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Followingthelistingin AnnexAtothe Stockholm Conventionthe productionand useofhexabromocyclododecane
(HBCD) must be eliminated. To facilitate transition into safer alternatives, Persistent Organic Pollutants Review
Committee (POPRC) of the Stockholm Convention has developed General guidance on considerations related
to alternatives and substitutes for listed persistent organic pollutants and candidate chemicals (UNEP/POPS/
POPRC.5/10/Add.1, UNEP, 2007). In the Convention, and in the present document, the term “alternative”is used
to denote a chemical, material, product, product design, system, production process or strategy that can replace
listed persistent organic pollutants or candidate chemicals, or materials, products, product designs, systems,
production processes or strategies that rely on listed persistent organic pollutants or candidate chemicals, while
maintaining an acceptable level of efficacy.

Atthetime of thelisting, information on available alternatives to HBCD was included in the Draft risk management
evaluation on hexabromocyclododecane (UNEP/POPS/POPRC.7/5, UNEP 2011). POPRC also developed an
update on the alternatives as an addendum to the Risk management evaluation (UNEP/POPS/POPRC.8/16/
Add.3, UNEP, 2012) on chemical alternatives to hexabromocyclododecane, especially in expanded polystyrene
or extruded polystyrene foam applications, in terms of their availability, cost, efficacy, efficiency and health and
environmental impact, especially with regard to their persistent organic pollutant properties (UNEP, 2012).

The Environment Protection Agency of the United States (US EPA) carried out a comprehensive study
on alternatives to HBCD in 2014 (USEPA, 2014a). In addition the European industry consortium seeking
authorization for continued use of HBCD in buildings submitted a review of potential alternatives to European
Chemicals Agency ECHA (Assessment of Alternatives, no date). This information has been included in the review
of alternatives in Annexes A and B.

Information on HBCD alternatives has also been collected in a living document Publication on POPs in Articles
and Phasing-Out Opportunities ( ), developed by the Stockholm Convention Regional
Centre for Capacity-building and the Transfer of Technology in Asia and the Pacific and Basel, Rotterdam and
Stockholm Secretariat in 2014.

The present document provides an update on the information previously published on chemical and non-
chemical alternatives to HBCD in Guidance on alternatives in Guidance for the inventory, identification and
substitution of Hexabromocyclododecane (HBCD) (UNEP, 2015a) and Draft guidance on best available
techniques and best environmental practices for the production and use of hexabromocyclododecane listed
with specific exemptions under the Stockholm Convention (UNEP, 2017).


http://poppub.bcrc.cn/

The aim of a risk reduction strategy for HBCD should be to reduce and eliminate emissions and releases taking
into consideration the indicative list in Annex F of the Stockholm Convention including technical feasibility
of possible control measures and alternatives, the risk and benefits of the substances and their continued
production and use. In considering any strategy for a reduction of such risks, it is important to consider the
availability of substitutes in the sectors of concern. In this regard, the replacement of HBCD by another chemical
or non-chemical alternative needs to take account of factors such as (UNEP, 2011):

« Technical feasibility (practicability of applying an alternative technology that currently exists or is
expected to be developed in the foreseeable future);

+ Costs, including environmental and health costs;
« Risk (safety of the alternatives);
+ Availability and accessibility of substitutes in the sectors of concern.

There is a range of approaches available to substitute the use of HBCD in all applications. These approaches can
be grouped into three categories (UNEP, 2011):

- Flame Retardant Substitution;
- Resin/Material Substitution; and,

+ Product Redesign.

The first two approaches have been discussed below. No general guidance is available for product redesign.



The main uses of HBCD globally have been in flame-retardant expanded (EPS) and extruded (XPS) polystyrene
foam for insulation and construction (more than 90% of the HBCD use), while the uses in the production of
flame-retardant textile applications and in the production of high impact polystyrene (HIPS) for electric and
electronic appliances casings were of a smaller scale (UNEP, 2012). Typical concentrations of HBCD in these uses
are presented in Table 1.

Table 1: Typical concentrations of HBCD in different materials (UNEP, 2015b).
Flame-retardant materials HBCD content (in mg/kg)

5,000-10,000'
8,000-25,000°
60,000-150,000°
22,000-43,000*
10,000-70,000°

Fire performance of a material depends on flammability, which is also affected by fillers, coatings, laminates,
pigments, dyes, and other compounding agents. The fire performance criteria in countries’ regulations for a
specific use are normally specified in general and relative terms, and they do not require the use of specific
flame retardants. To demonstrate that the requirements are met, there are prescribed verifiable criteria, which
standardization bodies such as ISO, CEN and UL often have helped to develop (KEMI, 2006).

According to the POPRC guidance on alternatives (UNEP, 2007), a “safer alternative” is an alternative that either
reduces the potential for harm to human health or the environment or that has not been shown to meet the
Annex D screening criteria for listing a chemical under the Convention as a persistent organic pollutant. The
health and safety information available for some of the alternatives below is very limited.

Little information is available on costs of alternatives and the costs related to the transition. Accurate cost
estimations must be company-specific; the impact of substituting chemicals on complex product formulations
can only be analyzed in-house and a company must determine for itself how changes will impact market share
or other business factors (USEPA, 2014a).

Until 2011 there were no commercially or technically viable drop-in chemical alternatives to HBCD as a
flame retardant in XPS production and the most common ‘one-step’® EPS manufacturing process, which is
used at least in Europe and generally in North America. In March, 2011, an alternative for HBCD in EPS/XPS
(polymeric flame-retardant) was announced, and has in many cases replaced HBCD as a drop-in substitute
to HBCD. In the production of EPS raw material process, the flame retardant is incorporated into the ready-
made bead. -HBCD (or any other FR used in EPS) does not penetrate the beads after polymerization:
styrene is polymerized into polystyrene in a suspension in the presence of the FR and other ingredients.
Flame retardants for EPS and XPS foam must allow the material to comply with fire safety codes while not
compromising the performance of the foam.

Submissions by Canada and PlasticsEurope/Exiba to the Stockholm Convention, 2011 (UNEP, 2011).
BFRIP 2005, XPSA and CPIA, PlasticsEurope/Exiba submissions to the Stockholm Convention, 2011 (UNEP, 2011).
European Commission, 2008; Environment Canada and Health Canada, 2011(UNEP, 2011).
Kajiwara et al., 2009.
ECHA, 2009 (UNEP, 2011).
In ‘one-step’ production process all additives are mixed in the styrene solution prior to polymerisation. This process is the most energy
and resource efficient (in terms of water use) way to make EPS and is universally employed in Europe. In‘two-step’ process the beads are
polymerized in the first step without the flame-retardant additive and pentane; the possible flame retardant and pentane are added in
the second step. This gives potentially wider possibilities of possible alternatives in the two-step process because there is less potential
for the flame retardant molecule to interfere with polymerization of the styrene to polystyrene (Assessment of Alternatives).
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A butadiene-styrene brominated copolymer (Bluedge™) appears to be the main chemical substitute in EPS and
XPS production for one-step process. It is produced in the USA, Israel, and the Netherlands by Lanxess and
ICL and sold under different tradenames (Emerald Innovation™ 3000, FR122P, and GreenCrest®). According to
theflame retardant industry, the EPS industry has already replaced HBCD with the Bluedge™ in many countries,
and the production capacity is considered adequate to meet the global demand currently and into the future’.
In addition, there are two tetrabromobisphenol A (TBBPA) derivatives, which have been identified as viable
alternative by US EPA (2014a) and the EU industry consortium seeking authorization for HBCDD (Assessment of
Alternatives, see also ICL-IP, 2014). No nonbrominated flame retardants were identified that would be compatible
in polystyrene foam manufacturing and associated flame tests.

More detailed information on the known alternatives to HBCD in XPS and EPS production is in Annex A. In
addition to the polymeric flame-retardant, TBBPA derivatives appear to be another major chemical substitute to
HBCD (ICL-IP, 2014), although there have been concerns about the supply (Assessment of Alternatives).

A variety of flame retardants has been used in the production of flame-retardant textiles.

Fortextilebackcoating,chemicalalternativestoHBCDincludeTexFron4002,deca-BDE,decabromodiphenylethane
(DBDPE), ethylene bis(tetrabromophtalimide), chlorinated paraffins and ammonium polyphosphates (ECHA,
2009; KLIF, 2011, ICL-IP, 2019b). Deca-BDE was listed in the Stockholm Convention Annex A in 2017 and cannot
be considered an acceptable substitute.

Decabromodiphenylethane (DBDPE) has replaced BDE-209 in many applications. DBDPE is, however, relatively
persistent and may accumulate significantly in fish. DBDPE is commonly found in environmental samples.
Short chain chlorinated paraffins have also been used in the production of flame retardant textiles. Short chain
chlorinated paraffins (SCCP) were listed in Stockholm Convention Annex A in 2015 and cannot be considered as
safe alternatives to HBCD. Long chain chlorinated paraffins are reproductive toxicants to humans, show chronic
toxicity with effects on liver and kidneys, and are potential carcinogens (ECHA, 2009).

Polymeric TexFron4002 flame retardant is Oeko-Tex® certified and is also used for adhesives and coatings.

Out of the identified technically viable and commercially available substitutes to HBCD, ammonium
polyphosphate is widely used. In Canada the chemical is categorized as Persistent and inherently Toxic.

More detailed information on the known alternatives to HBCD in the production of textiles are in Annex B.

A variety of flame retardants in addition to HBCD has been used in the production of flame-retardant HIPS.

One of the common flame-retardants used in HIPS was deca-BDE (decabromodiphenylether, i.e. BDE-209). Since
it was listed in the Stockholm Convention Annex A in 2017, it cannot be considered an acceptable substitute.
Assessments made on alternatives to deca-BDE (USEPA, 2014b, UNEP/POPS/POPRC.11/10/Add.1) are directly
applicable for this application of HBCD as well. USEPA (2014b) identifies ten alternative flame-retardants that are
possible alternatives for deca-BDE in HIPS (not including HBCD).

More detailed information on the known alternatives to HBCD in the production of HIPS are in Annex B.

7 Personal communication with ICL-IP, 3 February 2019. Personal communication with DOW, 8 February 2019.



The materials that can be used in a specific application is dependent on the country’s fire safety regulations and
other requirements set for a material. Non-flame retardant EPS boards are used in some countries in combination
with other construction materials which protect the EPS from catching fire. EPS is without flame retardant is
widely applied as ground or floor insulation below a concrete layer, but it is also used in walls and other open
constructions if thermal barriers are applied.

Replacing EPS/XPS insulation with other materials can furthermore affect overall product cost and performance,
and may additionally require a different approach during building and construction. Alternative insulation
materials to EPS/ XPS are available for all uses, with the exception of some demanding XPS use in moist or
freeze/thaw sensitive applications in North America (UNEP, 2011). In terms of market volumes the major
insulation materials apart from the EPS/EXS are mineral wool, fibre glass wool and polyurethane rigid foams.
The alternative insulation materials/techniques may have characteristics that are different from XPS and EPS
and that are more or less appropriate for some specific use scenarios (such as resistance to water absorption,
resistance to mechanical loadings (high compression strength) and structural integrity for service life) (ECHA,
2009; USDOE, 2010).

Use of alternative insulation materials/techniques may also incorporate different environmental issues such
as increased energy costs during transportation, and may come with their own unique set of health and/or
environmental risks which in most instances are not too well known. When release to the outer environment
is not considered, the health effects of any given insulation material is primarily of importance in the work
environment, since the insulation material is built inside the wall, foundation and ceilings. Exposure to alternative
insulation materials during building repair, refurbishment and demolition must also be considered.

Non-flame retarded EPS and XPS insulation foams in combination with other construction materials are used in
several countries to protect the EPS and XPS from catching fire. For example, in Sweden and Norway, national
regulations allow the use of non-flame retarded insulation materials, provided the total building element meets
fire safety requirements. In these countries, use of EPS in combination with thermal barriers reduces the need
for flame retarded EPS without compromising fire safety performance in constructions (KLIF, 2011). By covering
EPS and XPS insulation foams with concrete on all sides, the building element as a whole could be classified
as non-combustible and used in construction. EPS insulation boards can also be covered with a layer on non-
combustible insulation material such as mineral wool. This is particularly suitable for flat roofs. In all solutions
involving non-flame retarded EPS and XPS, the layer of non-combustible material will have to fully cover the
insulation material on all sides and precautions have to be taken to avoid openings and penetrations in the
construction such as around windows (KLIF, 2011).

The use of flame resistant barriers - coating, laminate, foil laminate, foil - as back coatings may not work
with polystyrene foam because they will interfere with the ability of the foam to recede away from the fire.
Additionally, the coating levels necessary to pass flammability tests are not economical. (USEPA, 2014a).

Stone wool insulation is made from volcanic rock, typically basalt or dolomite, an increasing proportion of which
is recycled material in the form of briquettes. Slag wool is made from blast furnace slag (waste). The stone wool
is a subgroup of the mineral wool together with glass wool. Over the last decade, glass wool, rock (stone) wool
and slag wool have together met just over half of the world demand for insulation.

The structure and density of the product can be adapted to its precise final usage. Inorganic rock or slag is the
main components (typically 98%) of stone wool. The remaining 2% organic content is generally a thermosetting
resin binder (an adhesive), usually phenol formaldehyde and a little mineral oil.



For glass wool the raw materials are sand, limestone and soda ash, as well as recycled off cuts from the production
process. Small quantities of binding agents are added to the fibres. Glass wool products usually contain 95% to
96% inorganic material (Eurima, 2011).

Phenolic foam insulation is made by combining phenol-formaldehyde resin with a foaming agent. When
hardener is added to the mix and rapidly stirred, the exothermic reaction of the resin, in combination with the
action of the foaming agent, causes foaming of the resin. This is followed by rapid setting of the foamed material
(Greenspec, 2011). In the process phenol is polymerized by substituting formaldehyde on the phenol’s aromatic
ring via a condensation reaction and a rigid thermoset material is formed. Compared to the EPS/XPS and PUR/
PIR, the market share of the phenolic foams seems to be small due to higher prices.

Various modern insulation materials are based on natural fibres, primarily plant fibres, but also sheep wool.
Some of these have been known for centuries but have got a renaissance over the last decades with the growing
interest for environment friendly building techniques. They are available as loose insulation fill, as insulation
batts or/and as rolls.

The insulation materials presented below may be functional alternatives to EPS and XPS, but are not currently
considered to be viable for large scale building applications, and are constrained to specialty applications or
limited geographic areas. Specific insulation products are generally not suitable for all applications.

Aerogel is available as a rigid board, roll, or loose-fill; and is used to insulate underfloors, rainscreens, roofing,
cathedral ceilings, and interior walls (Madonik, 2011). It is made from silica gel, polyethylene terephthalate (PET),
fiberglass, and magnesium hydroxide (KLIF, 2011b). Aerogel is lightweight and has a very high R-value of 10, but
is costly.

Carbon foam is a type of rigid board foam made from calcined coke. It is manufactured in limited quantities
and is used primarily as a specialty insulation in the aeronautic, marine, and energy industries (Madonik, 2011).

Foamglas is a rigid board insulation made from sand, limestone, and soda ash that is primarily used for high-
temperature industrial applications where extreme heat resistance is required but can be used to as insulation
in roofs, walls, and below-grade.

Reflective insulation is a foil-faced insulation material that incorporates a radiant barrier (normally highly
reflective aluminum) with a kraft paper, plastic film, polyethylene bubble, or cardboard backing (USDOE, 2019).
Reflective insulation is used to reduce radiant heat flow across an open space, most usefully for downward
radiant heat flow, and is typically used between roof rafters, floor joists (or reflective insulation), and wall studs.
Reflective insulation is not an alternative for EPS and XPS, but rather works best in complement with other forms
of insulation.

Agrifiber insulation is manufactured from agricultural waste (e.g., rice hulls, fungal mycelia, wheat or rice straw)
and is available as board insulation (Wilson 2011). Agrifiber typically uses borate as a flame retardant (Sustainable
Sources, 2019). New agrifiber insulations under development using mycelium as a binder are reported to have
obtained a Class 1 fire rating without use of added chemical flame retardants (Wilson, 2011).



Flame retardant use in textiles can be avoided if the material itself is non-flammable or has low flammability.
Some natural materials such as wool may therefore be used as barrier materials in furniture (UNEP, 2011). Other
inherently flame retardant materials include rayon with a phosphorus additive, polyester fibers, and aramids
(Weil & Levchik, 2009).

Intumescent systems for textile back-coating have been on the market for about 20 years (Posner et al. 2010).
They are based on the formation of expanded coal tar, which partly acts as an insulating barrier against heat
and as a smoke-fume trap. Intumescent systems for textile back coating require special handling in application
to ensure that the systems work as intended. It is important that the best conditions and combinations of the 3
different components of the systems are in an evenly and well distributed dispersion in the textile application
for the desired flame protection to be achieved (Posner 2004). Intumescent systems may not be applicable to
the same sets of textiles as flame retardant-based back-coatings.



Polyphenylene Oxides (PPO) or polyphenylene ether (PPE) resins are used as alloys with polystyrene for
applications like computer housings, and internal components as well as telecommunication equipment. It is
possible to use non-halogenated flame retardants with these alloys. The PPO component is a good char former
and therefore, only a moderate amount of a fire retardant can provide required flame retardancy (Murashko
etal., 1998).

European manufactures of television sets appear to be using alloys including PPE/HIPS with non-halogenated
flame retardant. This is an indication that alloys of PPE/HIPS with non-halogenated flame retardant also perform
to required industry standards. Alloys of PPE/HIPS are known to have relatively higher inherent resistance to
burning and spreading fire because they form an insulating char foam surface when heated. They also have
higher impact strength and give similar design opportunities for parts with fine structural details. In addition,
alloys of PPE/HIPS require fewer changes to the expensive molds and tooling used in the molding process (Maag
etal., 2010). PC/ABS alloys are widely used for the very same applications. Non-halogenated flame retardants are
available for both PPO/HIPS and PC/ABS under the tradename Fyrolflex® (ICL-IP, 2019a).
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