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Abstract  
 
The performance of an average Finnish construction and demolition waste (C&DW) management chain was 
assessed from the environmental and economic point of view by using the methodologies of life cycle assess-
ment (LCA; climate change (CC) impacts), environmental life cycle cost assessment (LCC) and material flow 
analysis (MFA). Information on hazardous substances in C&DW was compiled from literature.  
 
The amount of C&DW produced in Finland totals 2 Mt in 2007. Detailed information on the composition of the 
C&DW is unavailable. The share of hazardous waste in C&DW is in average around 1%, and is likely to be high-
er from renovation than demolition or construction sites.  
 
The MFA showed that the mineral and wood fractions largely determined the balance between the material and 
energy utilization of the C&DW treatment. The high share of wood increased the energy recovery rate, whereas 
the low share of mineral fraction decreased the material recycling rate of the whole C&DW chain.  
 
On the basis of the LCA and LCC the current performance of the management chain was good, both environ-
mentally and economically. Climate benefits arose especially from the energy recovery of wood and solid recov-
ered fuel (SRF), and from the material recovery of metals. Moreover cost revenues were received from scrap 
metal and energy produced from wood and miscellaneous waste.  
 
Nevertheless, significant amounts of waste were disposed of in landfills, meaning loss of material and energy. 
Increased recycling is required by the legislation. The possibility of hazardous contaminants has to be considered 
when developing recycling. New means of sorting and separation are needed to produce clean material cycles. 
Safe final disposal is needed for the hazardous substances separated from the C&DW. 
 
Keywords: construction and demolition waste, C&DW, climate change impact, cost, recycling, hazardous substances  
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1 Introduction 

The need to reduce the use of natural resources and improve resource efficiency are global drivers for a more 
material efficient waste sector. Resource efficiency is drawing more and more attention also in the EU agenda. In 
Finland there are several policy strategies and action plans (e.g. Ministry of the Environment 2009, Sitra 2009) 
with initiatives of material efficiency, developing more closed material cycles and using waste as a source of ma-
terial.  
 
Waste legislation and the waste tax are the main policy tools affecting the waste management of construction and 
demolition waste (C&DW). The Waste Framework Directive (WFD) (2008/98/EC) establishes a five-level waste 
hierarchy, where prevention is at the highest level. The WFD sets a target for recycling of non-hazardous 
C&DW to a minimum of 70% by weight by 2020. This goal is adapted to Finnish waste legislation as an incon-
clusive target concerning all parties operating with construction waste management.  
 
C&DW is produced at construction, demolition and renovation sites by actors varying from big companies to 
single households. However, official C&DW generators are mainly construction and demolition companies, as 
small construction sites (private households) are not covered by the C&DW legislation, which only concerns 
waste producers with an annual production of 5 tonnes. Different construction and demolition sites generate 
waste with different volumes, composition and quality (e.g. Bergsdal et al. 2007). 
 
The average recycling rate for C&DW in the EU is 46%, although the differences are significant between mem-
ber countries. Additionally, the practices of reporting recycling rates and the volume of C&DW also vary from 
country to country, which results in practically non-comparable statistics (Eionet 2009, Eurostat 2010, Monier et 
al. 2011). In 2007, approximately 38% of the Finnish C&DW was recycled as material, 35% recovered as energy, 
6% utilized and 21% disposed of in landfills (Meinander et al. 2012). 
 
The main economic barriers to recycling C&DW are the high availability and low cost of virgin raw materials. To 
overcome this, landfilling of C&DW needs to be made an unattractive option. A ban on organic waste to land-
fills is currently being prepared in the Ministry of the Environment, and is especially expected to affect the man-
agement of the wood fraction in C&DW. It will also change the current practices in plastics waste management. 
Additionally, the price of primary raw materials could be increased with taxes to make recycling more competi-
tive. Setting End-of-Waste criteria for certain types of C&DW could also contribute to increasing the market for 
secondary raw materials recovered from C&DW. (Monier et al. 2011). 
 
The C&DW management is controlled by the requirements and restrictions rising from the legislation, which 
have an overall aim of decreasing the use of natural resources through e.g. increased recycling of the waste. 
However, the actors in the field also seek for economic benefits from their activities. Increased recycling requires 
increased sorting and separation, which increase costs. On the other hand, by the use of developed technologies 
and implementation of appropriate process management to increase resource usage efficiency provides opportu-
nities for cost reduction.  
 
The aim of this study was to assess the current performance of the Finnish C&DW management from the envi-
ronmental and economic point of views and to identify the needs for developing it.    
 

2 Material and Methods 

The performance of an average Finnish C&DW value chain was assessed from the environmental and economic 
point of view by using the methodologies of material flow analysis (MFA), life cycle assessment (LCA; climate 
change (CC) impacts) and environmental life cycle cost assessment (LCC). Additionally, information on hazard-
ous substances in C&DW was compiled from literature.  
 
MFA is a descriptive approach which provides snapshots of parts of the physical economy (Reuter et al. 2005). 
In this study MFA used data from reports, statistics and field operators to calculate the material flows of the 
C&DW management chain. The material and energy recovery rates for the C&DW were calculated based on the 



 

 

Sinks a Vital Element of Modern Waste Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 

 

  

 

 

type of utilization assumed for the outputs of treatment lines for different waste flows. The results of the MFA 
provided the basis for the LCA and LCC assessments.  
 
LCA is a method for integrating the environmental impacts of a studied product or a service over the whole 
value chain. The aim of the LCA was to provide an estimate of the potential CC impacts of the C&DW chain 
and to identify the life cycle phases (processes or activities) or waste flows causing the highest contributions to 
them. The following five life cycle phases were specified for the waste flows included in the C&DW chain: waste 
generation, pretreatment (crushing/shredding and separation), recovery (both material and energy recovery) of 
the separated materials, treatment of waste (landfilling) and production of virgin material and energy generation, 
both implying life cycle phases where CC impacts are avoided (Fig. 2-1). The functional unit was one tonne of 
C&DW treated. Data used were compiled from reports, papers, field operators, metal producers and the Ecoin-
vent Database v. 2.2 (2010). 
  
Transportation was not considered in the CC impact assessment since the C&DW management system de-
scribed an average situation and was not specific for any region. However, in an assessment of the C&DW man-
agement in the Helsinki Metropolitan Area, the contribution of transportation to the overall CC impacts of the 
C&D treatment and recovery was found to be 5% (Dahlbo et al. 2011). The contribution of transportation may, 
however, increase along with recycling demands for the separate collection of additional waste fractions 
 
Environmental LCC was demonstrated alongside environmental LCA. Environmental LCC complements the 
LCA in sustainability assessment by evaluating also the economic sustainability. However, environmental LCC 
could not be fully implemented, due to the limited access to company accounting data. Therefore, only the envi-
ronmental LCC approach was demonstrated by using the data available from the LCA. The product flows col-
lected for the LCA of C&DW were converted into costs by multiplying them with average cost data for those 
flows. The average cost data was obtained from scrap metal purchasers’ web pages, from machinery costing 
tools, transport statistics and from infrastructure suppliers. The costs must, therefore, be considered to be ap-
proximate only. Macroeconomic modelling (ENVIMAT, the Finnish environmentally extended input–output 
model) was applied for identifying the sources of revenues.  
 

 
 
 

Figure 2-1: Life cycle phases included in the life cycle CC impact assessment the C&DW management chain. 
 

 

3 Results and Discussion 

 
3.1 Material flows in the C&DW management   

 
Approximately 2 Mt of C&DW was generated from construction, demolition and renovation sites in 2007 in 
Finland. Sorting at sites results in five separate waste flows: metals (10%), concrete & mineral (25%), wood 
(26%), miscellaneous (20%) and unsorted (19%, direct landfilling). Based on the data available on the composi-
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tion of these flows complemented with expert estimates, the material content of the C&DW stream illustrated in 
Figure 3-1 was estimated (Meinander et al. 2012). 
 
 

 
 

Figure 3-1: The average material content of the C&DW. Other includes e.g. gypsum, glass, plastic, packaging, mixed waste and 
hazardous waste. (Meinander et al. 2012). 

  
The MFA showed that the shares of the mineral and wood fractions in the waste composition largely determined 
the balance between the material and energy utilization of the C&DW treatment (Fig. 3-2). The high share of 
wood increased the energy recovery rate, whereas the low share of mineral fraction decreased the material recy-
cling rate of the whole C&DW chain. On the basis of our assessment, the requirement for the 70% recycling rate 
by the year 2020 imposed by the EU is not achievable without intensive development of new recycling alterna-
tives especially for wood waste. 
 
Metals made up slightly less than 15% of the C&DW, of which approximately 75% was sorted for recycling. 
Furthermore, metals separated from the waste flows wood, mineral and concrete and miscellaneous, were col-
lected for metal recycling, and thereby altogether some 91% of the C&DW metals were recovered. About 35% 
of the C&DW was concrete, of which circa 70% was sorted for recycling. Furthermore, concrete separated from 
the mixed waste was collected for recycling, leading to the recovery rate of approximately 84% for the C&DW 
concrete. (Meinander et al. 2012) 
 
The wood fraction made up approximately 35% of the C&DW, of which some 70% was sorted for recycling. 
Furthermore, wood separated from the mixed waste was collected for recycling, and therefore altogether circa 
88% of the C&DW wood was recovered. Mixed waste made up some 40% of the C&DW. Of this about 50% 
was landfilled and 50% recovered as material or energy after pretreatment processes. (Meinander et al. 2012)  
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Figure 3-2: Results from the MFA of C&DW generation and treatment (REF = SRF). Other includes e.g. gypsum, glass, plas-

tic, packaging, mixed waste and hazardous waste. (Meinander et al. 2012). 

 
3.2 Life cycle climate change impacts 

  
According to the CC impact assessment pretreatment phase generated 5% of the overall CC impacts produced. 
The contribution of the final treatment (i.e. landfilling) was 34% and of the recovery 60% to the overall CC im-
pacts produced. The majority of the impacts related to the treatment phase originated from the landfilling of 
mixed waste, but also from the landfilling of the residues and rejects formed in various processes along the man-
agement chain. The majority of the CC impacts of the management chain were caused by the metals, solid re-
covered fuel (SRF) and mixed waste fraction. Most of the potential for avoiding impacts through materials re-
covery were connected with metals, whereas most of the potential for avoiding impacts through energy recovery 
were associated with the wood and SRF fractions. The net CC impacts obtained by adding up the caused impacts 
with the potentially avoided impacts show that the C&DW chain has the potential for decreasing impacts more 
than it produces.  
 
Plastics are currently recovered as energy in the SRF or landfilled along with mixed wastes. Hence, recycling of 
plastics could enhance the performance of the chain. The quality of plastics and the possibility to compensate for 
virgin plastic use are crucial aspects in gaining benefits from recycling (e.g. Lazarevic et al. 2010). Hazardous 
substances should be removed in an early phase to ensure the recyclability of the remaining plastic flow. 
 

3.3 Life cycle costs 
 
The overall life cycle costs are presented in Fig. 3-3. Based on the results; the overall recycling of C&DW was 
profitable, especially because of the revenues from scrap metal and energy produced from wood and miscellane-
ous waste. The recycling of mineral and mixed wastes was found to be unprofitable without fees. However, it 
should be noted that the costs included in the analysis may in fact represent only 70% of the overall costs (based 
on limited information from one company). 
 
With macroeconomic modelling (ENVIMAT), it was shown that the revenues are formed as a result of the 
avoided production of natural gas and forest biomass fuel, imported ores and metal scrap. The economic viabil-
ity of recycling of C&DW is, therefore, highly dependent on the price fluctuations of global metal ores. With 
increasing resource scarcity, the recycling process is likely to become more profitable. 
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Figure 3-3: Costs estimated from the material and energy flows documented in the LCA (Meinander et al 2012). 

 
 

3.4 Hazardous substances in C&DW 
 

Some of the substances used in construction processes and buildings have been found to be harmful for both 
the environment and human health. This has led to restrictions for the production, sale and use of the substanc-
es. These substances may end up in C&DW and contaminate it. Monier et al. (2011) have listed the five major 
hazardous substances in C&DW, i.e., phenols, asbestos, lead based paints (LBP), polychlorinated biphenyls 
(PCB) and polycyclic hydrocarbons (PAH). Furthermore, the following materials and products containing haz-
ardous substances may raise environmental concern: PVC-plastics, jointing materials, WEEE, fluorescent lights, 
oils, solvents, cleaners, lubricants, impregnated wood etc. Most of the WEEE is collected and treated separately 
but wires, cables and electronic cabinets, among others, may remain in C&DW (Jang & Townsend 2001). The 
use of asbestos, PAHs, LBPs and PCBs is restricted and these substances will gradually outgo from the C&DW. 
However, due to the relatively long life span of the constructions and buildings, even the restricted substances 
may enter the waste stream many decades after having been banned (OECD 2011). 
 
PVC is one of the most widely used plastic polymers in the construction sector. PVC has been used for flooring, 
pipes and electric connectors. The precise composition of PVC-flooring varies by manufacturer and production 
location (Wilt et. al. 2011). The hazardous additives used in PVC, e.g., heavy metals such as lead and cadmium, 
are of particular concern. PVC-floors containing cadmium were therefore phased out in European Union in 
2001.  In incineration, the chlorine content of PVC can give rise to dioxins (OECD 2011). 
 
Asbestos has been widely used for thermal insulation purposes in Europe between 1940s and 1980s. It can be 
found, for example, in floor tiles, air shafts, siding of shingles, flat sheets, fire doors, stoves, roofing shingles and 
corrugated sheets. All six forms of asbestos are classified as class 1 carcinogens, that is, substances that can lead 
to cancer. Workers in the demolition sector experience a high health risk owing to occupational exposure to 
asbestos (Monier et al 2011). 
 
When management of C&DW is developed, yet two substance groups are crucial to be considered, namely per-
fluorocarbons (PFCs) and brominated flame retardants (BFRs).  
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PFCs are used in a wide range of building products e.g. textile coatings and polymers. They are persistent and 
bioaccumulative substances and have been detected in various environmental matrixes, such as freshwater. Some 
PFCs meet the criteria of PBT compounds, i.e., they are persistent, bioaccumulative and toxic. 
  
BFRs have been used in construction sector for flame resistance in insulation boards, cables, wires, PVC, rubber, 
paints, lacquer, back coating for draperies, flooring and walling panels. The insulation materials polyurethane 
(PUR), expanded polystyrene (EPS) and extruded polystyrene (XPS) contain flame retardants. Some of the bro-
minated flame retardants fulfil the criteria of a POP (persistent organic pollutant) -substance (ESWI 2010, Retkin 
2012). 
 
Hazardous substances may be released to the environment during the crushing, sieving and other processing of 
C&DW. Potential for the hazardous substances to enter the environment increases when mixed C&DW is treat-
ed outdoors. Studies have shown that e.g. heavy metals can leach from landfilled C&DW. (Fatta et al. 2003, 
Hellman & Isoaho 2006).    
 
Construction companies are required to separate on site most of the construction materials classified as hazard-
ous wastes. From the above mentioned substances asbestos and PCBs must be collected separately. Other mate-
rials that need to be separated include e.g., lead sheets and heavy metals, treated wood, also leftovers from con-
struction phase like paint, solvent and thinner (Kiertokapula 2012). Hazardous wastes are sent to hazardous 
waste treatment. However, not all materials containing hazardous substances are classified as hazardous wastes. 
They may thus enter the C&DW stream. The share of hazardous waste in C&DW is around 1%, but is likely to 
be higher at renovation than demolition or construction sites (European Commission 1999). Hazardous materi-
als used for insulation and coating are the most alarming, but they are easy to separate, while substances used as 
additives in products are more easily mixed with C&DW. 
 
Possibilities for separation on site vary in different types of C&DW generation sites. Surplus and residual materi-
als from the construction site (e.g. paints, solvents among others) are fairly easy to separate. On demolition sites 
materials containing hazardous substances are more easily mixed with other materials. Renovation sites generate 
a mixture of waste materials typical to both construction and demolition sites. Conventional demolition gives rise 
to a mixed C&DW stream, which requires further processing to separate material fractions. The use of selective 
or partially selective demolition could be a step forward in separating hazardous and non-hazardous materials. 
 
The possibility of contaminants and their releases to environment has to be considered for recycling processes. 
Hazardous substances may also remain in the material that is recycled, and consequently end up in products. 
Hence, intensification of recycling requires sorting and removal of hazardous substances. This in turn requires 
means for identifying the substances or materials in focus. Such means can include a variety of methods from 
labelling to on-line measurements. Safe final disposal must ultimately be available for the hazardous substances 
or materials separated from C&DW.   
 

4 Conclusions 

The performance of an average Finnish C&DW management chain was assessed from the environmental and 
economic point of views. Additionally, information on hazardous substances in C&DW was compiled from 
literature.  
 
On the basis of our assessment, the current performance of the management chain was good, both environmen-
tally and economically. Climate benefits arose especially from the energy recovery of wood and SRF, and from 
the material recovery of metals. Also cost revenues were received from scrap metal and energy produced from 
wood and miscellaneous waste.  
 
Nevertheless, significant amounts of C&DW were disposed of in landfills, meaning loss of material and energy. 
Both material and energy recovery of C&DW should be increased in order to improve the resource efficiency of 
the chain. The proposed ban for the landfilling of organic waste and the legislation requiring increasing the mate-
rial recovery to 70% both are strong drivers to this direction.  
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The current recovery actions are focused on materials that are easy to separate and recover. Increasing material 
recycling inevitably means that more complex and lower quality materials need to be recovered, which might 
require more processing and treating. New recovery concepts should not change the performance of the man-
agement chain into an unsustainable direction, and hence the environmental and economic viability need to be 
assessed along with the development process.   
 
Increasing recycling also brings the materials including hazardous substances to the recycling processes if we 
cannot efficiently separate them from other materials. Hazardous substances in recycled materials can contami-
nate the products manufactured from them and may end up being used in products where they can pose risks to 
human health, such as children’s toys. Efficient methods for the identification and separation of hazardous sub-
stances from waste flows therefore need to be developed in order to achieve clean material cycles. Safe final 
disposal procedures also need to be developed for the hazardous substances or materials separated from C&DW.      
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