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Abstract
Expanded polystyrene, abbreviated as EPS (also generally 
known as Styropor), has been used worldwide for many 
decades as an insulation material in building construction. 
As this material, like all other organic insulation material, is 
flammable, the addition of a flame retardant is mandatory 
for this application. Hexabromocyclododecane (HBCD) was 
used as the main flame retardant until 2016. Based on new 
findings at the time, however, it was classified as a PBT sub-
stance (PBT: persistent, bioaccumulative, toxic), no longer 
allowed to be utilized, and even turned used EPS insulation 
boards into “hazardous waste” – a regulation that was later 
withdrawn by the legislature. 
	 So, better alternatives had to be found. In the present 
study, we have therefore investigated and evaluated two 
other brominated flame retardants with respect to their en-
vironmental and health impact as a flame retardant in EPS 
insulation materials. These are Polymeric FR and a TBBPA 
derivative. 
	 Polymeric FR, a new brominated polymer, is neither toxic 
nor bioaccumulative. Combustion of Polymeric FR leads to 
the formation of hydrogen bromide, which is responsible 
for its flame-retardant effect. Traces of toxic organic com-
pounds may additionally be formed under certain condi-
tions. 
	 In contrast, the second flame retardant that was investi-
gated, a tetrabromobisphenol A (TBBPA) derivative, is very 
hazardous. This substance is endocrine disruptive in vitro, 
bioaccumulative, and persistent. Detection of the substance 
in environmental samples indicates that it can disperse and 
accumulate in the environment. Its hazardous effects are 
currently being investigated as part of an EU programme 
(CoRAP). The use of the substance may be prohibited in the 
foreseeable future. 
	 Like Polymeric FR, the TBBPA derivative forms hydrogen 
bromide during combustion. It is slowly degraded under 
anaerobic conditions to the even more hazardous TBBPA, 
which is suspected to be carcinogenic and endocrine dis-
ruptive and is also being studied in the CoRAP programme. 
From the Cradle to Cradle perspective it is recommended 
to no longer use the TBBPA derivative due to its hazardous 
nature. Since the brominated polymer is neither toxic nor 
bioaccumulative, it is clearly superior to the TBBPA deriva-
tive with respect to its environmental and health impact. Its 
use even allows the mechanical recycling of used EPS and 
therefore contributes both to a reduction in the use of fossil 
resources and to a fall in carbon dioxide emissions. 

Flame Retardant for the 
Effective Recycling of 
Expanded Polystyrene (EPS)
Dr. Christian Sinn, Dr. Christoph Semisch, Prof. Dr. Michael Braungart, and Dr. Peter Mösle
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1. Introduction – Climate Change, Insulation, 
Insulation Materials, Recycling 
Rising energy costs and climate change caused primar-
ily by the emission of carbon dioxide together with its 
serious consequences call for improved thermal insu-
lation of buildings, for example, through the increased 
use of insulation materials. At the same time, the grow-
ing resource shortages as well as the bottlenecks in the 
incineration of used products require the recycling of 
insulation materials after their use phase.

Despite numerous competing insulation materials 
available in Germany, the issue of insulation material 
recycling has not yet been taken sufficiently into ac-
count. However, the recycling of insulation materi-
als only makes sense if ecological as well as economi-
cal minimum requirements are met. This is typically 
the case when a large proportion of the materials used 
for the manufacture of the insulation material sys-
tem can be recycled at a high standard of quality and 
with minimum effort while being cost-effective. The 
process must not pose any risk to the environment or 
to health. A commercially usable method for the re-
cycling of old EPS (expanded polystyrene) containing 
HBCD is not yet available. However, the PSLoop initia-
tive is currently working on the further development 
of a solvent procedure with which even polystyrene 
can be recycled from HBCD-containing old insulation 
boards in the future (see Chapter 10). 

The objective of this report, however, is not to com-
pare the recyclability of different insulation material 
systems. Instead, an example will be used to demon-

Insulation material range, copyright BASF.
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strate the potential impact of a new flame retardant 
on the recycling of EPS.

2. Flame Retardants in General

Almost all organic insulation materials, whether made 
of renewable or synthetic raw materials, are flamma-
ble. For obvious reasons, this property may be prob-
lematic in facade insulation. EPS is also flammable.

However, the flammability of EPS can be reduced by 
the addition of a flame retardant to such a degree that 
its use in buildings becomes possible. 

The three most important groups of flame retard-
ants in terms of quantity are as follows [1]: 

Inorganic flame retardants, e.g. aluminium and mag-
nesium hydroxide: They extract heat from the com-
bustion process by eliminating and evaporating chem-
ically bound water, thereby slowing the process down. 

Brominated and chlorinated flame retardants: These 
substances readily lose halogen halide (e.g. hydrogen 
bromide, HBr) when heated. The hydrogen halide has a 
blocking effect on the individual stages of combustion 
via a multistage mechanism: it dissociates into halo-
gen radicals that capture other radicals formed dur-
ing combustion and thus stops the combustion chain 
reaction. 

Flame retardants based on phosphorus, e.g. organic 
and inorganic phosphates: These substances produce 
low volatile and incombustible compounds in the 
event of fire, e.g. phosphoric acid, which cover the sur-
face of the plastic and prevent further oxidation.

3. Flame Retardants for EPS

The choice of the flame retardant for a specific appli-
cation depends on several factors. First, the flame re-
tardant must generally be suitable for the material, 
meaning that it must be miscible with the material to 
be protected, show the required effect in an appropri-
ate concentration, and not have a significant impact 
on the material properties. Second, it should not sig-
nificantly increase material costs. And finally, the use 
of the flame retardant must not give rise to any addi-
tional risk to health or the environment. These crite-
ria alone are often difficult to meet at the same time. 
It has been shown that only brominated organic com-
pounds can be considered for the flame retardancy 
of expanded polystyrene used in building insulation. 

Insulation material installation, copyright BASF

These chemical substances belong to the class of so-
called “organohalogen compounds”.

However, experience has also shown that organohal-
ogen compounds are often more persistent than other 
compounds (i.e. not or only very slightly degradable), 
bioaccumulative (i.e. they can accumulate in fat tissue 
or in the food chain, for example), and toxic (i.e. poi-
sonous) and therefore do not always meet the environ-
mental and health impact criteria. This is why they are 
the focus of special attention. In particular, hexabrom-
ocyclododecane (common abbreviation: HBCD), which 
has been used for decades as a flame retardant in EPS, 
has turned out to be a hazardous substance over time: 
it is highly toxic to aquatic organisms, potentially re-
protoxic, chemically very stable, and may accumulate 
in the food chain – which often ends with humans. 
HBCD was therefore listed as a persistent organic pol-
lutant (POP) and has not been used in the production 
of new insulation materials in the EU since 2016 [2]. 
In addition to the strict regulation of the handing of 
EPS that results from the dismantling of old buildings, 
which is still flame retardant with HBCD [3], the ques-
tion of an alternative flame retardant arose. After sev-
eral years of intensive research by the EPS industry, 
only three brominated chemical compounds are cur-
rently available as flame retardants for EPS. They are a 
brominated polymer and two substances derived from 
tetrabromobisphenol A (TBBPA):
¡¡ Brominated butadiene-styrene copolymer (re-
ferred to in the following as Polymeric FR [4]),  
CAS # 1195978-93-8 
¡¡ TBBPA bis(2,3-dibromopropyl)ether (referred to in 
the following as TBBPA ether), CAS # 21850-44-2
¡¡ TBBPA bis(2,3-dibromomethylpropyl)ether,  
CAS # 97416-84-7

These three substances were compared with each other 
with respect to their hazardousness as part of a pro-
ject conducted by BASF SE and EPEA GmbH – Part of 
Drees & Sommer [5]. Because the second and third 
chemical compounds are very similar not only with 
respect to their structure but also their hazardous-
ness, the comparison is reduced to the following two 
substances, namely the brominated polymer and the 
TBBPA bis(2,3-dibromopropyl)ether. For better legibil-
ity, only the names “Polymeric FR” and “TBBPA ether” 
will be used in the following sections.

4. Cradle to Cradle Assessment/Method

There are various approaches to assessing the hazards 
posed to the environment and health by chemical sub-
stances, materials, and ultimately products, but these 
approaches are essentially similar. In the above-men-
tioned project, the assessment was performed on the 
basis of the Cradle to Cradle method [6]. This method 
consists of a risk-based approach that takes into ac-
count not only the specific hazardousness (= poison-
ousness or toxicity) of a substance but also its appli-
cation context, resulting in a semi-quantitative risk 
assessment. The risk assessment method for flame re-
tardants is discussed in detail in Section 6.

The major advantage of the Cradle to Cradle method 
is that with relatively little effort it makes it possible 

New Brominated Flame Retardants for EPS 
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¡¡ Analysis of the individual risks by the combina-
tion of hazardousness and exposure as well as 
their specification by a letter “a”, “b”, “c”, or “x”. 
Individual risk refers in this case to the hazard 
encountered in a specific situation and by a single 
hazard characteristic, e.g. sensitisation by touch-
ing the EPS (a risk, however, that is equal to zero 
and therefore does not exist).
¡¡ If required, determination of the total risk by 
aggregating the individual risks.

The colour coding has proven to be beneficial for the 
rapid identification of risks. This becomes particularly 
clear when displaying a larger number of individual 
results (see also Chapter 8).

5. Cradle to Cradle Assessment/
Toxicological Profiles of the Brominated 
Flame Retardants for EPS
In this section, the toxicological profiles of the two 
brominated flame retardants Polymeric FR and TBBPA 
ether are introduced as a result of the Cradle to Cra-
dle assessment. The detailed establishment of the pro-
files is deliberately omitted in this section due to its 
extent. Instead, the results are presented in a summa-
rised form and explained, and specific characteristics 
are indicated.

5.1 Polymeric FR
Properties: 
¡¡ Name: Brominated butadiene-styrene copolymer 
¡¡ Molecular weight: 60,000–160,000 g/mol
¡¡ Registration number according to  
CAS: 1195978-93-8
¡¡ Status: Non-toxic polymer
¡¡ Trade names: Emerald Innovation 3000; FR-122P; 
GreenCrest C

What is special about Polymeric FR compared with TB-
BPA ether is that Polymeric FR is a polymer – i.e. a very 
large molecule. Because of its size, the molecule can-
not pass through the cell membrane. This inevitably 
means that Polymeric FR is neither toxic nor bioaccu-
mulative. This is also confirmed without exception by 
all performed toxicity tests. [1] Only the formation of 
toxic substances during the combustion of Polymeric 
FR is conceivable. Like most synthetic polymers, Poly-
meric FR is not biologically degradable. This is why the 
field for persistence is red. Persistence (longevity, dura-
bility) on its own, however, is not a problematic prop-
erty: it is even a desired property in insulation applica-
tions in which flame retardancy must last for decades.

Br

Br

Br

Br
m on

‚

to rapidly identify the flaws of a product with respect 
to the environmental and health impact and therefore 
retain sufficient resources for the more important pro-
cess of actual product optimisation. 

The following 19 criteria were chosen for the as-
sessment of the hazardousness of the two brominated 
flame retardants:
Health impact criteria
¡¡ Carcinogenicity
¡¡ Endocrine-disruptive potency
¡¡ Mutagenicity
¡¡ Reprotoxicity
¡¡ Oral toxicity
¡¡ Dermal toxicity
¡¡ Inhalation toxicity
¡¡ Neurotoxicity 
¡¡ Skin and eye irritation potential
¡¡ Sensitisation potential 

Environmental impact criteria
¡¡ Fish toxicity
¡¡ Daphnia toxicity
¡¡ Algae toxicity
¡¡ Soil toxicity
¡¡ Persistence
¡¡ Bioaccumulation potential
¡¡ Climatic relevance 

Life cycle criteria
¡¡ Hazardousness of the combustion products
¡¡ Hazardousness of the biological degradation 
products

For each of the 19 criteria there is an exact definition as 
well as a scale for the classification of the toxicological 
study results from “non-hazardous” to “hazardous” [7].

The first 17 criteria (health and environmental im-
pact) are chosen consistently in most methods for the 
toxicological assessment of substances. The persistence 
and bioaccumulation potential are not toxicities per 
se. However, they play an important role in the assess-
ment of the hazardousness and are therefore always 
taken into account.

The Cradle to Cradle approach selected here also con-
siders the derived products, because a non-hazardous 
product often forms hazardous substances only after 
thermal or biological degradation.

The result of the hazard assessment is indicated by 
a colour (traffic light code) and the risk by a letter “a”, 
“b”, “c”, or “x” and additionally by a colour. The col-
our grey indicates that no data is available. The cod-
ing key is shown in Figure 1:

The assessment of the risk posed by a chemical com-
prises the following steps:
¡¡ Determination of the hazardousness  
(substance-specific variable).
¡¡ Definition of the exposure scenario (context-
dependent variable).

Figure 1
Colour code for the risk assessment of a substance or material (“phase-
out” means that a substance should no longer be used).

a or b optimal or recommended for use

c minor hazardousness; recommended for the time being

x hazardous; phase-out required 

grey unassessable due to lack of data 
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stance. While the hazardousness is a substance-specific 
property, the exposure describes the potential inter-
action of the hazardous substance with its surround-
ings, for example, contact via the human skin, oral in-
gestion, or release into the environment. For example, 
the exposure of a person to a substance in a skin cream 
or to an inhaled substance is naturally very high. Risk 
and hazardousness are interconnected via the follow-
ing equation:

risk = hazard × exposure
This indicates, for example, that a very toxic sub-
stances (i.e. a very hazardous substance) contained in 
a sturdy and sealed bottle (i.e. absolutely no exposure) 
does not pose a risk.

Despite the simple structure of the equation, the 
quantitative calculation of a risk is often complex, 
because it requires many assumptions and a large 
amount of data, which is not always available.

An alternative method is the qualitative risk anal-
ysis. This is a combination of the hazard assessment 
and the complex quantitative risk analysis. The qual-

5.2 TBBPA Ether
Properties: 
¡¡ Name: Tetrabromobisphenol A bis (2,3-dibromo
propyl)ether
¡¡ Molecular formula: C21H20Br8O2

¡¡ Molecular weight: 944 g/mol
¡¡ Registration number according to  
CAS: 21850-44-2
¡¡ Status: Currently in the CoRAP process  
(Community Rolling Action Plan) 
¡¡ Trade names: SR-720, FR-720, and others

The hazard profile in Figure 3 shows that TBBPA ether 
is not only endocrine (i.e. hormonal) disruptive [8, 9], 
but also persistent [10, 11] and bioaccumulative [12]. 
This means, for example, that the substance can be 
dispersed in the environment (e.g. in rivers or in the 
ocean) over great distances at very low and therefore 
non-hazardous concentration and can then reaccumu-
late in organisms or the food chain to dangerous con-
centrations.

A well-known example of this is the pesticide DDT, 
which was used worldwide in agriculture and later re-
discovered in the fat tissue of polar bears in the Arc-
tic. These types of substances are considered very haz-
ardous chemicals because of this property. This “dis-
persion effect” has also been experimentally proven 
for TBBPA ether. The substance was detected, for ex-
ample, in the eggs of herring gulls in the Great Lakes 
in the USA and in the tissues of fish and penguins in 
Antarctica [13, 14].

Both hazard profiles determined by the Cradle to 
Cradle method completely agree factually with the pro-
files published by the United States Environmental Pro-
tection Agency (EPA) in 2014 [15].

Furthermore, the parent substance TBBPA is also 
formed during the – very slow – biological degrada-
tion of TBBPA ether. TBBPA itself is even more hazard-
ous than TBBPA ether. It is, for example, suspected to 
be carcinogenic [16]. In this case, we are therefore also 
talking about a toxification of the original substance 
by biological degradation. Incomplete incineration of 
TBBPA ether is also likely to give rise to the forma-
tion of additional toxic substances, for example, bro-
minated phenols [17].

6. Risk Assessment/Method

The risk posed by a substance to health and the en-
vironment is determined by two factors: the hazard-
ousness of the substance and the exposure to the sub-
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Figure 3
Cradle to Cradle® hazard profile for TBBPA ether.

Figure 2
Cradle to Cradle® hazard profile for Polymeric FR.
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Figure 4
Derivation of the 
Cradle to Cradle risks 
of brominated flame 
retardants in EPS.
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destroyed, i.e. the EPS is not chemically altered. Recy-
cling only involves melting down and re-extruding the 
polystyrene. In these processes, temperature-depend-
ent minor thermal decomposition of both flame retard-
ants is conceivable and, in the case of the low-molec-
ular TBBPA ethers, an additional uncontrolled release 
of the flame retardant present in the EPS. However, 
at this point it must be noted that analytical studies 
would be required for the quantification of these as-
sumptions. Because of the uncertainties, a worst-case 
assumption is made for the exposure level in this case.

Irrespective of quantification, however, it is plausi-
ble that more volatile flame retardants such as TBBPA 
ether are clearly less suitable for recycling of used EPS.

Exposure level: Medium

7.4 Incineration
If the EPS is not recycled, it can generally be land-
filled or incinerated. However, because the landfill-
ing of waste with a loss on ignition of more than 5 % 
is prohibited in Germany [18], it will not be discussed 
in detail here.

The incineration of used EPS in plants without flue 
gas cleaning is not permitted in Germany. However, 
the utilisation of used plastics as household fuel is 
quite common in certain areas of the world. Incinera-
tion in such circumstances would lead to the destruc-
tion of the flame retardant, the release of corrosive and 
toxic hydrogen bromide, and the formation of hazard-
ous organic compounds, which, in the case of TBBPA 
ether, may be highly toxic (see Section 5.2).

Exposure level: High
In contrast, incineration in plants equipped with flue 
gas cleaning that is state of the art (i.e. pursuant to the 
17th German Federal Immission Protection Act (BIm-
SchV) [19]) almost completely prevents the release of 
hydrogen bromide and organobromine compounds. 
Experimental data for this scenario is available [20], 
but not extensive. 

Exposure level: None
The results lead in the next section to the risks.

8. Risk Assessment/Results

After compiling the hazard characteristics and estimat-
ing the exposure levels, the qualitative risk assessment 
is performed. This is accomplished by linking each haz-
ard characteristic from Section 5.2 with each exposure 
level from Section 7 according to the algorithm from 
Section 6, Figure 4, for each flame retardant. In each 
case, the outcome is a risk matrix of 17 × 19 = 323 in-
dividual risks. The results are shown in the two follow-
ing tables [5]. How are the tables to be read? This can be 
shown by means of the following example. The individ-
ual risks associated with a fire in a building insulated 
with TBBPA ether flame-retardant EPS can be obtained 
from line 9 in Figure 6: the exposure is high due to the 
extensive release of the hazardous substance in a fire. 
This poses a direct risk to health and the environment 
due to the endocrine-disruptive effect of the substance. 
Furthermore, the substance may be hazardous even in 
distant locations due to its combination of persistence 
and bioaccumulative properties. Additional toxic com-

itative risk analysis is a simple tool that permits the 
rapid identification of risks. It is a customised link-
age between the hazardousness of a substance and the 
qualitative description of the exposure. The table in 
Figure 4 shows for brominated flame retardants the 
various combinations of hazardousness and exposure 
level as well as the resulting risks.

7. Risk Assessment/Exposure Scenarios

Following the analysis of the hazardousness of the 
flame retardants and the introduction of a method for 
qualitative risk analysis, this section presents all pos-
sible scenarios for the two flame retardants that may 
occur during the life cycle phases production, logis-
tics, processing, installation, service life, and post-ser-
vice life. The exposures occurring in the scenarios are 
determined qualitatively. This means that the magni-
tude of the exposure is based on established estima-
tions. These are in detail 17 possible scenarios, but they 
are only partially described in the following. Particu-
lar attention is paid to these scenarios:
¡¡ Production of the flame retardant
¡¡ Service life
¡¡ Recycling
¡¡ Incineration

However, all 17 scenarios are included in the risk cal-
culation result tables (Figure 6).

7.1 Production
The flame retardants are manufactured in a chemical 
plant under the usual strict safety regulation stand-
ards. It is assumed that the occupational safety stand-
ards are at this high level and the workers are pro-
tected from exposure. However, small amounts of the 
flame retardant are permanently introduced into the 
environment via the waste water, e.g. during clean-
ing operations. 

Exposure level: Low, only relevant to the environ-
ment

7.2 Service Life
The insulation material normally remains unchanged 
for many years without contact with humans or the 
environment in or on the building. 

Exposure level: None

Exceptional case of building fire
In the event of a fire, EPS is destroyed. In this case, the 
environment is highly exposed to the flame retardant 
and its combustion products for a short period of time. 
Because the burning of the exterior insulation material 
EPS occurs on the outside of the building, which usu-
ally is not in direct proximity to people, there is virtu-
ally no exposure to humans. 

Exposure level: Briefly high

7.3 Recycling
There are various options for recycling used EPS. EPS 
is a thermoplastic. It can be recycled mechanically or 
chemically. This report will discuss only the mechani-
cal recycling because it is currently common practice. 
In this process, the polymeric structure of EPS is not 
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cineration in a plant without flue gas cleaning”. In 
these cases, primarily corrosive and acutely toxic hy-
drogen bromide is formed. Traces of other toxic com-
pounds may also occur.

When considering these four cases, it must be taken 
into account that traffic accidents involving a cargo 
fire during transportation of flame retardants are very 
rare occurrences. Because the landfilling of flame-re-
tardant EPS and its incineration in plants without flue 
gas cleaning is prohibited in Germany, these two sce-
narios are also virtually excluded. Only in the event 
of a fire in an insulated building is there a high proba-
bility that hazardous gases will be released. However, 
even building fires are rare events.

bustion products are also formed. Moreover, hazard-
ous substances may be created through biological de-
composition at a later point in time and elsewhere.

In summary, this means the following for the two 
flame retardants:

Flame retardant 1 (Polymeric FR)
The risk assessment of Polymeric FR does not pro-
vide any indication of any risk associated with the use 
of Polymeric FR as a flame retardant in EPS – except 
for the formation of hazardous combustion products 
in the four scenarios “traffic accident and fire dur-
ing transportation”, “insulation material on fire in a 
building fire”, “EPS on fire in a landfill site”, and “in-
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Hazard assessment > 

# Life cycle phase Exposure

1 Production (flame retardant 
synthesis)

low, only re-
levant to the 
environment

2 Logistics (transportation of flame 
retardant) none

3 Logistics (accident during trans-
portation of flame retardant) high

4 Production (admixture of flame 
retardant to EPS)

low, only re-
levant to the 
environment

5 Logistics (transportation of the 
ready-for-sale EPS) none

6
Logistics (accident during trans-
portation of the ready-for-sale 
EPS)

none

7 Installation of insulation material 
in the building none

8 Service life – standard scenario 
(no fire) none

9 Service life – building fire high

10 Post-service life – dismantling
low, only re-
levant to the 
environment

11 Post-service life – transportation 
of used EPS none

12 Post-service life – mechanical 
recycling (re-extrusion) medium 

13 Post-service life – mechanical 
recycling (PSLoop)

low, only re-
levant to the 
environment

14 Post-service life – chemical recyc-
ling (pyrolysis)

low, only re-
levant to the 
environment

15 Post-service life – landfill medium 

16 Post-service life – incineration 
(without flue gas cleaning)

high
(flue gas only)

17 Post-service life – incineration 
(with flue gas cleaning) none

Figure 5
Overview of the qualitative assessment of individual risks for Polymeric FR in EPS.
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The risk analysis also shows an additional impor-
tant result: exposure is low during use as the flame re-
tardants are enclosed in the polymer matrix and can 
barely be released. Exposure occurs only in exceptional 
cases. However, exposure may also occur in the man-
ufacture of TBBPA ether (and during the recycling of 
EPS containing TBBPA ether additive, if performed). Al-
though this exposure is low, it is permanent instead 
and therefore much more extensive. Here, too, the risk 
matrix result is confirmed by an experimental find-
ing: the above-mentioned discovery of TBBPA ether in 
the eggs of herring gulls in the Great Lakes in the USA 
were made in the proximity of a plant that manufac-
tures flame retardants [22].

Overall, Polymeric FR must be therefore be classi-
fied as a relatively “non-hazardous flame retardant”.

Flame retardant 2 (TBBPA ether)
The risk assessment of TBBPA ether differs greatly 
from that of Polymeric FR. First, toxicity studies in-
dicate an endocrine-disruptive potency of this com-
pound. Second, TBBPA ether is persistent and bioac-
cumulative. 

The combination of these properties means that any 
release of TBBPA ether may result in long-term envi-
ronmental damage. Furthermore, the compound can 
be degraded in the environment to even more hazard-
ous substances.

Figure 6
Overview of the qualitative assessment of individual risks for TBBPA ether in EPS.
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Hazard assessment > 

# Life cycle Exposur

1 Production (flame retardant 
synthesis)

low, only re-
levant to the 
environment

2 Logistics (transportation of flame 
retardant) non

3 Logistics (accident during trans-
portation of flame retardant) high

4 Production (admixture of flame 
retardant to EPS)

low, only re-
levant to the 
environment

5 Logistics (transportation of the 
ready-for-sale EPS) non

6
Logistics (accident during trans-
portation of the ready-for-sale 
EPS)

non

7 Installation of insulation material 
in the building non

8 Service life – standard scenario 
(no fire) non

9 Service life – building fire high

10 Post-service life – dismantling
low, only re-
levant to the 
environment

11 Post-service life – transportation 
of used non

12 Post-service life – mechanical 
recycling (re-extrusion) medi

13 Post-service life – mechanical 
recycling (PSLoop)

low, only re-
levant to the 
environment

14 Post-service life – chemical re-
cycling

low, only re-
levant to the 
environment

15 Post-service life – landfill mittel

16 Post-service life – incineration 
(without flue gas cleaning)

high
(flue gas

17 Post-service life – incineration 
(with flue gas cleaning) non
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EPS (more than 50 years or until building demolition), 
the disposal of this “old” insulation material will gain 
in importance in the next 100 years due to the increase 
in building demolitions and renovations. Manufactur-
ers are forecasting a continuous increase in annual 
polystyrene building waste to around 85,000 tonnes 
by 2050. Consequently, the EPS industry is currently 
working on a pilot project to set up a demonstration 
facility for the processing and recycling of polystyrene 
from soiled insulation material waste that contains 
HBCD as part of the PolyStyrene Loop initiative [23]. In 
the future, it will be important to ensure that the dis-
posal of EPS waste in accordance with the waste hierar-
chy (reuse prior to recycling prior to incineration with 
energy recovery prior to landfilling) is not only envi-
ronmentally sound for all parties involved – i.e. indus-
try, waste disposal companies, craftsmen, and author-
ities – but also economically and practically feasible.
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This indicates that the greatest risk to health and the 
environment when using TBBPA ether in EPS does not 
arise from the service life phase, but from the manu-
facture of the flame retardant and from recycling, if 
performed.

9. Discussion and Recommendations

Polymeric FR, a brominated polymer, is neither toxic 
nor bioaccumulative. During combustion, Polymeric 
FR leads to the formation of hydrogen bromide (HBr), 
which is responsible for its flame-retardant effect. 
Traces of toxic organic compounds may additionally 
be formed under certain conditions. Of central impor-
tance, however, is the high molecular weight that im-
parts the properties of a plastic to Polymeric FR, which 
is mixed with the polystyrene and therefore cannot mi-
grate. In this respect, it is therefore to be considered 
to be equivalent to reactive flame retardants that are 
covalently bonded to the plastic matrix.

In contrast to this, the second flame retardant that 
was investigated, a TBBPA derivative, is very hazard-
ous. This substance is endocrine disruptive in vitro, 
bioaccumulative, and persistent. Detection of the sub-
stance in environmental samples proves that it can dis-
perse and accumulate in the environment. Its hazard-
ous effects are currently being investigated as part of 
the CoRAP programme. The use of the substance may 
be prohibited in the foreseeable future.

Like Polymeric FR, the TBBPA derivative forms hy-
drogen bromide during combustion. It is slowly de-
graded under anaerobic conditions to the even more 
hazardous TBBPA, which is suspected to be carcino-
genic and endocrine disruptive and is also being stud-
ied in the CoRAP programme. From the Cradle to Cra-
dle perspective it is recommended to no longer use the 
TBBPA derivative due to its hazardous nature. 

The greatest risk arises probably not from its use, 
but from the manufacture and potentially problem-
atic post-service life scenarios of this flame retardant.

Since the brominated polymer is neither toxic nor 
bioaccumulative, it is clearly superior to the TBBPA de-
rivative with respect to its environmental and health 
impact.

10. Significance for the Recyclability 
of Flame-retardant EPS
The ecotoxicological assessment of the flame retard-
ants used so far in EPS clearly shows the important 
role that flame retardants play in the future recycla-
bility of EPS insulation material waste. 

The use of a flame retardant that is largely non- 
hazardous even if released into the environment and 
that is not destroyed during recycling is one of the re-
quirements for effective recycling of used EPS. Conse-
quently, the recycling of EPS boards that contain the 
flame retardant Polymeric FR is already possible to-
day and increasingly being employed by the German 
EPS industry, provided these are clean EPS sections.

A solution is even in sight for the recyclability of 
“old” EPS insulation boards that still contain the flame 
retardant HBCD. Because of the long life expectancy of 
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»... ein fachlich wie konzeptionell reifes Werk, das
wie ein guter Tropfen über die Jahrzehnte immer noch 
besser geworden ist.«

Prof. Dr. Wilfried Erbguth, Rostock, zur Voraufl age in:
Deutsches Verwaltungsblatt  (DVBl), 7/2016
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Online informieren und bestellen: 

 www.ESV.info/19103

Klimaschutz-
programm 2030 

bereits berück-
sichtigt!
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Nicht von Pappe…

inkl.
UMWELTdigital:

Modul Abfall-
wirtschaft 

Bestellungen bitt e an den Buchhandel oder: 
Erich Schmidt Verlag GmbH & Co. KG · Genthiner Str. 30 G · 10785 Berlin 
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Online informieren und bestellen:

   www.ESV.info/16536

Recht der Abfall- und Kreislauf-
wirtschaft  des Bundes, der Länder
und der Europäischen Union
Kommentierungen der Abfallrahmenrichtlinie, des KrWG 
und weiterer abfallrechtlicher Gesetze und Verordnungen

Herausgegeben seit der 2. Aufl age von Prof. Dr. jur. Heinrich 
Freiherr von Lersner, Dr. jur. Helge Wendenburg,
Dr. jur. Olaf Kropp und Jörg Rüdiger
Loseblatt werk, 11.168 Seiten in 6 Ordnern, inkl. Online-Zugang zu
Teilen einer umfangreichen, ständig aktualisierten umweltrechtlichen 
Vorschrift endatenbank, ISBN 978-3-503-16536-0

Vom Überblick zum Detail – kommentiert sind u. a.:
 O Kreislaufwirtschaft sgesetz KrWG, zuletzt ausführlich §§ 39–41
 O Anzeige- und Erlaubnisverordnung AbfAEV
 O novellierte Abfallbeauft ragtenverordnung AbfBeauft rV
 O Altfahrzeugverordnung AltfahrzeugV
 O novellierte Abfallverzeichnis-Verordnung AVV
 O Deponieverordnung DepV
 O novelliertes Elektro- und Elektronikgerätegesetz ElektroG
 O novellierte Gewerbeabfallverordnung GewAbfV
 O Nachweisverordnung NachwV und
 O POP-Abfall-Überwachungs-Verordnung POP-Abfall-ÜberwV

Realitätsnah wird die Rechtslage aus zwei Perspektiven erläutert – 
dem Umweltrecht und dem Wirtschaft sordnungsrecht. 

… und nachhaltig verwertbar.
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