing agent will continue to be
used by at least one continuous laminate producer in Europe. However, as noted previoudy, it is
unlikely that 2-chloropropane will ever have widespread use in the phenalic or other foam sectors.

Technical Options— Discontinuous Processes
- Low ODP Technologies
The Stuation is the same as for continuoudy laminated foam.
- Zero ODP Technologies
Agan, the dtudion is the same as for continuoudy laminated foams. However, the
possihility of usng blends of HFC-245fa, HFC-365mfc and other HFCs or hydrocarbons will be
more important in this sector because of process sengtivity to boiling point.
For hydrocarbons, the comments are as for continuoudy laminated foam with the exception
that the fire issues are even more critica. Foam fabricated from blocks is often used for heating and

ventilating gpplications in exposed locations within public buildings or for petrochemicd plants. The
maintenance of product fire properties istherefore criticd.

A3-27



APPENDIX 4: END-OF- LIFE PRODUCT CONSIDERATIONS

BASELINE EMISSIONS ESTIMATES FROM FOAMS

Although the Montred Protocol is fundamentdly a consumption-based control, it is
recognised that the rate of emisson of CFCs and HCFCs from applications is the key factor in
assessing the impact of these ozone-depleting substances on the stratospheric ozone layer. While
many applications lead to immediate emisson (e.g. aerosols), the nature of rigid insulation foams is
such that, in many applications, the blowing agent remains in the foam for extended periods.
Depending on the lifetime of the gpplication, this can be upwards of 50 years in some cases.
Accordingly, much of the foam manufactured using CFCs in the period 1960-1995 is likely to be
dill in use today. This provides a substantial opportunity for recovery of blowing agent at end-of-life
However, to assess this opportunity and to focus recovery activities in the most gppropriate places,
it isimportant to be able to mode anticipated retention levelsin differing product types.

In ng emissions from foams, it is recognised that there are three prime phasesin which
emissons can occur. These are:
Foam production and ingalation (first year losses)
Ingtalled foam during its use phase
Decommissioning a end of life
Depending on the gpplication and product type in question, these areas of emission (known
as emisson functions) can vary subgantialy. In view of the increasing importance being placed on
quantifying emissions (particularly under the operation of the Kyoto Protocol), there has been

increased interest over the last few years to develop appropriate emisson functions for a variety of
product types and end uses.

As part of an on-going study carried out for AFEAS over the past five years, thefollowing
emission functions for various foam gpplications have been derived and refined:
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Table A4-1: Emission functions derived for various foam types and applications

FoamType Frst year Release Time to Lifetime of Total remainng
release Rate Total Foam at
(% (%/yr) Release (yrs) decommissoning
(rs) (%0)
PU Integal Skn 95 2.5 2 15 0
PU Cont. Panel 5 0.5 190 50 70
PU Disc. Pand 6 0.5 188 50 69
PU Applance 4 0.25 384 15 92
PU Com. Refrig. 6 0.25 376 15 90
PU Cont. Block 35 0.75 86 15 54
PU Disc. Block 40 0.75 80 15 49
PU Cont. Lam. 6 1 94 50 44
PU Spray 25 1.5 50 50 0
PU Reekrs & Trans 6 0.5 188 15 86.5
PU OCF 100 N/A 0 50 0
PU Pipein Pipe 6 0.25 376 50 81.5
Phen Cont Lam. 6 1 94 50 44
Phen Disc Block 40 0.75 80 15 49
XPS Boad 25 25 30 50 0
PEBoad 90 5 2 50 0
PEPipe 100 N/A 0 15 0

The applications where there are Sgnificant amounts of ozone depleting substances to
recover a end-of-life are shaded ydlow in Table A4.1. The retention within domestic appliancesis
particularly high because of the metal/plastic encapsulation of the foam. These retention levels have
been verified by the gppliance indusiry through cross checks on 25 year-old units blown with CFC-
11. Using these basic emission functions and the historic usage patterns of CFCs and HCFCs within
the various foam types and applications, it is possible to create a projected emission pattern of the
type shownin Figure A4:1 below:

Figure A4:1: Projected emissions estimates for various CFCs and HCFCsto 2010

Emissions of Blowing Agent in Actual Tonnes
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60000 //\\
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\ [—Ccrcat
40000 \-| [=—crc12
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E HCFC-142b
= 30000 = HCFC-22

\ |=——HFC-134a
20000 —— /,
10000 \ / \

1987
1988

FigureFigure A4.1 should, however, be used with caution because it assumes that, at the
end of desgn life, rlease of the encapsulated CFC is ingantaneous which, in redity, it certainly is
not. There are two categories of reason why thisis not the case:
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(@)} Incidental outcomes of non-intervention at the end of design life

2 Specific initiatives to reduce emissions at the end of design life

In essence, these two categories summarise two aternative strategies best defined as ‘leave
wel done and ‘manage dl end-of-life processes’. At their extremes, both of these routes can be
highly effective in minimising emissons. In redlity, however, even the processes of landfill and other
gpparently norrinterventionist gpproaches have impacts on emissons because of poor handling and
the damage resulting. Smilarly, interventionist gpproaches such as mechanica recovery need to be
highly engineered to avoid accelerating emissions unduly. These issues are addressed in more detall
in the next section. Suffice it to say for the moment, that the emisson profile shown in Figure A4:1
represents a genuine ‘worst case’ scenario at end-of-life. Nonetheless, the graph provides a good
indication of the potentid scale of the emissons chdlenge over the next eight years. Even in 2010,
there is il likely to be well over 1 million tonnes of CFC-11 remaining in rigid foams globally even
assuming that most blowing agent in refrigerator foam in developed countries has been either dedt
with or released by that time. The digtribution of this CFC-11 isindicated in FigureA4:2 below:

Global CFC-11 projected in installed foams as at 2010
(approx 1.12Mtonnes)

PUSpray Other PU Cont. Pand
6% 2% 12%

PU Disc. Panel
16%

U Appliance

PU Cont. Laminate 8%

56%

Figure A4:2: Remaining CFC-11 in installed foams at 2010

Although thisis avery sgnificant quantity, it is worth reflecting thet, a their peek CFCswere
being sold into the rigid foam sector at over 200,000 tonnes per annum. Accordingly, the projected
CFCsremaining in 2010 represents around 5 years worth of peak supply.

An interesting further fact is that the burden of recovery, particularly in the appliance sector,
will have switched from developed to developing countries. Figure A4:3 illudrates the likely split of
CFC-11 banksin 2010. This split does not take into account any trade which may have taken place
in second-hand refrigerators exported from developed to developing countries for re-use. The
picture illustrates the importance of phasing out the use of CFC-11 in refrigerator plants in
developing countries & the earliest possible opportunity. The current data set was compiled in 1998
on the basis of the best avallable information on trangtioning at that ime. Further work is now
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required to determine how these projected CFC-11 banks in 2010 might be dtered by the latest
projections for CFC phase-out.

Global CFC-11 projected in foamsat 2010 by Regional Classification
(total 1.12 Mtonnes)

Developing Countries
32%

Deweloped C ountries
68%

Figure A4:3: Remaining CFC-11 in foams by Regional Classification

OPTIONS AT END OF DESIGN LIFE

Blowing agent recovery, while not mandated under the Montred Protocol, has been
recognised by many Parties as worth pursuing and severd initiatives have been taken at nationd and
regiond leve to take advantage of the excdlent blowing agent retention of many rigid foam
goplications. However, the physcd chdlenge of retrieving the ingdled foams from within structurd
building projects and other equaly inaccessible locations has led to some severe questions about the
practicaity and cogt effectiveness of such initiatives. In contragt, foams within domestic and smdl
commercia refrigerators and freezers are considerably more accessible, particularly where units are
aready collected for recovery of refrigerant or for other materia recycling reasons. Nonetheless, the
potentia for recovery of blowing agents from any foam source depends on the following factors:

» Qudity of thefoam cdll structure and resulting diffuson rates
= Solubility of the blowing agent in the matrix

» Thickness of foam sections

»  Typesof facing materids

»  Other materids adhered to the foam or facing materids

It isimportant to note that blowing agent recovery need not necessarily be undertaken at the
end of a product’s desgned use, Since secondary usage can be a serious option in some cases. In
addition, any attempt to recover blowing agent, even when mandated by regulation, will not be
100% effective. The following flow-chart (Figure A4A4-4) illudratesthe ‘red lifeé materid flowsfor
foamed products, including continued losses through abandonment and landfill:
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Figure A4d:4: Typical Lifecycle and Disposal Routes for Foam Products

The flow-chart illudtrates that there are five prime end-of-life scenarios for foams (shaded
yelow). These are;

= Abandonment
=  Secondary use
= Landfill

= Direct incineration (with energy recovery)
= Component recovery and recycling/destruction

Each of these scenariosis dedlt with in turn in the next paragraphs.
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ABANDONMENT

Abandonment is a fact of life and will continue to be o, even within the mogt stringent
regulatory framework. In generd terms, there are two sources of the problem:

Accidental : — This arises when the foam in question is inaccessible or in cases where its
presence is unknown and/or undetected

Deliberate: - This occurs when, for reasons of economy or socid irresponsbility, the foam
in question is disposed of in an uncontrolled fashion.

Quantifying the amount of foam abandoned in any gpplication or region is extremely difficult
because, by its very nature, it is uncontrolled. The only known method of gaining some ingght into
the practice is from the experience of loca authorities cdled to clear up ‘fly tips and other
impromptu collections of disposed waste. Even in these cases it is seldom that the collection is
ather sysematic or quantitative. Accordingly, it is typicaly necessary to make an assessment of
abandoned foam products by inference from other data sources. However, this is inevitably an
approximation kecause the precise amount of foam being decommissioned ether accidentaly or
deliberately is never completely known.

While absolute vaues are difficult to specify, trends can be easier to spot. In some, but not
al, societies, the tendency towards ‘fly tipping’ increases with the regulatory and, most importantly,
financid burden placed on the individua disposing of the foam in quedtion. Thus, if some sort of
disposd tax is charged, there can be a reaction from the generd public and individua corporations
agang incurring these codts resulting in the digposal of the foam in an uncontrolled manner.
However, this is less the case in more disciplined and responsible societies such as Japan, where
chargesfor disposal can be made to work.

To avoid such behaviourd effects, the more widdly used gpproach is to incorporate any
element of digposd taxation into the purchase price of a replacement unit. This works particularly
well if the tax can be sufficiently well targeted to gpply only to the products leading to a disposa
problem. However, more typicdly it will not be possble to focus taxation measures o tightly and
the tax may only act as a generd disncentive to replace exising products. This can be
environmentaly counter-productive if less energy efficient products are currently in use.

As deveoped later, much of the current regulaion governing disposd is driven not only by
consideration of ODS recovery but adso by more comprehensive resource recovery targets for
recycling. In this case, more widespread taxation is justified.

SECONDARY USE
The ability to re-use a foam-based product depends on the way it is manufactured and
ingalled in the first instance. The prime requirement for such a product is that it can be trangposed

from one applicaion point to another without disrupting the integrity of the product itsef.
Higtoricdly, such characteristics have been the preserve of genuindy sdf-contained items such as
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refrigerators and, indeed, a sgnificant trade in second-hand refrigerators fas developed across
regions of the world. Additiondly, there is a sSgnificant trade within a country where units are sold on
to poorer sections of the population. Nonetheless, the most common occurrence with refrigeratorsis
their continuing use within a household after a new unit has been purchased.

Where units are traded between the Article 2 and Article 5(1) or CEIT countries, this
practice has created a dilemma for regulators under the Montrea Protocol. On the one hand, the
units provide access to improved standards of living for many resdents in developing countries a
affordable prices. In addition, the practice is a classc example of extending the use period of a
product and avoiding premature obsolescence. On the other hand, the practice often extends the use
of less energy efficient equipment and effectively exports a future digposal problem to a developing
country. This latter problem is of particular sgnificance in the case of refrigerators usng CFC
refrigerants where rapid fugitive emisson is more likely than with the foams themsdves. In generd,
the Ozone Regulators in developing countries have come down againg the practice of such trade
and this position has now been supported by the prohibition of exports of used refrigerators from the
European Union under the recent Regulation 2037/2000. The decison, however, remans a
controversd one and even some environmental NGOs consider that it would be better to maintain
the trade and ingdl suitable recovery equipment for end-of-life management. The practicality and
cost of so-doing remainsthe key barrier.

Another opportunity for life extengon is the potentid for re-use of building insulaion
elements. The growth of use of PU composte pands in Europe points strongly to the cost-
effectiveness of this gpproach in the firgt ingance with the added vaue of being able to dismantle
these dements from the supporting structure and re-using them a the end of the building's life.
Obvioudy, such practice assumes that the effective lifecycle of the insulation dement itsdf will be
longer than the building in which it is used. With the performance sandards of these dements
increesng progressvely and the duration of practicd building utility decreasing, the assumption is
becoming ever more applicable.

LANDFILL

Landfill has been the traditiond destination of most of the foam products decommissioned
over the lagt 30 years, including many products containing CFCs and HCFCs. Although the
regulations surrounding the location and management of landfills has improved consderably over
this period, thereis il little measurement or control of specific materids entering into agiven Stein
many countries. The exception in this respect is where materials are determined to be hazardous or
specid waste (e.g. asbestos based). In these cases, regulatory controls have increased substantialy.
For example, regulations in severa European countries prohibit the landfill of combusgtible materids.
This is dready the case in the Netherlands, Sweden, Denmark and Switzerland. Austria and
Germany will follow in 2004 and 2005 respectively. The new EU Directive will prohibit the placing
in landfills of materids of high carbon content, which will include foams.

One of the options for monitoring the movement of CFC and HCFC-containing foams onto
landfill Stes would be to classify the materid as hazardous or specid waste. In some countries, this
has been done and with significant effect. In other countries, thresholds have been et for foams to
quaify as hazardous or specia waste (typically at 5% by weight of CFCs). However, because the
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composition of foam waste is not easly determined, and is not ingantaneoudy recognisable from its
exterior appearance, such thresholds are hard to apply in practice.

In generd, the attitude of a Party to the prospect of landfilling foamsis largely dependent on
their wider gpproach to landfilling as part of their waste strategy. In the United States, for example,
there is such substantia capacity for landfill thet it is unlikely thet aternative Strategies will be pursued
unless the case for better control of CFC emissions from landfill is compdlling. Nonetheless, there
are bans on the landfilling of refrigerators in 13 dates. To further understand the effects of the
landfilling of foams, the American Home A ppliance Manufecturers (AHAM) commissioned a sudy
a the Danish Technica Universty (DTU) in 2000 to investigete the rate of emisson of CFCs from
shredded foams®. The study has produced two key conclusions that are relevant to this discussion:

=  Tha blowing agent releases from the shredded foam are nat high during the first Sx weeks
after cutting

» That the rate of release is highly dependent on the particle Size of the shredded e ement

A further conduson from a separate study conducted by the DTU shows that there are
anaerobic mechanisms whereby CFCs can be largely broken down by enzymes and bacteria. This
has the effect of restricting the ultimate release of CFCs to the atmaosphere

These are important conclusons when congdering the future role of landfill activities in the
management of CFC and HCFC containing foam. However, issues such as the identification of the
breakdown products resulting from the anaerobic degradation of the halocarbons needs to be
addressed before this method of approach can be endorsed fully.

Of course, in the case of refrigerator cabinets, there is an even stronger argument for the
disposd of the cabinet in its manufactured form rather than in shredded or crushed form, sincein its
manufactured form the rate of release in digposal will be no different to itsrate of release in use. On
the basis that the mgor issue influencing the recovery of the ozone layer is not specificdly the totd
chlorine loading emitted but the rate a which it is emitted, there isaschool of thought which suggests
that it is better not to disturb the CFCs in disposed foams unless and until cost-€effective techniques
are avallable to recover the blowing agent without any risk of fugitive emission.

DIRECT INCINERATION (WITH ENERGY RECOVERY)

Direct incineration of foams is digtinguished from other incineration options by the fact that,
in the case of direct incineration techniques, no attempt is made to separate the foam matrix from the
blowing agent prior to incineration. There may be some accidental separation in some facilities as
pre-shredding takes place prior to feeding into the incinerator.

In the context of the Montreal Protocol, the destruction of blowing agentsin this diffuse form
has been less wdll studied than for concentrated and re-concentrated streams of ODS. This hasled

21 * Determination of the fraction of blowing agent released from refrigerator/freezer foam after
decommissioning the product’ Kjeldsen & Scheutz (2002)
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to the TEAP Task Force on Dedtruction Technologies (TFDT) assgning a relatively cautious
minimum Destruction and Removd Efficiency (DRE) of 95% for qualifying processes. Even with
such a low threshold, only two processes have been shown to meet the requirements — namey
Municipa Solid Wadte Incineration and Rotary Kiln Incineration. These two stand out from the
many other theoretica options because they have the ability to handle solid waste Streams. Reactor
cracking facilities may aso provide potentid in future, but there is little available data as yet on this
process.

Despite the caution of the TFDT, work in Europe as early as 1993 indicated that destruction
of diffuse CFC-11 in a Municipa Waste Incinerator was 99.95 + 0.04% when processed in the
temperature range of 800-1100C. This compared with a destruction efficiency of 99.97 £ 0.03%
for concentrated and re-concentrated sources.

More recent studies such as hat carried out a the Karlsruhe Facility (Tamara) used
congtruction foams containing sgnificant quantities of fire retardant to demondrate the granulated
foams up to 3% by weight of waste feed (30% by volume) could be disposed of at arate of 146 to
225 kg/hr. Destruction efficiencies for other ODSs were observed to augment the origina 1993 data
on CFC-11. The results showed that the CFC-12 DRE exceeded 99.9% at 900C, while both
HCFC-22 and HCFC-142b achieved 99.99% levels a 850C, reflecting the overal lower sability
of the hydrogen containing ODSs.

In Japan there is dso consderable experience with rotary kiln incinerators, which are often
used destroy foam outputs from closed shredding units without prior separation of blowing agent
from the foam matrix.
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Figure A4:5 illugtrates the process. Test reports on trias carried out in March 2000 by
Matsushita (Panasonic) and Dowa Mining Company show destruction levels of better than 99.95%.

Refrigerators
ﬂ Primary
] ===l crusher Polyur
Dismantling B> Secondary 'form Incinerator
W% crusher plant
R + e =]
CFC/HCFC  oil Rod and I
(refrigerant) tube mill

Compresgor

Fluorocarbon blowing

Refrigerators s agent with air

(crushed chip)
Figure A4-5: Direct Incineration from shredded foam

Direct incineration of complete refrigerators has been gpplied, both in the Netherlands and in
Denmark.

Recent information suggests that one facility in the Netherlands has ceased processing
refrigerators in this way because of the problems with dag build-up. Where the technique continues
to be practiced (e.g. in Denmark), throughputs are kept at alow level.

In summary, therefore, direct incineration is seen as a viable method for the destruction of
foams and is particularly effective where the foam can be separated from other components prior to
incineration. Costs depend significantly on the avallable capacity for MSW incineration, but the
technique can be highly competitive if the capecity is available.

COMPONENT RECOVERY AND RECYCLING/DESTRUCTION

This method of handling foam waste has grown in technicd integrity and environmenta
acceptability during the 1990s as the demand for high levels of materid recycling has increased. This
is particularly the case for domestic refrigerators where the concentration of metas and other
plagtics is of ggnificance to naiond recycling targets. Indeed, in Japan, the current legidation
demanding the component recovery from domestic appliances is driven by materid recovery and
recycling targets rather than by the management of ODSs. Smilar pressures are likely in Europe as
the WEEE Directive is introduced within the next 23 years. A digtinction between the regions is
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that, in contrast with Europe, ODS recovery from gppliance foams in Jgpan remains voluntary.
Nonetheless most responsible investments aready include the facility to recover the blowing agents.
It is likely that such recovery will become mandatory in Jgpan in the near future — a the very least
for refrigerators. In Japan, there is aso a project underway investigeting the economic and technica
feadhility of recovery from buildings. Such a step would be unique in the world, since most other
regulators have viewed the economics of recovery from buildings as, & best, margind. The current
European Regulation (2037/2000) which is viewed as progressve in this area only cdls for the
mandatory recovery and disposd of ODSs in domestic and commercid refrigerators, leaving the
recovery of blowing agents from building products only required ‘if practicable . This phrase carries
with it both technicd and economic connotations and provides an opt-out for most European
Member States at this time. However, the growth in use of pre-fabricated dements in building
congtruction could potentialy increase the practicability of blowing agent recovery (and possbly
product re-use) over time. Accordingly, the mechanisms for collection and recovery of building
waste will becomeincreasingly visblein the next 5-10 years.

The history of mechanica recovery technology development has not been an unqudified
success, with prototype units achieving recovery levels of less than 30% in the early 1990s. Viewed
in isolation, it is sAf-evident that it would have been better to have left many refrigerators untouched
rather thanto accelerate the release of 70+% of the blowing agent in this way. Nonetheless the early
equipment short-comings led to further developments and the state-of-the-art units of today can
reach levels of recovery wdl in excess of 90% routingly. A typica pant design is shown below in
Figure A4:6.

Primary crusher Polyurethane mill
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e [owing agent

Figure A4:6: Atypical mechanical recovery plant

Annex 1 of the TEAP Task Force Report on Collection, Recovery and Storage is dedicated
specificaly to the definition of current good practice and the reader is encouraged to look there for
further information.

After mechanicd recovery of the ODS, the PU foam materid can follow severd recovery
routes. If the foam is pure enough it can be recycled into eg. presshoards, light weight insulating
mortar or re-used as oil-binder. If the foam cannot be mechanically recycled it can be incinerated for
energy recovery (e.g. in MSW, cement kilns, etc) or used in feedstock recycling technologies such
as gadfication or in blast furnaces together with other organic rich fractions.
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APPENDIX 5: ALLOCATION OF COUNTRIES TO REGIONS

Latin America and the Caribbean
(LAC) Antigua and Barbuda
Argentina
Bahamas
Barbados
Belize
Bolivia
Brazil
Chile
Colombia
Costa Rica
Cuba
Dominica
Dominican Republic
Ecuador
El Salvador
Grenada
Guatemala
Guyana
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and The Grenadines
Suriname
Trinidad and Tobago
Uruguay

Venezuela
Middle East/North Africa
(MENA) Algeria
Bahrain
Egypt
Iran, Islamic Republic of
Iraq
Israel
Jordan
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Sub-Saharan Africa
(SSA)

A5-2

Kuwait

Lebanon

Libyan Arab Jamahiriya
Mauritania

Morocco

Oman

Palestine

Qatar

Saudi Arabia

Syrian Arab Republic
Tunisia

Turkey

United Arab Emirates
Yemen

Angola

Benin

Botswana
Burkina Faso
Burundi
Cameroon

Cape Verde
Central African Republic
Chad

Comoros

Congo

Congo, Democratic Republic of
Cote d'lvoire
Djibouti
Equatorial Guinea
Eritrea

Ethiopia

Gabon

Gambia

Ghana

Guinea
Guinea-Bissau
Kenya

Lesotho

Liberia
Madagascar
Malawi

Mali

Mauritius



South/Central Asia
(SCA)

South-East Asia
(SEA)

North-East Asia
(NEA)

A5-3

Mozambique

Namibia

Niger

Nigeria

Rwanda

Sao Tome and Principe
Senegal

Seychelles

Sierra Leone

Somalia

South Africa

Sudan

Swaziland

Tanzania, United Republic of
Togo

Uganda

Zambia

Zimbabwe

Afghanistan
Bangladesh
Bhutan
India
Maldives
Nepal
Pakistan
Sri Lanka

Brunei Darussalam

Cambodia

Indonesia

Lao People's Democratic Republic
Malaysia

Myanmar

Philippines

Singapore

Thailand

Viet Nam

China (incl. Taiwan)
Mongolia

North Korea

South Korea



Japan

Europe
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Japan

Albania
Andorra
Austria
Bosnia and Herzegovina
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece

Holy See
Hungary
Latvia
Iceland
Ireland

Italy
Liechtenstein
Lithuania
Luxembourg
Macedonia
Malta
Moldova
Monaco
Netherlands
Norway
Poland
Portugal
Romania
San Marino
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom



North America

Australia, New Zealand & The Pacific

(ANZP)

Countries with Economies in Transition

(CEIT)

Yugoslavia

Canada
USA

Australia

Cook islands

Fiji

Kiribati

Marshall Islands
Micronesia
Nauru

Niue

Palau

Papua New Guinea
Samoa
Solomon Islands
Tonga

Tuvalu

Vanuatu

Armenia
Azerbaijan
Belarus
Georgia
Kazakhstan
Kyrgyzstan
Russian Federation
Tajikistan
Turkmenistan
Ukraine
Uzbekistan
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