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Abstract  
 
Large quantities of construction and demolition waste (C&D waste) are produced. Buildings in many countries 
are thermally insulated by insulation foam containing large amounts of CFCs (chlorofluorocarbons), which are 
both strong ozone depleting substances and greenhouse gases. The CFCs are released extremely slowly during 
use. Therefore, the insulation material will still contain large quantities of CFC when the buildings reach the end-
of-life and are demolished. The management of C&D waste in relation to controlling the CFC releases is basical-
ly unregulated in contrast to end-of-life refrigerators also containing large quantities of CFC in the insulation 
material. In the future, the development of new management strategies are highly needed because the quantities 
of C&D waste containing CFCs will increase. Strategies should focus on minimizing CFC releases during demol-
ishing and recycling activities and obtaining CFC destruction either through foam waste incineration or by con-
trolled microbial processes in landfills receiving the foam waste. There are still a lot of unknown processes and 
factors that need to be investigated before cost-efficient strategies and technologies are finally developed.   
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1 Introduction 

Construction and Demolition (C&D) waste are becoming a major waste type in many regions in the world. The 
latest Danish waste statistics showed that C&D waste now constitutes 40% of the total waste mass and also was 
the waste type with the highest annual increase in waste amount. There is an increasing incentive to recycle C&D 
waste with focus on valuable metals and concrete. However, even with successful recycling programs, we will 
end up with a residual fraction, which must be incinerated or directly landfilled. Some of the latest research has 
focused on the content of heavy metals and specific organic compounds in the landfilled C&D waste and the 
risk of leaching with resulting high concentrations in landfill leachate. Demolition waste will, however, in many 
regions of the world contain insulation material consisting of especially polystyrene (PS) or polyurethane (PUR) 
foam with large quantities of chlorofluorocarbons (CFC), which was used as a foam blowing agent. The same 
compounds also have been used in insulation foam contained in home appliances such as refrigerator and freez-
ers.  
 
The blown PUR or PS forms rigid, closed cell foams containing CFC in tiny gas bubbles. The bubbles are main-
tained in the foam after hardening of the PUR/PS. The CFC is a low heat conductivity gas adding to the insula-
tion properties of the foam. The content of CFC-11 in closed cell foam is in the range of 10-15% (w/w) with a 
significant amount solubilized in the polymer itself (Kjeldsen & Jensen 2001). 
 
CFCs are very potent ozone depleting substances and besides greenhouse gases that contribute to global warm-
ing if released to the atmosphere. Many of the gases are controlled by the Montreal Protocol and have been 
banned for industrial purposes. The gases have - as already mentioned - been used as blowing agents in rigid 
insulation foams in refrigerators, freezers and buildings. The gases are very slowly released from the foam during 
use. Several authors have recognized the significance of insulation foams in global fluorocarbon balances. Khalil 
& Rasmussen (1993) stated that after production of CFC was terminated (i.e. after 2004), future atmospheric 
concentrations will mainly depend on the continued release from rigid polyurethane foams especially after the 
products end-of-life. Refrigerator and freezers (R/Fs) have typically an average lifetime of 15-20 years. After 
end-of-life R/Fs are scrapped with recycling of usable metals while the shredded foam waste in most countries 
ends up in landfills. During normal shredding procedures some of the CFC will immediately be released to the 
atmosphere (Scheutz et al. 2007a). In North Europe foam waste from R/Fs has been destructed in special con-
structed facilities since the start of this millennium to avoid the immediate release during shredding. However for 
demolishing buildings containing CFC-blown insulation foam, very little focus has been on the CFC-issue and 
the direct releases of the CFCs to the atmosphere. The large difference is that R/Fs can be brought intact (due to 
their limited size) into a gas tight recycling facility where CFCs efficiently can be contained and destructed. This 
is not possible at building demolishing where the waste handling is occurring “on-site” or in open-air recycling 
facilities. 
  
The scope of this paper is to highlight the environmental challenges society is faced with to manage C&D waste 
in a sustainable way with minimum releases of strong greenhouse gases and ozone depleting substances. 
 
 

2 Legal Framework for Management of CFCs in C&D Waste 

The handling of products containing ozone depleting substances (ODS) in the European Union (EU) has been 
regulated by European Commission (EC) Regulation 2037/2000 on substances that deplete the ozone layer. This 
regulation was reviewed to strengthen the regulation of ODS and has now being replaced by a new regulation 
(EC Regulation 1005/2009 on ozone depleting substances) that became legally binding at the end of 2009 
(http://ec.europa.eu/environment/ozone/review.htm). Through the review process several reports have been 
published (see the link above). The work revealed that insulation foam in buildings in the EU is the most signifi-
cant bank of ODS in society. The banks of ODS in the EU-27 are estimated at roughly 700,000 ODP tonnes 
(Milieu Ltd. & Ecosphere Lda 2007). The ODS banks in the EU represent about a third of the global banks, 
which – in addition to their high total ozone depleting potential (ODP) – are estimated to be equivalent to one 
year’s total emissions of CO2 for the whole region. The review process has established a proposed option for 
recovery, recycling and destruction of ODS. Thus, member states should ensure that recovery of ODS in build-
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ing foams is carried out “when economical and technical feasible”. This statement reflects that large challenges 
exist to separate foam insulation from buildings during dismantling and to avoid unacceptable releases during 
separation and further handling of the insulation foam waste. How economical and technical feasibility is to be 
defined is not described. However, it is clear that it is not required to recover CFCs during demolishing of build-
ings, so the legislation is not as strict as the case with recovery of CFC during decommissioning of end-of-life 
refrigerators and freezers. This clearly shows that research and development is needed to obtain sustainable and a 
cost-effective solution to handle ODS/GHG containing building insulation foam. Due to the long lifetime of 
buildings and the very little loss of CFC from insulation foam during use, most of the CFCs used in building 
insulation foam is still present in the building mass. Therefore there is still time to develop sustainable solutions 
in contrast to the R/F-sector where a significant part of R/Fs blown with CFCs already has reached end-of-life 

 
 

3 Foam Insulation Products and CFC Content in Buildings 

Insulation foam blown with CFCs has been used in different forms in buildings. The most used types were 
board stock, sandwich panels and spray foam (UNEP 2005). The products can be either polyurethane (PUR), 
polyisocyanurate (PIR), polystyrene (PS) or phenolic (PF) based (EPIC, 2011). The PUR products were, in the 
early years, blown with CFC-11, while the PS products were blown with CFC-12. After the production of CFCs 
was banned, other fluorocarbons such as HCFC-141b, HCFC-142b, HCFC-22 and HFC-134a were used as re-
placements. These compounds have much lower ozone depletion potential but all of them a strong greenhouse 
gases. Board stock is either PUR, PS or PF based and can sometimes be laminated to different facing materials, 
such as aluminium foil, paper or plasterboard. The sandwich panels have foam cores between rigid facings, typi-
cally consisting of steel, aluminium or plastic. Sandwich panels are mostly used in cold stores, doors, retail stores 
and factories (UNEP 2005). Spray foam is mostly used for roof insulation and insulation of storage tanks. Spray 
foam is directly applied into the cavities using a pressurized spray gun, in which the liquid reactant forming the 
foam is metered, mixed and finally dispensed into the cavities. 
 
A study carried out some years ago in Japan by Mizuno and co-workers estimated that the banked CFCs in the 
Japanese buildings were about 40,000 tons (Mizuno et al. 2003). A recent study carried out by the California Air 
Resources Board estimated that approximately 15,000 tons of foam wastes are landfilled each year in California 
from building construction and demolition debris. This waste will contain in the order of 2000 tons of CFCs 
(California Air Resources Board 2011). Assuming that the major part is CFC-11 having a Global Warming Po-
tential (GWP) of 4,600, this equals more than 9 million tons of CO2-equivalents comparable to the annual CO2 

emissions from 1,500,000 cars. This could continue for many years (up to 50 years) because of the long lifetime 
of buildings.  Lately, it has been estimated that the annual production of foam demolition waste in the UK is in 
the order of 10,000-15,000 tonnes/year where a significant fraction ends up in landfills (Resource Efficiency 
Partnership, 2012). 
 
 

4 Fate of CFCs during C&D Waste Management from Generation to Final Sink 

Traditionally, buildings have been demolished using technologies that minimize the time needed for the project. 
Often technologies were applied like pulling down buildings using a backhoe, cranes mounted with a steel ball or 
blasting methods. The demolition waste from such activities was not suitable for recycling and most of the pro-
duced waste was landfilled (Schultmann & Rentz 2001). To obtain a high quality recycling product with regard to 
technological and environmental aspects from C&D waste, the starting point of quality control has to be built 
into the dismantling process. Main requirements are the sorting and separation of materials such as gypsum, 
concrete, metals, bricks and tiles, stones, glass, and wood. Traditionally, very little attention has been given to the 
issue of CFC release during C&D waste management. 
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4.1 The Demolishing Step   

The insulation foam fraction containing ODS and greenhouse gases (GHG) poses a special challenge during 
demolishing because the CFCs will instantaneously be released to the atmosphere if the insulation material is 
crushed on site (Kjeldsen & Scheutz 2003, Scheutz et al. 2007a). From performed laboratory studies, research 
has shown that the fraction released from insulation materials if crushed, is highly dependent on the resulting 
particle size of the insulation foam, as shown in Figure 1 (Kjeldsen and Scheutz 2003). To avoid the instantane-
ous release, the dismantling processes involving insulation foam should be carried out with care. For some types 
of insulation materials, such as spray foams and composite panels, the dismantling can be laborious. Thus, the 
detailed information delivered by a material flow analysis on the insulation materials possibly contained in a spe-
cific building is of utmost importance to reduce ODS/GHG releases during dismantling.  

 

Figure 1. The time dependency of the total loss of HCFC-141b in percentage of initial content from foam parti-
cles with different sizes (Kjeldsen & Scheutz 2003). 
 

4.2 The Recycling Step   

In some countries, C&D waste is brought to special C&D waste recycling centres where the waste is further 
sorted to obtain fractions to be recycled (gypsum, concrete, metals, bricks and tiles, stones, glass, wood). As a 
result of the recycling activities a fraction of non-recyclables mainly consisting of cardboard, plastics and the 
insulation foam is formed. Depending on the technology used for sorting the different recyclables, the foam 
materials may be further reduced in particle size with a resulting additional release of CFCs to the atmosphere.  
So, there also is a need to evaluate ways to reduce the CFC releases in this C&D waste management step. 

 

4.3 Treatment and Disposal of Non-recyclables   

The non-recyclable fraction containing the insulation foam waste is in some cases brought to incineration plants 
for thermal treatment. Here further foam particle size reduction may occur with resulting CFC release. The frac-
tion of CFC entering the incineration oven will be destructed in the high temperature environment (Rittmeyer et 
al. 1994). In many countries, C&D waste is still not recycled to a large extend and large quantities of C&D waste 
ends up in landfills. Also, in organized C&D waste recycling the non-recyclable fraction containing the foam 
waste will be disposed of in landfills, especially in countries and regions where incineration is not part of the 
solid waste management scheme.  
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When the C&D waste or the non-recyclable fraction containing the insulation foam waste is received at the land-
fill for disposal, further instantaneous releases may occur from intensive compaction of the waste during build-
in. However, a significant fraction of the CFC is believed to be present when the waste is covered. Landfills are 
potentially significant sinks for CFCs disposed of in foam waste - under the assumption that anaerobic condi-
tions are prevailing around the foam waste. Figure 2 shows the potential attenuating processes, consisting of 
anaerobic processes within the waste body, and coupled anaerobic/methanotrophic processes in soils surround-
ing the waste. The soil covers often consist of a lower anaerobic zone where pore gas consists mainly of LFG, 
and an upper methanotrophic zone characterized by a pore gas mixture of LFG and atmospheric air diffusing 
into the top cover from the atmosphere. Landfills have occasionally LFG extraction with energy utilization in gas 
engines or alternatively only flaring. A significant thermal destruction of VOCs contained in the LFG is expected 
in such facilities. However, in most cases the fugitive releases of LFG through the soil cover is a significant frac-
tion of the gas produced. 
  

 
 
Figure 2. Conceptual model of the attenuation processes in anaerobic landfills including processes within the 
waste body and processes in the soil cover. The landfill gas extracted from gas wells may be vented directly to 
the atmosphere, flared or utilized in a gas engine. 
 

Studies have shown that in reduced environments in landfills, CFCs and HCFCs are being dechlorinated with the 
production of degradation products as shown on Figure 2. Laboratory experiments have shown that under opti-
mal conditions the CFC can be rapidly transformed into degradation products that are further degraded under 
anaerobic conditions. One investigation showed a fast anaerobic degradation of CFC-11 with only an insignifi-
cant fraction being degraded into HFC-41(CH3F), (Scheutz et al. 2007b). An important question arises here con-
cerning expected redox conditions in future landfill, which will receive less degradable organic material.  

The overall emissions of CFCs may be significantly attenuated if the foam waste is managed through all handling 
steps to avoid instantaneous releases of CFC. Through such management the CFC content in the foam, when 
buried in the landfill, is increased. This may lead to higher overall CFC attenuation. 
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4.4 State-of-the-Practise   

As already mentioned there has been very little focus on the fate of CFCs during C&D waste management. The 
peer-reviewed literature contains basically no studies of the issue. All studies of CFC releases from insulation 
foam waste are related to management of end-of-life refrigerators and freezers. Lately, initiatives have been taken 
in United Kingdom (UK) and California to manage building insulation foam waste. In UK the insulation foam 
waste from building demolition is regarded as hazardous waste if it contains CFCs and HCFCs. The major frac-
tion is disposed of at hazardous waste landfills. Such landfills may contain very little degradable organic waste, 
and the conditions around the disposed foam waste are probably not reduced enough to secure a degradation of 
the CFCs. Sandwich panel with metal facing, which have had an outspread use in the UK is handled in the R/F 
recycling centres in order to recycle the metal content (EPIC, 2011). 

 

5 Conclusions 

Large quantities of CFCs are still present in insulation materials in the building mass and there is a considerable 
risk that the CFCs will be released to the atmosphere when buildings are demolished. In general, very little is 
known about the fate of the CFCs contained in foam insulation during demolition, waste handling and disposal.  

Several questions arise: 

 How should we demolish buildings to reduce the immediate release of CFCs? 

 Can CFC reduction be done without an unacceptable increase in demolishing and waste management 
costs? 

 When will the CFCs be emitted and can we rely on landfill degradation processes of CFCs for reducing 
emissions- especially in hazardous waste landfills or modern landfills receiving waste with low content of 
degradable organic waste? 

 How much CFC is emitted from landfills and how efficient are landfill gas extraction and utilization fa-
cilities to avoid direct emissions of CFCs to the atmosphere? 

As always, sustainable environmental regulation set up to avoid emissions to the environment should not be 
based on undocumented rough assumptions, but on understanding of emission behaviour and the processes and 
factors controlling it. 
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