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DISCLAIMER

The United Nations Environment Programme (UNEP), the Technology and Economic
Assessment Panel (TEAP) co-chairs and members, the Technical Options Committee,
chairs, co-chairs and members, the TEAP Task Forces co-chairs and members and the
companies and organisations that employ them do not endorse the performance,
worker safety, or environmental acceptability of any of the technical options discussed.
Every industrial operation requires consideration of worker safety and proper disposal
of contaminants and waste products. Moreover, as work continues - including
additional toxicity evaluation - more information on health, environmental and safety
effects of alternatives and replacements will become available for use in selecting
among the options discussed in this document.

UNEP, the TEAP co-chairs and members, the Technical Options Committee, chairs,
co-chairs and members and the Technology and Economic Assessment Panel Task
Forces co-chairs and members, in furnishing or distributing this information, do not
make any warranty or representation, either express or implied, with respect to the
accuracy, completeness, or uttlity; nor do they assume any liability of any kind
whatsoever resulting from the use or reliance upon any information, material, or
procedure contained herein, including but not limited to any claims regarding health,
safety, environmental effect or fate, efficacy, or performance, made by the source of
information.

Mention of any company, association, or product in this document is for information
purposes only and does not constitute a recommendation of any such company,
assoctation, or product, either express or implied by UNEP, the Technology and
Economic Assessment Panel co-chairs or members, the Technical Options Commuttee
chairs, co-chairs or members, the TEAP Task Forces co-chairs or members or the
companies or organisations that employ them.
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2006 RIGID AND FLEXIBLE FOAMS REPORT
EXECUTIVE SUMMARY

INTRODUCTION

Historically, the blowing agent selection made by the foam plastics manufacturing
industry was based heavily on CFCs. This was particularly the case in closed cell insulating
foams, where the low thermal conductivity of the gases was advantageous. 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 various foam plastic product applications.
However, the effect of the phase-out process has been to create further diversification.

The first technology transition in non-Article 5(1) countries took place in the early 1990s
and led to the introduction of transitional substances such as HCFCs as well as the increasing use
of hydrocarbons and other non-ODSs. A similar transition is now also reaching completion in
Article 5(1) countries. Meanwhile, in non-Article 5(1) countries, attention has been firmly
focused on a second technology transition out of HCFCs. This has resulted in further switches to
both hydrocarbon and CO, technologies' and these technologies have gained market share in
several sectors. Nonetheless, there are a number of sectors where safety and performance
requirements have necessitated the use of HFC-based technologies — most notably in
polyurethane spray foam and steel-faced panels. Secondary transition is still awaited in some key
markets, such as the extruded polystyrene (XPS) market in North America and blowing agent
selection for this sector is still not finalised.

As before, this report details, for each foam type, the technically viable options available
to eliminate the use of ODSs as of 2006. It concentrates primarily on the transition status by
product group and region and on likely future scenarios. In this edition, the management of
banks and emissions is promoted from an Appendix to a chapter in the core report, reflecting the
subject’s increasing importance to legislators. Coverage of technical options per se continues to
be located for information purposes within the appendices only.

TRANSITION STATUS

General

e In 2005 the consumption of CFCs dropped below 1% of total blowing agent usage for the
first time.

" Carbon dioxide or CO; as a blowing 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 gas form. The different options are
hereafter referred to as CO, (water), CO, (LCD) or CO, (GCD).
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The very strong growth in the demand for insulation foams, particularly to support energy
efficiency improvements in buildings and appliances continues to be a major factor in the
demand for CFC alternatives.

Controls on end-of-life emissions of fluorinated blowing agents are being applied within the
appliance sector in several developed countries, while additional voluntary actions are being
actively encouraged for blowing agent recovery in the building sector in Japan.

In addition, consideration is being given to bank management projects in Latin America
although foam recovery may be logistically difficult, particularly in remote regions.

Developing Countries

Virtually all transition projects phasing out CFCs are materially complete in non-insulation
areas and are nearing completion in insulation applications. However, many projects are still
awaiting formal closure.

HCFCs continue to be the dominant blowing agent in virtually all insulation applications
with the exception of appliance insulation where the use of hydrocarbon-blown foam
continues to gain some ground, particularly in the larger countries of Asia and Latin
America.

Some use of HFC-blown foam is emerging in Latin America for appliances (mainly for
export markets) as well as in OCF, integral skin polyurethane and shoe sole applications.

Strong development of the insulation market in China, and to a lesser extent in MENA and
Latin America, is driving the rapid introduction of XPS facilities using HCFC-based
technologies. This sector alone has contributed a further 20,000 tonnes per annum of blowing
agent consumption since previously assessed in 2001.

The rate of growth of consumption of HCFCs in foam applications indicates that there could
be a significant shortfall in the period immediately after the introduction of the freeze in
consumption in 2015, as foam producers seek alternative technologies to maintain growth.

Developed Countries

The use of HCFC-141b in imnsulation foams is now limited to relatively small amounts in
Australia and Canada but significant usage of HCFC-142b and HCFC-22 is likely to continue
in both Canada and the USA until at least 2008 and, in the case of XPS, until 2010.

In the European Union and Japan the actual uptake of HFCs following HCFC phase-out has
been lower than previously predicted, partially because of increased use of other alternatives
(e.g. hydrocarbons) driven by the regulatory and market pressures to limit HFC uptake and
partially through more efficient formulation in recognition of the economic realities of HFC
use.

Super-critical CO; technologies have now been commercially introduced for spray foam in
Japan, although spray foam continues to be a challenging technology area in other regions

ES-2






The following graph illustrates the changes in blowing agent type by region since 2001...

Changes in Blowing Agent Consumption in the period 2001-2005

[ Non-Aricl 5(1) Coursries|
B Article 5{1) Countries
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....and the following graph provides further analysis of some of the regional variations in
phase-out progress and in preferred technology options:
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The lack of major increase in hydrocarbon use in Article 5(1) since 2001 is illustrative of
the fact that most of the larger projects suited to hydrocarbon had already been tackled in the
pre-2001 period. Transitions from CFCs have therefore been primarily to HCFCs and there is
little evidence yet of any transition away from HCFCs in developing countries. The only
circumstances where this has seriously occurred is where products exported to non-Article 5(1)
countries (e.g. appliances) have been required to be ODS-free.

Although many of the transitions have now already occurred, there are a number of steps
remaining. These include:

o]

Transition out of HCFC-142b/22 in the North American XPS industry
Transition of the remaining minor CFC use in Article 5(1) countries

Avoidance of, or progressive transition from, HCFC technologies in Article 5(1)
countries

Transition out of remaining minor use of HCFCs in other non-Article 5 countries
such as HCFC-141b in Canada

In addition there are a number of actions which are being considered at regional level to
minimise future emissions of ODSs. These include:

Recovery of ODS blowing agents contained in domestic refrigerators and other
appliances (see Banks and Emissions}

Recovery of ODS blowing agents from building insulation where technically
possible and economically viable (see Banks and Emissions)

Further development of processes to reduce emissions of all types of blowing
agent during foam manufacture and use

Whilst some transitions continue to take place and processes continue to be optimised,
the technology choices are expected to vary with time and country status as shown in the
following tables:
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Foam Type

CFC Alternatives

Currently in Use

Anticipated in 2007-2015 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, HFC-
134a, hydrocarbons, HFC-245fa

HCFC-141b, HCFC-22, HCF(C-
22/HCFC-142b, HFC -2451a;
HFC-365mfc

HCFC-141b,HCFC-141b/-22,
HCs, HFC-2451a

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

HCFC-141b, HCFC-22, HCFC-
22/HCFC-142b, HCs, HFC-
245fa, HFC-365mic

HCFC-141b, HCs, HFC-365mfc,
HFC-245fa

HCFC-141b, HFC245fa, HFC-
365mfc, Super-critical COy;

HCFC-141b; HCs, HFC-365mfc

HCFC-141b, HFC-365mfc/227¢a,
HCs

HCFC-22, HFC134a, HFC-152a,
propane, butane

HFC-245fa, HFC-134a,
hydrocarbons

CO, (water), HFC-134a, HFC-
245fa, hydrocarbons, HFC-365mifc
/HFC- 227ea, methy! formate

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

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

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

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

CO, (water), HFC 245fa, HFC
365mfc/HFC227ea, Super-critical
CO;

Hydrocarbons, HFC 365mfc
/HFC 227ea, HFC-2451a

CO, (water), cyclopentane

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

HCFC-14 b, hydrocarbons,
HCFC-141b/22

HCFC-14 b, CO; (water),
hydrocarbons

HCEC-141tb
N/A

HCFC14'b

HCFC 14 b

HCFC 14.b

HCFC 14'b

HCFC 14ib

HFC-1344 or HFC-152a/ Di-
methylether/propane/butane

Polyurethane: Flexible

Slabstock and Boxfoam

HCFCs are not technically
necessary for this end use

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

CO, (water), methylene
chioride, variable pressure,
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 hydrocartons
methyl formate
PU Miscellaneous HCFC-141b, HCFC-22/CO; CO, (water) CO, (water)

Table ESI — Alternatives for Polyurethane Foams
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CFC Alternatives

Anticipated in 2007-2015 period

Developed Countries

Developing Countries

Extruded Polystyrene
Sheet

Hydrocarbons, 2-chloropropane,

HFC-365mfc/227ea, HFC-

Foam Type Currently in Use
(2005/2006)
Phenolic Hydrocarbons, 2-chloro-
propane, HFC-365mfc/
L_ 227¢a 245fa

HCFC-1-1b,
hydrocarbons

Primarily hydrocarbons,
HCFCs are not technically
required for this end use

CO; (LCD), hydrocarbons, inert
gases, HFC-134a, -152a

Hydrocarbons, CO, (LCD)

HCFC-22, HCFC-142b

gases, HFC-134a, -152a

Boardstock CO,(LCD) or with HC CO: (LCD) or with HC blends, HCFC-142b, HCFC-22
blends, hydrocarbons hydrocarbons (Japan only),
(Japan only), HFC-134a, HFC-134a, HFC-152a and HC
HFC-152a HCFC-22, blends
HCFC-142b
Polyolefin Hydrocarbons plus some €0: (LCD), hydrocarbons, inert Hydrocarbons, CO, (LCD)

Table ES2 — Alternatives for Other Foams

LIKELY FUTURE SCENARIOS (INCLUDING BARRIERS TO TRANSITION)

Likely future scenarios and issues affecting transition are reviewed in de-ail within
Chapter 2 of this Report. They encompass factors in both Article 5(1) and non-Article 5(1)
environments. There are several common elements and these often focus on SMEs. Key points to
highlight at this stage are:

¢ The financial constraints of SMEs remain key factors in many transition strategies, both
in developing and developed countries. This has a particular impact on on-going uptake
of hydrocarbon technologies.

¢ Both product and process safety issues remain upper-most within some sectors (e.g. spray
foam) that would otherwise consider hydrocarbons

e There remains concern among some Article 5(1) users about the possibility of future
supply/demand imbalances for critical HCFCs, particularly in environments where phase-
out might be accelerated. This extends to the maintenance of adequate geographic supply

chains.
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e The future of HFC regulation in non-Article 5(1) countries continues to be an unknown.
However, definition of longer-term use and emission patterns is being established in
many cases so that evidence-based decisions can be reached.

BANKS AND EMISSIONS

The long historic use of CFCs in rigid foams, the long product lifetimes and the slow
release rates of blowing agents continue to point to the existence of a significant bank of future
CFC and HCFC emissions. These were well-documented in the foams chapter of the
IPCC/TEAP Special Report (SROC) which was finally published in 2005. This report confirmed
earlier estimates that suggested banks in excess of 1.8 million tonnes of CFCs and over 1.1
million tonnes of HCFCs. However, there has since been some debate about the precise size of
these banks and particularly the reliability of the bottom-up emissions function approach in
predicting overall emissions. A recent Task Force Report on Emission Discrepancies (TFED)
has brought the subject into sharp relief and proposed three main explanations for possible
discrepancies:

1. The under-estimation of use and emissions in the foam sector (affecting CFC-11,
HCFC-141b and HCFC-142b projections in particular)

2. The under-reporting and misallocation of consumption of these chemicals in
other applications resulting in the omission of consumption in emissive activities

3. The under-estimation of the lifetime of these chemicals (particularly CFC-11) in
the atmosphere, resulting in an over-estimation of annual emissions by ‘inverse
modelling” from atmospheric concentrations

The conclusion of the TFED Report was that there was sufficient uncertainty in all of
these areas to allow for the potential reconciliation of emissions estimated from bottom-up
assessments and those derived by inverse modelling from atmospheric concentrations. Further
work is required to evaluate the sources of uncertainty in more detail, and reduce them in some
cases. This will involve further commitment from the foam sector in providing adequate
information on consumption and use patterns, as well as improved information on emissions
functions.

Meanwhile, in the light of this conclusion, the respective protocol communities are able
to move forward with increased confidence when considering future projections of emissions
from the foam sector and the value of bank management as an emissions reduction option. With
respect to bank management itself, there is increasing interest in the potential for flexible
mechanisms such as those found in the voluntary carbon market. Although these will trade
fundamentally on the carbon value of ODS recovery, there are clearly mutually environmental
benefits to be had under both protocols — particularly where recovery and destruction would
otherwise be unaffordable.
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CHAPTER 1: TRANSITIONAL STATUS

POLYURETHANE FOAMS
RIGID POLYURETHANE FOAM
NON-CONSTRUCTION APPLICATIONS

This sector includes domestic refrigerators and freezers, commercial refrigeration units, water
heaters and refrigerated transport applications. It does not include miscellaneous non-insilating
applications.

DOMESTIC REFRIGERATORS AND FREEZERS
Current Technology

In developing countries there is now very limited use (well below 1,000 tonnes) of CFC
11, mostly with the smaller producers. Transitions have been to both HCFC-141b and
hydrocarbons, with economy of scale and date of conversion being important factors in the
choice of technology.

Nevertheless, hydrocarbons (typically blends containing cyclopentane) remair: -he most
widely applied technology globally. Hydrocarbons are used in all regions except ‘or Sub-
Saharan Africa, where the blowing agent itself is not available, and in North America where
HCFC-245fa has become the dominant blowing agent. Hydrocarbon technology has evolved
from the initial 100% cyclo-pentane to blends with other hydrocarbons. Blends of cyclo-pentane
with iso-pentane have emerged as the favoured blowing agent in the market because >f better
cost effectiveness. The initially observed density increase with cyclo-pentane has beer reduced
by the blend because it offers greater cell pressure, improved flow and a more uniform ad lower
average density distribution. As of 2005, more than 60% of European production was based on
this blend. Its usc has been long established in Australia and is also increasing in the Chinese
market. Blends of cyclo-pentane with iso-butane had initially grown in use for similar r¢asons to
the cyclo-pentane/iso-pentane blend but the difficulty of using a liquid/gas blend sent 1ts use into
decline more recently. It now represents less than 20%. Energy standards are met b+ use of
thicker foam and cooling system improvements.

Apart from the widespread use of HFC-245fa in North America, one producer continues
the use of HFC-134a as the blowing agent for some models.

Latest Technology Trends
In developing countries the remaining conversion from CFC 11 will occur within the next

1-2 years. The most likely replacement continues to be HCFC-141b because of inestment
constraints.









































































































Additional Regional Observations

Emission rates from XPS board continue to be a significant discussion point in various
regions. There are clear differences between product types, applications and average thicknesses
which make generalisations difficult. Sheathing products in North America are typically wide
and thin, which makes the use of HCFC-142b essential to retain the thermal performance. In
Japan, the loss of blowing agent is seen as less critical for the application. This factor, coupled
with different fire safety standards, makes the use of hydrocarbon more palatable.
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Total Global Blowing Agent Emissions by Group (1990-2015)
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This graph indicated that the annual emissions of CFCs would continue well into the
future and would only be superseded by all of the other blowing agent groups in around 2013.
Even then, the ozone depleting impact of CFC release would far outweigh other ODS blowing
agent types well into the future, as shown below:

ODS Blowing Agent Emissions by Group (1990-2015) in ODP tonnes

Volume (ODP tonnes)
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Commercial Status

Producers’: Asahi Glass, Arkema, Clariant, Daikin, ICI,
Du Pont, Hindustan Fluorocarbons Ltd.,
Hoechst Marion Roussel S.A., Honeywell,
Hunan Zhuzhou Chemical Industry Group
Co. Ltd., Jinan Chemical Works, Produven,
Quimobasicos S.A. de C.V., Rhodia,
Shanghai Chlor-Alkali Chemical Co. Ltd.,
Shaowu City Fluoride Chemical Plant,
Solvay, Tyco Sanmar.

7 http://www.chemchannels.com/chemchannel/Advance/directory/directory.asp. Consulted July, 2006.
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Commercial status

Producers: Arkema, Central Glass, DSL Chemicals
(Shanghai) Co. Ltd., Hangzhou Fist
Chemical Co. Ltd., Redox Pty. Ltd. (Head
Office - Redox Chemicals Pty. Ltd.),
Shandong Dongda Chemical Industry Group
Co., Solvay, Zhejiang Sanhuan Chemicals
Co. Ltd., Zhejiang Sanmei Chemical
Industry Co. Ltd.






Commercial status

Producers: Arkema, Asahi Glass Co. Ltd. (Corporate
Office), Daikin Industries Ltd., Hangzhou
Fist Chemical Co. Ltd., Honeywell, ICI
Japan Ltd., Kirovo-Chepetsky Khiminsky
Kombinat OAO, Solvay, Ulsan Chemical
Co., Ltd., Zhejiang Sanhuan Chemicals Co.
Ltd., Zhejiang Sanmei Chemical Industry
Co. Ltd.,, Zhonghao New Chemical
Materials Co. Ltd.
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Commercial status

Producers: Arkema, Asahi Glass, Clariant, Honeywell,
Produven, Solvay, Zhejiang Fluorescence
Chemical Co. Ltd., Zhonghao New
Chemical Materials Co. Ltd.
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Commercial status

Producers: Asahi Glass, Daikin, ICI, Du Pont, Rivoira,
Shanghai 3F New Materials Co. Ltd.,
Shanghai Sanaifu New Material Co. Ltd.,
Solvay.
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Commercial Status

Producers®

5 http://www.chemchannels.com

ExxonMobil, Haltermann, Chevron Phillips
Chemical Company LLC., Shell, Productos
Quimicos Coin. S.A. de C.V., Jilin Jinlong
Industrial Company (Subsidiaries As Jinlong
Fine Chemical factory & Longyan Chemical
Factory)
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" Commercial Status

Producers’*

™ http://www.chemchannels.com

Beijing Yanshan Petrochemical Co. Ltd.,
ExxonMobil, Haltermann, Maruzen
Petrochemical Co. Ltd., Chevron Phillips
Chemical Company LLC., Shell, Productos
Quimicos Coin. S.A. de C.V.
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Commercial Status

Producers®® Chevron Phillips Chemical Company
LLC., Huntsman Petrochemical
Corporation, Quhua Yonghe Chemical
Trade Co. Ltd., Refinery of Jinling
Petrochemical Corporation

% http://www.chemchannels.com/chemchannel/Advance/directory/directory.asp
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ODP 0
Commercial Status

Producers Chevron Phillips Chemical Company
LLC., Huntsman Chemical Corp,
Petrobras, Shanghai Petrochemical Co.
Ltd.

19T Subject of on-going investigation at time of publication
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Commercial Status

Current Supplier: BOC
























































































Sub-Saharan Africa
(SSA)

A4-2

Egypt

Iran, Islamic Republic of
Iraq

Israel

Jordan

Kuwait

Lebanon

Libyan Arab Jamabhiriya
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
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North-East Asia
(NEA)

Japan

Europe

A4 -4

Indonesia

Lao People's Democratic Republic
Malaysia

Myanmar

Philippines

Singapore

Thailand

Viet Nam

China (incl. Taiwan)
Mongolia

North Korea

South Korea

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

ltaly
Liechtenstein
Lithuania



North America

Australia, New Zealand & The Pacific
(ANZP)

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

Canada
USA

Australia

Cook islands

Fiji

Kiribati

Marshall Islands
Micronesia
Nauru

New Zealand
Niue

Palau

Papua New Guinea
Samoa

Solomon Islands
Tonga

Tuvalu

Vanuatu



Countries with Economies in Transition
(CEIT)
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Armenia
Azerbaijan
Belarus
Georgia
Kazakhstan
Kyrgyzstan
Russian Federation
Tajikistan
Turkmenistan
Ukraine
Uzbekistan






For further information contact:

The Ozone Secretariat

P.O. Box 30552-00100 Nairobi, Kenya

Tel: (254 20) 7623885 / 48

Fax: (254 20) 7624691 / 2 / 3

E-mail: ozoneinfo@unep.org

Web: http://ozone.unep.org or
www.unep.ch/ozone

978-92-807-2826-2 °
0Z0/0952/NA






