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1. Key Messages
 Growth in the construction sector in Article 5 parties, coupled with the adoption of enhanced energy
efficiency criteria for buildings has led to a growth in demand for thermal insulation materials in
these regions.
 Insulation foams have been the material of choice, although concerns over flammability have
hindered adoption in some key markets, particularly where construction methods expose hazards.
Differentiation between product types is increasingly occurring.
 In non-Article 5 parties, there has been an increasing focus on insulation use in existing buildings,
where solutions are required to be both efficient and cost-effective. PU spray foam has made
considerable inroads as a result.
 Global blowing agent consumption is estimated to have reached over 400,000 tonnes annually in
2017 and is expected to continue to grow at around 4% per year through to 2020, leading to an
overall consumption in excess of 500,000 tonnes with hydrocarbons representing over 50% of the
total.
 Regulations continue to evolve regarding the use of controlled hydrofluorocarbons (HFCs) in
foams driving transitions to low GWP alternatives in several regions and especially in many nonArticle 5 parties (nA5 parties) in the last two years.
 There have been significant improvements in the development and availability of additives, coblowing agents, equipment and formulations enabling the successful commercialisation of foams
and foam systems containing low GWP blowing agents.
 Article 5 parties (A5 parties) face common challenges in phasing out hydrochlorofluorocarbons
(HCFCs) and phasing down high global warming potential (GWP) HFC blowing agents.
o HPMPs continue to drive transitions in foams.
o In general, HCFCs are less than half of the cost of high GWP HFCs and hydrofluoroolefin
/ hydrochlorofluoroolefin (unsaturated HCFCs and HFCs) blown foams remain more
expensive than HFC foams due to the total cost of blowing agent and required additives.
o In some A5 parties, import of HCFC-141b itself is controlled or under license, but polyols
containing HCFC-141b can be imported without controls. To counter this, some A5 parties
have implemented regulations that would ban or restrict import of HCFC-containing polyol
systems.
o Decisions on transition for some segments (e.g. spray foam and extruded polystyrene
[XPS]) may be delayed because the cost of transition is still being optimized for some
regions.
o Capacity planning for alternatives will require continued communication between
regulators, producers and users to ensure smooth transitions.
 Total global production of polymeric foams continues to grow (3.9% per year) at a slightly lower
rate than noted last year (4.0%), from an estimated 24 million tonnes in 2017 to 29 million tonnes
by 2023. Production of foams used for insulation is expected to grow in line with global
construction and continued development of refrigerated food processing, transportation and storage
(cold chain).
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 Based on average blowing agent percentages of 5.5% w/w for polyurethane and 6% 1 w/w for XPS,
this leads to an estimated demand of greater than 400,000 tonnes with a further 10,000 tonnes being
consumed by other foam types. Further, it is estimated that blowing agent demand would grow to
above 500,000 tonnes by 2023 based on the growth rates presented below.
 The focus of HCFC phase-out in the foam sector to date has been HCFC-141b based on the “worstfirst” principle. However, this has led to a significant tail of HCFC-142b/22 use in the XPS sector
which has continued to grow rapidly, particularly in Asia.
 The challenge of dealing with a multitude of SMEs in both Article 5 and non-Article 5 parties
remains. Lack of economies of scale prevents the investment in flammable solutions, leaving high
GWP alternatives as the only option, often with considerable emissions.
 Oxygenated hydrocarbons, such as methyl formate, are being increasingly used in some Article 5
parties, especially in integral skin applications 2, although flammability remains an issue.
 Banks of blowing agents are expected to exceed 5 million tonnes, inclusive of hydrocarbons by
2020. Much of the ODS component of these banks will already be in the waste stream by then as
products with more limited lifecycles (e.g. appliances) reach end of life.

 Based on the climate benefit accruing from recovery, the average global warming potential of
blowing agents in the waste stream will only further decline over the period through to 2020 making
the economic justification for recovery more challenging.

2

Water (carbon dioxide) is largely used as a foam blowing agent for integral skin
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2. Executive Summary
•
•
•

•

•

Regulations continue to evolve regarding the use of controlled hydrofluorocarbons (HFCs) in foams
driving transitions to low GWP alternatives especially in many non-Article 5 parties (nA5 parties).
There have been significant improvements in the development and availability of additives, co-blowing
agents, equipment and formulations enabling the successful commercialisation of foams and foam
systems containing low GWP blowing agents.
Article 5 parties (A5 parties) face common challenges in phasing out hydrochlorofluorocarbons
(HCFCs) and phasing down high global warming potential (GWP) HFC blowing agents.
o HPMPs continue to drive transitions in foams.
o In general, HCFCs are less than half of the cost of high GWP HFCs and hydrofluoroolefin /
hydrochlorofluoroolefin (unsaturated HCFCs and HFCs) blown foams remain more expensive
than HFC foams due to the total cost of blowing agent and required additives.
o In some A5 parties, import of HCFC-141b itself is controlled or under license, but polyols
containing HCFC-141b can be imported without controls. To counter this, some A5 parties
have implemented regulations that would ban or restrict import of HCFC-containing polyol
systems.
o Decisions on transition for some segments (e.g. spray foam and extruded polystyrene [XPS])
may be delayed because the cost of transition is still being optimized for some regions.
o Capacity planning for alternatives will require continued communication between regulators,
producers and users to ensure smooth transitions.
Total global production of polymeric foams continues to grow (3.9% per year) at a slightly lower rate
than noted last year (4.0%), from an estimated 24 million tonnes in 2017 to 29 million tonnes by 2023.
Production of foams used for insulation is expected to grow in line with global construction and
continued development of refrigerated food processing, transportation and storage (cold chain).
Based on average blowing agent percentages of 5.5% w/w for polyurethane and 6% w/w for XPS, the
estimated demand of greater than 400,000 tonnes with a further 10,000 tonnes being consumed by other
foam types. Further, it is estimated that blowing agent demand would grow to above 500,000 tonnes
by 2023 based on the growth rates presented below.

Global Markets for Foams
Estimated Global Polymer Foam Production
(tonnes)
Polyurethane
Rigid
Flexible
Total PU Foam Production
Polystyrene
EPS
XPS
Total Polystyrene Foam Production

3

2017

2023

CAGR 3
%[1]

5,352,900
7,447,700
12,800,600

6,831,808
9,100,541
15,641,391

5.00%
4.09%
4.54%

8,523,575
1,750,000
10,273,575

9,890,000
1,850,000
11,740,000

3.02%
1.12%
2.70%

Phenolics, Polyolefins, EVA, ENR

1,613,000

2,150,000

5.92%

Total Estimated Polymeric Foams[2]

24,687,175

29,531,391

3.87%

Compound Annual Growth Rate
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Table 1: Estimated Global Polymer Foam Production 2017-2023 (tonnes)
The market size of polymer foam is projected to grow at a Compound Annual Growth Rate of 3.9% from
2017 to 2023 in volume from just over 24 million tonnes to 29 million tonnes. The rate of growth is
estimated to be slowing due to concerns about plastics in the environment and legislation regarding
disposal of polymeric foams. 4 Additional details related to polyurethane foams are provided in Table 1.1
below.
Global Rigid PU (Tonnes)

EMEA

NAFTA

CHINA

APAC

LATAM

Global

Panels

990,000

610,000

120,000

90,000

50000

1860000

Slabstock

7,000

22,000

60,000

6,000

1,000

96,000

Pipe Insulation

75,000

18,000

190,000

30,000

1,000

314,000

Spray Foam

115,000

320,000

80,000

50,000

5,000

570,000

Pour in place & OCF

45,000

30,000

260,000

15,000

5,000

355,000

Total Construction

1,232,000

1,000,000

710,000

191000

62000

3195000

Total refrigeration

365,000

265,000

1,002,500

250000

108,000

1990500

Others *

80,000

27,000

40000

10400

10000

167400

Total Rigid PU Foam

1677000

1292000

1,752,500

451400

180,000

5352900

Slabstock

1,700,500

835,000

2,080,000

600,000

420,000

5,635,500

Total Automotive

440000

354200

380000

278500

75000

1527700

Non Automotive

50,000

57000

150,000

45,000

6,000

308000

Total Moulded Foam

490000

411200

530000

323500

81000

1835700

Total Flexible Foam

2167000

1246200

2610000

923500

501000

7447700

Total Foams

3,844,000

2,538,200

4,362,500

1,374,900

681,000

12,800,600

*Others rigid

packaging, moulded furniture, craft and hobby, miscellaneous

2017

Global Flexible PU

Table 1.1: Estimated Global Polyurethane Foam Production 2017 (tonnes) 5
2.3 Global Drivers for Foams
The increasing disposable incomes of the growing global, urban middle class remain the main drivers of
the global polymeric foam market. Demand is driven by its wide range of end-use industries, building &
construction, the cold chain, furniture & bedding, packaging and automotive industries. Rigid polymeric
foams are most often used for thermal insulation and packaging. These foams historically have used
blowing agents controlled by the Montreal Protocol.
4

5

Market & Market Global Polymeric Foam Report 2017-2022
Estimated Global PU Foam Production (ICF, Technical Experts, EPA, HPMPs
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Polyurethane, polystyrene and phenolic foams contribute substantially to the energy efficiency in buildings.
Global construction is forecast to increase by USD 8 trillion by 2030, creating a global annual growth in
demand for thermal insulation of 4-5% 6. The main drivers for thermal insulation are legislation and building
standards to reduce heat loss. The EU and North America are currently leading proponents of building
codes to reduce energy consumption in the construction industry. Emerging countries in Asia Pacific are
fast growing markets for polymeric foams that offer thermal insulation. 7
In all buildings, the demand for thermal insulation has increased substantially as their role in reducing
energy dependency and greenhouse gas emissions has been recognised. New or improved thermal
insulation requirements have emerged across the Middle East and throughout India, China, South Africa
and Latin America. Even though there has been some shift between fibre (mineral/slag wool) and foam
market shares in China during the period, mostly as a result of fire concerns, the production of polyurethane
chemicals had grown globally. Other competing foam insulation materials are expanded polystyrene (never
used ozone depleting substances), extruded polystyrene (XPS), phenolic and polyethylene foams. The
demand for XPS foams is also growing. There is also recognition that, in most non-Article 5 parties, over
50% of the buildings that will be operational in 2050 have already been built. If progress on building energy
efficiency and related CO2 emissions is going to be made in A5 parties, then significant renovation will be
necessary.
Current foam projections 8 predict on-going growth to 2019 of 4% per year. On this basis global blowing
agent consumption will exceed 520,000 tonnes by 2020 unless there are further gains in blowing efficiency
as technologies develop. Based on these trends, the historic, current and future demand for physical blowing
agents is summarised in Figure 1 below:
Rigid polyurethane foam accounts for 30 % of the total estimated polymeric foam produced, the major
drivers being regulation and energy efficiency, especially in construction and the cold chain. 9
An estimated one third of global food production requires refrigeration. The Food and Agricultural
Organization estimates that food production needs to increase globally by 70% to feed an additional 2.3
billion people by 2050, therefore refrigeration has an increasing role to play in food preservation. 10

6

Oxford Economics – Global Construction Trends to 2030

7

Ialconsultants.com – EU Thermal Insulation Markets 2018

8

RAPRA Report ‘The Future of Polymer Foams: Market Forecasts’

9

JRC Technical Report on the Competition Landscape of Thermal Insulation

10

Cooling and refrigeration sector: the centre of the EU’s energy system, CORY ALTON MAY 2017, PUBLISHED IN BLOG
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Trends in Global Foam Use and Impacts on Blowing Agent Consumption

Source: FTOC 2014 Assessment Report

Figure 1: Growth in the use of Physical Blowing Agents by Type over the period from 1990 to 2020

Overview of Progress and Challenges Related to Blowing Agent Transitions
The major blowing agent transitions being driven by regulation currently are those in Article 5 parties
resulting from Decision XIX/6 and being funded under national HCFC Phase-out Management Plans
(HPMPs). First phase HPMP implementation is generally running smoothly, although there have been
delays in the initiation of some plans owing to the significant administration involved. Since Decision
XIX/6 requires a “worst first” approach, the phase-out of HCFC-141b has been particularly targeted over
the period covered by this report. This has been broadly successful within larger enterprises where the
critical mass of the operation is sufficient to justify investment in hydrocarbon technologies, often with
individual enterprises often willing to co-fund the investment where the funding thresholds available under
the Multilateral Fund have been insufficient.
Foams manufactured using other blowing agents, notably extruded polystyrene (XPS), have not typically
been part of the first phase of most HPMPs. This is because there are no proven low-GWP alternatives to
HCFC-142b/22 currently available. Although CO2 based technology is prevalent in Europe, it is still not
clear whether it is sufficiently versatile for the variety of manufacturing plants operating in Article 5 parties.
Other alternatives include hydrocarbons and ethers, but the flammability of these blowing agents is
problematic when coupled with polystyrene as brominated flame retardants are also being phased out in
some countries. The concern about flammability has increased in Asia since 2010 following a series of
major building fires which occurred during the construction of some high-rise buildings. Despite these
concerns, investment in XPS manufacturing capacity is increasing in response to demand for inexpensive
and effective insulation. This has particularly been the case in Russia, the Middle East and parts of Eastern
Europe and North Africa. The current choice of blowing agent in these regions are blends of HFC134a/HFC-152a which have a GWP of 1430 and 124 respectively. The manufacturing process is typically
quite emissive. Blends based on a combination of hydrofluoroolefins (HFOs) and/or
hydrochlorofluoroolefins (HCFOs) together with hydrocarbons, ethers or other low GWP blowing agents
may ultimately provide a solution for XPS, but the continuing development is causing delay on conversions
for some parties.
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The net impact of these trends is projected in the Figure 2 below:

Figure 2: Evolution of consumption patterns for blowing agents in Article 5 Parties with time
Source: FTOC 2014 Assessment Report

The growth in XPS could have resulted in a possible breach of the 2013 HCFC Freeze in the foam sector.
However, parties noted no issues with non-compliance with the Protocol, and there is always the potential
to compensate in other sectors or require other transitions in foams to meet the required levels.
In addition, there are challenges remaining for small and medium enterprises (SMEs). Lack of economies
of scale prevents the adoption of hydrocarbons, while the adoption of high GWP alternatives results in high
climate impact within processes which are typically less well engineered or are unavoidably emissive.
Although transitions from HCFCs to HFCs were largely unavoidable in many non-Article 5 parties during
phase-out of HCFCs, there is increasing pressure to switch to low-GWP technologies. In view of
hydrocarbon flammability, the focus is on the potential role of less flammable blowing agents such as
unsaturated HCFCs and HFCs or all water-blown formulations. For integral skin applications, oxygenated
hydrocarbons such as methyl formate are becoming the blowing agent of choice while the major PU Spray
Foam markets of the USA and Canada, seem to be adopting unsaturated HCFCs and HFCs, with
commercial systems now emerging.
During the negotiation of the HFC amendment, parties discussed patented low GWP products and the
challenges that parties might face in converting to those patented products due to access and potential
cost. Unsaturated HFCs and HCFCs are patented in some parties; however, there are also many parties
where there are no patents related to unsaturated HFCs and HCFCs. Unsaturated HFCs and HCFCs have
been commercialized in many parties including in some of those where they are patented. Some members
of the committee noted that adoption of patented products might be slower in some countries and some
foam products for some parties while other members note that this may not be an issue as evidenced by
some of the adoption in already.
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Non-Article 5 parties in North America, Europe and Japan are now pursuing regulatory strategies to
encourage the phase-out of HFC use in the foam sector. In Europe, this has been enacted under the re-cast
F-Gas Regulation, while in the USA, the existing Significant New Alternatives Program (SNAP) is being
explored as a tool for the de-selection of some blowing agent options. These regulatory initiatives could
place particular pressure on the XPS industry in these regions, since universally acceptable alternatives are
still to emerge. In Japan, GWP limits have been set on PU Spray foam from 2020 and reporting requirements
continue for HFC-245fa and HFC-365mfc.

Update on Bank Estimates and Emerging Management Strategies
Global banks of blowing agents in foams are estimated to have grown from around 3 million tonnes in 2002
to an estimated 4.45 million tonnes in 2015 11. Based on current consumption estimates, these will grow to
well in excess of 5 million tonnes by 2020. This is in spite of the fact that some of the bank will have moved
into the waste stream (typically landfill) by then. i.e the relative proportion of ODS and GWP chemicals to
the total bank is declining. ODS-containing foam is being increasingly treated as hazardous waste, but
monitoring shipments is difficult when no simple way of determining the blowing agent within a foam
exists. The search for appropriate detection equipment continues for both the characterisation of waste and
the monitoring of cross-border trade. One option is to encourage voluntary intervention at
decommissioning by assigning value to the process. However, the average global warming potential (GWP)
of the waste stream will decrease with time making this less economically viable. Figure 3 illustrates this
trend:

Figure 3: Expected decline in average GWP of the waste streams for typical foam applications

These trends imply that there is an urgent need to introduce effective waste management practices. Indeed,
much of the climate benefit arising from appliances foams has already passed as lower GWP alternatives
have been commercialized. This is being borne out in practice for many appliance recycling plants, where
the associated climate benefit is not sufficient justification for capital investment. As a result, contractors
are interested in minimising their upfront investment costs by adopting manual dismantling practices, even
though there are associated emissions. This is especially the case in areas of low population density, where
the economies of scale are more limited.

11

Data adapted from Special Report on Ozone and Climate (2005) – values include hydrocarbons
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3. Trends in Global Foam Use and impacts on Blowing Agent Consumption
Growth in Global Construction and Foam Use 12
Global Construction Trends
Global construction investment is forecasted to continue to increase by as much as 3.6% per year through 2022
reflecting ongoing financial recovery in the United States and the European Union as well as growth in emerging
markets. Although the highest construction investments are forecasted to continue to be in Asia Pacific,
construction output in China is forecasted to slow to an average of approximately 4% while the Middle East
grows at rates above 6% per year. Figure 4 shows the contrast in forecasted growth in the next years compared
to that shown in the 2014 Assessment Report.

Forecasted Growth in Construction 2018-2022*
Middle East Africa
Eastern Europe
China
US
EU
Mexico, South & Central America
Global
-2.00%
*Construction Intelligence Center,
ICF

0.00%

2.00%

2012 -2013

4.00%

6.00%

8.00%

2018 - 2022

Figure 4: Growth in Construction Investment 2012/13 vs. 2018-22 (%)
Source: Construction Intelligence Center and IHS Global Insight

This is in contrast to the trends as the market recovered from the global economic recession of 2008/9 which
significantly impacted construction investment, particularly in non-Article 5 parties. The project lead times
associated with new-build construction projects (typically 2-3 years from initiation to completion) has
meant that recovery of new construction activities was delayed. However, investment in new construction
in Article 5 countries is forecasted to continue to slow in China and Mexico and South and Central America.
This is indicated in the Figure 1 above,.
Typically, Article 5 parties are focused primarily in new construction, while non-Article 5 parties are
increasingly turning to renovation strategies. This is partly a recognition that, in most non-Article 5 parties,
over 50% of the buildings that will be operational in 2050 have already been built. If impacts on building
12

Construction Intelligence Center, IHS Global Insight
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energy efficiency and related CO2 emissions are going to be made, then significant renovation programmes
will be required.
In both new construction and renovation, the demand for thermal insulation has increased substantially as
the role of buildings in reducing energy dependency and greenhouse gas emissions has been recognised.
New or improved thermal insulation requirements have emerged across the Middle East and throughout
India, China, South Africa and Latin America. Although there has been some shifting between fibre and
foam market shares in China during the period, partially as a result of a temporary moratorium13 on the
installation of organic insulation materials (including polyurethane and polystyrene) arising from fire
concerns, the production of polyurethane chemicals globally from 2012 to 2017 by 5 million tonnes to just
23 million tonnes. Figure 5 illustrates the geographic spread of this production and indicates the growing
importance of Article 5 regions in both the production and consumption of polyurethane chemicals. Figure
6 shows the global polyurethane foam breakdown by type.

Global Production Polyurethane Chemicals by Region (2017)
Africa 2%

NAFTA 17%
Middle East 3%

China 52%

Europe 23%

Central & South
America 3%
Africa

China

Central & S America

Europe

Middle East

Nafta

Source: PU Magazine

Figure 5: Regional Distribution of PU Chemical Production in 2017 (~23 million tonnes)

13

Rescinded in December 2012
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Global Breakdown by PU Type
Adh & Seal
7%

Binders
3%

Rigid
25%
Coatings
15%

Elastomers
23%

Rigid

Flexible

Elastomers

Flexible
27%

Coatings

Adh & Seal

Binders

Figure 6 Global Distribution of PU Chemical in 2017 (~23 million tonnes)

Impact on Blowing Agent Consumption
Of the total polyurethane production, 12 million tonnes were estimated in 2017 to be consumed in the foam
sector annually with approximately 5.8 million tonnes being in the rigid insulation foam sector, where it
consumes blowing agents of interest to the Montreal Protocol. Other competing foam insulation materials
are expanded polystyrene (never used ozone depleting substances), extruded polystyrene (XPS), phenolic
and polyethylene foams. XPS foams are understood to consume approximately several million tonnes of
polystyrene globally. Based on average blowing agent percentages of 5.5% w/w for polyurethane and 6% 14
w/w for XPS, this leads to an estimated demand of greater than 400,000 tonnes between them with a further
10,000 tonnes being consumed by other foam types.

Regulations & Codes Impacting Blowing Agent Selection
For Article 5 countries, market and regulatory pressure continue for foam producers to transition to zero
ozone depletion potential (ODP) blowing agents. In some countries, use of HCFCs is limited to applications
where hydrocarbons are not suitable, such as spray foam. In others, HCFCs are still widely used. HCFCs
are still used but countries are working to limit imported HCFC 141 B pre-blended polyol and manufacture
of foam using HCFCs, Globally, the controlled availability and the increasing price of HCFCs may drive
faster transition.

Weight percent as a global average would vary depending on the molecular weight of the foam blowing agent.
One industry source notes that the weight percent of blowing agent in XPS foam could be as high as
approximately 6 to 10 percent depending on the formulation while historically, FTOC has used a level of 4.5%.
14
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HCFC Transition and 2016 Kigali Amendment
The Foams Technical Options Committee (FTOC) has discussed and will monitor the interaction of the
Kigali Amendment with the HCFC-141b phase out. There are a number of variables which may influence
the rate of transition out of HCFC-141b into low global warming potential (GWP) and zero ODP blowing
agents directly, or as a second conversion via high GWP HFCs. These variables include: the cost and
availability of HFOs and the cost and availability of high GWP HFCs (e.g. HFC-245fa, HFC-365mfc/HFC227ea). In Southeast Asian, most countries are working to ratify the Kigali Amendment (e.g. translation of
the Kigali Amendment into local language, stakeholder consultation, HFCs inventory surveys in the
industry sectors to countries base line, review of social-economic impacts, etc.)
Under HCFC Phase-out Management Plans (HPMPs), projects that transition from HCFC-141b used in
polyurethane foam to low GWP alternatives have been funded and many have been completed or are in
progress. However, unfunded companies (e.g. companies that were established after September 2007,
multi-national companies and companies in unfunded countries) operating in Article 5 countries may
convert from HCFCs to high GWP HFCs to meet HCFC phase-out deadlines rather than converting directly
to low GWP alternatives.
Article 5 countries face common challenges in phasing out HCFC and phasing down high GWP HFC
blowing agents. In general, HCFCs are less than half of the cost of high GWP HFCs and HFOs which are
currently comparably priced. Decisions on transition may be delayed because the final formulations to
optimise performance and cost are still not clear for all applications and geographies, and because of limited
availability of low GWP blowing agents.
Some Southeast Asian countries with funded HPMPs have proposed to establish or amend regulations to
phase out HCFC-141b in polyurethane foam through a quota system, with a permit for the import of bulk
HCFC-141b. Additional regulations in development in these countries include a restriction on the import
of HCFCs and polyols containing HCFC-141b after conversion projects are completed and a prohibition of
the expansion of existing HCFC-based manufacturing capacities or building new facilities. HCFC-141b
in spray foam is still allowed because of technical, safety and cost concerns about replacement products.
In China, the national fire code for buildings GB50016 has been in effect since May 1 2015. This has
significantly changed the landscape of thermal insulation in the construction sector. The extremely
stringent fire performance criteria in the standard limit the use of organic foam materials such as rigid
polyurethane and polystyrene foams in thermal insulation and ban the use of organic material such as the
core of metal faced sandwich panels for industrial applications. This is a major setback for the Chinese
government’s drive to save energy . There is clear indication that B1 organic foam may be allowed as
insulation material in metal faced sandwich panels for cold storage applications. While stringent but
achievable fire standards have been enacted, building code enforcement and construction site
management also impact fire safety.
In India, labelling of pre-blended polyols and insulation boards containing HFCs has been required as of
January 1, 2015 and “included in descriptions used for advertising” of finished goods. In addition, there is
an annual reporting obligation on manufacturers of pre-blended polyol containing HFCs (covering imports
and exports).
In the United States (US), in 2015 and 2016 the Significant New Alternatives Policy (SNAP) program
implemented by the Environmental Protection Agency (EPA) made changes in the list of acceptable foam
blowing agents eliminating HFCs use in a number of applications. In April 2018, the SNAP program
suspended enforcement of these restrictions due to on-going litigation regarding the requirement for
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further transition beyond ODSs. Independently, the state of California has adopted the provisions from
the 2015 and 2016 rules related to HFC use in foams and several other states are developing HFC
regulations.
Formed in 2017, the United States Climate Alliance is a bipartisan coalition of states in the United
States committed to upholding the objectives of the 2015 Paris Agreement on climate change within their
borders. As of January 2019, the 18 members of the Alliance made up over 50% of U.S. GDP. Four
members of the coalition have committed to regulate the use of HFCs.
In Canada, regulations establishing a phase-down of HFC consumption from an established baseline came
in to force in April 2018. Regulations have been implemented that eliminate the use of blowing agents
above 150 GWP by 2021. As producers in the US export foam and foam systems to Canada, US
manufacturing facilities may convert at least a portion of facilities exporting to Canada to comply with the
regulations.
In the European Union (EU) or European Economic Area (EEA), high GWP fluorinated gases are being
phased down, according to (EU) No 517/2014 on Fluorinated Greenhouse Gases (F-Gas Regulation) which
was introduced in 2014 and represents a tightening of the previous 2006 F-Gas Regulation. The F-Gas
Regulation establishes a phase-down in the total supply of HFC gases across the EU. This phase-down is
implemented using a system of quotas – allocated to companies involved in the production or import of
HFC gases. In addition to this EU-wide phase-down in the availability of virgin HFCs, the F-Gas Regulation
also imposes a number of “product bans”, which apply to particular gases and applications. In 2015, all
HFCs with GWP greater than 150 were banned for foam use in domestic appliances. By 1/1/2023 all HFCs
with GWP greater than 150 will cease being used in all foam manufacturing. Foams and polyol-blends
containing HFC should be labelled, and the presence of HFC has to be mentioned in the technical
documentation and marketing brochures. The F-Gas Regulation operates on the supply-side through a quota
system, which means that supply of HFC blowing agents to the foam sector is being constrained well before
the phase-out dates. Figure 7 shows the transitions required for the foam industry in EU.
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Figure 7 HFC phase down according to F-Gas Regulations in EEA

The F-Gas Regulation operates on the supply side through a quota system, which will likely mean that
supply of blowing agents to the foam sector could become restricted well before the phase-out dates noted
above. This is especially likely because the bulk of the demand is in the refrigeration and air conditioning
(RAC) sector. The European Partnership for Energy and the Environment Study (presented at a side
event at MOP-27) indicated that the RAC sector will have difficulty in meeting its phase-down targets,
leading to an inevitable increase in price as demand exceeds supply.
The production, import and export of unsaturated HCFCs and HFCs 15 above 100 tonnes of CO2
equivalent needs to be reported. Undertakings placed on the EU market products and equipment
containing HFO/HCFO in quantities exceeding 500 tonnes of CO2 equivalent over a year period also
need to report it, unless the gases were bought on the EU market or imported as bulk.
Unsaturated HCFCs and HFCs are regulated slightly different by some parties. At least one European
Union party is evaluating the ODP in HCFOs from a regulatory perspective; however, several nonA5
parties treat the ODP as negligible from a regulatory perspective. In some European Union parties
unsaturated HCFCs and HFCs are defined as volatile organic compounds (VOC) and required
environmental permits for use while they are exempted from VOC by other parties based on their
Maximum Incremental Reactivity (MIR) in comparison to ethane. One party regulates unsaturated
HCFCs and HFCs by the same laws as HFC and therefore, in theory, are banned. However, amendment to
the law allows producers/importers to ask for exemption, based on the low GWP value of HFO and their
benefit in energy efficiency,
15

Unsaturated HCFCs and HFCs are sometimes referred to as HCFOs and HFOs or HFOs.
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In Japan, a voluntary target on HFC phase down program was set based on “the Act on Rational Use and
Proper Management of Fluorocarbons”, put in force in April 2015. As the result of the 2015 Paris
Agreement, additional voluntary targets for the HFC phase out program for all applications of rigid
polyurethane foam are required. HFOs and HCFOs have been used commercially for various rigid foam
applications since mid-2015. In December 2017, the Japan Urethane Foam Association published the
voluntary “Non F-gas Declaration” that require HFCs to be replaced with low GWP blowing agents by
2020 for polyurethane spray foam used in residential buildings. Japan ratified the Kigali HFC Amendment
in late 2018.
Australia ratified the Kigali HFC amendment and has announced an overall phase-down of HFCs rather
than taking a sector-specific approach.
Regulations Impacting Extruded Polystyrene
Regulations affecting the use of blowing agents in extruded polystyrene (XPS) will drive the point of sale
replacement of HFC-134a foams by low GWP alternatives in the EU (Jan 1 2020) and Canada (January 1
2021). Manufacturing conversion will have to be completed in early 2019 to remove higher GWP HFCs
from the supply chain in Europe. HFO-1234ze (E) is only available from a single supplier, and may have
significantly higher costs when used as a direct replacement for HFC-134a. Blends are being tested and
have been commercialized by some companies as a lower cost option with similar performance
characteristics compared to foams containing HFC-134a.
Code changes in Japan may require another transition for XPS producers to meet new thermal insulation
requirements (Class 3 requirements). Some conversion to HFO-1234ze (E) / hydrocarbon blends have been
commercialized to meet these new thermal requirements.
Some A5 XPS producers have already converted to zero ODP alternatives. Other A5 XPS producers
continue testing zero ODP alternatives and/or low GWP alternatives to prepare for transition away from
HCFCs. In China, HCFC 142b/22 blends are still used because of price and availability. These could
transition directly to low GWP alternatives, including HFC-152a, CO2, HCs, dimethyl ether (DME),
alcohols etc. However, building codes for fire protection may not allow the use of HC blown foams to be
produced in certain locations as an alternative. Even though HFC-134a has low solubility in foam systems,
it is often used as the main blowing agent in XPS foams to achieve lower thermal conductivity. It is used
in blends with the aforementioned alternatives to better balance XPS foam performance. HFO/HCFO’s are
being evaluated either individually or in blends as a replacement for HFC-134a.

Projection of Business-as-Usual Trends to 2020
Current polymer foam projections 16 suggest on-going growth to 2019 of an average of 4.8% per year, which
is slightly more rapid than the 4.4% per year achieved in the period 2009-2014. On this basis global blowing
agent consumption can expect to exceed 520,000 tonnes by 2020 unless there are further gains in blowing
efficiency as technologies develop. Based on trends in blowing agent selection monitored by the Foams
Technical Options Committee, the historic, current a future demand for physical blowing agents is
summarised in Figure 8 below:

16

RAPRA Report ‘The Future of Polymer Foams: Market Forecasts to 2019’
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Source: FTOC

Figure 8: Growth in the use of Physical Blowing Agents by Type over the period from 1990 to 2020
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4. Overview of Progress and Challenges Related to Blowing Agent Transitions
Progress with HCFC Phase-out Management Plans (HPMPs) in the Foam Sector
The major blowing agent transitions being driven by regulation at present are those in Article 5 parties
resulting from the enactment of Decision XIX/6 and being funded under a series of national HCFC Phaseout Management Plans (HPMPs). HPMPs are currently in their second phase and implementation is
generally running smoothly. Since Decision XIX/6 required a “worst first” approach, the phase-out of
HCFC-141b was targeted first. This has been largely successful within larger and some medium enterprises
where the critical mass of the operation is sufficient to justify investment in hydrocarbon technologies.
Indeed, in several instances, individual enterprises have been willing to co-fund the investment where the
funding thresholds available under the Multilateral Fund have been insufficient, despite the economies of
scale.
The F-TOC is unaware of any conversion projects from HCFCs to HFCs that have been funded by the
Multilateral Fund.

Particular Challenges with PU Spray Foams and Extruded Polystyrene
For PU Spray foam the major challenge relates to the safe processing of these systems under in-situ
conditions within a building. The potential for the accumulation of blowing agent in ‘pockets’ creates the
risk of fire or explosion if flammable materials are used. Therefore, flammable blowing agents including
hydrocarbons have broadly been ruled out for polyurethane spray foam. In addition, some spray foam
contractors may not be well trained in safety precautions that would be needed to mitigate these risks. Spray
foams have been one of the last foam applications to move away from HCFC-141b as a blowing agent in
Article 5 parties largely transitioning to HFC-245fa and HFC-365mfc/HFC227ea with some transition to
unsaturated HCFCs and HFCs., Formulators and contractors have started to switch from high-GWP HFCs
such as HFC-245fa and HFC-365mfc/227ea to unsaturated HCFCs and HFCs in non-Article 5 parties.
Water-blown foam is also used, but there are challenges with dimensional stability (including density which
increases costs) and insulating capability.
Foams manufactured using other blowing agents, notably extruded polystyrene (XPS) which uses HCFC142b, HCFC-22 or blends thereof, have not typically been part of the first phase of most HPMPs. Apart
from the fact that the ozone depletion potentials (ODPs) of the blowing agents are lower than for HCFC141b, largely transitions have been made to blends of a unique combination of HFC-134a, HFC-152a 17,
CO2, dimethyl ether, ethanol, HFO/HCFO, water, mixed butanes (higher lambda) and isobutane (low
lambda). Although CO2 based technology is prevalent in many countries, it is still not clear whether this
will be sufficiently versatile to be used in manufacturing plants with lower cost equipment (e.g. control
systems, screw design, die designs) that is not designed for high injection pressures operating in Article 5
parties.
Hydrocarbons and ethers can also act as foam blowing agents for XPS foams, but their flammability is
viewed as problematic. The Stockholm Convention concluded that the flame retardant hexa-bromo-cyclo-

17
HFC-152a is flammable and proper safety precautions need to be taken when using it. HFC-152a is used in
several manufacturing facilities especially in nA5 parties.

17 | P a g e

2018 FTOC Assessment Report

dodecane 18 (HBCD) is likely to lead to significant adverse human health and environmental effects such
that global action is warranted. Countries in the European Union have transitioned away from HBCD to
polymeric brominated flame retardant. Some companies have had challenges with processing (e.g.
temperature and shear) using alternate flame retardants making this transition more complex. In Japan and
Saudi Arabia, higher concentrations of hydrocarbons are used in combination with higher concentrations
of fire retardants in polystyrene foams.
The situation has been further compounded in Asia since 2010 by a series of significant fires associated
with insulation which have taken place in high-rise buildings (typically during the construction phase)
which has resulted in the adoption of more stringent building codes. Despite these concerns, investment in
XPS manufacturing capacity has continued as demand for inexpensive and effective insulation has
increased and to reduce shipping distances. This has particularly been the case in Russia, the Middle East
and parts of Eastern Europe and North Africa.
Blowing agent blend design (and the selection of insulation material) is based on the need to meet thermal
insulation requirements at a given thickness. For example, blends based on a combination of
hydrofluoroolefins (HFOs) and/or hydrochlorofluoroolefins (HCFOs) with other co-blowing agents are
used in Europe to meet the more stringent thermal insulation requirements. The net impact of these trends
is projected in the Figure 9 below:

Figure 9: Evolution of consumption patterns for blowing agents in Article 5 Parties with time

18

The POPRC has concluded that HBCD is likely, as a result of its long-range environmental transport, to lead to
significant adverse human health and environmental effects, such that global action is warranted
(UNEP/POPS/POPRC.6/13/Add.2). To reduce the risks to human health and the environment the use of HBCD for
different applications must be minimized.
http://chm.pops.int/Implementation/Alternatives/AlternativestoPOPs/ChemicalslistedinAnnexA/HBCD/tabid/5861
/Default.aspx
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The growth in XPS could have created a challenge for the 2013 Freeze – at least for the foams sector.
However, no issues with compliance were reported by parties and they may have compensated in other
sectors. The significance of the XPS transition is clear.

Enterprise Size and Economies of Scale
The other major factor that threatens the smooth phase-out of blowing agents in both Article 5 and nonArticle 5 parties is the challenge of dealing with a multitude of small medium enterprises (SMEs). In these
instances, the lack of economies of scale does not allow for the adoption of hydrocarbons, while the
adoption of high GWP alternatives such as HFCs will result in high levels of emission within processes
which are either less well engineered or are unavoidably emissive because they are used in-situ (e.g. PU
Spray Foams). Although transitions from HCFCs to HFCs were largely unavoidable in many non-Article 5
jurisdictions at the time of phase-out of HCFCs, there is increasing pressure now to switch to low-GWP
technologies. With hydrocarbons being problematic from a safety perspective, the focus is on the potential
role of less flammable blowing agents such as unsaturated HCFCs and HFCs or all water-blown
formulations. In some specific market niches such as integral skin, water and oxygenated hydrocarbons
such as methyl formate are in use. In the major PU Spray Foam markets in non-Article 5 countries, there is
significant adoption of unsaturated HCFCs and HFCs in commercial systems.

Drivers for reducing Saturated HFC use in Non-Article 5 Parties
Non-Article 5 parties in North America, Europe and Japan are now actively pursuing regulatory strategies
to encourage the phase-out of HFC use in the foam sector, wherever possible. In Europe, this has been
enacted under the re-cast F-Gas Regulation, while in the USA, the potential to utilise the existing Significant
New Alternatives Program (SNAP) is being explored as a tool for the de-selection of some blowing agent
options. These regulatory initiatives could place particular pressure on the XPS industry in these regions,
since universally acceptable alternatives are still to emerge.

Summary
In summary, while HCFC phase-out and HFC avoidance are being pursued in tandem, the more challenging
areas such as spray foam safety, blend requirements and SMEs are yet to be fully tackled. Much still
depends on the future availability and cost of low-GWP blowing agents. One encouraging factor,
particularly with unsaturated HCFCs and HFCs, is that the thermal performance of the foams is, as a
minimum, retained and in many cases improved over the HCFCs and HFCs that they are likely to replace.
The commercialisation plans for these blowing agents remain on track and the next 2-3 years should confirm
acceptability within the various foam sectors.
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5. Low-GWP Alternatives by type and their significance in the Foam Sector
Broadening Acceptance of Hydrocarbons
Hydrocarbons are a low GWP, low raw material cost alternative that have been available since an early
stage of the transition from CFCs. Hydrocarbons have been available for large parts of the foam sector
throughout that period, even at the time of the phase-out of CFCs in non-Article 5 Parties when
approximately two-thirds of the market transitioned from fluorocarbons to hydrocarbons. In fact,
hydrocarbons have been used in the foam industry without major incident since 1994 due to fastidious
safety practices and the proper installation and use of explosion-proof equipment. Consequently, the
account of the transition history since 1987 in the polyurethane and phenolic product sectors is dominated
by whether a specific foam sub-sector could adopt hydrocarbon technologies or not. HC foams have
improved performance by using new injection systems which is leading to improved insulating
performance.
There have been a number of reasons cited over the period to explain why hydrocarbon solutions were not
appropriate in specific sectors (e.g. spray foam). These have included:
•
•
•
•
•
•
•

The flammability risks associated with the production/deposition process
The flammability risks associated with product installation and use
The higher gaseous thermal conductivity leading to poorer thermal efficiency of the foam
The capital cost of flame-proofing measures for production processes in relation to the size of the
manufacturing plant (lack of economies of scale)
Local health & safety regulations
Local regulations on volatile organic compounds (VOCs)
Waste management issues

As a focus on energy efficiency continues to require foam technology to increase thermal performance,
there is an increasing use of blends of hydrocarbons with HFCs and unsaturated HCFCs and HFCs.
Equipment companies have developed equipment to blend multiple blowing agents into a polyol.
Pre-blending hydrocarbons into polyol systems in very low hydrocarbon concentrations have been tested
and used in small niche markets. There is a very low concentration limit to maintain a blend that is below
flammability or explosivity limits to maintain Global Harmonized System (GHS) non-flammable
classifications.
Some of these have largely been discounted in more recent times, but others continue to be of importance
and some are even growing in significance (e.g. waste management issues) as hydrocarbon blown foams
reach end-of-life. Nevertheless, the market penetration of hydrocarbon technologies has had a substantial
impact as shown in Figure 10 below:
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Figure 10: Evolution of market share of foam sector met by hydrocarbons
Hydrocarbons are expected to play an increasing role in the coming years as means are found to costeffectively engineer hydrocarbon (HC) solutions for medium-sized enterprises (e.g. water heater
manufacturers), in HC blends in extruded polystyrene, and appliance manufacturers.
The dominance of the hydrocarbon technologies is even greater as the blowing efficiency 19 of hydrocarbon
blowing agents, due to the difference in molecular weights, is considerably better than the CFCs and HCFCs
that were replaced. This means that the amount of foam blown by the 290,000-295,000 tonnes of
hydrocarbons predicted to be used in the foam industry in 2020 will be 30-40% greater than would be
achieved by the same quantity of CFCs. The optimisation of hydrocarbon technologies over the years has
also resulted in improvements in thermal performance through improved cell structure, thereby negating
some of the earlier concerns about poorer thermal efficiency.

Carbon Dioxide as a blowing agent
Although carbon dioxide (CO2) is generated as a by-product of the reaction between isocyanates and water
in polyurethane chemistry (so called CO2 (water) technology), the main focus of this section is on the
external addition of gaseous CO2 as a blowing agent. This is particularly a technology practiced in the
Extruded Polystyrene sector, where the main low-GWP and cost-effective alternative has been CO2 injected
into the extruder itself. Again, the main challenge throughout has been to understand why this solution
could not be universal in its application. Reasons have included:
•

Processing difficulties with CO2 and even CO2/HCO or CO2/HC blends

•

The higher gaseous thermal conductivity leading to poorer thermal efficiency of the foam

•

Costs of conversion - including licensing constraints resulting from patents

•

Loss of processing flexibility ruling out some board geometries completely

“Blowing efficiency” is an indication of the quantity of foam blowing agent needed to make a foam. Foams
produced with blowing agents with lower molecular weight can be produced with smaller quantities of blowing
agent.

19
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However, CO 2 -based blends are now dominant in the European extruded polystyrene (XPS) industry either
alone or blended with other blowing agents. It is also used in the production of flexible polyurethane foams
used for comfort applications in furniture, bedding and automotive seating. In North America where the
lower lambda product is required, HFCs still dominate. By contrast, much of the European XPS market is
targeted at requirements, such as floor insulation, where its moisture resistance is particularly valuable. In
these applications, board geometries are less critical.
Injected (super-critical) CO2 is also used for PU Spray Foam applications – most notably in Japan, where
PU Spray Foam is widely used. The technology is proprietary to several companies which have adopted
this technology. There are also some short-comings in thermal performance against other technological
solutions in the sector, especially in relation to the emerging unsaturated fluorocarbons (see next section).
Super-critical CO2 is handled as a high pressure gas in Japan and subject to equipment and safety
requirements when used.

Latest Status of Unsaturated HFC/HCFC Developments
Unsaturated HFCs and HCFCs (often commercially referred to as HFOs/HFCOs) are offering similar or
better performance to HCFCs and saturated HFCs, In addition, they have the potential to replace some
elements of the hydrocarbon and CO2-based sectors, based primarily on improved thermal insulating
properties.
In practice, and for cost reasons, blends of HFOs with other blowing agents (including increasing quantities
of water which reacts to form carbon dioxide) are also under development. Optimized foam formulations
using HFO/HCFOs or blends of HFO/HCFOs with other blowing agents (such as HC and methyl formate)
will often require product approval and qualification/certification testing, not only for the blowing agent
itself, but also for the foam products where the blowing agent is used. This foam formulation development,
qualification and gaining of code approvals, where required, can also take from 18 months to several years,
but is often done in parallel with the construction of the HFO/HCFO manufacturing facility using product
from existing facilities.
Commercial availability has been established for HFO-1234ze(E) 20 (gaseous blowing agent), HFO1233zd(E) (liquid blowing agent), and HFO-1336mzz(Z) (liquid blowing agent) 21. Markets which require
improved thermal efficiency or are unable to use flammable alternatives (e.g. spray foam and SMEs) are
more likely to adopt these technologies. In addition, the demand to leap-frog high GWP HCFC alternatives
in other sectors could further accelerate distribution in Article 5 regions. However, cost remains a key issue
and blending with other co-blowing agents may well be required to meet commercial needs.
HCFO-1224yd and HFO-1336mzz-E have recently been patented or marketed as alternative foam blowing
agents.
Additional information regarding use in various foam sectors may be available as
commercialization progresses.
Another aspect of the change to HFO/HCFOs, is the continuing development by additive suppliers of
catalysts and surfactants which help optimize various performance parameters of HFO/HCFOs, such as

HFO-1234ze(E) is considered non-flammable by ASTM test method E-681, ASTM D1310-86, ASTMD-3828-97 (no
flashpoint). One company treats HFO-1234ze(E) as a flammable product using safety precautions because of the
humidity and temperatures of their operation which differ from the temperature and humidity conditions required
in the test procedures.
21
Gaseous foam blowing agents have low boiling points (<-20C) and are a gas at standard temperature and
pressure while liquid foam blowing agents have higher boiling points and are a liquid at room temperature.
20
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thermal and mechanical properties and shelf stability of polyol blends. New catalysts and surfactant
designed for use with HFOs have already been introduced commercially into the market globally.

Progress with other Low GWP Alternative Blowing Agents
Other blowing agents are commercially available emerging as potential replacements for HCFCs and HFCs.
These include a group of oxygenated hydrocarbons (HCOs) which include methyl formate and methylal
(as a co-blowing agent). These are generally seen as less flammable than the hydrocarbons themselves,
although the significance of those differences can often depend on local product codes and the regulatory
frameworks governing foam manufacture. Again, there is a growing tendency to see these used as
components of tailored blends where they can contribute to overall performance criteria. Trans-1,2
dichloroethylene (1,2-DCE) is also used as a co-blowing agent with HFCs and is approved for use in the
US and Europe. Flammability of the polyol blend is a limiting factor when used as a sole blowing agent.
Table 2 provides an overview of the blowing agent classes which have either been previously offered, or
are currently being offered, alternatives to ozone depleting substances in the sectors being specifically
considered in this report.
Sector

CFCs

HCFCs

HFCs

HCs and HC
blends

HCOs

HFOs

CO2-based

ODS being replaced
HCFC141b

HFC-245fa
HFC-134a

CFC11

HCFC141b

HFC-245fa

CFC11

HCFC141b

CFC11
CFC11
CFC11

HCFC141b
HCFC141b
HCFC141b

PU Spray3

CFC11

HCFC141b

PU In-situ/Block

CFC11

PU Integral Skin

CFC11

XPS Board

CFC12

Phenolic

CFC11

HCFC141b
HCFC141b
HCFC-22
HCFC142b
HCFC-22
HCFC141b

PU Domestic
Appliances

CFC11

PU water heater
Commercial
Refrigeration
(PU, XPS)
Refrigerated
Containers (PU)
PU Board
PU Panel

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

cyclo-pentane
cyclo/iso-pentane
cyclo-pentane
cyclo/iso-pentane

MethylΔ
Formate

cyclo-pentane
cyclo/iso-pentane

MethylΔ
Formate

cyclo-pentane
n-pentane
cyclo/iso pentane
n-pentane
/iso pentane

n-pentane
cyclo/iso pentane
Methyl
Formate

HFC-245fa
HFC-134a
HFC-134a
HFC-152a
HFC-245fa
HFC-365mfc/227ea

HFO-1233zd(E)
HFO-1336mzzm(Z)

n-butane,
isobutene,
cyclopentane
n-pentane
cyclo/iso pentane

DME

HFO-1233zd(E)
HFO-1336mzzm(Z)
HFO-1233zd(E)
HFO-1336mzzm(Z)
HFO-1234ze(E)
HFO-1233zd(E)
HFO-1336mzzm(Z)
HFO-1233zd(E)
HFO-1336mzzm(Z)
HFO-1233zd(E)
HFO-1336mzzm(Z)
HFO-1233zd(E)
HFO-1336mzzm(Z)
HFO-1234ze(E)
HFO-1233zd(E)
HFO-1336mzzm(Z)

CO2 (water)*Δ
CO2 (water)*Δ

CO2 (water)*
CO2 (water)*
Super-critical
CO2
CO2 (water)*

HFO-1233zd(E)
HFO-1336mzzm(Z)

CO2 (water)*

HFO-1233zd(E)
HFO-1234ze(E)

CO2
CO2/ethanol

HFO-1233zd(E)
HFO-1336mzzm(Z)

*CO2(water) blown foams rely on the generation of CO2 from reaction of isocyanate with water in the PU system itself
Δ Primarily

in the commercial refrigeration sector (e.g. vending machines)

Table 2: Range of blowing agents available by product type and market sector
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Summary of Other Alternatives
Dimethyl ether (DME), ethanol and butanes are used in extruded polystyrene.
some one-component polyurethane foams that are dispensed from an aerosol can.

DME is also used in

Methylene chloride is still used as a blowing agent in the production of flexible foams in A5 Parties. Japan
no longer allows the use of methylene chloride in foams and the US SNAP program changed the status of
methylene chloride to “unacceptable” for use in foams. Although, foam produced from methylene chloride
in A5 Parties can be exported to the US provided the foam is open-celled.
Methylal (Dimethoxymethane), is used as a co-blowing agent in low-resistance, high-density (“memory”)
foams and in very low concentrations in combination with water in rigid foams. Flammability of the polyol
blend is a limiting factor when used as a sole blowing agent.
Trans-1,2 dichloroethylene (1,2-DCE) is also used as a co-blowing agent, primarily in spray foam, with
HFCs and is approved for use in the US and Europe. Flammability of the polyol blend is a limiting factor
when used as a sole blowing agent.
Methyl Formate usage has increased largely in non-insulating foams in A5 parties. Depending on its
concentration in blends with polyol and or isocyanate, appropriate precautions should be taken during
transportation, handling and processing to address potential flammability issues of methyl formate or
systems containing high levels of methyl formate. As with all chemicals, compatibility of metals, plastics
and other materials should be considered when selecting processing equipment that will be in contact with
methyl formate.
In the PU hydrocarbon-blown sector, FTOC had previously become aware of two perfluorocarbon foam
additives (FA-188 and PF-5056), both from the same manufacturer, which are being used to optimise cell
formation in order to gain maximum thermal performance. FA-188 is a perfluorinated olefin, which is
used in very small quantities and has a GWP of only around 100, but there are concerns about its potential
breakdown products, which currently remain uncertain. PF-5056 has high GWP.
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6. Review of blowing agent selection by foam sub-sector and region
Polyurethane Foams in the Refrigeration Sector
Commercially available alternatives to ODS
Table 3 below gives an overview of the alternatives currently available for refrigeration applications:
HCFC REPLACEMENT OPTIONS FOR APPLIANCES (DOMESTIC & COMMERCIAL),
TRUCKS & REEFERS
SECTOR/OPTION

PROS

CONS

COMMENTS

Domestic refrigerators/freezers
Low GWP

Highly flammable

Cyclopentane & cyclo/iso blends

Saturated HFCs (HFC-245fa)

UnsaturatedHCFCs and HFCs

Low operating costs
Good foam properties
Non-flammable
Good thermal
insulating properties
Good foam properties
Low GWP
Non-flammable
Good thermal
insulating properties

High GWP

Low incremental capital costs

Higher operating costs
Well proven technology
Low incremental capital costs
Commercialization underway
Higher operating costs

Proven technology
Improved energy efficiency
performance: typically better
than saturated HFCs

Good foam properties
Low GWP to medium
GWP
HC with HFO/HCFO or HFC
blends

High incremental capital costs but
most enterprises in sub-sector are
large
Global industry standard

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal insulating
properties vs HC or HFO alone
in some cases

Good thermal
insulating properties
Good foam properties

Commercial refrigerators/freezers plus vending equipment
Low GWP
Cyclopentane & cyclo/iso blends

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

Highly flammable

Low operating costs
Good foam properties
Non-flammable
Good foam properties

High GWP
Low incremental capital cost
Higher operating costs
Improved insulation (cf. HC)
Moderate foam
properties – high thermal
Low incremental capital cost
conductivity & high foam
density
Improved formulations (second
Higher operating costs
generation) claim no need for
density increase vs HFC co-blown
Moderate foam
Moderate incremental capital cost
properties -high thermal
(corrosion protection
conductivity & high foam
recommended)
density-

Low GWP
CO2 (water)
Non-flammable

Low GWP
Methyl Formate

Unsaturated HCFCs and HFCs

Flammable although
blends with polyols may
not be flammable
Low GWP
Non-flammable
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Good thermal insulating
properties

Higher operating costs

Improved energy efficiency
performance: typically better
than saturated HFCs

Good foam properties
HC with HFO/HCFO or HFC
blends

Low GWP to medium
GWP
Good thermal insulating
properties
Good foam properties

Proven technology

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Refrigerated trucks & reefers
Low GWP
Cyclopentane & cyclo/iso blends

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

CO2 (water)

Unsaturated HCFCs and HFCs

Low operating costs
Good foam properties
Non-flammable
Good foam properties
Low GWP
Non-flammable
Low GWP

Highly flammable

High GWP
Higher operating costs
Moderate foam
properties -high thermal
conductivity & high foam
densityHigher operating costs

Low incremental capital cost
Improved insulation (cf. HC)

Higher operating costs

Proven technology

Non-flammable

HC with HFO/HCFO or HFC
blends

Good thermal insulating
properties
Good foam properties
Low GWP to medium
GWP
Good thermal insulating
properties
Good foam properties

High incremental capital cost, may
be uneconomic for SMEs

Low incremental capital cost
Not used in reefers
Low incremental capital costs
Improved
energy
efficiency
performance: typically better than
saturated HFCs

Limited commercial experience
Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

XPS - Refrigerated trucks

& reefers
HFCs
HFOs

Low GWP

High GWP
Higher operating cost

Existing technology
Developing technology

Table 3: Assessment of selection criteria for ODS alternatives in the Refrigeration Sector
It should be noted that re-formulation of foam systems with new blowing agents and blends will be required
regardless of the change. Other components of the formulation have been developed in support of new
products and blends (e.g. surfactants, catalysts).
The assessment of these alternatives against the criteria of commercial availability, technical proof of
performance, environmental soundness (encompassing efficacy, health, safety and environmental
characteristics), cost effectiveness (capital and operating) and processing versatility in challenging ambient
conditions is, in itself, a challenging objective. Typically, performance against such criteria can only be
judged fully on a case-by-case basis and assessments made at a higher level will only be indicative. With
this in mind, the following table seeks to give such an indicative assessment based on a nominal ranking of
seven categories from ‘+++’ (the best) to ‘---‘ (the worst):
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Table 4: Indicative assessment of criteria for current ODS alternatives in the Refrigeration Sector
As has been noted in previous reports, the mix of performance properties (technical, economic and
environmental) does not lead unambiguously to one single selection. Indeed, the proliferation of blends
across the whole of the foam sector and nowhere more so than the appliance sector is an indication of the
reality that there is no single best solution. Often a key factor is the size of the manufacturing plant, since
the economies of scale have a considerable bearing on the relative importance of capital and operational
costs. Cost also is a major factor in the consideration of the major emerging technologies.
Emerging Alternatives
As noted in previous reports, the major emerging technologies in the appliance sector are based mostly
around liquid unsaturated HCFCs and HFCs. These are all fairly similar in their properties and all seem to
suggest a stepwise improvement in thermal performance over other low-GWP alternatives. HFO-1233zd
(E) successfully started to be used at a major global appliance player in June 2014.
Table 5 provides an analysis of these new molecules against the criteria considered for the commercially
available alternatives based on limited experience in appliance sector trials.

Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

HFO1234ze(E)
Gaseous
+
++
+
+++
+
++
-+

HFO-1336mzzm(Z)

HFO-1233zd(E)

liquid
++
+++
+
+++
+
++
-+

Liquid
++
+++
+
+++
+
++
-+

Table 5: Indicative assessment of criteria for emerging ODS alternatives in Refrigeration
One factor in the adoption of these new technologies is the potential use of blends of unsaturated
HFCs/HCFCs with hydrocarbons to achieve intermediate thermal performance benefits at affordable cost.
If the compromises made are too great, then the benefits will be too marginal to justify transition from
existing hydrocarbon solutions where they are already in place, and to prefer unsaturated HCFC/HFC
solutions over hydrocarbon where they are not. However, with the cost of these new compounds not
completely established at this point, it is not clear whether solutions maximising the thermal performance
benefits will be affordable.
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For those still using HCFC-141b, one strategy being considered in the case of some manufacturers is to
make an intermediate transition to a high-GWP (lower investment) technology option such as saturated
HFCs on the written understanding that a further transition to a low-GWP option will follow within a
specified period. The choice would be left open until such time as optimum technology approaches have
been established.
For transitions directly from HCFC-141b to hydrocarbons, there are potential strategies to reduce the
investment costs for smaller enterprises. These include the potential for using pre-blended mixes containing
cyclopentane. However, this approach is not expected to impact the domestic appliance sector too greatly,
since economies of scale would generally support a more comprehensive conversion strategy. However, in
the case of some manufacturers of commercial appliances (e.g. vending machines), there may be more
relevance.
Non-Article 5 Parties
In Europe and Japan, the dominant blowing agent choices have been hydrocarbon blends, even at the point
of phase-out from CFC use in the early/mid 1990s. Cyclo-pentane was a favoured component of blends
because of its contributions to improved thermal performance and its higher boiling/flash point. However,
its lack of blowing efficiency in pure form and the impact of this on processing and cost often led to the
blending with components such as iso-pentane or n-pentane. Therefore, cyclo-iso blends have been a
common feature of the domestic appliance industry and still remain so. In Japan, domestic appliances. - a
much larger number of vacuum panels 22are used in combination with hydrocarbon blown foams to increase
energy efficiency.
In North America, the technology choice was driven in a different direction – partly by the overall size and
design of refrigerators and partly because of safety and insurance concerns from a manufacturing
perspective. Transitions from CFCs moved to HCFCs and then, primarily, to HFC-245fa with some use of
HFC-134a in the sector. However, many appliance companies have largely transitioned to low GWP
alternatives for foam including unsaturated HCFCs and HFCs or cyclopentane.
For commercial appliances and insulated containers, the blowing agent choices have been more varied,
with greater reliance on lower flammability options. In some instances (e.g. in vending machines), this has
encouraged the use of oxygenated hydrocarbons such as methyl formate and, to a lesser degree methylal as
an additive. In addition, there was widespread reliance on HCFCs and, more latterly high GWP HFCs.
Unsaturated HFCs and HCFCs conversions offer improved thermal insulating properties in applications
where maximising thermal performance and minimising insulation thickness are desirable outcomes.
Regulation and energy efficiency requirements in North America relating to the continued use of highGWP HFCs will add to the pressure to adopt foams containing the unsaturated molecules.
Article 5 Parties
Similar trends exist for in the highly populated Article 5 Parties where multi-national companies are often
seeking to adopt global technology strategies. In some cases, the transition from HCFCs to alternatives is
well underway. Most conversions have been to hydrocarbons except historically for SMEs. Although that
is changing with the use of polyols pre-blended with hydrocarbons (discussed in more detail below).
However, the Multilateral Fund process does not direct influence over these technology choices, since
funding is usually not provided. Instead it falls on individual Parties to negotiate a phase-out strategy with

Vacuum panels are used in refrigeration to increase energy efficiency globally, but they are used in greater
number in Japan
22
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their industries. This matter is covered further in Chapter 4. Interest in unsaturated HFCs and HCFCs is
expected to mirror the decisions made in non-Article 5 regions.
For those transitions covered under the Multilateral Fund, it has been possible to direct virtually all HCFC
phase-out activities towards low-GWP alternatives including pre-blended hydrocarbon, and methyl
formate.
Most foam conversions to HCs funded by the Multilateral Fund (MLF) have been at large enterprises, and
while most of the SMEs have been funded to convert to other technologies (mostly unsaturated HFCs and
HCFCs, methyl formate, or water-based technologies), there are several examples of conversions to HC at
SMEs. Those examples span geographic distribution and include a range of enterprise sizes 23. Stage I of
HPMPs in Article 5 parties largely focused on conversions at large foam enterprises as they tended to be
more cost-effective. With stage II of HPMPs, an increasing number of SMEs were also addressed. There
has been conversion to hydrocarbons at some SMEs both under stage I and stage II of HPMPs. Similar or
the same safety investments and precautions implemented in large companies are recommended to be
implemented for SMEs (e.g. sensors, alarms, ventilation, explosion proof devices, ground connection,
etc).
Pre-blended hydrocarbon systems are a relatively new phenomena (with some examples funded by the
MLF) that may facilitate conversion to HCs at SMEs. These systems would reduce the use of mixing
equipment but still require safety precautions to process hydrocarbons.

Polyurethane Boardstock 24
This is one of the largest markets for rigid polyurethane foams in non-Article 5 Parties, but has only recently
started to grow significantly in Article 5 Parties as requirements for building energy efficiency have
increased. The historical analysis therefore focuses primarily on the non-Article 5 experiences.
Commercially available alternatives to ODS
Table 6 below gives an overview of the alternatives currently available for boardstock applications
HCFC REPLACEMENT OPTIONS FOR PU Boardstock
SECTOR/OPTION

PROS

Low GWP

CONS

Highly flammable

n-pentane and isopentane

HC with HFO/HCFO blends

Low operating costs
Good foam properties
Low GWP
Good thermal
insulating properties
Good foam properties

Highly flammable

COMMENTS
High incremental capital costs but
most enterprises in sub-sector are
large
Global industry standard
Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Table 6: Assessment of selection criteria for ODS alternatives in the Boardstock Sector

Decision 74/50(c)(iii), defines enterprises with consumption of less than 20 metric tonnes of HCFC-141b to be
small and medium-sized enterprises (SMEs) independently of other factors
24
In this report, polyurethane boardstock includes polyisocyanurate boardstock (PIR board) or continuous
boardstock with a flexible facer.
23
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In general, saturated HFCs have shown little uptake in most PU Boardstock markets because the
hydrocarbon-based products have been shown to be fit-for-purpose at a more competitive cost. Since new
capacity in the industry can accommodate hydrocarbon process safety issues at the design stage, the high
incremental capital costs associated with later transitions can be mitigated to some extent.
As building energy standards increase, there could be increasing pressure for better thermal efficiency,
especially where space is limited and product thickness is constrained. There has therefore been some
interest in possible blends of hydrocarbons with unsaturated HFCs. Indeed, it is suspected that some
manufacturers may have adopted this strategy commercially, although it is difficult to track because no
further plant modifications would normally be necessary.
According to the chosen criteria, the relative performance of alternative technology solutions in this sector
can be summarised as follows:

Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

n-pentane

i-pentane

HFO /HC
blend

HFC365mfc/227e
a

+++
--0
+++
-+++
++

+++
--0
+++
-+++
++

++
++
+
-0
++
-++

++
+(+)
+
--0
++
-+

Table 7: Indicative assessment of criteria for current ODS alternatives in the Boardstock Sector
The slight environmental concerns reflected for hydrocarbon options relate to some emerging concerns
about local VOC regulations. In some regions there are exemptions for thermal insulation manufacturing
plants, but this approach is not universal.
The only potential difference is that the use of a gaseous option being used in the PU Appliances sector is
less likely than for PU Boardstock.
The quantity of PU Boardstock foam still using HCFCs is very limited and this fact alone testifies to the
lack of barriers to appropriate transition. As noted earlier, much of the new capacity in the sector has been
installed since the ozone issue emerged and the necessary requirements for hydrocarbon have typically been
designed in.
The only likely transition pressure now emerging relates to the on-going goal of improved thermal
efficiency where transitions are trending toward blends with unsaturated HFCs.
Non-Article 5 Parties
In virtually all non-Article 5 regions, hydrocarbons (typically a mixture of cyclo-pentane and iso-pentane)
have been the dominant choice of blowing agent in the replacement of ozone depleting substances.
Accordingly, this is reflected in the Business-As-Usual scenario used for this report. There may be some
future interest in the evaluation of unsaturated HCFCs and HFCs, but the cost is likely to be prohibitive in
this cost sensitive application unless space saving is at a premium.
Article 5 Parties
There is no significant manufacture of boardstock in Article 5 regions. However, where new capacity is
installed, it is highly likely that the blowing agent of choice will once again be hydrocarbons.
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Polyurethane Panels
In the context of this analysis, the primary panels being referred to are steel-faced and either continuously
or discontinuously produced. The market for such panels has developed very differently in various regions
of the world, with the early adoption being mostly in Europe. However, the prefabricated approach to
building that these panels allow is becoming increasingly widespread globally and manufacturing capacity
has continued to grow to meet the need.
Commercially available alternatives to ODS
Table 8 provides an overview of the commercially available alternatives in both the continuous and
discontinuous panel sectors:
HCFC REPLACEMENT OPTIONS FOR PU FOAM FOR BUILDING/ CONSTRUCTION APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Steel-faced panels – continuously produced
Low GWP

Highly flammable

Low operating costs
Good foam properties
Non-flammable
Good foam properties

High GWP
High operating costs

Cyclopentane & n-Pentane

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

High incremental capital costs
but most enterprises in sub-sector
are large
Industry standard
Low incremental capital cost
Improved insulation (cf. HC)

Unsaturated HCFCs and
HFCs 25

HC with HFO/HCFO or HFC
blends

Low GWP
Non-flammable
Goodthermal insulating
properties
Good foam properties
Low GWP to medium
GWP
Good thermal insulating
properties
Good foam properties

Low incremental capital costs

High operating costs

Proven technology

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Steel-faced panels – discontinuously produced
Cyclopentane & n-Pentane

Low GWP

Highly flammable

High incremental capital cost,
may be uneconomic for SMEs

Low operating costs
Good foam properties
Non-flammable

High GWP

Low incremental capital cost

High operating costs

Improved insulation (cf. HC)

HFC-245fa, HFC-365mfc/227ea,
HFC-134a
Good foam properties
UnsaturatedHCFCs and HFCs

Low GWP
Non-flammable
Goodthermal insulating
properties
Good foam properties
HC with HFO/HCFO or HFC Low GWP to medium
blends
GWP
Good thermal insulating
properties
Good foam properties
25

Low incremental capital costs
High operating costs

Proven technology

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Volatile Organic Compound (VOC) requirements may also drive conversion to pure HFO’s/HCFOS
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Low GWP

CO2 (water)

Moderate foam properties
-high thermal
conductivity-

Low incremental capital cost

Moderate foam properties
- high thermal
conductivity-

Moderate incremental capital
cost (corrosion protection
recommended)

Non-flammable
Low GWP
Methyl Formate

Flammable although
blends with polyols may
not be flammable

Table 8: Assessment of selection criteria for ODS alternatives in the PU Panel Sector
In addition to the thermal needs for insulation for buildings, refrigerated transport often has space
limitations that make the benefits in thermal performance that much more critical as reduced insulation
thickness can improve the load-carrying capacity of a vehicle. Therefore, there is on-going interest in
saturated and unsaturated HFCs as legitimate alternatives, or at least components of blends for that
application.
In the discontinuous sector, there are other potential technologies based around CO2 (water) and HCOs such
as methyl formate. These reduce the perceived risks associated with the use of hydrocarbons on
discontinuous plants but do result in some compromises in foam properties (e.g. dimensional stability,
compatibility) including higher density and potentially poorer thermal performance. Nonetheless, they do
offer low-GWP solutions in markets, which may not be too sensitive to thermal performance issues. These
are all important considerations in the Article 5 context where the need to phase-out HCFCs requires the
widest
range
of
alternatives,
especially
for
smalland
mixed
use
discontinuous panel facilities. The strengths and weaknesses of these alternatives are once again shown in
the Table 9 – this time relating to the panel sector.
CO2(water)

UnsaturatedH
CFCs and
HFCs

Methyl
Formate

++

++

+

+

++

+(+)

+++

+(+)

--

0

+

+

-

+

0

+++

+++

--

---

++

++

++

Other
Environmental

-

-

0

0

++

0

-

Cost
Effectiveness
(C)

--

---

++

++

++

++

0

Cost
Effectiveness
(O)

++

+++

--

--

+

--

+

Process
Versatility

++

++

+

++

+

+

+

c-pentane

i-pentane
n-pentane

HFC245fa

HFC365m
fc/227ea

Proof of
performance

+

++

++

Flammability

---

---

Other Health
& Safety

0

Global
Warming
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Table 9: Indicative assessment of criteria for emerging ODS alternatives in the PU Panel Sector
The major barriers to the substitution of alternatives in the panel sector are not primarily related to the
technologies available but to the wide range of enterprises involved (both in size and location) and the broad
spectrum of applications served. Versatility is a key necessity for any technology in the discontinuous
sector, but no single solution has emerged as being as versatile as the ozone depleting substances replaced.
This may have acted as a deterrent to early phase-out of the remaining HCFC use in Article 5 enterprises
where local requirements need to be matched.
Non-Article 5 Parties
For the continuous panel sector, hydrocarbons have also been the blowing agent of choice. Increasingly
the industry has found ways of optimising formulations to improve fire performance while still using
hydrocarbons and the use of saturated HFCs continues to decrease. This is reflected in the Business-asUsual scenario used for this report.
For discontinuous panel manufacture, there has been greater reliance on high-GWP HFCs as replacements
for HCFCs in order to overcome flammability concerns during processing. Nevertheless, similar trends to
those with continuous panels are now being observed as manufacturers become more skilled and
experienced in managing hydrocarbons in production situations.
Unsaturated HCFCs and HFCs are commercial for both continuous and discontinuous panels.
Article 5 Parties
There is a greater preponderance of discontinuous production in Article 5 regions because of the lack of
concentrated demand to support continuous production facilities. HCFCs transitions are now taking place
in many small discontinuous panel manufacturing uses. Although oxygenated hydrocarbons (HCOs) such
as methyl formate are also being considered for this sector, the uptake at present is still relatively low.
Unsaturated HCFCs and HFCs are being tested for both continuous and discontinuous panels. Adoption
may be limited due to availability and cost.

Polyurethane Spray
Polyurethane spray foam has been used for many years as an efficient means of insulating structures which
would be difficult to insulate in other ways, because of shape or location. An example would be that of an
insulated road tanker. Another would be the insulation of large flat roofs, which may not be as flat as might
be presumed! More recently, however, polyurethane spray foams have emerged as a vital component of
renovation strategies for existing buildings. Again, the efficiency and versatility of application, as well as
the relative durability and thermal efficiency are all characteristics26, which have contributed to the rapid
growth of PU spray foam in both developed and developing regions.

Because spray foam components can be stored for long periods for time, the compatibility of the foam blowing
agent with the polyol for a range of 3 to 18 months depending on the company and their supply chain.
26
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Commercially available alternatives to ODS
The commercially available technologies have been largely referenced already in the narrative, but can be
summarised as follows:
HCFC REPLACEMENT OPTIONS FOR PU FOAM FOR BUILDING/ CONSTRUCTION APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Spray foam
Non-flammable
HFC-245fa, HFC-365mfc/227ea

Good foam properties

Unsaturated HCFCs and HFCs Low GWP
Non-flammable
Good thermal insulating
properties
Good foam properties

CO2 (water)

Low GWP

High GWP
High operating costs but
improved by using mixed
HFC/ CO2 (water)

Industry standard

Low incremental capital costs
High operating costs

Proven technology

Moderate foam properties
-high thermal conductivity
& high density-

Higher density / Extra thickness
leading to a cost penalty

Non-flammable

Table 10: Assessment of selection criteria for ODS alternatives in the PU Spray Foam Sector
It is important to note that the impacts of the saturated and unsaturated HFCs have been reduced by increasing
CO2 (water) content where the major driver has been to reduce cost. As will be seen later in this sub-section this
may be an important approach for the future. As noted earlier, compatibility of the foam blowing agent with the
polyol system is important when long-term storage is required due to longer supply chains. Polyol blends may
need to be compatible with foam blowing agents for three to eighteen months.
The performance of these ODS alternatives against the criteria for this report can be summarised as shown in
Table 11:

Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

HFC-245fa

HFC365mfc/227e
a

Super-critical CO2

CO2(water)

+++
++
+
-0
++
-++

+++
+(+)
+
--0
++
-++

++
++
+
++
+
0
+
+

++
+++
++
++
++
++
+

Table 11: Indicative assessment of criteria for emerging ODS alternatives in the PU Spray Sector
Emerging Alternatives
Flammability of pre-blended spray foam formulations with methyl formate have been tested and to try to
meet transportation requirements. In addition, at least one demonstration project of methyl formate
blended with HFOs is underway with results pending. The potential of supplying the system to site as
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blended polyol is believed to contribute to the management of risk, but it is still unclear whether the
hazards seen with hydrocarbons in confined spaces have been avoided using methyl formate.
HCFC REPLACEMENT OPTIONS FOR PU FOAM FOR BUILDING/ CONSTRUCTION APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Spray foam
Methyl Formate

Low GWP

Flammable although
blends with polyols may
not be flammable

Safety concerns when used for
this application
Trials in progress
Low incremental capital cost

Table 12: Emerging alternatives to ODS in the PU Spray Foam Sector
Methyl
Formate
Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

+
-0
++
0
++
+

HFO1234ze(E)
Gaseous
0
++
+
+++
+
++
-+

HFO-1336mzzm(Z)

HFO-1233zd(E)

liquid
+
+++
+
+++
+
++
-+

Liquid
++
+++
+
+++
+
++
-+

Table 12: Indicative assessment of criteria for emerging ODS alternatives in the PU Spray Sector
Much of the PU spray foam activity in China remains reliant on HCFC-141b and there is reluctance to make
a transition to a sub-optimal solution when an emerging technology could out-perform it within 5 years.
Various strategies are being considered including a two-step option via saturated HFCs. However, there is
a need to gain commitment to the second conversion at the outset.
Non-Article 5 Parties
This remains one of the most challenging areas from a technical viewpoint, because of the processing risks
associated with using hydrocarbons in field applications. As a result, HCFCs were replaced en masse by
high-GWP blowing agents such as HFC-245fa (particularly in North America) and HFC-365mfc/227ea
(particularly in Europe). unsaturated HCFCs and HFCs spray foam blends are commercial.
Formulation development is still ongoing regarding the stability of the gaseous (or lower boiling) blowing
agent (HFO 1234ze(E)) in certain low-pressure, pre-blended formulations especially for one-component
foams where shelf-life may need to be eighteen months 27. Accordingly, the Business-As-Usual scenario
remains focused on high-GWP solutions for these low-pressure applications for the moment.
Article 5 Parties
In Article 5 regions, PU Spray foam remains highly reliant on HCFCs which must be converted by 2020 in
some cases. There has been some commercialization of spray foam blends using unsaturated HCFCs and
HFCs; however, cost concerns may drive transition to a high-GWP interim solution in order to exit from
HCFC-141b use in a timely manner.
27

Use of Solstice™ blowing agent in low pressure
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Polyurethane Miscellaneous and Block Foams
One of the enduring advantages of polyurethane chemistry in general, and polyurethane foams in particular,
is their ability to meet a broad range of applications. Since these applications can be diverse, ranging from
cavity filling (e.g. buoyancy on leisure boats) to the fabrication of complex shapes required for pipe and
flange insulation, the in-situ and block processes provide a resource to meet these needs. Self-evidently,
these applications are also difficult to track in any organised way since they vary so much. Nevertheless, it
is possible to track the manufacturing facilities that provide these products and services.
Commercially available alternatives to ODS
Commercially available alternatives in the in-situ and block sectors are summarised in Table 13:
HCFC REPLACEMENT OPTIONS FOR PU FOAM FOR BUILDING/ CONSTRUCTION APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Insulated pipes (pipe-in-pipe for district central heating systems)and other in-situ systems
Cyclopentane n-pentane,
isopentane
HFC-245fa, HFC-365mfc/277ea

Low GWP
Low operating costs
Good foam properties
Non-flammable
Good foam properties
Low GWP

CO2 (water)

Highly flammable

High incremental capital cost
Industry standard

High GWP
High operating costs
Moderate foam properties
-high thermal
conductivity-

Non flammable
Unsaturated HCFCs and

HFCs 28

Low GWP
Non-flammable
Goodthermal insulating
properties
Good foam properties
HC with HFO/HCFO or HFC Low GWP to medium
blends
GWP
Good thermal insulating
properties
Good foam properties

Low incremental capital costs

High operating costs

Proven technology

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Block foams for various applications including panels, pipe insulation section, etc
Low GWP
n-Pentane & isopentane

HFC-245fa, HFC-365mfc/277ea

CO2 (water)

Low operating costs
Good foam properties
Non-flammable
Good foam properties
Low GWP
Non-flammable

Highly flammable

High conversion costs, may be
uneconomic for SMEs
Well proven technology

High GWP
Low conversion costs
High operating costs but
improved by using mixed
HFC/ CO2 (water)
Moderate foam properties
Extra thickness leading to a cost
-high thermal conductivity
penalty
& poor ageing-

Table 13: Assessment of selection criteria for ODS alternatives in the PU In-situ and Block Foam
Sector

28

VOC requirements may also drive conversion to pure HFO’s/HCFOS
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As with other thermal insulation sectors, saturated and unsaturated HCFCs and HFCs are used in block
foams with a CO2 (water) co-blowing agent to limit climate impact and also to optimise the
cost/performance relationship. It has generally been found that levels of saturated and unsaturated HCFCs
and HFC can be lowered in these formulations to around 50-60% of the blowing agent mix without having
a detrimental effect on thermal performance relevant to the application. The blowing agent criteria for block
foams are shown below. In some instances, more than one rating is provided reflecting the fact that there is
a disparate set of processes represented in this category.
cnpentane 29 pentane 30
Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility
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HFC-245fa
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a

CO2(water)
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+
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Table 14: Indicative assessment of criteria for emerging alternatives in the PU In-situ/Block Sector
Emerging Alternatives
In this instance, the Foams TOC has chosen to categorise methyl formate in the emerging alternative
category. This reflects the fact that some of the applications across the sector have yet to be trialled using
this HCO blowing agent. There are expected to be some limitations based on densities achievable and risks
of corrosion with some equipment, but the availability of a relatively low cost, low-GWP solution with
lower flammability than the pentanes may still prove of relevance for the sector going forward.
EMERGING TECHNOLOGIES FOR PU FOAM FOR BUILDING/ CONSTRUCTION APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Block foams for various applications including panels, pipe insulation section, etc
HCO (Methyl Formate/Methylal) Low GWP

Higher density required

Density increase necessary
through role of MF as a solvent

Table 15: Emerging alternatives to ODS in the PU Block Foam Sector

Note that hydrocarbons may not be able to be used for block foams because of the high heat generated in the
foam.
29
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Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

Methyl Formate
Liquid
0/+
-+
+++
+
++
-+

HFO-1336mzzm(Z)
Liquid
++
+++
+
+++
+
++
-++

HFO-1233zd(E)
Liquid
++
+++
+
+++
+
++
-++

Table 16: Indicative assessment of criteria for emerging alternatives in the PU Block Sector
One of the major barriers to transition in this sector is the size and location of the enterprises involved. The
provision of sophisticated low-GWP alternatives does not extend easily to these more diffuse networks and
the effectiveness of transitions relies massively on the competence and commitment of the systems houses
supplying the small and micro-enterprises. Efforts are needed to raise the profile of these operations with
blowing agent technology providers and their supply networks.
Non-Article 5 Parties
These products can be made by a variety of processes, including continuous, semi-continuous and
discontinuous options. Although there is some sensitivity to the use of hydrocarbons in some discontinuous
facilities (see comments on discontinuous panels), the majority of products in this sector have been able to
adopt hydrocarbon technologies successfully. There are possibilities that methyl formate might be able to
replace saturated HFCs in some of the remaining discontinuous processes, but this will ultimately depend
on local regulations and practices. Accordingly, little change is predicted in this sector within the next 5-10
years within the Business-As-Usual scenario.
Article 5 Parties
Similar concerns exist for discontinuous processes in Article 5 regions. As is the case in the panel sector,
these are more prevalent in Article 5 regions because of lack of economies of scale. There are also
differences in product demand with thermo-ware being a particular requirement. For these reasons HCFCs
continue to remain the blowing agent of choice, although uptake of methyl formate is predicted within a
number of HPMPs. The magnitude of this uptake is varied in the Mitigation Scenarios selected for foams,
but the Business-as-Usual scenario reflects a fairly conservative estimate of market penetration, with the
remainder going to high-GWP HFCs.

Polyurethane Integral Skin
Integral skin foams are the one group of foams, which are not primarily used for thermal insulation
purposes. They sub-divide into two types – ‘rigid integral skin’ (typically items such as wood replacement)
and ‘flexible integral skin’ (typically covering items such as shoe soles, automobile parts such as steering
wheels and some packaging foams). As the name suggests, the primary feature of integral skin products is
their ability to encapsulate a relatively low density core (for weight saving purposes) with an integrated
skin which is made from the same material and in the same process. As a polymer, polyurethane is
particularly versatile in forming a resilient skin when moulded and this provides a level of utility which is
rarely seen in other product types.
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Commercially available alternatives to ODS
Table 17 provides a summary of commercially available alternatives in the PU Integral Skin sector
HCFC REPLACEMENT OPTIONS FOR INTEGRAL SKIN PU FOAMS FOR TRANSPORT &
FURNITURE APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Integral skin foams
Low GWP

Poor skin quality

CO2 (water)
Low conversion costs
Low GWP
n-Pentane

Methyl formate

Low operating costs
Good skin quality
Low GWP
Good skin quality

Methylal

Highly flammable

Flammable
although
blends with polyols may
not be flammable
Moderate
operating
costs

Suitable skin may require inmould-coating – added expense
Well proven in application if skin
acceptable
High conversion costs, may be
uneconomic for SMEs
Low operating costs
Well proven in application
Moderate conversion costs
Newly proven in application

Low GWP

Flammable
although
blends with polyols may
not be flammable

High conversion costs, may be
uneconomic for SMEs
Used as an additive in some
sectors

Good skin quality

Moderate
costs

Newly proven in application

operating

Unsaturated HCFCs and HFCs 31

Low GWP
Non-flammable
Good thermal
insulating properties
Good foam properties
HC with HFO/HCFO or HFC Low GWP to medium
blends
GWP
Good thermal
insulating properties
Good foam properties

Low incremental capital costs
High operating costs

Proven technology

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Shoe-soles
Well proven in application with
polyester polyol technology

Low GWP
CO2 (water)

HFC-134a or HFC-245fa

Low conversion costs
Skin quality suitable for
sports shoe mid-soles
Used to give required
skin in town shoes

High GWP/Cost

Table 17: Assessment of selection criteria for ODS alternatives in the PU Integral Skin Sector

31

VOC requirements may also drive conversion to pure HFO’s/HCFOS
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The specific ranking of these blowing agent options is shown in the table below.
Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

n-pentane

HFC-134a

HFC-245fa

CO2(water)

++
--0
+++
--+++
++

++
+++
+
--0
++
-++

+
++
+
--0
++
-++

++
+++
++
++
++
+
0

Table 18: Indicative assessment of criteria for emerging alternatives in the PU Integral Skin Sector
Emerging Alternatives
The area of a high level of interest with respect to emerging technologies is the potential use of oxygenated
hydrocarbons (HCOs). Methyl formate is being considered for these applications and the early indications
are that they could be significant future alternatives in the sector. Although both flammable, there is the
potential that systems houses may be able to formulate blended systems in such a way as to avoid
flammability issues in the workplace. One area of concern for methyl formate is the potential corrosion of
moulds, but at the levels of addition and being a fairly emissive application, this may not be a problem in
practice. The other issue relating to both HCOs is the high solvency power of the blowing agents which
could lead to some softening of the skins. Table 24 summarises the issues.
It is noteworthy to mention that unsaturated HFCs/HCFCs may be limited in shoe sole applications as an
emerging technology in this sector because of the cost implications and the lack of any significant
performance enhancement.
Again, the specific performance ranking of the blowing agents is shown in the table below:

Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

Methylal

Methyl Formate

+
-0
++
+
++
+(+)

++
-0
++
0
++
+(+)

Table 19: Emerging alternatives to ODS in the PU Integral Skin Sector
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HCFC REPLACEMENT OPTIONS FOR INTEGRAL SKIN PU FOAMS FOR TRANSPORT &
FURNITURE APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Integral skin foams
Low GWP

Poor skin quality

CO2 (water)
Low conversion costs
Low GWP
n-Pentane

Low operating costs
Good skin quality

Methyl formate

Low GWP
Good skin quality

Methylal

Low GWP
Good skin quality

Unsaturated
HFCs 32

Highly flammable

HCFCs and

Flammable although blends
with polyols may not be
flammable
Moderate operating costs
Flammable although blends
with polyols may not be
flammable
Moderate operating costs

Low GWP

Non-flammable
Good foam properties
HC with HFO/HCFO or Low GWP to medium
HFC blends
GWP
Good foam properties

Suitable skin may require inmould-coating – added expense
Well proven in application if skin
acceptable
High conversion costs, may be
uneconomic for SMEs
Low operating costs
Well proven in application
Moderate conversion costs
Newly proven in application
High conversion costs, may be
uneconomic for SMEs
Newly proven in application

Low incremental capital costs

Highly flammable

Lower cost than HFO/HCFOs

Shoe-soles
Well proven in application with
polyester polyol technology

Low GWP
CO2 (water)

HFC-134a or HFC-245fa

Low conversion costs
Skin quality suitable for
sports shoe mid-soles
Used to give required
skin in town shoes

High GWP/Cost

Table 20: Indicative assessment of criteria for emerging alternatives in the PU Integral Skin Sector
Non-Article 5 Parties
In this non-insulating sector, CO2 (water) technologies play a significant role, particularly where skinning
properties are not critical. However, in non-Article 5 regions, hydrocarbons have become increasingly
accepted as reliable replacements for HCFCs that were used previously. There has been some small use of
HFCs (typically HFC-134a or HFC-245fa) and unsaturated HCFCs and HFCs, but this has been limited to
specialist applications.

There are currently no known uses of pure unsaturated HCFCs and HFCs, but companies using HCFCs or HFCs
only may consider this option. VOC requirements may also drive conversion to pure HFO’s/HCFOS
32
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Article 5 Parties
Since the focus on technology optimisation has not been so prevalent in Article 5 regions except where
multi-national clients (e.g. the automotive sector) have been involved, there has been significant conversion
to CO2 /water) and methyl formate.. Methyl formate mitigates at least some of the flammability risks
associated with other hydrocarbons. The Business-As-Usual scenario follows the path and timing of most
current HPMPs in predicting the transition paths and timing.

Extruded Polystyrene Foam
Extruded polystyrene board is unique amongst the foam sectors considered in this report in that it is blown
exclusively with gaseous blowing agents. This is a consequence of the extrusion process. Extruded
polystyrene (XPS) should not be confused with expanded polystyrene (EPS – also sometimes called ‘bead
foam’) which uses pre-expanded beads of polystyrene containing pentane. EPS has never used ozone
depleting substances and is seldom addressed in UNEP Reports for the Montreal Protocol. XPS is used
primarily as a building insulation and often competes with PU Boardstock. Its particular competitive
advantage is in relation to its moisture resistance, which makes it especially useful for under-floor insulation
and cold storage applications. There is another form of XPS known as ‘Sheet’ which is typically used for
non-insulating applications such as leisure products (e.g. surf boards) and packaging materials. XPS sheet
exited from CFC use early in the history of the Montreal Protocol and has used hydrocarbons almost
exclusively ever since.
Commercially available alternatives to ODS
Table 21 illustrates the commercially available alternatives in the extruded polystyrene sector:
HCFC REPLACEMENT OPTIONS FOR XPS FOAM: These blowing agent components are
blended
Component Impact to Blowing
Agent Blend

PROS

CONS

COMMENTS

Extruded Polystyrene Foams
Butane

Low GWP
Low operating costs
Non-flammable

HFC-134a/HFC-152a

Good foam properties,
especially thermal
performance

Medium/high operating
costs

Low GWP, low unit cost

Small operation window

Non-flammable

Flammable co-blowing
agent

Low GWP
Non-flammable
Good thermal insulating
properties
Good foam properties
Depends on the blend

High operating costs

CO2 /Ethanol/DME
Unsaturated HCFCs and HFCs

Blends of any of the above

Highly flammable
Low thermal performance
High GWP (but lower than
HCFCs replaced)

Difficult to process especially for
more than 50mm thickness board
Need ethanol and DME as coblowing agent
Low incremental capital costs
Proven technology

Table 21: Assessment of selection criteria for ODS alternatives in the XPS Foam Sector
As described earlier in this section, these alternatives describe the primary components available. It should
be noted that blends of saturated HFCs (HFC-134a/HFC-152a) are substantially used in North America
and, to a lesser extent, in Europe, primarily by smaller producers who do not have the access to CO2 based
technology or where there is a product requirement for better thermal insulating properties. Unsaturated
HFCs/HCFCs are blended with other components when required to meet GWP limits and product
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application requirements. Where they are used in Japan, they serve markets that cannot accept the
flammability of hydrocarbon solutions. Equipment must be designed to accommodate the selected blowing
agents.
The assessment of these blowing agents via the criteria of this report is shown in Table 27:

Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

butane

HFC-134a/
HFC-152a

CO2 with ethanol
or DME

++
--0
+++
-+++
++

+++
+++
+
-0
++
-++

++
++
+
+++
0
--++
+

Table 22: Indicative assessment of criteria for emerging alternatives in the XPS Foam Sector
Emerging Alternatives
Table 23: Emerging alternatives to ODS in the XPS Foam Sector

Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

HFO1234ze(E)
Gaseous
+
++
+
+++
+
++
-++

Table 23: Indicative criteria assessment for the major emerging alternative in the XPS Foam Sector
For the HCFC consuming market in China and elsewhere, the challenges are to develop products that
technically and economically meet the needs of the market and that can be produced by the very diverse
equipment in use today. Some of these systems require more refined control systems, higher pressure
capability and die configurations that are not currently installed. In addition, some systems and
manufacturing facilities and siting may need upgrades to safely use flammable blowing agents. .
Hydrocarbons may have been a preferred option and that would have been a high priority for a number of
producers in China operating under the HCFC Phase-out Management Plan there. However, in recent years,
there have been a series of fires (mostly in the construction phase of major building projects) which have
caused a reaction against organic insulation materials in general and XPS in particular. One of the
underlying problems has been the inconsistency in use of flame retardants and other raw materials within
XPS formulations, with recycled feedstock not being properly characterised in some instances. The XPS
industry is making a strong case that properly formulated XPS board can be used safely throughout its
lifecycle, but these developments have created a further barrier to the introduction of hydrocarbons as
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blowing agents at this sensitive time. It is likely that hydrocarbons will be primarily used as co-blowing
agents in low concentrations with other alternatives to reduce GWP and increase thermal performance.
The introduction of unsaturated HFCs will avoid such a controversy. There is also the unanswered question
concerning the impact on cost. A temporary switch to saturated HFC blends could ensure that the transition
from ozone depleting substances is completed, but this will do little to benefit the climate when over 1
billion tonnes of CO2 equivalents could be avoided by a more benign solution.

Non-Article 5 Parties
Alongside PU Spray Foam, the extruded polystyrene sector represents one of the most challenging
technological sectors of the market. CO2 based technology has been largely adopted in Europe, it remains
unsuitable for products with high thermal insulation properties. However, some new developments that
allow for better thermal insulation properties like lamination technologies that allow for thicker foams and
the use of carbon black or graphite in infrared attenuation technology may increase the number of products
that use CO2 as a blowing agent.
While hydrocarbons have proved uniquely acceptable in Japan, North America production is now based
on the use of high-GWP HFCs such as blends of HFC-134a and HFC-152a. Non-insulating XPS foams
(e.g. packaging) have largely transitioned to hydrocarbons and CO2 as a co-blowing agent.
Use of flammable blowing agents are made less likely because of parallel concerns with the brominated
flame retardants (e.g. HBCD) 33, that was widely used in XPS and other polystyrene insulating products.
Accordingly, the Business-As-Usual scenario is relatively conservative in its outlook for further transition.
Article 5 Parties
Extruded polystyrene manufacture has grown substantially in a number of Article 5 regions over the last
10 years. Much of the manufacture has been based on HCFC technologies, since these are the most versatile
options for a wide range of processing scales. For China, in particular, there are a large number of small
plants and although there is some hope that a specifically tailored CO2 based technology can achieve
widespread conversion, the outcome of an important pilot study is still awaited.
Some of these systems require more refined control systems, higher pressure capability and die
configurations that are not currently installed to transition to low GWP alternatives. In addition, some
systems and manufacturing facilities and siting may need upgrades to safely use flammable blowing agents.
The challenges will be to develop products that technically and economically meet the needs of the market
and that can be produced by the very diverse equipment in use today.
As with the non-Article 5 assessment, the Business-As-Usual scenario is relatively conservative and does
not anticipate early transitions.

Phenolic Foam
Phenolic foams are manufactured by a number of different processes, many of which shadow those already
discussed for polyurethane foams. The largest markets for the product are as phenolic boardstock
(manufactured by continuous lamination) and block foams, used primarily for fabricating pipe work
insulation. Although the product made an entry into the North American market in the early 1980s, the
particular technology was incompatible with some metals in other building materials. As a result, there is
The flame retardant. HBCD, is listed as a “Substances of High Concern” in Europe and no longer allowed for use.
Brominated polymeric flame retardants have been developed as replacements, but there are challenges with
processing. The shear needed to produce foams can cause decomposition.
33
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little use of phenolic foam in that region today. However, successful phenolic boardstock technologies
emerged in both Europe and Japan, with sales of the product continuing to grow, not only because of overall
increases in the demand for thermal insulation, but also because of gains in market share. Phenolic foam’s
main competitive advantage rests in its intrinsic fire and smoke properties. However, since it is made by an
emulsion process, it also offers smaller cells which result in improved thermal performance. More recently,
the product has begun to emerge on the Chinese market - in part as a response to concerns over recent fires
with some growth in adoption in other regions due to the thermal insulating performance and fire
performance.
The use of phenolic foam as pipework insulation also stems from the intrinsic fire and smoke properties of
the product and the growth of the product’s use has been particularly strong in regions where internal fire
regulations are strict or where the high rise nature of construction requires additional fire precautions.
Commercially available alternatives to ODS
Table 24 sets out the commercially available alternatives for the phenolic foam sector:
HCFC REPLACEMENT OPTIONS FOR PF FOAM FOR BUILDING/ CONSTRUCTION APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Continuous processes (including flexibly-faced lamination and pipe section manufacture)
n- pentane/iso-pentane
HFC-365mfc/277ea
2-chloropropane
Unsaturated HCFCs and HFCs

Low GWP
Low operating costs
Good foam properties
Non-flammable
Good foam properties
Low GWP
Non flammable
Low GWP

Non-flammable
Goodthermal insulating
properties
Good foam properties
HC with HFO/HCFO or HFC Low GWP to medium
blends
GWP
Good thermal insulating
properties
Good foam properties

Highly flammable

High incremental capital cost
Industry standard

High GWP
High operating costs
Negligible ODP
Low incremental capital costs

High operating costs

Proven technology

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Block foams for various applications including panels, pipe insulation section, etc
Non-flammable
HFC-365mfc/277ea
Unsaturated HCFCs and HFCs

Good foam properties

High GWP
High operating costs but
improved by using mixed
HFC/ CO2 (water)

Low GWP

Low conversion costs

Low incremental capital costs

Non-flammable
Goodthermal insulating
properties
Good foam properties
HC with HFO/HCFO or HFC Low GWP to medium
blends
GWP
Good thermal insulating
properties

High operating costs

Proven technology

Highly flammable

Lower cost than HFO/HCFOs
Improved thermal properties vs
HC or HFO alone in some cases

Good foam properties
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Table 24: Assessment of selection criteria for ODS alternatives in the Phenolic Foam Sector
The lack of low-GWP alternatives for discontinuous block foams signals the need for further work in this
area. However, the ranking of these options against the report criteria can be summarised as follows:

Proof of performance
Flammability
Other Health &
Safety
Global Warming
Other Environmental
Cost Effectiveness
(C)
Cost Effectiveness
(O)
Process Versatility

n-pentane
i-pentane

2-chloropropane

HFC-365/227ea

+++
--0

+++
0
0

+
++
+

+++
---

+++
0
-

--0
++

+++

+

--

++

+

++

Table 25: Indicative assessment of criteria for emerging alternatives in the Phenolic Foam Sector
Emerging Alternatives
As with other sectors, there is considerable focus on the potential of unsaturated HFCs/HCFCs.
HCFC REPLACEMENT OPTIONS FOR PF FOAM FOR BUILDING/ CONSTRUCTION APPLICATIONS
SECTOR/OPTION

PROS

CONS

COMMENTS

Continuous processes (including flexibly-faced lamination and pipe section manufacture)
Unsaturated HFC/HCFC liquids

Non-flammable
Good foam properties

Low conversion costs
High operating costs

Successfully trialled and now
pursuing re-standardisation

Block foams for various applications including panels, pipe insulation section, etc.
Unsaturated HFC/HCFC liquids

Non-flammable

Low conversion costs

Good foam properties

High operating costs

Successfully trialled and now
pursuing re-standardisation

Table 26: Emerging alternatives to ODS in the Phenolic Foam Sector
One drawback for the adoption of this technology in phenolic foam is that there is no CO2(water) coblowing to offset some of the cost. Another option might be to use unsaturated HCFCs and HFCs as
components of blends with hydrocarbons or other blowing agents. However, care will need to be taken with
discontinuous block foams to avoid process flammability issues.
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Proof of performance
Flammability
Other Health & Safety
Global Warming
Other Environmental
Cost Effectiveness (C)
Cost Effectiveness (O)
Process Versatility

HFO-1336mzzm(Z)
liquid
+
+++
+
+++
+
++
-+(+)

HFO-1233zd(E)
Liquid
++
+++
+
+++
+
++
-+(+)

Table 27: Indicative assessment of criteria for emerging alternatives in the Phenolic Foam Sector
Non-Article 5 Parties
The technologies in use in non-Article 5 regions are almost universally based on hydrocarbon or 2chloropropane blowing agents, since it has been found that the intrinsic fire properties of phenolic foams
are more than sufficient to compensate for any blowing agent contribution to flammability. There has been
some transition to unsaturated HCFCs and HFCs, although this has not been postulated in the Business-asUsual scenario for phenolic foam.
Article 5 Parties
There is very little production of phenolic foam in Article 5 regions with the exception of China. However
there is some growth in other countries. In keeping with the bulk of phenolic foam manufacture in nonArticle 5 countries, all known production in China is already based on hydrocarbon technologies.
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7. Update on Bank Estimates and Emerging Management Strategies
Estimated size of current Blowing Agent Banks and predicted growth to 2020
Global banks of blowing agents in foams have been previously estimated to have grown from around 3
million tonnes in 2002 to an estimated 4.45 million tonnes (inclusive of hydrocarbons) in 2015 34.
Consumption is typically outstripping emissions by around 250,000 tonnes/year, implying that banks of
blowing agents will grow to well in excess of 5 million tonnes by 2020. However, a significant proportion
of this bank will already have moved into the waste stream (typically landfill) by that time as installed foam
products reach the end of their respective service lives. Figure 10 shows how this flow into the waste stream
might vary by foam sector based on anticipated product lifetimes.

Figure 10: Variation in the size and timing of blowing agent waste flows

Identifying Blowing Agents in the Waste Stream and other Waste Management challenges
Once in the waste stream, such banks are broadly unreachable and the environment needs to rely on natural
mechanisms such as anaerobic degradation to avoid the worst impacts of eventual blowing agent emission.
Increasingly, ODS-containing foam is being treated as hazardous waste in a number of regions in an effort
to avert uncontrolled landfilling, but the over-riding challenge is to be able to police shipments sufficiently
well to avoid the practice when there is no simple way of determining the identity of the foam blowing
agent routinely. The search for lower cost detection equipment continues, since it would not only allow for
the characterisation of waste, but would also assist customs officials on cross-border trade of foam products
where blowing agent restrictions may already be in force.

Assigning value to Blowing Agent recovery and likely impact on trends going forward
A further option for limiting the quantity of ODS-containing and other high GWP blowing agent foams
going to landfill is to encourage voluntary intervention at the point of decommissioning by assigning value
to the recovery and destruction of the foam or its blowing agent. At present, this value is most likely to arise
from the climate benefits associated with the activity. However, an additional point of concern is that the
average global warming potential (GWP) of the waste stream will decrease with time as the very high GWP
blowing agents (e.g. CFCs) become less prevalent. Figure 11 illustrates how this can happen:

34

Data adapted from Special Report on Ozone and Climate (2005)
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Figure 11: Expected decline in average GWP of the waste streams for typical foam applications
These trends imply that it is preferable to introduce effective waste management practices in the period
prior to 2030 for PU Spray Foam. However, more importantly, they indicate that much of the climate benefit
arising from the management of appliances foams has already passed. This is being borne out in practice
for many appliance recycling plants, where the associated climate benefit cannot now be relied upon as a
justification for investment. The consequence is that waste handling companies are looking to minimise
their upfront investment costs in equipment and manual dismantling practices are becoming increasingly
common for foam separation, even though there are associated emissions. This is especially the case in
areas of low population density, where the economies of scale are more limited.
However, there is a requirement in Europe that appliance components be recycled. Foams are used in waste
– to- energy incineration facilities in some cases. Waste foam from appliance recycling factilities is
shredded, powdered and bonded to make thin foam sheets and used for flooring and walls or mixed with
concrete in limited quantities some regions.

Best Practice in the management of Insulation Foams and the importance of Segregation
Figure 12 provides a schematic diagram of the lifecycle of an insulation foam, illustrating the points at
which blowing agent releases are likely. Since most new production and installation is now taking place
with non-ODS blowing agents, the focus of ODS emission minimisation is at the point of decommissioning
and thereafter. The effectiveness of this whole process is measured by the Recovery and Destruction
Efficiency (RDE). The ability to maximise RDE lies in the degree to which insulation foams being
decommissioned can be separated and segregated from other building demolition waste. The level of waste
segregation varies substantially by jurisdiction and those with high levels of segregation achieve the best
results in ODS recovery/destruction at lowest incremental cost.
The choice exists to either directly incinerate the insulating foam or to shred it and recover the blowing
agent for subsequent destruction. The latter approach is only really cost-effective where there are economic
benefits from other components of the building element (e.g. steel from metal-faced panels). In Europe and
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Japan, where efforts to recover blowing agents have been most extensive to date, there is an increasing
tendency to move to direct incineration in order to minimise cost, although this depends largely on the
availability and permissibility of use of Municipal Solid Waste Incinerators.

Figure 12: Schematic of Emission Sources and Blowing Agent Management Options for
Insulating Foams (Source: SKM Enviros/Caleb)
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8. A History of CFC-11
The FTOC has been made aware of the marketing of CFC-11 for use in foams. A brief summary of the
technical feasibility of reverting to CFC-11 in foam use is provided below.
CFC-11 conversion to HCFC-141b required significant adjustments to the formulation because of its
solvent properties. However, replacing HCFC-141b by CFC-11 in an HCFC-141b formulation would
require minimal adjustment. More adjustments would be required for use of CFC-11 in hydrocarbon or
HFC formulations.
Until phase-out, CFC-11 was used historically in PU flexible and rigid foams through 1996 in nA5 parties
and through 2010 in A5 parties. CFC-11 was not known to be used in XPS where CFC-12 was used. PU
foam formulations generally contained between 3% CFC-11 in flexible slab foams to 12% in rigid PU
foams. It has been approximated that 86% to 100% of the blowing agent is emitted during the foaming
process for flexible foams and 4% (e.g. appliance foams) to 25% (e.g. spray foam) is emitted in the
manufacture of rigid foams.
Historically, CFC-11 was low cost and widely used in most polyurethane foam applications. The boiling
point was room temperature making handling easy and providing for wide processing windows (e.g.
temperature and other conditions). CFC-11 has good compatibility with equipment materials of
construction and raw materials used in foam formulations making them generally stable for long periods
of time (e.g. long shelf-life). CFC-11 foams had good dimensional stability, compressive strength and
insulation capability.
Neat CFC-11 is non-flammable (ASTM E681); however, foam flammability is controlled by a number of
factors beyond the flammability of the blowing agent. CFC-11 foams still required flame retardants (e.g.
tris (2-choloroisopropyl) phosphate or TCPP) to maintain low flammability.
Many of the additives used for foams produced with CFC-11 are also used for foams produced with other
foam blowing agents. (e.g. surfactants and catalysts). For example, gelling/blowing catalysts and
surfactants (e.g Polycat 8, Dabco 33LV, DC193) were used for CFC-11 foams and are still used today.
CFC-11 decomposes to form chloride and fluoride ions creating hydrochloric and hydrofluoric acid which
reacts with amine catalysts reducing their activity in the foam. Amine catalysts facilitate the reaction of
the polyol with diisocyanate to form the urethane polymer foam matrix. Therefore, CFC-11 was supplied
with stabilizer (e.g. alloocemine, alphamethylstyrene). Alloocemine stabilizer was not used for HCFC141b, HFCs or hydrocarbons. However, at least one company added alphamethylstyrene to HCFC-141b.
In addition to marketing CFC-11 in foams, a significant number of patent applications describing the use
of CFC-11 in various uses have recently been published. Many of the examples below describe the use of
CFC-11 in concrete foams and XPS foams in spite of the fact that the boiling point of CFC-11 is higher
than would normally be considered technically appropriate to produce XPS foams.
There are a significant number of patents describing a method to to make fire retardant high strength
materials for exterior walls. Historically, CFC-11 did not demonstrate capability as a fire suppression
agent and is not likely to reduce flammability when used in or sprayed on foams. FTOC has not been
made aware of the commercialization of the products described in the patents.
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A small sample of the patents includes:
• Preparation method of environment-friendly fireproof and heat-insulating material for building
external wall CN 108070166 A 20180525,
• Preparation method of fire-resistant board CN 107814543 A 20180320
• Preparation method of cement foaming agent CN 107777913 A 20180309,
• Sandwich panel using quasi-incombustible resin composition and method for manufacturing the
same KR 1823003 B1 20180131
• Preparation method of Arenga engleri fiber foam mattresses CN 107513266 A 20171226
• Method for preparing synthetic latex foam mattress CN 107501667 A 20171222
• Heat-insulating fireproof material for external wall CN 107383761 A 20171124
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9. Impact of the Phase-out of Ozone Depleting Substances on Sustainable Development
Under Decision XXVII/6 paragraph 8(a), the Technical and Economic Assessment Panel was asked to
consider the impact of the phase-out of ozone depleting substances on United Nations Sustainable
Development Goals (UN SDGs) 35. A preliminary analysis of relevant SDGs was completed by the Ozone
Secretariat 36 and a discussion of relevant SDGs follows.
Eliminating the use of ozone depleting substances (ODSs) directly reduces the global warming potential
(GWP) of foam blowing agents as alternatives have lower GWPs. A reduced impact on climate change
directly and positively impacts the following SDGs.
•
•
•
•
•
•
•
•
•

Goal 1: End poverty in all its forms everywhere;
Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable
agriculture;
Goal 3: Ensure healthy lives and promote well-being for all at all ages;
Goal 9: Build resilient infrastructure, promote inclusive and sustainable industrialization and
foster innovation;
Goal 11: Make cities and human settlements inclusive, safe, resilient and sustainable;
Goal 12: Ensure sustainable consumption and production patterns;
Goal 13: Take urgent action to combat climate change and its impacts;
Goal 14: Conserve and sustainably use the oceans, seas and marine resources for sustainable
development;
Goal 15: Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss;

In many cases, during the development of foams using zero ODP foam blowing agents, foam
manufacturers have also simultaneously improved other foam properties. Improvements in foam’s
insulating properties during transitions improves heating and cooling, improves food and medicine
preservation, and reduces energy consumption. Improving insulating capability positively impacts the
following SDGs. Reduction in energy consumption impacts SDGs 1, 12, 13, 14, and 15 as noted above
because of the reduced impact on climate change. The overall direct impact on climate has been estimated
at 10 billion tonnes 37 per year by avoiding the use of CFCs and moving to non-ozone depleting
substances.
•
•
•
•
•

Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable
agriculture;
Goal 3: Ensure healthy lives and promote well-being for all at all ages;
Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for all;
Goal 9: Build resilient infrastructure, promote inclusive and sustainable industrialization and
foster innovation;
Goal 11: Make cities and human settlements inclusive, safe, resilient and sustainable

35 https://sustainabledevelopment.un.org/?menu=1300

36https://sustainabledevelopment.un.org/content/documents/18021Ozone_Treaties_Input_to_2018_High_Level_Political_Forum.pdf

The
Ozone Secretariat’s report on UN SDGs notes that goals 4, 5, 6, and 16 are not of direct relevance to the work of the ozone treaties and so will
not be mentioned in this report.
37 Conservatively estimating 300,000 Tonnes of foam blowing agent with GWPs of 1000 and an approximate change to 1/3 HFCs. With
continuing trend to hydrocarbon use, this number may much greater.

57 | P a g e

2018 FTOC Assessment Report

10. Membership of the Foams Technical Options Committee
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