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Background and summary

The aim of this report is to assess the extent to which insulation foams from the building and construction industry

can be safely and efficiently co-combusted with municipal solid waste. Co-combustion with MS5W is seen as the

most environmentally friendly option, as crushing or compressing the foam to reduce its density for disposal by

landfill can be problematic due to the presence of the ozone depleting blowing agents (Chlorofluorocarbons) in old

foams that would be released during the process. Using the co-combustion route, CFC’s are safely destroyed, the

energy content of the foam can be recovered and landfill avoided. The use of local MSW combustors* is also

recommended in order to eliminate the need for long distance transportation.

The process by which CFCS ane destroved during cambustion s
generally well understood. However, what happens to the flame
retardants abso contined in these foams Gdded w il fire afery
requirements] s less well known. 1o s largely for chis reason that APME,
EXIBA, ISOPA, FZK and BING sponsored this research programme.

The foams wsed by the building and constructon indusery ane
manufacmred from different polymers, including polvurethane (PLIR)
and expanded and extruded polystyrene (EPS and XPS). In most
cases the flame retardants used in these foams ane brominated or
chlorinated orgamic compounds, The two foams vsed in the test
campaign were XPS and PUR, The flame reardant vsed for XPS
was hexabromocyclododecane (HBCD). For FUR, the foam tested
had been formulated with B Cland Br (from a brominated polyol).

It was found that the bromides and mixed halogenated dibenzo-p-
dicwins and dibenzofurans formed durmg the cambusoon of these
flame retardants in the foam neither add substantially to the overall
harard of the raw gas of a Municipal Solid Waste Combustor
(MEW ), nor to that of air cmissions,

Objectives
To study:

W the cffects of the destruction of CFC-11 and CFC-12

B the changes occurring w HCLHF and HBr concentrations in the
flue gas and their nenrralisacion efficiency in g oo sage wet
scrubbing svstem

| the effects of the volatilisation of heavy metals caused by the
increased levels of halogen in the feed and

W the potential additional formanon of bromaced and ¢ or mived
halogenated dibenzo-p-dioxins and dibenzofurans.

Test programme

Two rest programmes were cartied out in the test incinerator,
TAMARA in 1993 and 1994 for X5 and PUR respecavely. The
rest programmes for XPS and PUR were designed o Last a tonal of
three complete weeks of TAMARA operation.

The KPS tests were run at two temperature levels [350°C and
900 with a constant foam addition of 3 we %, The PUR tests
WeTe Tun at a constant temperature (S00°C) with rwo foam addicions
of PUR A and PUR B at 1 and 2 wt % foam addition.

The test incinerator TAMARA

TAMARA was built for the Forschungs Zentrum Karlsrube
(FEK) during 1985/87. It i« a mass burner with a nominal
throughpur of 250 kg 7 h of preconditioned waste,

Test material and base fuel

The XPS foam and granulate was suppled by EXIBA member
compames m 3 form companble with theie specifications, The PLR
rigid foams were supplied by 2 BING (The Federanon of European
Rigid Polyurethane Foam Associations) member company, These
were formulited to represent the expected “European average
compaosition’ of UL insulatimg foam and contained the CFC 11
blowing agene used up to 1994 and a mux of flame retardanes based on
phosphorous, chlorine and bromine. Their properties can be seen in
Talile 1 below,

Table 1.
Analysis of elenents in XPS A with CFC 12 and XPS B with HOFC
22, PUR A and B wied as co-fuel and the rypical compostable and RIOF

Sractions of the TAMARA fueel.
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Combustion conditions / raw gas

The folleawving fgure shows, as demonsirated By dhe sl spread of
Faw s compasition, a good operational perornnce,
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Acid gas removal

TAMARA b5 equipped witl o separate quench fallowed by an acid
(pH=1) and & meweral serubber (pH=T) borh of whsch are modified
Venturi scrubbers. Between hoth serubbers and downsteean from the

mentral serubber, special simplinge units were nstalled.
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HOCL Abatement: Aier passing the second serubber, HUD values
far Belowy 1 mgdm were achicved, casaly meeting the German
eintssion divecive (7. 30mSchW ) serar HEmgeim’,

HF Abatement: Clean gas levels of < 0.2 mgdm’ were measared
for HE which is well below the German emission divective imit of
Tingdm',

HBr Abatement: The HEr gas concenematons were helow
2 mgdm’, which s well below the Tione set by the old German
emission directive (TA Lult 5.

Thermal behaviour

The thermal belavicwr of chlorioe is very well known, The
bebavionr of Foand Br s shown in Figs, 5 and 6. A serong correlation
was fonmed berween the HE bevels in the g phase and the ©
containing fuel feed. Also, the F concenteation an the y ash had Gr
greater correlation with the 1 anpoe chan in the case of CL The
amsenint of F stayimg in the Tottem ash alse remained firly constan,

= 2500

2

=

o 2000 5

[+

m

% 1500 -

E

=

E 1000 S

% 500 =

[ .

E T T T T T T T pr—T

L a 500 1000 1500 2000 2500
feed in mo'kg of dry Tusl

Fig 3 | bottom ash S siftings .. Ay ash

. Ty ash N 0as

As with F there was also o stromg corrclagion berween the
production of HBr and che Br fed oo the systenn. This shows dat the
abssolute shstrilation between the different compartinents i a
fumcrion of the Bre iput, Aliagh the s gas concentration was
increased up o a Gctor of alwit 20, the absolure concentranion stved
mioderare, Thus o emission problems are expected.
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Thermal destruction of (HYCFC

Phiring the co-combustion experiments the imtluence of the
coabusrion emperature o the CFC 12 destruction was
demaonstrared. The destroction efficiency caleulared from the above
wiven cencentration leads woa maranteed destrocsion of mone than
LAY T R P

by comerast ro CFCT2, the parmally halogenared FICFC 22l
HICEC 142h were below ehe derecnion limie of 3 moceo g/me in the
rasw s o TAMARA during all test traals, reflecting the predicred ease
of destrictian,

Polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDD/Fs)

I foams comaming ame retandaints are imeinerated oo MSWC,
the possibaliry of the formarion aof chlermared, bromimared and mixed
halogenaced - Cland Br substooted - dibenso-pe-dioons amd
dilenzoturans has to be considered,

For evaluating the practical relevance of the results, the PO s
rane s levels were compared with the respective values frem maodern
full seale woste combastiom planes. esules imply thae OIS PCIF
raw s concentnaons m ndern MEWCTS may vary waitlim an
operatienal window, The levels maonitoned m TAMAIRA Gl inw the
ramge of the Tuse daea reported for full scale facilioes, This confirms
the technical relevance of the TAMAILA st results.
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An inter-laboratory comparison of analyeical
results for polybrominated and mixed halogenated
dilienzo-podioxing and dibenzelusmns was
pertormed by rwo certificd laborarorics; GEA in
Mbiimster and 1T i Berlin,

The effect of the addition of foam an the
formation of chlormaced amd hromanaed dioxins
andl furans is well known. The efiect ou the
formarion of mixed brominated and chlorimaed

Lerween the teteas amd the octs dioxing and freans
when plorted o nornalsed form, Also, the
concentration of PO and PCIRE Gid not show
any coreclation with the Br wmpu, as tested Dy dhe
twio laborarories. This homologue patcern can he
seen in Figure 7. This visualisation indicates tha,
it general, the levels o all halogenated dibenzo-p.
dhewciies and dibensoturans for borh foanes scaved
well wathin the Tand wideh of PCOE and 1PCTYE

diosins and forans was less well known and concentrtions found m TAMARA. Sialir
needed turther stodv. The addition of brominated restlts woere obtained with XS,
PUR, fon did por change the distrilation
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Conclusions

The most umportant resules of the eses ane s

Fiallovs:

# The overall burmoue, parcicularly i the boom
ashy and fly ash, was excellent during all rese
trials, The burnont correlated with the
combirtion wmperanre amd the calorfic hear
value of the waste fecl. T was not pegatively

mcedd by the addition of LI and XP5%

fovamm.

|

1 The reseed toam materials added subseantially oo
the Br content m the mementon,. An mcrease
b o masimum factor of s was actained, The
Bir levels i the Battom ash staved alimast
constant during all experiments and the
acbditional Br load was more or less torally
TL"I.IL"J\L‘«I.I. i.rll':" 1|'H." o !.:',.I‘-.

I uring the s experiments consideralle

amvonnts of Fowere also imrmoduced inoo che
combustor whneh cauwsed an merease i the 1
comtent by o Getor of about & for X5 uul 1.5
for LA, BMost of the additaon
was found a5 HE in the Mue mes,
o The C1 level inothe feed was only increased Tw
alwrut 2005 oo 253% when the CFCOT blown
P sond the (HCFC Blovwen XPS foane were
added. The CL nevertheless promoted the

I thee feesd

valatilisation of some thermally mobile
"

The molalisation of such metals provents them

s,

from forming water solulile compounds in g
botrom ash which 15 beneficial o co
combustion m terms of hottom ash qualieg.

1T e endineed Jevels of acid gases do naoe
challenge o stne-ol=the-art ar polluton conral
svstemn such as a owo stage wer scrubber. The
HLCIL HE
with the most stringent air cinission regulinons,

arnd HBr elean gas valoes comply well

o The CFC 12 wsed in fommer vears as a blowingg
agent for foams is gquite o stable compound,  Ac
a combustion emperatane of around YO0

over P thermal desteuction is achieved for
CHCE CFCET o alecady destroved ar lower
temperatunes. The paromally alogenaned HCFC
22 and 120 were never detected i the
gas, becanse they break dowe even more casily,
Mo sigmiticant imcrease i PO and PO
e s levels i conmection with the co
combustion of PUIRL or X105 could be dereoned.
Thee bBromuinated compownds PERD aod PRI
were generated an very boa Devels of pesfm in
the case of PRI and oepically < ngdm’ for
PHIME The production of mono-
dibsromminaced mixed Balogenaed dilweneo-p-
dicsins, and dibenzofurins could abo be
detecred ar very low concentrations,

lowal Tualogeenated dicsons furan (1P F)

=
concentrations, however stived watlin the
vartations abserved for PR T

Recommendations

Aesurmmng that Br contuning congeners
exhilan the some degres of ety as chilorinaed
ones and that abutement echoelomes work at
comparable efficiency i can be concluded that
the brormimated and mised halogenared dibenzo-
preddiesans anal difencofrne neither adid
substanially o the overall aesl of the rw gs of
a MEWC, nor to that of air emissions.

Ao assessnnent of all gl sesales r.'lu;lrh_.' Wl
that co-combustion mea modern MSWC 5 an

covirganentally recommended option foe e
disposal of foams, The disposal opuomn s cllvenve,
makes full vae of the cnergy of the plasic
arerial, and offers an overl] coviremencal

Trarmelin :':11|||r.m.1,|. wiath other 1|‘i'\!:-|h;t| oplions,

* The word “combustor” refers to cquipment
ul CFC

destruction will tike plice whether or nog encrgy

wath eierey secovery, (HYCC

i3 recovered,
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