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Abstract 

Construction and Demolition Waste (CDW) represents 40% of the waste generated in the EU and its 
suboptimal management generates detrimental environmental effects. The goal of the study is to 
calculate, document and compare the environmental impacts of different treatment options for selected 
priority fractions of CDW. The assessment of the individual material fractions is done for both 2020 and 
2050. The results in general come to the same conclusion, i.e. the environmental impacts follow the waste 
hierarchy, although with some exceptions. In terms of carbon savings, reuse of concrete waste is the 
pathway leading by far to the highest saving potential, followed by recycling of PVC, EPS-insulation and 
wood. The study also provides a techno-economic characterization of emerging and established 
technologies and processes for the management of CDW. 
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1. Executive summary 

1.1. Background 

Globally, the building and construction sector represents the single most important route for resource 
consumption. While most buildings and infrastructure works are associated with relatively long lifetimes, 
today circularity of building and construction materials is extremely limited. The construction industry 
contributes with roughly 39% of the annual global carbon dioxide emissions (UNEP, 2019), and the 
construction and demolition sector is responsible for 35% of global waste generation to landfill while 
contributing with huge environmental impacts (OECD, 2019). To improve sustainability and material 
circularity in society, therefore, the construction and demolition sector holds an extremely prominent 
position.  

At EU level the situation is not very different. While the current recovery of construction and demolition 
waste is high (around 70% according to Trinomics 2016) the actual substitution of primary material (such 
as cement, concrete, plastic) via recycling is low. Except for the metals, most of the remaining material 
that is recovered after demolition or renovation ends up for use as road sub-base replacing natural 
aggregates or for engineering landscaping. To foster better management practices and circular economy 
in the construction and demolition sector, the European Commission has accompanied the revised waste 
framework directive (European Commission 2018a) with guidance documents as the ‘Construction and 
Demolition Waste Management Protocol’ (European Commission 2016; non-binding guidelines on how to 
properly handle this waste stream) and ‘Guidelines for audits before demolition of building’ (European 
Commission 2018b). More recently, in the context of the Strategy for a Sustainable Built Environment, the 
Commission has pointed out that i) it would revise the Construction Product Regulation, taking this 
opportunity to improve the sustainability performance of construction products, possibly introducing 
recycled content requirements for certain construction products; ii) promote circular economy principles for 
buildings design and the development of digital logbooks for buildings; iii) use Level(s), which is the 
European framework for sustainable buildings, to integrate life cycle assessment in public procurement 
and the EU sustainable finance framework; iv) consider a revision of EU waste legislation, focusing on 
material recovery targets for construction and demolition waste, and its material-specific fractions; v) 
promote soil-related initiatives, aiming to increase safe, sustainable and circular use of excavated soils. 

With respect to the recovery of waste materials (point iv above), better data are needed to assess the 
potential for preparing for reuse and recycling and support an improved management of construction and 
demolition waste as a whole. Data are needed primarily to get better estimates of mass flows (e.g. 
estimates of the temporal release of materials from the construction and demolition sector), but also in 
relation to "where" (e.g. spatial variations) and "which" material fractions become available. To supplement 
this, improved (inventory) data for the individual management and processing steps involved in recycling 
pathways are required for quantification of the environmental impacts and costs. Both mass flows and 
inventory data are required to feed life cycle environmental and cost models to assess waste 
management pathways and identify where the largest improvement potentials lie. 

1.2. Objectives 

This study is the result of work done by the Joint Research Centre (JRC) in agreement with DG 
Environment (DG ENV). The overall aim of the study is to provide detailed techno-economic data and 
environmental assessment of CDW management, with focus on individual material fractions. The intended 
use of the study outcome is to support policymaking in relation to CDW management, and in particular, to 
provide a data basis for setting material-specific targets for “preparing for re-use" and recycling. To 
support this, the study has the following objectives split over two part. 

CDW compositions and management technologies: 

 Review and analyse the current literature on CDW compositions, and carry out interviews with key 
CDW technology stakeholders . 

 Create a building stock model establishing CDW compositions for selected regions. 

https://ec.europa.eu/growth/content/eu-construction-and-demolition-waste-protocol-0_en
https://ec.europa.eu/growth/content/eu-construction-and-demolition-waste-protocol-0_en
https://ec.europa.eu/docsroom/documents/29203/attachments/1/translations/en/renditions/native
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 On basis of the building stock model, make near and medium-term projections of CDW 
compositions. 

 Establish overview of emerging technologies and processes, analysing recovery, recycling and 
preparation for reuse options and potential management improvements. 

Environmental and cost analysis of CDW management: 

 Carry out a LCA Screening to select target material fractions for further investigation. 

 Establish life cycle inventories for selected target fraction on basis of data collection from 
literature, and interviews. 

 Carry out a LCA and cost analysis for the selected material fractions for CDW management in 
2020 and 2050.  

1.3. CDW generation and composition in EU 

The analysis of CDW generation and composition was primarily based on a thorough literature review, 
which included more than 90 reports and articles which were identified through three main pathways: 
analysis of Eurostat data, literature search and country-specific data obtained through contact to 
stakeholders in relevant member states. Through this process, data of varying quality and type were found 
for all 27 EU countries, Norway and the United Kingdom. The data were evaluated and analysed to select 
the best data to establish generation rates, as well as establish CDW compositions for four representative 
reference countries for four EU regions (Figure 1).  

 

  

Figure 1 - The analysed European countries have been grouped into four regions (Northern, Southern, Central-Eastern 
and Western Europe) to represent homogeneous areas with similar climatic conditions. The reference country or 
countries for each region is indicated by white diagonal lines. 
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Table 1 shows the results for the CDW generation rates in EU27. The table shows the importance of the 
definition of what is included in CDW, where soil, track ballast, dredging spoils and asphalt make up a 
majority share of the material.  

Table 1 Total CDW generation rates in 2018 (based on Table 6 where detailed data for all EU member states are 
included). 

 

Total CDW 

generation incl. soil, 

track ballast, 

dredging spoils and 

asphalt [tonne] 

Total CDW 

generation excl. soil, 

track ballast, 

dredging spoils and 

asphalt [tonne] 

Per capita CDW 

generation excl. soil, 

track ballast, 

dredging spoils and 

asphalt 

[tonne/capita] 

Per capita CDW 

generation excl. 

asphalt, incl. soil 

[tonne/capita] 

Total EU27 847,765,740 276,448,858 0.78 1.86 

 

Table 2 shows the results of the analysis of the CDW composition in the four reference countries, and 
points to the importance of detailed waste statistics where the detail level for many materials is very 
aggregated or reported as mixed materials (“Mixed waste, generic”). 

Table 2 CDW composition for the four regions, on basis of selected representative countries. Data are expressed as % 
of the total CDW amounts (section 3.3.3). 

 

Reference countries 

 

Southern 

Europe 

Northern 

Europe 

Central and 

Eastern Europe 

Western 

Europe 

 

Italy Norway Poland Netherlands 

Mineral waste 86.26% 42.80% 74.75% 63.75% 

Concrete       6.66% 

Bricks       1.41% 

Tiles and ceramic       0.03% 

Mixed/other mineral/inert waste 86.26%     55.65% 

Plastic 0.10% 0.63% 3.86% 0.76% 

Metal 11.28% 5.96% 12.86% 12.88% 

Mixed metals 0.28%   12.62% 0.54% 

Ferrous 9.86%   0.12% 10.23% 

Non-ferrous 1.14%   0.12% 2.11% 

Glass 0.19% 0.61% 0.02% 0.32% 

Wood 0.41% 14.49% 0.62% 5.14% 
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Gypsum   4.44%   0.27% 

Insulation       0.07% 

Paper and cardboard   1.25% 0.09% 0.22% 

Mixed waste, generic   17.47% 5.17% 14.22% 

Hazardous waste (total, excluding 

hazardous soil and dredging spoil) 
1.77% 12.34% 2.62% 2.39% 

TOTAL 100% 100% 100% 100% 

 

1.4. Building stocks and flows in four key member states  

The material stock and flows in Europe (EU27) in 2020 were calculated for four member states as 

representatives of the four regions. Material stock refers to the mass of materials contained in the 

building stock. The flows refer to both the inflow and outflow of materials from and to the building stock. 

Inflow describes the materials used for construction and renovation, while outflow refers to waste 

originating from demolition and renovation. For this, several input datasets were required. Data on the 

building stock composition in 2020 in Europe (EU27) was established. Using the stock quantities as a 

baseline, the flows originating from the building stock were subsequently calculated using construction, 

demolition and renovation rates. Finally, the stock and flow quantities were multiplied with the material 

intensities (materials in the different building stocks) that represent the four regions, building types, and 

construction years. 

Figure 2 illustrates the results of the material stock and flows in Europe (EU27) in 2020. The figure shows 

that Western Europe is responsible for the largest portion of the total outflow. The countries with the 

highest material outflow are Germany (0.489 tonne/capita), France (0.448 tonne/capita) and Italy (0.297 

kg/capita). The total material outflow is strongly related to the population size of the respective countries. 

In terms of regions, Western Europe has the highest relative outflow with 0.52 tonne/capita, followed by 

Northern Europe (0.27 tonne/capita), Southern Europe (0.22 tonne/capita) and Central and Eastern Europe 

(0.19 tonne/capita). The figure shows that concrete is the largest material fraction in every region, ranging 

between ca. 38% in Northern Europe to ca. 61% in Western Europe. In Northern Europe the concrete 

fraction is relatively low, while the wood (ca. 5%) and brick (ca. 15%) fractions are significantly higher 

than in other regions. The steel fractions are roughly equal between the regions (ranging from ca. 4 to ca. 

6%), while plastic is highest in Southern Europe (2.3%). 
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Figure 2 Absolute [kt] and relative material mass [%] originating from demolition and renovation activities in 2020 in 
the EU27 grouped by material fractions (originating from section 4.6.1).  

1.5. CDW projections towards 2050  

Based upon the building stock findings for 2020, CDW projections were established up to 2050. Figure 3 

illustrates the total material mass [kt] originating from demolition and renovation activities from 2020 to 

2050. The material mass is split between the four European regions. The figure shows that Western 

Europe has the highest outflow of materials, followed by Southern, Central and Eastern, and Northern 

Europe. The total outflow is expected to more than double (in absolute terms) from 2020 to 2050. This 

can partially be attributed to increasing demolition and renovation rates. In relative terms the portion of 

renovation in the outflow increases against the portion of demolition. Renovation outflow in 2050 is 

estimated to be roughly 16% of the total outflow, while in 2020 it accounts for 14%. However, a 

significant reason for the increase in outflow is the strong increase in material stock throughout the years. 

This increase is due to the fact the inflow of materials due to construction and renovation is larger than 

the total outflow due to demolition and renovation. This causes a stock build-up in absolute terms. Since 

the outflows are calculated as a percentage of the stock (albeit with a delay as a function of the building 

age) the outflows increase over time because the stock increases.  
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Figure 3 Total material mass [kt] originating from demolition and renovation activities ranging from 2020 to 2050 in 
the EU27. The figure shows the total outflow (originating from section 5.3). 

Figure 4 illustrates the relative [%] and absolute [kt] material fractions for 2020 and 2050 grouped by 

region for the outflow. The figure clearly illustrates the large difference between 2020 and 2050 with 

regards to the total material mass. In relative terms, the differences are subtler. Overall, it is projected 

that concrete and insulation fraction increase, while wood, plastic, ceramics, and glass decrease slightly. In 

terms of absolute mass all fractions are expected to increase. Since concrete is such a dominant fraction, 

the % change in the other fractions is relatively small.  
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Figure 4 Relative [%] and absolute [kt] material fractions for 2020 and 2050 grouped by region for the outflow 
(demolition and renovation) (originating from section 5.4). 

1.6. Available and emerging recovery options for CDW  

Available and emerging recovery options were investigated in the study. This was done through several 

interviews with key stakeholders within a number of the sectors handling the material fractions. In section 

7.2 and 7.3 available and emerging treatment technologies are described for the materials: Concrete, 

Glass wool, Stone wool and EPS.  

For the majority of CDW material fractions, recycling options do exist today. The fact that recycling in 

several MS is not widespread is due to a number of barriers, which can be divided into four categories: 

regulatory, technical, market & financial, and awareness. 

1.7. LCA Screening (Carbon-footprint) 

An LCA screening in the form of a Carbon-footprint (simply a preliminary/quick LCA focused on the climate 

change impact category only) was performed to identify the material fractions in CDW which management 

may achieve the largest potential in terms of climate change benefits. We will refer to these material 

fractions as ‘target fractions’ from now onwards. The LCA screening built upon early results from the CDW 

composition and building stock modelling to establish total amounts and shares (% in the total CDW) of 

the different material fractions present in CDW. The results of this LCA screening were complemented with 

a discussion of the technical feasibility for recycling the different material fractions constituting CDW. 

Such analysis supported the choice of target material fractions to focus on in the subsequent (thorough) 

LCA and cost assessment. On the basis of the analysis, the material fractions with the highest potential 
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for recycling and GHG savings, and thus chosen for further investigation via a full LCA, were: Concrete, 

Wood, PVC and EPS. 

1.8. Life Cycle Inventories 

Life Cycle Inventories were established for the management of the four target fractions. The inventory 

was used for the LCA (both the single fractions as well as the average CDW mix of the four fractions in 

2020 and 2050). A reference flow was therefore established as management of 1 tonne of waste. For 

each material, treatment pathways to be included were chosen based on the information established in 

section 7. The interviews with stakeholders did not give direct inventory data for the modelling, the data 

for the inventories were therefore established based on literature data that fit the technologies discussed 

through the interviews, and currently reported in CDW management statistics. System figures and 

inventory tables were established, with five treatment technologies modelled for concrete, three for wood, 

three for PVC and three for EPS. 

1.9. Life Cycle Assessment and Costing 

The goal of the LCA study was to calculate, document and compare the environmental impacts of 

different treatment options for the four waste fractions selected in the LCA screening. The assessment of 

the single fractions was done for both 2020 and 2050. The results for the four fractions in general came 

to the same conclusion, i.e. the environmental impacts followed the waste hierarchy, although with some 

exceptions.  

Concrete: For concrete, preparation for reuse and high-quality1 recycling led to net savings in most impact 

categories. Low-quality recycling and utilization2 in general only led to small net environmental savings, if 

any. However, even in such worst case scenario for recycling, it was still better than landfilling. 

Wood: For wood, incineration in general was the treatment with the highest net savings across the impact 

categories, followed by preparation for reuse, and last recycling. When including the consideration that 

material prepared for reuse and recycling can be incinerated after a second use (cascading3), it was found 

that both treatment options were preferred over incineration.  

PVC: For PVC, the results clearly pointed to recycling being more environmentally preferable than 

landfilling and incineration. This requires that the materials to be recycled are not containing banned 

substances, so a pre-screening is needed. It should be noticed that incineration of PVC incurs formation of 

dioxins due to elevated chloride levels and potential corrosion because of the increased load of chlorine in 

the flue gas. While there is not a general agreement on the incineration effects of PVC, the experience 

from countries with large-scale incineration of waste such as Denmark is that only small amounts of PVC 

sorted out in plastic sorting centres are generally accepted by incineration plants. 

EPS: For EPS, recycling via solvent-extraction (dissolution) gave the largest savings in six impact 

categories (climate change, human toxicity cancer, particulate matter, photochemical ozone formation, 

water use, and resource use, fossils) while incineration performed better in the remaining ten impact 

categories. The main reason for which incineration came out better than recycling in the ten impact 

categories is that the current recycling process incurs very high electricity consumption. When including the 

consideration that material prepared for reuse and recycling can be incinerated after a second use 

(cascading), recycling became better than incineration in ten impact categories out of sixteen. Similarly, 

                                                        

 

1 Low-quality recycling here refers to recycling where only gravel and fines are recycled into new concrete where it replaces gravel, 
where high-quality recycling includes the recovery of cement which can be used for new concrete along with gravel and fines. 

2 Utilization refers to utilization of the concrete waste as aggregate for road subbase (upon sorting and recovery process). 
3 The benefit of maintaining materials for future cycles, means that it in reality can be incinerated in the next loop and get the same 

benefits as direct incineration (cascading uses).  
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when considering the future EU energy mix (year 2050) in place of the current one, recycling performed 

better than incineration in nine out of sixteen impact categories. Further improvement of EPS recycling via 

solvent-extraction (notably, reducing electricity consumption) alongside a cleaner EU electricity-mix will 

lead to recycling coming out better than incineration across all impact categories. 

Average CDW: For the average CDW composition, the results are illustrated in Figure 5, including data for 

bricks (alongside the four target fractions analysed in this study; see above). It shows that when materials 

can be prepared for reuse there are large potential net savings (concrete and bricks). This requires good 

quality materials, and proper demolition to preserve the quality of the materials. The same applies to 

high-quality recycling of concrete if the materials allow substitution of cement. Incineration of wood 

shows potentially large savings, especially for areas with large amounts of wood waste. 

 

Figure 5 Climate Change impact for 1 tonne of average CDW based on the building stock model in 2020 and 2050. 
The statistical data for 2020 is based on the literature survey in section 3. (Figure originating from section 10.5). 

As regards to financial costs, the results show that, overall, there may be either small economic benefits 
from improved management of the CDW or small increases in cost. Especially, preparation for reuse and 
recycling show potential for economic gains. In other words, one may argue that technology and 
management costs are not the main bottleneck, as it could be instead the quality of the recovered waste 
materials. It should be noted that, owing to the lack of primary and secondary (literature) data, only 
operational costs (materials and labour) were considered in the assessment of costs (capital costs were 
not mentioned as included so it is anticipated that the economic benefits can be lower than indicated in 
the results. 

1.10. Feasibility in terms of environmental, economic, and technical 

aspects 

The environmental, economic and technical feasibility was assessed in the final section. This was done 
through best estimate scenarios for potentially improved management of CDW in the future. A current and 
a future scenario was therefore established, and EU27 wide benefits were assessed. With regards to the 
environmental feasibility, the results show that there is a clear benefit from increased recycling and 
preparation for reuse of CDW material fractions. With regards to the economic feasibility, this was very 
uncertain as the data available was very spare, and the overall uncertainty of prices vary considerably 
across member states. The result indicates that the environmental benefits not necessarily will lead to 
increased costs, i.e. technology/management costs do not seem the main bottleneck as it could instead be 
the quality of the recovered waste materials. One may argue that this is the likely reason why recycling 
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has not yet taken off. This conclusion, however, does not consider demolition, in-situ sorting and other 
costs, which for the more circular scenarios are expected to be considerable. We recommend therefore to 
repeat the cost assessment with updated costs especially for operations of (selective) demolition and 
subsequent sorting. Further, it is important to consider that the technical feasibility of improved CDW 
management depends on a long list of parameters, and a case-by-case assessment will be needed to 
identify which technology will be most appropriate. To allow for this assessment, different initiatives can 
be applied (such as pre-demolition audits), to achieve a better overall management. 
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2. Introduction 

Globally, the building and construction sector represents the single most important route for resource 
consumption. While most buildings and infrastructure works are associated with relatively long lifetimes, 
today circularity of building and construction materials is extremely limited. The construction industry 
contributes with roughly 39% of the annual global carbon dioxide emissions (UNEP, 2019), and the 
construction and demolition sector is responsible for 35% of global waste generation to landfill while 
contributing with huge environmental impacts (OECD, 2019). To improve sustainability and material 
circularity in society, therefore the construction and demolition sector holds an extremely prominent 
position. 

Today, recovery and utilization of construction and demolition waste (CDW) is relatively high compared 
with many other waste types; about 70% at EU level (in 2016) (Trinomics, 2020). However, huge 
variations can be observed between Member States, from around 0% to 100% depending on country, 
definitions, registrations, and reporting principles (OECD, 2019). Generally, utilization of CDW is relatively 
"simple": material crushing and utilization as filler materials in road construction or as backfilling represent 
the most prominent routes. On one hand, this indicates considerable potentials for improvement and 
better utilization of CDW materials across Europe, but the current situation also illustrates a variety of 
challenges associated with CDW recovery and recycling. 

While the quantities are huge (about 838 M tonne in 2018; Eurostat, 2022), CDW represents a complex 
mix of materials and resource qualities. Many construction materials are composite materials, may contain 
contaminants and hazardous components (either legacy chemicals or contamination due to poor 
separability of individual materials), may not be available for high-quality recycling due to a variety of 
barriers (e.g. economic feasibility, technical constraints, legislative barriers, or market aspects), or if 
potentially available may simply not be recycled (e.g. due to design traditions, lack of performance 
documentation and technical specifications). 

The resource quality of CDW materials vary tremendously across Europe, depending on building traditions, 
demolition techniques (e.g. selective demolition and on-site separation of materials prior to transport 
(European Commission, 2016 and 2018a), processing and management traditions. Improving the 
circularity of building and construction materials, thereby ensuring efficient "collection" of the materials 
and as much as possible maintaining the functional properties of the materials, have tremendous 
potentials for improving circular economy in Europe, minimise climate impacts and support innovation and 
job creation. However, better data, better insight in possible management and recycling options, and more 
consistent environmental assessments are needed to enable appropriate target setting and incentive 
building. 

Better data are needed. Both in relation to estimates of the temporal "release" of materials from the 
construction and demolition sector, but also information about "where" (e.g. spatial variations) and "which" 
materials become available. To supplement this, improved data for the individual management and 
processing steps involved in recycling pathways are required for quantification of the environmental and 
economic benefits. With time, local recycling loops should be established to minimize transport, but also to 
support more innovative building and construction approaches. CDW can support this based on consistent 
modelling of the building stock. 

Today, with an overall 70% recovery target for CDW in EU, its primarily provides incentives to increase the 
quantity recovered, but not at which quality this happens. However, to enable more material specific 
recovery and recycling targets potentials for contributing to reductions in climate and environmental 
impacts, recovery and management pathways and initiatives for individual materials need to be assessed. 
With better data for technologies, existing as well as emerging options and over the full value-chain, 
individual materials and pathways can be prioritised. This should be viewed in relation also to future 
options for selective demolition, removal of contaminants, safe management of hazardous substances, 
support preparation for functional reuse and high-quality recycling of individual materials, and establish 
efficient sorting and recovery systems for individual material fractions. 
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However, while modelling of waste generation and building stocks, collection and organization of data, and 
life cycle assessment (LCA) modelling may provide the needed basis, these approaches are prone to 
"method interpretation and poor insight". To provide consistent and high-quality data and modelling 
results, both proven methodological approaches and detailed waste material insight is required. The 
resource quality and material composition of CDW is critical for the performance of recovery and recycling 
pathways, as well as for the outcome of LCA modelling (Bisinella et al. 2017). The alternative may be a 
poor basis for decision-making. 

2.1. Objective of the study 

2.1.1. Objectives 

The overall aim of the study is to provide detailed techno-economic data and environmental assessment 
of CDW management, with focus on individual material fractions. The intended use of the study outcome 
is to support policymaking in relation to CDW management, and in particular to provide a data basis for 
setting material-specific targets for “preparing for re-use" and recycling. To support this, the study has the 
following objectives split over two part. 

CDW compositions and management technologies  

 Review and analyse the current literature on CDW compositions, and carry out interviews with key 
CDW technology stakeholders . 

 Create a building stock model establishing CDW compositions for selected regions. 

 On basis of the building stock model, make near and medium-term projections of CDW 
compositions. 

 Establish overview of emerging technologies and processes, analysing recovery, recycling and 
preparation for reuse options and potential management improvements. 

Environmental and cost analysis of CDW management 

 Carry out a LCA Screening to select target material fractions for further investigation. 

 Establish life cycle inventories for selected target fraction on basis of data collection from 
literature, and interviews.  

 Carry out a LCA and cost analysis for the selected material fractions for CDW management in 
2020 and 2050.  
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2.2. Structure of the report 

The structure of the report is as follows: 

 Section 3 presents and discuss the CDW generation, composition, and management in Europe. 

 Section 4 establish the building stock modelling in 2020 for four representative countries. This 

includes the methodology behind the modelling, as well as the baseline analysis for 2020. 

 Section 5 expands the building stock modelling projections from section 5 out to 2050, it includes 

a comparison of the 2020 and 2050 material flow dynamics. 

 Section 6 follows up with concluding remarks on CDW compositions on basis of the previous 3 

sections. 

 Section 7 presents and discuss available and emerging recovery options for CDW. 

 Section 8 presents the LCA screening of CDW material fractions, and discuss the choice of CDW 

material fractions for further study. 

 Section 9 presents the life cycle inventories and scenarios for the detailed LCA. 

 Section 10 presents and discuss the results of the LCA. 

 Section 10.6.2 rounds up with a feasibility discussion of the environmental, economic and 

technical aspects on basis of the previous sections. 
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3. CDW generation, composition, and management in Europe 

The generation and material composition of CDW is critical for the performance of the waste management 

system, as well as for the outcome of the LCA. In this section the CDW generation and composition are 

assessed for all EU member states and four typical CDW compositions, each representing one four regions 

in EU (as considered in this study: Northern Europe, Southern Europe, Central and Eastern Europe and 

Western Europe, see section 3.3.3), are developed.  

3.1. Methodology for assessment of CDW generation and composition 

3.1.1. Literature Review 

The investigation of CDW generation and composition was primarily based on a thorough literature review, 

which included more than 90 reports and articles. These have been identified through three main 

pathways: 

 Eurostat data for the last available year, i.e. 2018, retrieved under “Generation of waste by waste 

category, hazardousness and NACE Rev. 2 activity” (European Commission, 2021a). As described in 

(Deloitte, 2017), the total amount of CDW is obtained by including waste categories W061 (Metal 

wastes, ferrous), W062 (Metal wastes, non-ferrous), W063 (Metal wastes, mixed ferrous and non-

ferrous), W071 (Glass wastes), W074 (Plastic wastes), W075 (Wood wastes), W077 (Waste containing 

PCB) and W12B (Other mineral wastes, W122+W123+W125) from NACE F, in addition to W121 

(Mineral waste from construction and demolition) across all NACE activities plus household4. Data for 

soils and dredging spoils are retrieved by including category W126 and W127 respectively across all 

NACE activities plus household.  

 Final report and country-specific factsheets from the project “Resource Efficient Use of Mixed Wastes” 

(Deloitte, 2017); 

 Broad literature search including the keywords “CDW”, “CDW generation” and “CDW composition”, and 

focusing mostly on recent publications (from 2015 onwards). 

 Country-specific data provided by colleagues/collaborators in other countries (often reports in other 

languages, M.Sc. thesis, waste statistics, etc. that would not be found through a simple literature 

search). 

Through this process, data of varying quality and type were found for all 27 EU countries5, Norway and the 

United Kingdom (UK). The following types of data were identified: 

a) Total CDW generated amounts; 

b) CDW composition at either national or regional level, expressed as total amounts;  

c) CDW composition at either national or regional level, expressed as % distribution; 

d) Material composition for specific building types 

e) CDW generation rates for m2 new construction, refurbishment or demolition (in some cases combined 

with yearly data for m2 new construction, refurbishment or demolition, so a regional/national CDW 

composition can be estimated).  

                                                        

 

4 NACE is the statistical classification of economic activities in the EU; NACE F corresponds to activities within the construction sector 
5 Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, 

Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden. 
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While data type a) was found for all countries, there is great country to country variability regarding 

whether datasets of the remaining types were available, as well as the number of sources and their 

quality. 

While data type b) and c) (in some cases combined with a)) are directly usable to obtain country-specific 

CDW composition datasets (in some cases only region-specific compositions could be obtained), data 

types d) and e) were not directly usable as they have a different scope. However, a large quality variability 

has been observed regarding data type b) and c), which could span from only two waste fractions (e.g. 

hazardous and non-hazardous) to a full breakdown into all 38 waste codes for the Construction and 

demolition waste category (Chapter 17) of the European Waste Catalogue (EWC, Commission Decision 

2014/955/EC), to other types of classification.  

3.1.2. Obtaining a country-specific CDW composition 

The available datasets for CDW composition for each country were assessed and processed to obtain a 

single, representative CDW composition for each analysed country6.  

This process started with an assessment of data quality for each data source/dataset, which resulted in 

the selection of one or more relevant/appropriate datasets for each country. The approach followed to 

select the CDW composition dataset representative of each country was based on the following criteria:  

 Level of data aggregation: CDW composition data were found to have broadly varying level of 

detail. It should however be noted that the level of aggregation of CDW composition data is not 

only a result of data quality itself, but also reflects the type of CDW management of the 

country/region. If selective demolition is not carried out, for example, and waste is not sorted 

after demolition either, there is a high probability that relatively large fractions of the generated 

CDW might be registered as mixed CDW (e.g. “Mix of non-hazardous, non-inert wastes”, “Mix of 

inert and non-hazardous, non-inert wastes”). Datasets with little or no breakdown into individual 

material categories were not considered as high quality.  

 Data consistency: this criterion was evaluated as either internal consistency within the same 

dataset or source, or consistency among different data sources for the same country. Data that 

appeared to be inconsistent and unreliable were as much as possible avoided in the selection of 

the final CDW composition for each analysed country. 

 Quality of the source: official data sources, such as national statistics, were valued better than 

unofficial ones (e.g. master thesis). Eurostat data were valued as being of modest quality, since 

many different methodologies lay behind the data reported to Eurostat, although the same 

classifications are used, as reported by (Deloitte, 2017). 

 Geographical coverage: In some cases, data at regional/local level were found (e.g. for the region 

of Brussels in Belgium or for the island of Samothraki in Greece). Such datasets were not 

considered to have the same quality as national data. 

 Need to combine several datasets: In some of the investigated sources only relative distribution 

for the CDW composition were available, rather than absolute amounts (e.g. in (Monier et al., 

2011a)). Such datasets were not considered to have a high quality, as their use would require 

combining data for total amounts from one source with percent distribution from another source. 

                                                        

 

6 While the focus of the project is on EU Member States (MS), it was decided at this stage to include Norway and UK in the 
assessment of CDW composition, since data for those two countries were available, and since especially Norway could be 
particularly relevant in terms of both data quality and prevalence of wood in the CDW (see section 3.3). 
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When no data for soils and dredging spoils were available, those were taken from Eurostat 

(European Commission, 2021a). However, data for dredging spoils were not available for all 

countries under Eurostat (European Commission, 2021a). 

 Recent/outdated: Datasets were typically found to stem from between 2000 and 2019, and older 

datasets were not considered to have the same quality as recent ones.  

Table 4 lists all the CDW data sources identified during the study and investigated for each country, as 

well as the one(s) finally selected for the final country-specific CDW compositions. 

 Once the most appropriate datasets were selected for each country, a quality evaluation score was 

assigned at country level. While a thorough data quality assessment at country level was out of the 

scope of the current study (e.g. analysis of anomalies in the datasets or of robustness of the data 

collection methodologies), it was still possible to give an overall assessment of the available CDW 

composition data, where the most important evaluation criterion was the level of breakdown into 

individual material fractions.  

Table 3 presents the five criteria used to assess the data quality and their respective weight. Since no 

regional datasets were selected to represent the national CDW composition for each country, this criterion 

was excluded in the final data quality assessment at country-level. Data quality was evaluated using a 1-

5 scale where 1 represents poor data quality and 5 represents good data quality. A summary of the 

consideration that underlies the assigned quality evaluation at country level can be found in Appendix A, 

Table A-1, while the scores assigned for each of the assessed criteria are reported in Table A-2. Table 4 

shows the data quality scores assigned at country level. 

 

Table 3. Criteria for data quality evaluation and their respective weight.  

Quality evaluation criteria Weight 

Level of data aggregation (material fractions) 40% 

Data consistency  25% 

Quality of the source 25% 

Recent/outdated data   5% 

Need to combine several data sources   5% 
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Table 4 - Data quality evaluation, including details about data for soil, as well as investigated and selected data 
sources for each of the analysed European countries. Data quality is evaluated using a 1-5 scale where 1 represents 
poor data quality and 5 represents good data quality. 

 

Data 

quality 

level 

Investigated data sources 
Selected data sources for 

CDW 

Selected data sources 

for soils and dredging 

spoils 

Austria 3 

(BIO by Deloitte, 2015a; European 

Commission, 2021a; Lederer et al., 

2020) 

(BIO by Deloitte, 2015a; 

European Commission, 

2021a) 

(European Commission, 

2021a) 

Belgium 3 

(BIO by Deloitte, 2015b; CERAA 

and ROTOR, 2012; European 

Commission, 2021a; Monier et al., 

2011b) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Bulgaria 3 

(BIO by Deloitte, 2015c; Bulgarian 

Ministry of Environment and 

Water, 2011; European 

Commission, 2021a; Zaharieva 

and Petrov, 2020) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Croatia 3 
(BIO by Deloitte, 2015d; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Cyprus 3 
(BIO by Deloitte, 2015e; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Czech 

Republic 
3 

(BIO by Deloitte, 2015f; European 

Commission, 2021a; Kuchařová, 

2020; Monier et al., 2011b) 

(BIO by Deloitte, 2015f) (BIO by Deloitte, 2015f) 

Denmark 5 

(BIO by Deloitte, 2015g; Danish 

EPA, 2020; European Commission, 

2021a; Monier et al., 2011b) 

(Danish EPA, 2020) (Danish EPA, 2020) 

Estonia 3 

(BIO by Deloitte, 2015h; European 

Commission, 2021a; Monier et al., 

2011b; Rüütelmann, 2015) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Finland 3 

(BIO by Deloitte, 2015i; European 

Commission, 2021a; Monier et al., 

2011b) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

France 5 

(BIO by Deloitte, 2015j; CERAA and 

ROTOR, 2012; European 

Commission, 2021a) 

(CERAA and ROTOR, 2012) 
(CERAA and ROTOR, 

2012) 

Germany 5 

(BIO by Deloitte, 2015k; European 

Commission, 2021a; Monier et al., 

2011b) 

(BIO by Deloitte, 2015k) (BIO by Deloitte, 2015k) 
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Greece 3 

(BIO by Deloitte, 2015l; European 

Commission, 2021a; Noll et al., 

2019) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Hungary 3 
(BIO by Deloitte, 2015m; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Ireland 3 

(BIO by Deloitte, 2015n; European 

Commission, 2021a; Monier et al., 

2011b) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Italy 4 

(Arpa Veneto, 2019; BIO by 

Deloitte, 2015°; Blengini and 

Garbarino, 2010; Borghi et al., 

2018; European Commission, 

2021a; ISPRA, 2019; Pantini and 

Rigamonti, 2020, 2019) 

(ISPRA, 2019) 

(ISPRA, 2019) for soils, 

(European Commission, 

2021a) for dredging 

spoils 

Latvia 3 

(BIO by Deloitte, 2015p; European 

Commission, 2021a; Tambovceva 

et al., 2020) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Lithuania 3 

(BIO by Deloitte, 2015q; European 

Commission, 2021a; Miliute and 

Staniskis, 2006) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Luxembourg 4 

(BIO by Deloitte, 2015r; Bogoviku 

and Waldmann, 2021; European 

Commission, 2021a) 

(BIO by Deloitte, 2015r)7 (BIO by Deloitte, 2015r)8 

Malta 3 
(BIO by Deloitte, 2015s; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Netherlands 4 

(BIO by Deloitte, 2015t; CE Delft, 

2014; European Commission, 

2021a; Lisanne Mulders, 2013; 

Monier et al., 2011b; Zhang et al., 

2020) 

(Lisanne Mulders, 2013) 
(European Commission, 

2021a) 

Poland 3 

(BIO by Deloitte, 2015u; European 

Commission, 2021a; Wahlström et 

al., 2020) 

(BIO by Deloitte, 2015u) (BIO by Deloitte, 2015u) 

Portugal 3 

(BIO by Deloitte, 2015v; Coelho 

and De Brito, 2012; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Romania 3 
(BIO by Deloitte, 2015w; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

                                                        

 

7 CED-Stat methodology data. 
8 CED-Stat methodology data. 
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Slovakia 3 
(BIO by Deloitte, 2015x; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Slovenia 3 
(BIO by Deloitte, 2015y; European 

Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Spain 3 

(BIO by Deloitte, 2015z; European 

Commission, 2021ª; Llatas, 2011; 

Mañà i Reixach et al., 2000; 

Marrero et al., 2020; Martínez 

Lage et al., 2010; Mercader-

Moyano and Ramírez-De-Arellano-

Agudo, 2013; Ministerio De Medio 

Ambiente, 2015; Monier et al., 

2011b; Sáez et al., 2015; Spanish 

government, 2001; Vidal, 2015) 

(European Commission, 

2021ª) 

(European Commission, 

2021a) 

Sweden 3 

(BIO by Deloitte, 2015aa; 

European Commission, 2021a; 

Naturvårdsverket, 2020a, 2020b; 

Svenska Byggbranschens 

Utvecklingsfond, 2019) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

Norway 5 

(Bergsdal et al., 2007; European 

Commission, 2021a; Hjellnes 

Consult, 2012; Statistics Norway, 

2021) 

(Statistics Norway, 2021) (Statistics Norway, 2021) 

UK 3 
(BIO by Deloitte, 2015ab; 

European Commission, 2021a) 

(European Commission, 

2021a) 

(European Commission, 

2021a) 

 

All subsequent data processing was carried out based on per capita amounts. This was done to consider 

the weight of the population of each country. Demographic data referring to 2020 were sourced from 

Eurostat (European Commission, 2021b). 

3.1.3. Selection of relevant material fractions 

The country specific CDW composition data initially collected (shown in Table A-3 and based on the 

“Selected data sources” of Table 4) comprised 31 material fractions (shown in the first column of Table 5). 

However, some data elaboration and assumptions needed to be made regarding data interpretation and 

classification, as well as some material fractions have been excluded to obtain a common, narrower, and 

more relevant material breakdown with respect to the study’s scope and goal.  

For example, not all countries necessarily reported data for all 31 initially identified material fractions (as 

shown e.g. in Table A-3 ), and not all fractions were considered relevant in the context of the current study. 

Therefore, the following material fractions were excluded: “Other materials from road demolition”, “Asphalt 

waste (asphalt and bitumen-based products, tar-free)”, “Soil”, “Dredging spoils”, “Track ballast”. The 

rationale for the exclusion of these material fractions is outlined below: 

 Track ballast and dredging spoils (data available for respectively six and 23 countries only) are not 

specifically relevant in the context of building CDW, and constitute a negligible fraction of it (with the 
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exception of dredging spoils for the Netherlands, which however is known to fluctuate significantly (BIO 

by Deloitte, 2015t)). Therefore, it was decided to exclude these material fractions, in order to focus on 

fractions that are more relevant and to make the comparison across countries more accurate. 

 Excavated soil is not a specifically relevant fraction in the context of building CDW. In addition, the 70% 

target on CDW recycling defined in the Waste Framework Directive 2008/98/EC as amended by 

Directive (EU) 2018/851 excludes naturally occurring material (category 17 05 04 in the list of waste 

2014/955/EC, i.e. soil and stones). Furthermore, excavated soil can represent a relatively large share of 

CDW (up to 92% in Finland, based on data from Table A-3 ), thus in some cases overshadowing the 

remaining fractions. The biggest challenge with soil data, however, is that there are large differences in 

the way excavated soil is defined (e.g. by-product vs. waste) and reported across different countries, 

e.g. in case of on-site utilisation (Oberender et al., 2021). As a result, soil can span from 0.003% to 

92% of total CDW respectively in Malta and Finland. All these reasons make the inclusion of soil a 

source of great uncertainty. Thus, it was decided to exclude excavated soils in order to focus on other 

fractions that are more relevant. While soil is not further considered in the rest of the study, a brief 

analysis of the available data and identified data gaps is reported in section 3.3.2. 

 Asphalt and other materials from road demolition (data available for 7 countries and 1 country only, 

respectively) represent waste from construction, maintenance, renovation and demolition of roads, 

bridges, tunnels and other infrastructures (infrastructure waste). Amounts can vary between 3.5% (in 

Czech Republic) to 8.4% (in France) of the total CDW. Infrastructure waste is not considered relevant 

with respect to building CDW, so while this fraction is not further considered in the rest of the study, a 

brief analysis of the available data and identified data gaps is reported in section 3.3.1. 

In addition, three fractions of differently defined mixed waste (“Mixed waste, generic”, “Mix of non-

hazardous, non-inert wastes”, “Mix of inert and non-hazardous, non-inert wastes”), as well as one fraction 

of “Others” were merged. This was done as these fractions are not officially defined, nor related to any 

code on the list of waste (LoW). Furthermore, only France reports data for “Mix of non-hazardous, non-

inert wastes” and for “Mix of inert and non-hazardous, non-inert wastes”, and only three countries have 

data under “Others” (Denmark, Poland and Norway).  

This led to the 17 relevant material fractions shown in the second column of Table 5. All subsequent data 

processing and analysis were then carried out based on this narrower selection of relevant material 

fractions.  

Table 5 – Initial list of 31 material fractions obtained by merging the selected CDW composition datasets for each 

analysed country, as well as final selection of 17 relevant material fractions and corresponding LoW codes from the 

European Waste Catalogue (EWC, Commission Decision 2014/955/EC). 

Initial CDW fractions 
Final selection of relevant CDW 

fractions 
LoW code 

Mineral waste Mineral waste 17 01 

Concrete Concrete 17 01 01  

Bricks Bricks 17 01 02  

Tiles and ceramic  Tiles and ceramic 17 01 03 

Other materials from road demolition EXCLUDED  
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Mixed/other mineral/inert waste Mixed/other mineral/inert waste 17 01 07 

Asphalt waste EXCLUDED  

Plastic Plastic 17 02 03 

Metal Metal 17 04 

Mixed metals, incl. cables Mixed metals 17 04 07, 17 04 11 

Ferrous Ferrous 17 04 05 

Non-ferrous Non-ferrous 
17 04 01, 17 04 02, 17 04 03, 17 

04 04, 17 04 06 

Glass Glass 17 02 02 

Wood Wood 17 02 01 

Gypsum Gypsum 17 08 02 

Insulation Insulation 17 06 04 

Paper and cardboard Paper and cardboard 9 

Mixed waste, generic 

Mixed waste, generic 17 09 04 

Mix of non-hazardous, non-inert wastes 

Mix of inert and non-hazardous, non-

inert wastes 

Others 

Soil EXCLUDED   

Unpolluted EXCLUDED  

Polluted EXCLUDED  

Dredging spoil EXCLUDED   

Unpolluted EXCLUDED  

Polluted EXCLUDED  

Track ballast EXCLUDED   

                                                        

 

9 There is no LoW code for Paper and Cardboard within the Construction and demolition waste category (Chapter 17) of the European 
Waste Catalogue (EWC, Commission Decision 2014/955/EC). 
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Unpolluted EXCLUDED  

Polluted EXCLUDED  

Hazardous waste (excl. hazardous 

soil, dredging spoil, track ballast) 

Hazardous waste (excluding 

hazardous soil and dredging 

spoil) 

17 01 06*, 17 02 04*, 17 03 01*, 17 

03 03*, 17 04 09*, 17 04 10*, 17 06 

01*, 17 06 03*, 17 06 05*, 17 08 

01*, 17 09 01*, 17 09 02*, 17 09 

03* 

 

3.2. Methodology for assessment of CDW management 

For the analysis of current CDW management in the investigated European countries, the latest Eurostat 

data, referring to year 2018 (European Commission, 2021c) were used for waste category W121 (Mineral 

waste from construction and demolition) according to the European Waste Classification for Statistics 

(EWC-Stat), as done in (Deloitte, 2017).  

Data for waste category W121 only include the mineral fraction of CDW, and is thus only an 

approximation of the total amount of CDW. As described in section 3.1.1, the total amount of CDW would 

be better described by the following waste categories: W061, W062, W063, W071, W074, W075, W077 

and W12B from NACE F, in addition to W121 across all NACE activities. However, this level of detail is not 

available in Eurostat in combination with information for treatment of CDW (i.e. under “Treatment of 

waste by waste category, hazardousness and waste management operations”). Thus, only the mineral 

CDW fraction (W121) is included in the current analysis.  

3.3. Results regarding CDW generation and composition  

Data for CDW generation and composition for each analysed country are summarised in Table 6 and Table 

7, respectively. In Table 9 and Table A-3 the averages and relative standard deviations (RSD) for EU27 as 

well as EU27 including Norway are shown, providing a synthetic overview of the findings observed for the 

country-specific CDW data. 

Table 6 – Current CDW generation in 29 European countries, as well as total CDW generation for all 27 Member States 

(EU27) and for EU27 + Norway. Data are presented as both incl. and excl. soil, track ballast, dredging spoils and 

asphalt.  

 

Total CDW 

generation incl. 

soil, track ballast, 

dredging spoils 

and asphalt 

[tonne] 

Total CDW 

generation excl. 

soil, track ballast, 

dredging spoils 

and asphalt 

[tonne] 

Per capita CDW 

generation excl. 

soil, track ballast, 

dredging spoils 

and asphalt 

[tonne/capita] 

Per capita CDW 

generation excl. 

asphalt, incl. soil 

[tonne/capita] 

Austria 48,961,689 11,521,240 1.29 5.50 

Belgium 26,791,280 22,960,461 1.99 2.25 

Bulgaria 384,408 161,090 0.02 0.03 
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Croatia 1,239,094 646,163 0.16 0.30 

Cyprus 1,048,713 333,468 0.38 1.18 

Czech Republic 14,422,791 4,262,791 0.40 1.28 

Denmark 14,162,000 3,818,000 0.66 2.23 

Estonia 2,917,272 1,260,097 0.95 2.15 

Finland 23,676,196 1,871,918 0.34 4.28 

France 252,951,500 53,151,500 0.79 3.39 

Germany 201,345,300 72,215,800 0.87 2.17 

Greece 3,244,848 1,440,182 0.13 0.30 

Hungary 7,399,179 3,520,557 0.36 0.75 

Ireland 2,857,434 733,745 0.15 0.58 

Italy 56,681,821 43,045,079 0.72 0.95 

Latvia 390,530 385,959 0.20 0.20 

Lithuania 934,554 890,240 0.32 0.33 

Luxembourg 5,121,118 432,067 0.69 7.85 

Malta 1,975,105 1,915,040 3.72 3.72 

Netherlands 101,562,751 24,317,000 1.40 1.84 

Poland 15,322,360 4,523,831 0.12 0.38 

Portugal 2,035,326 1,696,938 0.16 0.20 

Romania 1,584,229 965,633 0.05 0.08 

Slovakia 3,322,470 859,643 0.16 0.44 

Slovenia 4,934,998 1,085,440 0.52 1.96 

Spain 39,539,766 14,807,048 0.31 0.84 

Sweden 12,959,008 3,627,928 0.35 1.21 

Norway 4,650,868 1,750,394 0.33 0.83 

UK 145,116,633 71,788,216 1.07 2.00 
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Total EU27 847,765,740 276,448,858 0.78 1.86 

Total EU27 + Norway 852,416,608 278,199,252 0.76 1.82 

 

Data in Table 6 show a relatively large variation in the per capita CDW generation excluding soil across the 

29 analysed European countries: data span widely from 0.02 tonne/capita in Bulgaria to 3.72 tonne/capita 

in Malta, with a factor 160 difference between the two ends of the interval. While large and 

comprehensive demolition projects, as well as periods of economic crisis, could affect the CDW amounts 

for the specific year the data refer to, a fraction of the large observed difference can also be explained by 

data quality and availability: low per capita CDW generation rates might be due to some level of 

underestimation. Data including soil also show significant variability among member states: excluding 

Malta and Latvia, where data for soils are likely to be underestimated (126 g/capita and 2.4 kg/capita 

respectively), some countries (e.g. Lithuania) present data including soil only around 5% higher than data 

excluding soil, while other countries (e.g. Finland and Luxemburg) show data including soil 10 to 12 times 

higher than data excluding soil. 

This difference can be explained by several factors: soil may in different member states be classified as 

by-product rather than waste (Oberender et al., 2021), e.g. in Italy, where there is a by-product regulation 

on excavated materials. As pointed out extensively by (Oberender et al., 2021), however only for the 

Nordic countries, different interpretations of Article 2(1)I of the Waste Framework Directive (WFD, 

2008/98/EC), where exclusion for certain materials is defined, may lead to different classification of soil 

as waste rather than non-waste material. Moreover, large and comprehensive projects (e.g. infrastructure), 

involving significant amounts of excavated soil, might distort the picture for the specific period of time 

(Deloitte, 2017). These aspects will be examined in more detail in section 3.3.2. 
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Table 7 - Current CDW material fraction composition in 29 European countries. Data are expressed as % of the total CDW generation for the relevant reference year, excl. soil, track 

ballast, dredging spoils, asphalt and other materials from road demolition.  

 Austria Belgium Bulgaria Croatia Cyprus Czech Republic Denmark Estonia Finland France10 

Reference year for data 2018 2018 2018 2018 2018 2013 2019 2018 2018 2008 

Mineral waste 96.9% 93.0% 93.9% 75.3% 97.8% 75.8% 57.2% 97.6% 61.4% 73.3% 

Concrete           30.3% 34.5%     33.6% 

Bricks           17.8% 5.6%     2.7% 

Tiles and ceramic           0.3% 2.3%     2.7% 

Mixed/other mineral/inert waste           27.5% 14.9%     34.4% 

Plastic 0.1% 0.112% 0.0% 0.1% 0.1%   0.2% 0.0% 0.0% 0.8% 

Metal 1.0% 1.5% 5.6% 22.6% 1.2%   11.4% 0.9% 9.1% 2.3% 

Mixed metals   0.3% 0.2% 0.5% 0.2%   1.8% 0.0% 6.2%   

Ferrous 0.9% 1.1% 5.3% 20.8% 0.9%   9.1% 0.9% 2.5%   

Non-ferrous 0.1% 0.1% 0.0% 1.2% 0.1%   0.6% 0.0% 0.4%   

Glass 0.03% 0.2% 0.1% 0.6% 0.0%   0.8% 0.0% 0.0% 0.2% 

Wood 1.4% 2.5% 0.4% 0.4% 0.7%   4.0% 0.5% 21.4% 3.5% 

                                                        

 

10 In the French CDW composition, data for bricks, tiles and ceramic were available in combined form. Thus a 50% distribution between the “Bricks” and “Tiles and ceramic” fractions was assumed. 



 

27 

 

Gypsum           0.2% 1.9%     3.5% 

Insulation           1.4% 0.6%     0.2% 

Paper and cardboard                     

Mixed waste, generic           13.8% 21.1%     13.3% 

Hazardous waste (total, 

excluding hazardous soil and 

dredging spoil) 

0.5% 2.7% 0.0% 1.1% 0.2% 8.7% 2.7% 0.9% 8.1% 2.9% 

TOTAL 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
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Table 7 - continued - Current CDW material fraction composition in 29 European countries. Data are expressed as % of the total CDW generation for the relevant reference year, excl. 

soil, track ballast, dredging spoils, asphalt and other materials from road demolition.  

 

Germany Greece Hungary Ireland Italy Latvia Lithuania Luxembourg Malta Netherlands 

Reference year for data 2012 2018 2018 2018 2017 2018 2018 2012 2018 2013 

Mineral waste 71.3% 79.5% 98.5% 95.7%   99.8% 96.3% 67.7% 98.0% 63.7% 

Concrete 31.4%             16.6%   6.7% 

Bricks 7.8%             1.5%   1.4% 

Tiles and ceramic 1.7%             0.002%   0.033% 

Mixed/other mineral/inert waste 30.5%             49.6%   55.6% 

Plastic 0.2% 0.0% 0.0% 0.1% 0.1% 0.006% 0.1% 0.2% 0.0% 0.8% 

Metal 11.0% 20.2% 1.0% 0.7% 11.3% 0.1% 2.6% 11.0% 1.9% 12.9% 

Mixed metals 0.5% 6.7% 0.0% 0.6% 0.3% 0.1% 0.1% 0.8% 0.0% 0.5% 

Ferrous 9.9% 9.7% 0.9% 0.1% 9.9% 0.1% 2.5% 9.7% 1.7% 10.2% 

Non-ferrous 0.6% 3.8% 0.1% 0.0% 1.1% 0.0% 0.0% 0.5% 0.2% 2.1% 

Glass 0.5% 0.0% 0.0% 0.1% 0.2% 0.02% 0.0% 1.4% 0.0% 0.3% 

Wood 4.1% 0.1% 0.1% 2.5% 0.4% 0.0% 0.4% 4.3% 0.0% 5.1% 

Gypsum 0.8%             1.3%   0.3% 

Insulation 0.1%             0.2%   0.1% 
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Paper and cardboard                   0.2% 

Mixed waste, generic 5.1%       86.3%     9.5%   14.2% 

Hazardous waste (total, 

excluding hazardous soil and 

dredging spoil) 

6.8% 0.1% 0.4% 1.0% 1.8% 0.0% 0.6% 4.4% 0.0% 2.4% 

TOTAL 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
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Table 7-continued - Current CDW material fraction composition in 29 European countries. Data are expressed as % of the total CDW generation for the relevant reference year, excl. 

soil, track ballast, dredging spoils, asphalt and other materials from road demolition.  

 Poland Portugal Romania Slovakia Slovenia Spain Sweden Norway UK 

Reference year for data 2012 2018 2018 2018 2018 2018 2018 2019 2018 

Mineral waste 74.8% 91.7% 98.4% 95.9% 98.1% 97.8% 73.9% 42.8% 95.1% 

Concrete                   

Bricks                   

Tiles and ceramic                   

Mixed/other mineral/inert waste 

 

                

Plastic 3.9% 0.3% 0.0% 0.1% 0.1% 0.2% 0.0% 0.6% 0.1% 

Metal 12.9% 4.3% 0.7% 0.4% 1.3% 0.5% 2.2% 6.0% 3.0% 

Mixed metals 12.6% 1.0% 0.0% 0.0% 0.0% 0.1% 1.6%   0.8% 

Ferrous 0.1% 3.1% 0.6% 0.4% 1.2% 0.3% 0.5%   1.6% 

Non-ferrous 0.1% 0.2% 0.0% 0.0% 0.1% 0.1% 0.2%   0.6% 

Glass 0.02% 0.2% 0.0% 0.0% 0.3% 0.1% 0.2% 0.6% 0.1% 

Wood 0.6% 2.3% 0.5% 0.2% 0.1% 1.0% 17.5% 14.5% 0.9% 

Gypsum               4.4%   

Insulation                   
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Paper and cardboard 0.1%             1.3%   

Mixed waste, generic 5.2%             17.5%   

Hazardous waste (total, 

excluding hazardous soil and 

dredging spoil) 

2.6% 1.3% 0.4% 3.5% 0.1% 0.5% 6.2% 12.3% 0.7% 

TOTAL 100% 100% 100% 100% 100% 100% 100% 100% 100% 
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Data in Table 7 show a significant variation in the level of detail for CDW composition data across the 

different analysed countries: for some countries (e.g. Denmark, Germany, Luxembourg, Netherlands) data 

are available for almost all material fractions, including a breakdown into the different components of the 

mineral fraction (concrete, bricks, tiles and ceramic), which might indicate a good level of source 

separation. Other countries, e.g. Belgium, Bulgaria, Cyprus and Finland only report mineral waste data in 

aggregated form, without any further breakdown, possibly reflecting poor practices within source 

segregation and selective demolition; in addition, these countries also report data for plastic, metal 

(normally broken down into ferrous, non-ferrous and mixed), glass, wood and hazardous waste. This 

reveals that the available CDW data do not necessarily represent the actual material composition, but 

rather reflect CDW management practices.  

Data for Italy were analysed in closer detail, due to conflicting information from different sources. While 

data from (ISPRA, 2019) classify the main fraction of CDW (amounting to 37,128,551 tonne in 2017, cf. 

Appendix A Table A-1) as “mineral waste from construction and demolition”, without indicating any LoW 

code from the EWC (Commission Decision 2014/955/EC), data from (Blengini and Garbarino, 2010; Borghi 

et al., 2018; Pantini and Rigamonti, 2020, 2019) all agree in reporting category EWC 17 09 04 as the main 

fraction of Italian CDW (between appr. 50% and 94% depending on the source). At the same time (Borghi 

et al., 2018; Pantini and Rigamonti, 2020) report that waste fraction EWC 17 09 04 is typically used to 

produce recycled aggregates to be used in road construction, indicating that this fraction might primarily 

consist of mineral waste (as also reported by (ISPRA, 2019)) rather than being an actual generic mix of all 

CDW (thus potentially including foreign materials like plastic and wood, that would compromise its use as 

recycled aggregates). This suggests that the categorisation of the main Italian CDW fraction as EWC 17 09 

04 might be the result of a misclassification, and a more accurate classification, that better reflects the 

actual material composition of Italian CDW, could be EWC 17 01 07, as reported in Table 8. The revised 

CDW composition for Italy is used in the following data elaboration, including Table 9 and Table 13.  
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Table 8 - Current CDW material fraction composition in Italy, according to the original classification and the revision 

carried out by the consortium. Data are expressed as % of the total CDW generation for the relevant reference year, 

excl. soil, track ballast, dredging spoils, asphalt and other materials from road demolition as well as greens and used 

tyres. 

CDW CDW Data for Italy 

 

Original Revised 

Mineral waste   86.26% 

Concrete     

Bricks     

Tiles and ceramic     

Mixed/other mineral/inert waste   86.26% 

Plastic 0.10% 0.10% 

Metal 11.28% 11.28% 

Mixed metals 0.28% 0.28% 

Ferrous 9.86% 9.86% 

Non-ferrous 1.14% 1.14% 

Glass 0.19% 0.19% 

Wood 0.41% 0.41% 

Gypsum     

Insulation     

Paper and cardboard     

Mixed waste, generic 86.26% 0.00% 

Hazardous waste (total, excluding 

hazardous soil and dredging spoil) 
1.77% 1.77% 

TOTAL 100% 100% 
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Table 9 - Average CDW composition (expressed as % of the total per capita CDW amounts) for EU27 and EU27 + 

Norway. Values are based on the revised CDW composition for Italy (cf. Table 7).  

CDW  EU27 EU27 + Norway 

Mineral waste 77.0% 76.6% 

Concrete 24.0% 23.9% 

Bricks 5.0% 4.9% 

Tiles and ceramics 1.2% 1.2% 

Mixed/other mineral/inert waste 46.9% 46.6% 

Plastic 0.2% 0.2% 

Metal 4.3% 4.3% 

Mixed metals 0.5% 0.5% 

Ferrous 3.4% 3.4% 

Non-ferrous 0.4% 0.4% 

Glass 0.2% 0.2% 

Wood 2.3% 2.5% 

Gypsum 1.4% 1.5% 

Insulation 0.3% 0.3% 

Paper and cardboard 0.2% 0.3% 

Mixed waste, generic 12.3% 12.0% 

Hazardous waste (total, excluding haz. soil and dredging spoil) 1.8% 2.0% 

TOTAL 100% 100% 

Despite the influence of data quality, some general trends can be observed from the data in Table 7 and   
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Table 9. The following analysis refers to data for all 29 studied countries (EU27+2).  

Mineral fraction 

The mineral fraction appears to be the dominant fraction in most cases (around 77% in average). 

However, this fraction spans widely from 42.8% of the total CDW amounts in Norway to 99.8% in Latvia. 

The broad interval might be a consequence of poor data quality in some countries, with poor source 

segregation and large amounts of mixed waste possibly misreported as mineral fractions. In other cases, 

low relative amounts of mineral waste might be due to a larger prevalence of other materials, e.g. metal 

(in Croatia, Finland, Germany, Greece, Italy, Luxembourg, Netherlands, Poland) or wood (in Finland, Norway, 

Sweden), contributing to a low share of mineral fraction. When looking at the detailed breakdown of 

individual mineral fractions (e.g. concrete, bricks, etc.), data quality again plays a role, due to the presence 

of a “mixed/other mineral/inert waste” fraction, which can weigh up to 56% of the total CDW amounts (e.g. 

in the Netherlands), with an average value of 46.9%. For the countries where a breakdown of the mineral 

fraction is reported (only six out of 29 analysed), concrete represents between 6.7% and 34.5% 

(Netherlands and Denmark respectively), bricks between 1.4% and 18% (Netherlands and Czech Republic 

respectively), and “Tiles and ceramic” constitute between 0.002% and 2.7% (Luxembourg and France 

respectively).  

Plastic 

In average, the plastic content of CDW is 0.2%. Values are typically distributed between 0.01% and 0.8%, 

with a few exceptions: 0.00005% in Malta and 3.9% in Poland. These seemingly extreme values might be 

considered as the effect of mis-sorting and/or misreporting, rather than indicating an actual 74,000-fold 

difference in plastic amounts in CDW. Plastic is an especially interesting fraction, as it is composed of 

several individual plastic types, with potentially very different properties and end-of-life management 

options. However, the data collected for individual countries (and shown in e.g. Table 7 and Table A-3 ) 

only provide the aggregated amounts of CDW plastic. More detailed data of the CDW plastic breakdown 

could be found in (Plastics Europe, 2018) for EU28+2 (i.e. EU27, Norway, Switzerland and UK), and are 

shown in Table 10. 

Table 10 - Building & construction post-consumer plastic waste generation in EU28+2 in 2018. 

Plastic polymer 

Total waste 

generation  

[kt] [%] 

LDPE Low-density polyethylene 90 5.1 

HDPE High-density polyethylene 225 12.8 

PP Polypropylene 130 7.4 

PS Polystyrene 30 1.7 

EPS Expanded Polystyrene 140 8 

PVC Polyvinylchloride 910 51.7 

Other  235 13.4 
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Total  1,760 100 

Data for total amount of CDW plastic in Table 10 (1.76 Mt) lie within the same order of magnitude as 

total amounts of plastic in CDW shown in Table A-3 (1.13 Mt). However, it should be noted that the two 

values are not fully comparable, as they stem from different reference years and cover a different set and 

number of countries.  

The most widespread polymer within CDW plastic is PVC (used e.g. in pipes, tubes, window profiles and 

vinyl floors), which constitute more than 50% of the total CDW plastic amounts. HDPE (used e.g. in pipes) 

represents close to 13%, while EPS and PP (used respectively in e.g. insulation blocks and electrical 

sockets) constitute around 7- 8%. LDPE (e.g. packaging) makes up around 5% while PS (e.g. foams and 

insulation) almost 2%. The remaining 13.4% has unspecified composition, and might include other plastic 

types utilised in the building sector such as PUR used in insulation boards, polycarbonates used in 

transparent sheets, polyacrylates used in plexiglass etc.  

Metal 

The average metal content in CDW is around 4.3%. Most available values for metal are between 0.4 and 

11%, however, values for Latvia and Croatia span broadly from 0.1% to 22.6% respectively, with a 185-

fold difference. With a modest data quality for both countries, these seemingly extreme values might 

indicate some level of misreporting or lack of source separation. The breakdown of metals into individual 

metal types indicates a prevalence of ferrous metals (3.4% in average), followed by a mixed metal 

fraction (0.5% in average) and by the non-ferrous fraction (0.5% in average). 

Glass 

Glass is a relatively minor fraction in all countries: values span from below 0.001% in Malta and Greece to 

1.4% in Luxemburg, averaging 0.2%. 

Wood 

Wood has an average content in European CDW of around 2.3%. However, wood can be present in CDW in 

varying amounts, spanning from below 0.01% (Latvia), 3-5% in Denmark, France, Germany and the 

Netherlands, to 14-18% in Norway and Sweden respectively, to more than 21% in Finland.  

Gypsum 

Gypsum content in CDW (only reported for seven out of the 29 analysed countries) is between 0.2% in 

Czech Republic and 4.4% in Norway, averaging 1.4%. 

Insulation materials 

In general, insulation materials can be inorganic (e.g. glass wool or stone wool), organic (e.g. cellulose 

insulation) or polymer based (e.g. PU, EPS, PUR). However, data reported under this category are most 

likely to represent only inorganic insulation materials, such as mineral wool, and possibly cellulose 

insulation materials, as polymer-based insulation would likely be sorted and classified as “plastics”. Only 

six countries have data points for insulation materials. Insulation has an average content in European CDW 

of 0.3%. Country-specific values are distributed between 0.1% and 1.4% of the total CDW amounts. No 

significant difference or trend is observed in the CDW data regarding e.g. an increased use of insulation 

materials in regions with colder climate.  

Paper and cardboard 

Paper and cardboard represent a minor fraction in CDW, in average around 0.2%. However, only three out 

of the 29 analysed countries report values for the paper and cardboard fraction.  

Hazardous waste 
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Hazardous waste constitutes between 0.015% (in Malta) and 12.3% (in Norway) of the total CDW, in 

average around 1.8%. Again, the large spread of these values might be an indication of different practices 

regarding demolition and CDW management (more selective demolition, identification and sorting of 

hazardous materials), rather than of a real 3-orders of magnitude difference in the occurrence of 

hazardous materials in CDW across Europe.  

Mixed fraction 

The mixed CDW fraction represents in average around 12.3% of the total CDW amounts, however with 

values between 5 and 100% (Germany and Poland) and 21% (Denmark). However, data for the mixed 

CDW fraction are only available for eight countries. This is because Eurostat data for CDW (which have 

been used for 20 countries out of 29) do not include a “Mixed CDW” fraction. While a category for mixed 

and undifferentiated materials (W102) could be used in combination with NACE F, this is not 

recommended by (Deloitte, 2017), as it might lead to the inclusion of non-relevant waste streams such as 

from administrative activities within the construction sector. This is a further indication that Eurostat data, 

although seemingly uniform, might not provide a complete and accurate picture of CDW. 

The mixed fraction represents an unknown mix of the previously mentioned material fractions, and is 

therefore a significant unknown variable in the assessment of the real material composition of CDW, and 

thus also in the establishment of potential material-specific recycling targets. However, it is not known 

whether the mixed fraction also represents an equally significant loss in recovery potential at the current 

state, as there might be different practices regarding the sorting of the mixed fraction. While the mixed 

CDW might be disposed of as it is, the possibility exists that it is sorted at a later stage, meaning that 

some of the mixed fraction, potentially even its entire amount, could be recovered. 

3.3.1. Main findings regarding infrastructure waste 

Data for infrastructure waste are only available in the CDW data for 6 of the 29 analysed countries 

(reported in the first column of  

Table 11): Czech Republic, Denmark, France, Germany, Luxemburg, Norway. For all these countries, data 

were reported as “Asphalt waste”, while only for France, the additional category “Other materials from 

roadway demolition” was reported. For all the countries where Eurostat data have been used, it has not 

been possible to determine the amounts of infrastructure waste, as this is not reported as an individual 

category, but is likely reported as part of the mineral waste fraction. To obtain a more complete and 

coherent picture regarding infrastructure waste, a targeted literature review was carried out. Specific data 

for reclaimed asphalt from the European Asphalt Pavement Association (EAPA) were found (EAPA, 2020), 

covering 16 of the 29 countries analysed in the current study (Austria, Belgium, Croatia, Czech Republic, 

Denmark, Finland, France, Germany, Hungary, Italy, Romania, Slovakia, Slovenia, Spain, Norway, UK). These 

data are reported in the second column of Table 11. Reclaimed asphalt is defined as asphalt paving 

material, which is milled or scraped off an existing bituminous pavement due to maintenance, 

reconstruction, resurfacing, or to obtain access to buried utilities. It should be noted that such materials 

might not necessarily be defined and classified as waste, as specified in the following. 

For Denmark, France and Germany, EAPA data were found to be consistent with data for asphalt in CDW 

data (based on the “Selected data source” of Table 4), with differences (shown in the third column of Table 

11) below 13%. This was, however, not the case for Czech Republic and Norway, where EAPA data were 

found to be more than 5 time larger than data for asphalt in CDW data. Such large differences might be 

related to the fact that reclaimed asphalt is often not reported as waste, especially if prepared for 

reused/recycled on-site, as also highlighted in (Arm et al., 2017). However, the lack of data does not make 

it possible to perform a systematic comparison and thereby draw any overall conclusion.  

The total amounts of reclaimed asphalt generated in Europe are estimated by several sources as 

approximately 40-45 Mt/y (EAPA, 2020; Mantalovas and Di Mino, 2019; Monier et al., 2011b). Significantly 
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larger amounts are however estimated by (Wiedenhofer et al., 2015), amounting to approximately 330 

Mt/y.  

Based on the available information, it can be concluded that data for infrastructure waste are poorly 

described by CDW statistics, as they are rarely individually reported as either asphalt or concrete fraction 

from the infrastructure sector. This is even more evident for Eurostat data, where data are not collected 

with a suitable level of detail. Whenever data for infrastructure waste are available, they are often 

characterised by some level of uncertainty, primarily due to differences in the way materials from 

infrastructure- and roadworks are classified (waste or non-waste material), making data not comparable 

across countries. 

 

Table 11 – Amounts of asphalt waste in the European countries for which data were available from either national 

CDW data (column ‘selected data source” in Table 4) or from (EAPA, 2020), and comparison between the available 

data expressed as relative difference between second and third column. In grey, the countries for which a comparison 

was not possible due to lack of a second data source. 

Country 

Asphalt fraction (Data based on 

“Selected data source” of Table 

4) [Tonne/year] 

Reclaimed asphalt 

(Source: EAPA, 2020) 

[Tonne/year] 

 % 

Austria 0 1,800,000 

 

Belgium 0 1,637,000 

 

Croatia 0 210,000 

 

Czech Republic 508,000 2,800,000 -451% 

Denmark 1,169,000 1,255,000 -7% 

Finland 0 1,500,000 

 

France 9,300,000 8,074,000 13% 

Germany 15,416,500 13,400,000 13% 

Hungary 0 105,000 

 

Italy 0 9,500,000 

 

Luxembourg 203,599 - 

 

Romania 0 612,500 

 

Slovakia 0 165,600 

 

Slovenia 0 150,000 

 

Spain 0 1,486,000 
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Norway 198,247 1,173,000 -492% 

UK 0 6,050,000 

 

 

3.3.2. Main findings regarding excavated soil 

Data for soil were found for all analysed countries: absolute data are reported in Table A-3 , while per 

capita soil waste generation data are presented in Table 12.  

 

Table 12 - Current per capita soil generation in 29 European countries, based on Eurostat 2018 data (category W126 

across all NACE activities plus household under “Generation of waste by waste category, hazardousness and NACE Rev. 

2 activity”) (European Commission, 2021a).  

Soil generation [tonne/capita] 

Austria 4.21 

Belgium 0.26 

Bulgaria 0.011 

Croatia 0.14 

Cyprus 0.81 

Czech Republic 0.88 

Denmark 1.57 

Estonia 1.20 

Finland 3.94 

France 2.60 

Germany 1.31 

Greece 0.16 

Hungary 0.39 

Ireland 0.43 

Italy 0.23 

Latvia 0.002 

Lithuania 0.02 
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Luxembourg 7.16 

Malta 0.0001 

Netherlands 0.45 

Poland 0.27 

Portugal 0.03 

Romania 0.03 

Slovakia 0.28 

Slovenia 1.44 

Spain 0.52 

Sweden 0.86 

Norway 0.50 

UK 0.93 

Total EU27 1.08 

Total EU27 + Norway 1.06 

 

Per capita soil generation in Europe is close to 1.1 tonne/capita, corresponding to appr. 140% of the total 

CDW generation excl. soil, dredging spoils, track ballast and asphalt fractions (cf. Table 6). This makes 

excavated soils the largest waste stream in Europe. However, per capita soil generation data show 

extremely large differences across European countries. While most values are distributed between 0.4 and 

1.6 tonne/capita, values for Malta and Latvia stretch as low as 0.0001 and 0.002 tonne/capita, while data 

for six additional countries also lie below 0.2 tonne/capita. On the other hand, Finland, Austria and 

Luxemburg generate respectively 3.9, 4.2 and 7.2 tonne/capita. While large projects might affect the soil 

waste generation for a specific time period to some extent (Deloitte, 2017), a more complex discussion is 

needed to explain differences of over four-orders of magnitude such as the one observed between Malta 

and Luxembourg. This is briefly discussed in the following. 

For all countries, soil data originate from the same source, i.e. Eurostat data for 2018 (European 

Commission, 2021a), cf. Table 4. Despite the seemingly uniform data quality, Eurostat soil data are based 

on national waste statistics, which in turn are compiled based on different methodologies and approaches. 

A recent report published by the Nordic Working Group for Circular Economy (Oberender et al., 2021), 

attempts to shed light on naturally occurring materials11 in four Scandinavian countries, namely Denmark, 

                                                        

 

11 Naturally occurring materials are defined as natural mineral masses consisting of decomposed bedrock and crushed rock, such as 
clay, silt, sand, gravel, crushed stone and other stone. In addition, mineral masses containing converted organic material, such 
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Sweden, Norway and Finland, and on the challenges related to their statistics. The report offers a glimpse 

of the complexity related to data quality for soils and other naturally occurring materials, and the level of 

variability that the assumptions, regulations, practices and requirements that lie behind the statistics can 

reach in only four countries. The report concludes that national waste statistics are a poor tool to provide a 

detailed overview of amounts of naturally occurring materials, their composition and their management. 

More precisely, the following aspects are critical: 

- Background for statistics: Typically, national statistics are compiled in order to fulfil requirements in the 

waste legislation. Thus, they tend to include materials that are classified as waste, while they do not 

contain information on materials that are not regarded as waste streams, e.g. because they are utilised 

on-site. Moreover, there may be differences in the scope of the statistics: for example, Danish statistics 

include all waste amounts, while in Norway only polluted materials are to be registered; as a third 

example, in Sweden, only the waste received at specific waste management facilities (those required to 

send in an environmental report, and thus over a certain size) is included in waste statistics for naturally 

occurring materials, whereas waste received at other waste management facilities is not part of the 

statistics.  

- Level of detail: Waste statistics are typically based on pre-defined waste categories, which do not reflect 

the actual materials and their properties. Natural occurring materials are only partly covered by the “soil 

and stones” category (17 05 04) of the European list of waste (2014/955/EC), while other types of 

materials, such as rock masses from drilling, blasting and tunnelling activities, may not be necessarily 

covered.   

- Management: When it comes to management data, national statistics again fail to provide the necessary 

level of detail to determine what specific types of materials are utilised on-site, off-site, in landscaping 

projects, infrastructure projects, agricultural purposes, as data collection is again based on predefined 

categories of either “recovery” or “disposal”. This means the complexity of any more detailed/nuanced 

definition of application/management operations is lost, as all need to be classified as either “recovery” or 

“disposal”. 

Given the complexity of the topic in just the four Nordic countries, and given the relevance of this waste 

fraction in terms of estimated overall amounts, it is recommended that aspects related to excavated soils 

and other naturally occurring materials at European level are further analysed and dealt with 

independently and with an appropriate level of detail in a separate study.  

                                                                                                                                                                        

 

as topsoil, bog soil and the like are included, as well as natural mineral masses that are excavated during building and 
construction projects and remediation in construction. 
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3.3.3. Region clustering and selection of four representative countries 

 
Figure 6 – The analysed European countries have been grouped into four regions (Northern, Southern, Central-Eastern 

and Western Europe) to represent homogeneous areas with similar climatic conditions. The reference country or 

countries for each region is indicated by white diagonal lines. 

By elaborating CDW composition data (summarised in Table 7) it was possible to cluster the different 

countries into four groups. The four regions are selected to represent as homogeneous conditions 

(including similar climate) and building practices as possible, resulting in comparable CDW composition 

within each region. The four regions, as well as the four reference countries within each region, are the 

basis for the subsequent building stock modelling (section 4). The definition of the four regions was 

originally inspired by EuroVoc, however, some changes were applied to this grouping, in order to better 

reflect building traditions and waste similarity:  

 Northern Europe: Norway, Sweden, Finland. Norway is included even though outside of EU27, as it 

is the only Nordic country with good data quality, showing at the same time a relatively high 

share of wood in the CDW. Denmark, Estonia, Latvia and Lithuania were at the same time 

excluded from this region, as neither Danish nor Baltic CDW composition include a large 

prevalence of wood, as observed in the other Nordic countries. 

 Southern Europe: Cyprus, Greece, Italy, Malta, Portugal, Spain (same as EuroVoc). 

 Central and Eastern Europe: Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, 

Poland, Romania, Slovakia, Slovenia. Estonia, Latvia and Lithuania are added to this group as 

Baltic building practice is considered similar to that of other central/eastern European countries, 

rather than to that of Nordic countries, based on the observed share of wood waste in the CDW 

data. 

 Western Europe: Austria, Belgium, Denmark, France, Germany, Ireland, Luxembourg, Netherlands. 

Denmark is added to this group as Danish building practice is considered similar to that of other 



 

43 

 

western European countries, rather than to that of Nordic countries, based on the observed share 

of wood waste in the CDW data. 

Then, based on data quality and availability, the reference waste composition for each of the four regions 

was selected as respectively Norway, Italy, Poland and the Netherlands. The reference waste composition, 

which constitutes the basis for the subsequent building stock model, should be as representative as 

possible for the region it belongs to, and at the same time provide the most complete and accurate data 

basis available. The rationale for the selection of the reference countries is described in the following: 

 Northern Europe: Norway is the country in the region with the best CDW data quality, since data 

for Sweden and Finland are both highly aggregated and highly uncertain (cf. Table 7). Therefore, 

although not part of EU27, Norway was selected as representative country for Northern Europe. 

 Southern Europe: Although most countries in Southern Europe have a similar level of detail for 

CDW data, Italy is the country with the best data quality, and is therefore chosen as the 

representative country for the region.  

 Central and Eastern Europe: Although most countries in Central and Eastern Europe have a similar 

data quality, Poland is selected, since an urban mining model for the country is already available 

(Metabolic, 2021), which can be used as the basis for the subsequent building stock modelling (cf. 

section 4). 

 Western Europe: the Netherlands are one of four countries in the region with satisfactory CDW 

data quality (together with France, Germany and Denmark). However, for the Netherlands an 

urban mining model is already available (Metabolic, 2020a), which can be used as the basis for 

the subsequent building stock modelling (cf. section 4). 

Table 13 summarises the CDW composition for the four selected representative countries. 

Table 13 - CDW composition (conforming to the list of material fractions defined in Table 5, third column) for the four 

selected representative countries. Values are based on the revised CDW composition for Italy (cf. Table 8). Data are 

expressed as % of the total CDW amounts. 

 

Reference countries 

 

Southern 

Europe 

Northern 

Europe 

Central and 

Eastern Europe 

Western 

Europe 

 

Italy Norway Poland Netherlands 

Mineral waste 86.26% 42.80% 74.75% 63.75% 

Concrete       6.66% 

Bricks       1.41% 

Tiles and ceramic       0.03% 

Mixed/other mineral/inert waste 86.26%     55.65% 

Plastic 0.10% 0.63% 3.86% 0.76% 

Metal 11.28% 5.96% 12.86% 12.88% 
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Mixed metals 0.28%   12.62% 0.54% 

Ferrous 9.86%   0.12% 10.23% 

Non-ferrous 1.14%   0.12% 2.11% 

Glass 0.19% 0.61% 0.02% 0.32% 

Wood 0.41% 14.49% 0.62% 5.14% 

Gypsum   4.44%   0.27% 

Insulation       0.07% 

Paper and cardboard   1.25% 0.09% 0.22% 

Mixed waste, generic   17.47% 5.17% 14.22% 

Hazardous waste (total, excluding 

hazardous soil and dredging spoil) 
1.77% 12.34% 2.62% 2.39% 

TOTAL 100% 100% 100% 100% 

 

3.4. Results regarding CDW management across EU countries 

Figure 7 shows the management of the mineral fraction of CDW in the analysed European countries in 

2018. Based on Eurostat data (European Commission, 2021c), the considered management options are 

disposal, incineration with energy recovery12, recycling and backfilling. Disposal is in the following defined 

as landfill, incineration without energy recovery13 and other disposal, where landfill is typically the 

dominant (> 99%) treatment method. In Figure 7, it is possible to notice that recycling is the predominant 

management form in the majority of countries. Exceptions are e.g. Bulgaria, where more than 75% of 

CDW is disposed of; Slovakia, where almost 50% of CDW is disposed of and more than 10% used for 

backfilling purposes; and Norway, where almost 40% of CDW is disposed of and almost 20% used in 

backfilling.  

In addition, backfilling is the predominant management option in a number of countries, e.g. Greece (more 

than 90%), Malta (more than 70%), Denmark (appr. 65%) and Portugal (more than 60%). 

The Nordic countries are the only ones where incineration with energy recovery is practiced to some extent 

(more than 20% in Finland, below 4% in Denmark, Sweden and Norway). 

Figure 8 shows the management of the mineral fraction of CDW in the analysed European countries in 

2016 based on Eurostat data released in 2019 (European Commission, 2021c). Figure 7 and Figure 8 can 

be compared directly as both figures represent data on management of mineral CDW from the same 

source. 

                                                        

 

12 "Incineration with energy recovery” represents waste incineration processes classified as R1 according to directive 2008/98/EC, 
Annex II     

13 “Incineration without energy recovery” represents waste incineration processes classified as D10 according to directive 
2008/98/EC, Annex I      
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Figure 7 – Treatment of the mineral fraction of CDW in the analysed countries in 2018. Data from Eurostat. Disposal is 

defined as landfill, incineration without energy recovery and other disposal. 

   

Figure 8 - Treatment of the mineral fraction of CDW in the analysed countries in 2016. Data from Eurostat. Disposal is 

defined as landfill, incineration without energy recovery and other disposal. 
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0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

M
al

ta
P

o
rt

u
ga

l
Ir

el
an

d
C

ro
at

ia
R

o
m

an
ia

Sl
o

va
ki

a
Sw

ed
en

C
yp

ru
s

N
o

rw
ay

Fr
an

ce
Es

to
n

ia
C

ze
ch

 R
ep

u
b

lic
P

o
la

n
d

Li
th

u
an

ia
Sp

ai
n

Lu
xe

m
b

o
u

rg
G

er
m

an
y

Fi
n

la
n

d
B

el
gi

u
m

La
tv

ia
A

u
st

ri
a

G
re

ec
e

H
u

n
ga

ry
D

en
m

ar
k

B
u

lg
ar

ia
U

n
it

ed
 K

in
gd

o
m

It
al

y
Sl

o
ve

n
ia

N
et

h
er

la
n

d
s

Treatment of mineral waste from construction and 
demolition - 2016

Recycling Backfilling Incineration with energy recovery Disposal



 

46 

 

Similarly to 2018, the predominant management form in 2016 was recycling. Several countries also 

reported backfilling as a management form in 2016, thereby complying with Commission Decision 

2011/753/EU establishing rules and calculation methods for verifying compliance with the WFD target14 

for CDW. The Commission Decision obliged MS to report the amount of CDW used for backfilling 

operations separately from the amount of waste prepared for reuse, recycled or used for other material 

recovery operations.  

The definition of backfilling in Commission Decision 2011/753/EU: “backfilling means a recovery operation 

where suitable waste is used for reclamation purposes in excavated areas or for engineering purposes in 

landscaping and where the waste is a substitute for non-waste materials”. This definition was applied until 

a definition was introduced in the WFD in 2018. Definition (Directive (EU) 2018/851): “backfilling means 

any recovery operation where suitable non-hazardous waste is used for purposes of reclamation in 

excavated areas or for engineering purposes in landscaping. Waste used for backfilling must substitute 

non-waste materials, be suitable for the aforementioned purposes, and be limited to the amount strictly 

necessary to achieve those purposes”. 

With the introduction of the definition of backfilling in the WFD one of the consequences may be that the 

recycling rate will decrease whereas more mineral waste will be reported as being backfilled simply 

because more focus has been put on the distinction between recycling and backfilling. The shift in 

reporting should, however, not interfere with the recovery rate, as backfilling is considered a recovery 

operation if the criteria in the definition is fulfilled.   

Comparing Figure 7 and Figure 8 the largest differences are seen for Greece, Denmark and Sweden. In 

2016, Greece reported 88% as being recycled and 12% as landfilled. In 2018, Greece reported 97% as 

backfilled and 3% as landfilled. In 2016, Denmark reported 89% as recycled, 7% as energy recovered and 

4% as landfilled. In 2018, the mineral waste was reported as 30% being recycled, 66% backfilled, 3% 

used for energy recovery and 1% disposal (landfilling). Data for both countries demonstrate a shift from 

recycling to backfilling. The picture is the opposite for Sweden where the treatment methods in 2016 were 

reported as: recycling 57%, backfilling 3%, energy recovery 15%, incineration 1% and landfilling 24%. In 

2018, the figures were the following: Recycling 69%, backfilling 19%, energy recovery 4% and disposal 

(landfilling) 8%. In Sweden both recycling and backfilling rates increased, whereas disposal decreased.    

In the coming years, similar changes could be expected for other MSs, not due to an actual shift in 

treatment methods, but because of the introduction of the definition of backfilling in the WFD which 

forces MS to thoroughly consider how CDW is treated.   

 

  

                                                        

 

14 The target set in Article 11(2)(b) of Directive 2008/98/EC reads: “by 2020, the preparing for re-use, recycling and other material 
recovery, including backfilling operations using waste to substitute other materials, of non-hazardous construction and 
demolition waste excluding naturally occurring material defined in category 17 05 04 in the list of waste shall be increased to a 
minimum of 70 % by weight.”   
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4. Building stock modelling in 2020 for the four representative countries 

The representative reference countries (Italy, Norway, Poland, Netherlands) described in section 3.3.3 each 

exemplify a region in Europe with relatively similar construction traditions (Southern Europe, Northern 

Europe, Central and Eastern Europe, Western Europe). The modelling described in this section is based on 

the assumption that the buildings in each of the four regions have a similar material composition as a 

result of their akin construction traditions. This effectively means that the model contains four spatial 

variations (related to the regions), nine building archetypes (corresponding to the building types used by 

the European Commission (2020) in the Building Stock Observatory15) and four construction year 

categories (<1945, 1945-1970, 1970-2000, >2000); resulting in a total of 144 distinct building 

composition models, each with their own material intensities. This section describes how these material 

intensities are used to calculate the material stock and flows of residential and non-residential buildings 

for the EU27 in 2020.  

The model uses material intensities to calculate the material stocks and flows, instead of directly using 

the reported CWD composition per country (Table 13). The reason for using material intensities over CDW 

composition is that while the CDW composition provides an overview of the spatial variations of material 

waste fractions between the regions, it does not provide information on the origin of material. Not 

knowing the origin of materials has three main drawbacks. First, the reported CWD includes data on 

infrastructure waste, which complicates the assessment of how much material is originating from 

buildings. Secondly, due to different regulations and data quality on CDW between the member states, it is 

difficult to assess how much of the actual material flows are captured in the CDW reporting. Thirdly, from 

a circular economy perspective, knowing the origins of materials is necessary to assess potential for 

preparation for reuse/recycling and to match material supply and demand. To deal with these complexities 

and fill the data gap regarding the origin of material fractions, bottom-up building stock modelling is used. 

Bottom-up modelling allows us to derive what number of buildings have been demolished or renovated, 

what type of buildings, or what age of buildings they embody. The material flows calculated through 

bottom-up modelling are subsequently compared with the top-down CDW composition data reported 

earlier in this report, which acts as “ground-truth” data, to develop and understand of the potential range 

in material flows.  

This study solely focusses on the material stocks and flows associated with buildings. In consultation with 

the JRC it was decided to leave infrastructure and soil are out of scope for this initial assessment. Further 

research could focus on developing models to predict infrastructure waste to obtain a complete picture of 

all CDW flows in the EU27. 

4.1. Building stock modelling 

The main objective of the building stock modelling is to evaluate the variability in CDW composition 

between Member States, and provide a balanced picture for the situation across the EU. Its main result is 

a "typical" building material intensity for each Member State. Material intensity is a metric of the weight 

(e.g. tonne) of a certain material (e.g., concrete) per unit of size (e.g., m2). In this research, the material 

intensities are differentiated between regions, building types and construction year periods.  

Construction materials are responsible for 40% of the annual global resource flows, and over time billions 

of tons of these materials have accumulated in the built environment. These materials represent 

considerable economic flows, resource extraction and environmental impact (Heeren and Fishman, 2019a). 

Due to demolition and renovation practices, these materials are released from the stock of the built 

environment, and become theoretically available for preparation for reuse and recycling. Therefore, in light 
                                                        

 

15 https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/eu-building-stock-observatory_en 
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of the circular economy, building stock modelling has gained prominence in the scientific field in the last 

couple of years. Augiseau & Barles (2017) did a meta-analysis on thirty-one scientific studies on 

modelling construction materials stocks and flows. The studies they reviewed had distinct goals: 

forecasting and comparing future input and output flows, studying the influence of several socio-economic 

parameters on future flows, estimating the present or future stock as well as its evolution, studying urban 

metabolism and analysing the interaction between flows and stock.  

From these studies Augiseau & Barles (2017) distilled several main methodological approaches. The 

methods they studied are either static or dynamic, bottom-up or top-down, and retrospective or 

prospective. They found that these methodological approaches are often combined to account for 

potential uncertainty. Therefore, this research also uses a combined approach.  

4.1.1. Static versus dynamic modelling 

As Augiseau & Barles (2017) describe, it is possible to conduct a material flow analysis using either a 

static approach or a dynamic approach. In a static approach, usually, a reference period (often a year) is 

used, while a dynamic approach looks at the change in flows over a long period by assuming removal 

from the stock of materials contained in built works which reached the end of their lifetime. In a dynamic 

approach an average lifetime or a mathematical survival function (probability for a built work to be 

demolished after a given number of years) is used. Dynamic analysis can be based on input flows, for 

example by extrapolating their recent yearly demolition average: such models are usually called “flow-

driven” and also “demand-driven modelling” (Augiseau & Barles (2017), p. 158). 

A dynamic approach in material flow analysis demonstrates the relationship between building 

construction, use, and demolition. The dynamic approach can estimate a breakdown of in-use and 

demolished buildings by year of construction. This breakdown is useful for forecasting the generation of 

demolition waste and for evaluating changes of demands and demolition from longer lifetimes produced 

by new technology and/or legislations. To forecast the generation of demolition waste more accurately 

many authors have taken up the use of building archetypes. Wiedenhofer, Steinberger, Eisenmenger, & 

Haas (2015b) for example, used an archetype approach in the EU25 to determine material inventories in 

buildings and the transport network. 

The study of material stock may also be done using two approaches that can be described as top-down or 

bottom-up.  

4.1.2. Top-down modelling 

Top-down modelling uses estimations starting with macroeconomic or statistical data and extrapolating 

trends. Top-down approaches work especially well when CDW flows have been closely monitored within 

the specific geographical area and timeframe in question. In these cases, modelling can rely on actual 

measurements with a limited number of assumptions to fill potential data gaps. In practice, data 

availability and accuracy are typically rather limited, and the outcome may be uncertain. 

Furthermore, the top-down approach examines equities by analysing incoming statistical data and 

imposing a lifetime distribution on the stock’s depreciation. While this technique is reasonably rapid to 

build, it sacrifices information about the stock’s geographic distribution and depends on the quality of the 

lifespan distribution and parameters used (Fishman et al., 2014; Hashimoto et al., 2007; Hatayama et al., 

2010). Top-down approaches are sometimes combined with geographical information systems (GIS). For 

instance, Kleemann, Lederer, Rechberger, & Fellner (2017) uses case studies and GIS to create a geo-

spatial model for determining the material composition of buildings in Vienna, Austria. Similarly, by using 

geo-spatial data derived from historical urban maps (Tanikawa et al., 2015), quantified the evolution of 

material stocks of buildings and infrastructure. Applying geo-spatial data, Mastrucci, Marvuglia, Popovici, 

Leopold, & Benetto (2017) studied demolition waste flows in Luxembourg City. 
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4.1.3. Bottom-up modelling 

Bottom-up modelling is based on inventories of individual items and the material intensities of those 

items (Wiedenhofer et al., 2015). A bottom-up approach is usually based on a division of the stock into 

categories (housing, business premises, etc.), and then by the application of material ratios or intensities 

(for example in tonne/m2).  

Elements in the stock are generally differentiated according to a typology that crosses criteria relating to 

function, form and age: for example, housing units in a building of less than three floors built between 

1945 and 1960. This approach requires a good knowledge of the “inner structure” of the stock, and allows 

both the quantity and the quality of materials to be assessed (Augiseau and Barles, 2017a), p. 158). To 

obtain this type of detailed knowledge on the “inner structure”, often inventories of construction materials 

are done.  

The challenge with a bottom-up approach are the associated inaccuracies due to the scaling of the 

material compositions from inventories. General material compositions cannot be validated easily due to 

high spatial-temporal variations in construction practices.  

Furthermore, new construction projects tend to be documented in more details, while past construction, 

renovation and demolition projects are generally poorly described. Confidence in general estimates tends 

to be weak, so wide ranges may need to be applied to compensate for the low reliability of data.  

An important assumption for bottom-up material flow analysis is that buildings can be divided into groups 

or types which have the same material intensity. Criteria such as construction period, use of a building 

(e.g., residential or non-residential) or location (e.g., country or climate zone (Wiedenhofer et al., 2015)) are 

used to differentiate between building types.  

4.1.4. Methodological approach 

To tackle the methodological challenges described above, this study combines a dynamic top-down with a 

bottom-up approach: 

 A bottom-up approach using a geographically varied set reference buildings is used to develop a 

material composition in order to establish representative estimates of different building types in 

Europe (EU27), including different age categories for these buildings. 

 The top-down approach is applied to validate the bottom-up approach, thereby ensuring that the 

modelling results for the materialisation of building stocks and flows are in line with historical 

data on CDW composition. 

 The approach will be dynamic, using construction, demolition and renovation rates in combination 

with survival functions to estimate the total inflow and outflow of materials from 2020 to 2050 

in the EU27.  

4.2. Urban Mining Model – assessing building stocks and flows 

To achieve the bottom-up modelling, an existing model developed by Metabolic is used. The model was 

developed and published in 2020 together with SGS Search and the Dutch Economic Institute for the Built 

Environment (EIB et al., 2020). The goal of the publication was to conduct a baseline assessment of the 

annual material flows and environmental impacts of the Dutch construction sector and to provide a 

prognosis until 2030. This publication was commissioned by the Dutch Transition Team Circular 

Construction Economy (part of the Ministry of Economic Affairs and Climate), and currently informs policy 

geared towards achieving a more circular sector. The model is developed using reference buildings for 

twelve different building typologies from the Netherlands. These reference buildings are derived by 

building inspections and inventories by SGS Search. The twelve building typologies are further refined into 
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five construction year bins (<1945, >1945 <1970, >1970 < 2000, >2000 < 2014, > 2014) to account for 

historical variability of building methods. The inventories by SGS Search provided insight in the occurrence 

of 150 distinct building products (e.g., number of doors and window frames) as a function of the size, type 

and age of the reference buildings. Based on this data the model was constructed as described by 

Equation 1 and Equation 2. 

Equation 1 - Building product (i), for building (j), equals the multiplication of building size (k) in square meter, with the 

material composition for a specific building type (m), with the material composition of a specific construction year(n). 

Building products are expressed in their functional unit, for instance m3 sand, m2 exterior doors, m2 wooden floors. 

𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠𝑖,𝑗 = 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑠𝑖𝑧𝑒𝑘 ∙ 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑦𝑝𝑒𝑚 ∙ 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑦𝑒𝑎𝑟𝑛  

Equation 2 - The total material fraction equals the sum product of the building product (i), for building (j), multiplied 

with the material fraction (q) for each building product (i). The material fraction is expressed in kg or kg/m2. 

𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = ∑ 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑖,𝑗 ∙ 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑖,𝑞   

Equation 1 and Equation 2 the model provides insights on:  

 building product quantities of 150 unique building products for each of the twelve building 

typologies and five construction year bins. The building products are expressed in different units, 

e.g., pieces, m, m2, m3 

 material composition and mass of 78 unique materials for each of the twelve building typologies 

and five construction year bins 

In this study, the Dutch urban mining model is scaled to the rest of Europe (EU27) using scientific 

literature about material intensities and the CDW compositions shown in Table 13. This scaling process is 

described in the following sections. 

4.3. Methodology to calculate the material stocks and flows for buildings in 

2020 in Europe 

To calculate the material stock and flows in Europe (EU27) in 2020, several input datasets are required. 

First, data on the building stock composition in 2020 in Europe (EU27) is needed. Using the stock 

quantities as a baseline, the flows are subsequently calculated using construction, demolition and 

renovation rates. The rates represent the quantity of buildings constructed, demolished and renovated in 

2020 in Europe (EU27). Finally, the stock and flow quantities are multiplied with the material intensities 

that represent the four regions, building types, and construction year bins.  

4.4. Building stock composition in 2020 

The 2020 building stock composition in Europe (EU27) forms the point of departure for all modelling. To 

align with previous work by the European Commission it was decided to use the European Commission’s 

EU Building Stock Observatory (European Commission, 2020a) as a starting point. This database contains 

detailed information on building stock quantities, building type distributions, and building age distributions. 

However, in most cases the EU Buildings Database only provides information up to 2017. Linear 

regression is used to bridge the data gap from 2017 to 2020. 

4.4.1. Building quantity per building type 

For each Member State, the EU Buildings Database contains data on the quantity of: residential buildings, 

single family dwellings, detached houses, semi-detached houses, multi-family dwellings, non-residential 

buildings, private offices, public offices, wholesale and retail trade buildings, hotels and restaurants, health 

care buildings, and educational buildings.  
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For residential buildings, data on the number of dwellings is available from 2000 to 2017. Linear 

regression using the number of dwellings is used to fill the residential buildings data gap from 2017 to 

2020. Using the distributions between the residential building types: single family dwellings, detached 

houses, semi-detached houses, multi-family dwellings the total quantity is derived for 2020.  

For non-residential buildings, a similar approach as for residential buildings is used. Data on the number of 

non-residential buildings and their distribution in m2 per building type is used to derive the total quantity 

per non-residential building type in 2020. By combining the residential and non-residential data we derive 

the building stock quantity for ten distinct building types for every country in Europe (EU27) for 2020.  

4.4.2. Building size 

The next methodological step is to go from the number of buildings in the stock to the total square meters 

of these buildings.  

For residential buildings the EU Buildings Database (European Commission, 2020a) contains data on the 

"Total floor area of single-family dwellings” and the ”Total floor area of multifamily dwellings". This data is 

linearly extrapolated to 2020 and subsequently used to calculate the average size of single-and 

multifamily dwellings for each Member State.  

For non-residential buildings the EU Buildings Database is supplemented with the EU Building Factsheets 

(European Commission, 2020b). These Factsheets provide data on the distribution of non-residential floor 

area by area of use. Using the total quantity ("Number of non-residential buildings") and size ("Total floor 

area of offices", "Total floor area of wholesale and retail trade", "Total floor area of hotels and 

restaurants", "Total floor area of health care", "Total floor area of educational buildings") of non-residential 

buildings from the EU Buildings Database in combination with the distribution of m2 per non-residential 

building type from the EU Building Factsheets, the total square meter per non-residential building type in 

2020 for each Member State is derived. By merging the number of residential and non-residential 

buildings with the data on size per building type, we derive the total building size in m2 per building type 

per Member State in 2020.  

4.4.3. Building age 

Next, the building sizes are distributed over their respective construction age categories. The EU Buildings 

Database (European Commission, 2020a) and EU Building Factsheets (European Commission, 2020b) 

contain a breakdown of residential and non-residential buildings by construction year.  

For residential buildings the EU Buildings Database and EU Building Factsheets include the following data 

points: “share of dwellings built before 1945”, “share of dwellings built between 1945 and 1969”, “share 

of dwellings built between 1970 and 1979”, “share of dwellings built between 1980 and 1989”, “share of 

dwellings built between 1990 and 1999”, “share of dwellings built between 2000 and 2010”, and “share 

of dwellings built after 2010”. These data points are aggregated to the construction age categories used 

in the urban mining model: <1945, >1945 <1970, >1970 <2000, >2000.  

For non-residential buildings the building stock ages are derived from Schimschar et al. (2011) and 

ENTRANCE (2018). The publication by Schimschar et al. (2011) contains data on eight types of non-

residential buildings for each Eurovoc region with their respective construction age category. However, the 

construction age categories only go up to the year 2000. Therefore, this data is supplemented using 

ENTRANCE (2018), since it contains data on the ratios of the building stock build after 2000.   

Using this data allows us to calculate the size [m2] and quantity [#] of every building type for each 

construction age category in 2020 for every country in Europe (EU27).  
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4.4.4. Results: building stock characteristics of EU27 in 2020 

Figure 4 shows the outcome of the building stock characteristics in the EU27 in 2020, resulting from the 

methodological steps described in sections 4.4.1-4.4.3. The figure shows the number of buildings for every 

region and construction year period. The buildings are divided into the nine distinct building types used by 

the European Commission (2020). A detailed description of the building typologies can be found in the EU 

Building Stock Observatory Documentation16. The figure shows that residential buildings are dominant 

over non-residential buildings. Especially single-family dwellings and semi-detached houses make up most 

of the buildings in Europe. In absolute terms, Western Europe has significantly more buildings compared to 

the other regions, a reflection of their larger population. For every region the total amount of buildings 

built between 1970 and 2000 is higher than any other construction year periods. The periods before 1945, 

and between 1945 and 1970 represent roughly the same number of buildings. For every region the 

number of buildings built after 2000 represents the lowest category. See Supplementary Material - Table 

F4 for the dataset.  

 

Figure 9 – Number of buildings [millions] for each region in Europe (EU27), split between four construction year periods 

and nine building types. See Supplementary Materials - Table F4 for the dataset.   

Figure 10 shows the total number of buildings per country in Europe (EU27) split per building type. 

Germany contains the largest quantity of buildings, followed by France, Italy and Spain respectively. The 

number of buildings is highly correlated with the population of each country. Single-family dwellings and 

multi-family dwellings are responsible for the majority of the buildings in every country. The number of 

                                                        

 

16 https://ec.europa.eu/energy/topics/energy-efficiency/energy-efficient-buildings/eu-bso_en#document 
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residential buildings (84.5%) far outweighs the number of non-residential buildings (14.5%). See 

Supplementary Materials - Table F5 for the dataset. 

 
Figure 10 – Number of buildings [millions] for each country in Europe (EU27), split between the nine building types. See 

Supplementary Materials - Table F5 for the dataset. 

Figure 11 shows the number of buildings per country in Europe (EU27) split per construction age category. 

In most countries, the age category between 1970 and 2000 tends to be the largest. Spain has a 

relatively large share of buildings built recently (>2000).  See Supplementary Materials - Table F6 for the 

dataset. 
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Figure 11 – Number of buildings [millions] for each country in Europe (EU27), split between four construction age 

categories. See Supplementary Materials - Table F6 for the dataset. 

The building stock characteristics shown in Figure 9, Figure 10 and Figure 11 represent the backbone of 

the building stock modelling. These values are directly used to calculate the material stock in 2020, and 

extrapolated to 2050 based on construction, demolition and renovation rates.  

4.4.5.  Construction, Demolition, Renovation Rates and Probabilities 

Using the building stock characteristics (described in section 4.4) as a basis, the construction, demolition 

and renovation rates determine the spatio-temporal "release" and/or “addition” of materials from/to the 

building stock. 

The construction and demolition rates are expressed as a relative value compared to the building stock. 

The rates represent either the number of buildings or square meters of buildings that are removed from 

the stock or added to the stock. For instance, the demolition rate for residential buildings in Central and 

Eastern Europe is 0.014 in 2020. This represents a 1.4% decrease from the stock. So, if the overall stock 

would be 1000 buildings, 14 would be removed as a result of demolition in 2020. The challenge is that 

construction and demolition rates are generally known on the level of percentage of residential/non-

residential buildings constructed or demolished (as compared to the total stock in a given year). However, 

rates are rarely known per building type or year of construction in the case of demolition. To assess these 

rates, statistical modelling using probability distributions is applied.  

The construction and demolition rates for 2020 are derived from the EU Building Database (European 

Commission, 2020a) and (Sandberg et al., 2016). For renovation the same database is used in 

combination with Sandberg et al. (2016), Esser, Dunne, Meeusen, Quaschning, & Denis (2019) and 
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Schimschar et al. (2011). Table 14 and Table 15 provide a summary of the construction, demolition, and 

renovation rates for Europe in 2020. For renovation rates, the same applies as for the construction and 

demolition rates. To exemplify: the non-residential energy related renovation in Central and Eastern 

Europe in 2020 is 0.0278. This means that 2.78% of the non-residential building stock in Central and 

Eastern Europe has energy related renovation in.  

Table 14 – Overview of construction and demolition rates for Europe (EU27) in 2020. The rates shown below represent 

the average rates per Region and Building Category. In the model these rates are further split into individual countries 

and the distinct building types.  

Region Building Category Construction Rates Demolition Rates 

Central and Eastern Europe 

Non-residential 0.061 0.014 

Residential 0.023 0.011 

Northern Europe 

Non-residential 0.047 0.015 

Residential 0.022 0.012 

Southern Europe 

Non-residential 0.047 0.015 

Residential 0.022 0.012 

Western Europe 

Non-residential 0.033 0.016 

Residential 0.020 0.012 

 

Table 15 - Overview of renovation rates for Europe (EU27) in 2020. The rates shown below represent the average 

rates per Region and Building Category. In the model these rates are further split into individual countries and the 

distinct building types.  

Regions Building Type 
Energy related 

renovation 

Non-energy related 

renovation 

Central and Eastern Europe 

Non-residential 0.0278 0.0877 

Residential 0.0293 0.0926 

Northern Europe 

Non-residential 0.0211 0.0858 

Residential 0.0203 0.0825 

Southern Europe 

Non-residential 0.0315 0.1229 

Residential 0.0284 0.1108 

Western Europe 

Non-residential 0.0194 0.0732 

Residential 0.0218 0.0823 
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Using the construction and demolition rates for Europe (EU27) presented in Table 14 as a basis, 
probability distributions are used to distribute the rates over the construction year categories. To do so, the 
probability distributions are usually centred around the ”lifetime” of a building (Miatto, Schandl, & 
Tanikawa, 2017). A statistical distribution is then applied to the lifetime, to derive a lifetime distribution. 
The goal of this approach, known as a parametric approach, is to estimate the time it will take for a 
specific event to occur. In the case of this research, the event of interest is when the demolition of the 
studied buildings will take place. In scientific literature six statistical distributions are commonly applied to 
determine the lifetime distribution. These are normal (Fishman et al., 2014; Vásquez, Løvik, Sandberg, & 
Müller, 2016), Weibull, exponential, lognormal (Tanikawa et al., 2015), Gamma (Kapur et al., 2008) and 
Gompertz distribution functions. As opposed to these statistical functions, some research avoids making 
any assumptions about statistical distributions, but rather use a static linear approach.  

Michael Gleeson first presented the probabilistic method to building lifetime in the 1980s. Gleeson 

advocated using a Gompertz curve to describe house "mortality", which is a statistical model commonly 

used by actuaries to estimate human mortality (Gleeson, 1981). The Weibull and Pearl–Reedman curves 

were also shown to be suitable techniques in later articles (M. E. Gleeson, 1985; Ianchenko, Simonen, & 

Barnes, 2020). Miatto et al. (2017) looked at the influence of varied lifetime predictions on demolition 

waste accounting and material stock accumulation. In three case studies, several types of probabilistic 

survival functions were fitted to building stock data to create predictions for building lifespan and 

compensate for a lack of data: the Gompertz, Weibull, log-normal, and gamma. Miatto et al. (2017) 

showed a great deal of variety between the distributions, with significant impacts on the accumulation of 

stock and the projection for the creation of waste. Deetman et al. (2020) and Marinova, Deetman, van der 

Voet, & Daioglou (2020b) use Weibull distributions to predict global material stocks and flows from 1970 

to 2050. The researchers used Weibull lifespan distributions that were particular to the building type and 

even the region where possible. If region-specific Weibull parameters were unavailable, they utilised a 

global average lifetime distribution. In this case, the researchers used the global average scale parameter 

but altered the scale parameter to correspond to the region’s mean lifetime. If no lifetime data for 

buildings was available, they assumed a global average of 60 years.  

In this research, to assess what the age is of demolished buildings, a similar approach to that of a 

Deetman et al. (2020) and Marinova, Deetman, van der Voet, & Daioglou (2020b) is used; a Weibull 

distribution based on average building lifetimes is applied to estimate building demolition probabilities. 

Weibull is commonly used to model demolition rates. Two parameters characterise the Weibull function. 

The shape and scale parameters α and 𝛽 > 0 respectively. Sometimes, a gamma parameter is used to 

offset the distribution on the x-axis. In this research the gamma parameter is used to account for a period 

after construction in which no demolition occurs. Based on scientific literature, the Weibull parameters for 

scale, shape and gamma are determined for each region and differentiated between residential and non-

residential buildings.  

Figure 12 shows the Weibull Distribution for each region in Europe. The α, 𝛽 and gamma parameters are 

based on the parameters used in Deetman et al. (2020) and Marinova et al. (2020) (Table 16). Figure 12 

shows a period of no demolition on the x-axis. For Central and Eastern Europe this period is 45 years, for 

Southern Europe 30 years, and for Western Europe 37,5 and Northern Europe 30 years. The highest 

probability for demolition of residential buildings in Western and Northern Europe occurs at a lifetime of 

slightly less than 80 years. Southern Europe has their peaks around 90 years, while Central and Eastern 

Europe sits around 120 years. The non-residential buildings have similar shapes, but in general a shorter 

lifetime or around 50 to 75 years.  
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Figure 12 – Weibull Distribution showing the probability of demolition expressed in lifetime for each region in Europe, 

differentiating between residential and non-residential buildings.  

Table 16 – Weibull parameters used to plot the probability density functions.  

Region Building Type Alfa Beta Gamma 

Northern Europe Residential 72 1.97 30 

Central and Eastern Europe Residential 87.35 2.5 45 

Western Europe Residential 67.34 1.97 37.5 

Southern Europe Residential 67.34 2.95 30 

Northern Europe Non-Residential 47.5 1.97 15 

Central and Eastern Europe Non-Residential 57.5 2.5 22.5 

Western Europe Non-Residential 44.5 1.97 20 

Southern Europe Non-Residential 47 2.95 15 
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Figure 13 shows more in-depth details on the behaviour of the Weibull distribution for residential buildings 

in Western Europe. Not only does it show the probability density function, but also the cumulative 

distribution function, survival function, hazard function and cumulative hazard function. Additionally, it 

provides statistical information on the distributions.  

 

Figure 13 - Weibull Distribution expressed as multiple functions showing the probability of demolition as a function of 

lifetime for residential buildings in Western Europe.  

The probability densities from the Weibull distribution are used to calculate the number of buildings 

demolished in each construction age category. This forms the input for the material flow calculation as it 

shows how much of which construction age category is demolished each year.  

4.4.6. Material Intensities for Construction and Demolition 

To derive the material intensities per Region, the Dutch model developed by Metabolic is scaled to each 

region’s local context. Scaling is done by applying material intensities found in scientific literature.  

First a sensitivity analysis is performed on the Dutch urban mining model. This sensitivity analysis is done 

by comparing the material intensities with recent research on material intensities in the Netherlands by 

the Institute of Environmental Sciences (CML) in Leiden (Sprecher et al., 2021) in which they conducted a 

baseline assessment of the building stock in the Netherlands.  

Additionally, extensive literature review is conducted to derive a database of material intensity factors per 

country, per building type and per construction age category. In total 92 scientific sources, which make up 
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a total of 1529 material intensity reference buildings are found. Most of these 92 scientific sources are 

covered and extensively described by three meta-analyses (Deetman et al., 2020; Heeren and Fishman, 

2019b; Marinova et al., 2020). In this research the material intensities presented by these three sources 

are combined. The resulting material intensity database contains a total of 13,300 material intensity 

values. These 13,300 material intensity values are grouped by their region, building type and construction 

age category and compared with the Dutch material intensities to derive absolute and relative differences 

and standard deviations. Using the standard deviation, outliers are removed from the database.  

Figure 14 shows the average material intensities derived from the literature review per region. The overall 

average material intensity for Europe (EU27) is 1,188.6 kg/m2. Western Europe has the highest total 

material intensity at 1,483.1 kg/m2, while Northern Europe has the lowest with 970.6 kg/m2. For every 

region, concrete is the dominant material, averaging at 874.2 kg/m2. Bricks are used mainly in Western 

Europe, where they represent approximately 40% of the materialisation. As expected, the highest material 

intensities for wood occur in Northern Europe. Northern Europe has roughly double the amount of wood 

compared to the other regions. Wood in Northern Europe represents about 7% of the total material 

intensity. Insulation materials are highest in Northern Europe, followed by Western Europe.  

 

Figure 14   - Material intensities per region expressed in kg/m2. The material intensities represent the average of 

13,300 material intensity values originating from 92 scientific sources. 

In Figure 15 the material intensities per region are broken down to their construction age categories. It is 

apparent from the data that certain categories are incomplete: Central and Eastern Europe <1945, and 

Southern Europe <1945. To fill these data gaps, the respective 1945-1970 construction year category is 

inputted. For every region and construction age category, concrete is the dominant material. The only 

exception is Western Europe <1945 were bricks make up 80% of the weight. For Northern Europe and 

Western Europe, the amount of insulation material seems to decrease with age. Bricks and wood are used 
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less over time, while metals and plastics seem to increase. The “Unknown” category refers to the material 

intensities for which no construction year was available in the reference data.   

 

Figure 15 - Material intensities per region and construction age category expressed in kg/m2. The material intensities 

represent the average of 13,300 material intensity values originating from 92 scientific sources. 

4.4.6.1. Scaling of material intensities  

The Dutch material intensities (EIB et al., 2020) are scaled using a step-wise process that utilises the 

available material intensities from literature (Figure 14, Figure 15), based on how much contextual 

information is known. First, material intensities are used that specify region, building type as well as the 

construction age category. This group represents roughly 10% of all entries. Secondly, material intensities 

that solely specify region and building type are used (Figure 15) (18%). Thirdly, material intensities are 

used that only specify the region (Figure 14) (21%). Finally, for the remaining values, i.e. the values for 

which no single material intensity from literature was found, the Dutch material intensities are used 

(51%). The fraction in which the Dutch material intensities are used is relatively high, due to the fact that 

scientific literature rarely reports on certain smaller material fractions (such as: glass, plastic, ceramics, 

copper, insulation). Concrete, wood, and steel are by far the most reported on, and therefore contribute to 

the first type of scaling. Since these fractions are also the largest contributors to the material intensity (in 

terms of absolute mass [kg/m2]) the scaling method accounts for ±84% of the mass. For the remaining 

±16% of the mass the Dutch material intensities are used.  

Figure 16 shows the results of the scaling of material intensities. The figure shows for every region 

(abbreviated WE = Western Europe, SE = Southern Europe, NE = Northern Europe, CE = Central and Eastern 

Europe), building type and age category, the amount of materials in kg/m2. These material intensities are 

used to calculate the material stocks and flows in the EU27 from 2020 to 2050. See Supplementary 
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Materials - Table F11 for the dataset. The figure shows that concrete, and other construction minerals are 

dominant for every region, building type, and cohort.  

 

Figure 16 – Final material intensities for each region Europe (EU27), differentiated between building types and 

construction periods. Material intensities are expressed in kg/m2. The regions are abbreviated: WE = Western Europe, 

SE = Southern Europe, NE = Northern Europe, CE = Central and Eastern Europe. See Supplementary Materials - Table 

F11 for the dataset.   

4.4.7. Material Intensities Renovation 

Figure 17 shows the material intensities associated with renovation activities. These materials represent 

the materials that are added to the building stock during renovation as well as the materials that are 

removed from the building stock. The material intensities are based on previous research by Metabolic for 

the city of Rotterdam (Metabolic, 2020b). The material intensities describe both energy-related renovation 

and non-energy related renovation. Non-energy related renovation is distinguished between: bathroom, 

kitchen and toilet renovation activities. These renovation activities are interpreted strictly as one-to-one 

replacement. For instance, a bathroom gets replaced with a new bathroom. In this case the weight of the 

material inflow will be equal to the weight of the material outflow. Therefore, these replacements will not 

change the stock, but will influence the quantity of in- and outflow of materials. For non-energy related 

renovations, the main materials used are ceramics, paint and glue. Energy-related renovation includes 

renovations involving insulation materials, glass, heat/electricity distribution systems, and heat/electricity 

generation systems. Energy-related renovations are not per se one-to-one replacements. In general, more 

materials (mainly glass and some insulation) are added to the stock in light of the energy transition. For 

the heat/electricity distribution systems and heat/electricity generation systems, a one-to-one replacement 
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is assumed. These replacements involve mainly steel, aluminium and plastic. It is important to note that 

the list of interventions used to model the material in-and outflow is non exhaustive. For instance, retail 

buildings, offices, and hotels/restaurants typically undergo frequent interior fit-out changes (every 3-5 

years), but these dynamics are not incorporated. 

 

Figure 17 - Material intensities associated with renovation activities for each building type. The renovation activities 

are split between energy and non-energy related renovation. 

4.4.8. Calculating the material stocks and flows in 2020 

Using the building stock characteristics (4.4.1) in combination with the construction, demolition and 

renovation rates (4.4.5) and the material intensities (4.4.30 and 4.4.7) the material stocks and flows are 

calculated for Europe (EU27) in 2020.  

The equations below describe the method to derive the material stocks and flow for Europe (EU27) in 

2020. Equation 3 describes the calculation of the material stock. Equation 4, Equation 5 and Equation 6 

describe the calculations of the flows caused by construction, demolition, and renovation activities 

respectively. In the equations construction refers to all the materials associated with construction 

activities; these materials are added to the existing built environment (inflow). Demolition refers to all the 

materials associated with demolition activities; these materials are removed from the existing built 

environment (outflow). Renovation refers to all the materials associated with renovation activities; these 

materials are either added (inflow) or removed (outflow) from the existing built environment. To calculate 

the total outflow the demolition outflow is added to the renovation outflow. The outflow represents the 
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“potential” material extracted from the built environment. This means no considerations are made in 

regard to disassembly processes, supply chain losses, sorting and/or processing. To calculate the total 

inflow the construction outflow is added to the renovation inflow.  

 

Equation 3 - The material stock in kilograms in 2020 for each country (r) by building type (m) and by building age 

category (n) is equal to the sum of the material intensity (q) for each building type (m), construction age category (n) 

and country (r), multiplied by the size of the building stock in 2020 (k) for each building type (m), construction age 

category (n) and country (r). 

𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑖𝑛 2020𝑟,𝑚,𝑛 = ∑ 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑞[𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑦𝑝𝑒𝑚 ∙ 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑔𝑒 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦𝑛 ∙

𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑟] ∙  𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑠𝑡𝑜𝑐𝑘 𝑠𝑖𝑧𝑒 𝑖𝑛 2020𝑘 [𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑦𝑝𝑒𝑚 ∙ 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑎𝑔𝑒 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦𝑛 ∙ 𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑟] ∙   

Equation 4 – The construction material inflow in 2020 for each country (r) by building type (m) is equal to the sum of 

the material intensity (q) for each building type (m), construction age category (n) and country (r), multiplied by the 

construction rate expressed in m2 (cr) in country (r), per building type (m). 

𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑓𝑙𝑜𝑤 𝑖𝑛 2020𝑟,𝑚 = ∑ 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑞[𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑦𝑝𝑒𝑚 ∙ 𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑟] ∙

[𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 2020𝑐𝑟,𝑚,𝑟]  

Equation 5 – The demolition material outflow in 2020 for each country (r) by building type (m) and construction age 

category (n) is equal to the sum of the material intensity (q) for each building type (m), construction age category (n) 

and country (r), multiplied by the demolition rate expressed in m2 (dr) in country (r), per building type (m), per 

construction age category (n). 

𝑑𝑒𝑚𝑜𝑙𝑖𝑡𝑖𝑜𝑛 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑓𝑙𝑜𝑤 𝑖𝑛 2020𝑟,𝑚,𝑛 = ∑ 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑞[𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑦𝑝𝑒𝑚 ∙

𝑐onstruction age category𝑛 ∙ 𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑟] ∙ [𝑑𝑒𝑚𝑜𝑙𝑖𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 2020𝑑𝑟,𝑚,𝑟,𝑛]  

Equation 6 – The renovation material inflow and outflow in 2020 for each country (r) by building type (m) per 

renovation type (x) is equal to the sum of the material intensity (q) for each building type (m), renovation type (x) and 

country (r), multiplied by the renovation rate in 2020 expressed in m2 (rr) by country (r) per renovation type (x).  

𝑟𝑒𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑓𝑙𝑜𝑤 𝑖𝑛 2020𝑟, 𝑚, 𝑥

= ∑ 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑞[𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑡𝑦𝑝𝑒𝑚 ∙ 𝑟𝑒𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 𝑡𝑦𝑝𝑒𝑥 ∙ 𝑐𝑜𝑢𝑛𝑡𝑟𝑦𝑟]

∙ [𝑟𝑒𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑖𝑛 2020𝑟𝑟,𝑟,𝑥] 

4.5. Monte Carlo Analysis 

To understand the magnitude of uncertainty for the modelled material stock and flows a Monte Carlo 

analysis is conducted. Monte Carlo analysis is a technique used to understand the impact of error 

propagation and uncertainty in prediction and forecasting models. Monte Carlo is commonly used for 

sensitivity analysis. The technique applies probability distributions to the input data, and subsequently 

captures the variation in outcomes.  

The input data used to calculate material stocks and flows contains several uncertainties: 

 First, there are uncertainties when it comes to the total building stock quantity in 2020. This 

uncertainty is caused by the fact that linear extrapolation is used to derive the building stock 

quantities for 2020 (extrapolated from 2017). Moreover, there are uncertainties when it comes 

to the total size (m2), building types, and building ages.  
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 Secondly, the projections for construction, demolition and renovation rates inherently contain 

uncertainties. To determine the size of the uncertainties the ranges between the rates described 

by the EU Database (European Commission, 2020a), Sandberg et al. (2016), Esser et al. (2019) 

and Schimschar et al. (2011) is used. 

 Thirdly, the Weibull parameters (Table 16) used to calculate the probability distributions that 

determine the age of the demolished buildings come with uncertainty.  

 Finally, the material intensities also contain uncertainties. To understand the range of the 

uncertainties, the Dutch material intensities were first compared to other Dutch studies (Sprecher 

et al., 2021) to derive a standard deviation for building types and age categories. Subsequently, 

the materials intensities were compared to material intensities found in literature (Figure 14 and 

Figure 15) to derive the standard deviation between regions, building types and building age. 

 

Using the uncertainties described above the material stocks and flows are calculated from 2020 to 2050 

by applying a Monte Carlo analysis using a normal distribution on the standard deviations (See 

Supplementary Materials - Table 1 Uncertainties for the dataset). The model is run 250 times. Figure 18 

shows the results of the Monte Carlo Analysis for the outflows. The outflows represent both demolition as 

well as flows associated with renovation activities.  

 

 

Figure 18 – Range of material mass due to demolition and renovation activities in the EU27 from 2020 to 2050, 

resulting from 250 iterations of a Monte Carlo analysis. The Monte Carlo is based on a normal distribution of the 

standard deviations. The input parameters for the Monte Carlo analysis are: the building stock, the construction, 

demolition and renovation rates, the Weibull parameters, and the material intensities.   
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The results of the Monte Carlo analysis show the range of the total material mass [kt] from 2020 to 2050 

as a boxplot. The box shows the third quartile (top of the box), median (middle of the box, indicated by a 

horizontal line), first quartile (bottom of the box). The plot also shows the minimum and maximum, 

indicated by a horizontal line at the end of the vertical lines. The minimum and maximum represent the 

outliers of an instance of a Monte Carlo iteration. The box represents the range of values in which 75% of 

all instances of the Monte Carlo fall.  

The range between the minimum and maximum in 2020 is ±120,000 kt. The range between the quartiles 

is ±55,000 kt. In 2050 the total range of is significantly higher at ±229,000 kt. However, the range 

between the quartiles only increased 53% to ±84,000 kt. The median in 2020 is ±132,000 kt and in 2050 

it is ±308,000 kt. Table A-4 in Appendix A shows a summary table of all Monte Carlo analysis results. The 

Monte Carlo analysis shows that the uncertainties are relatively high in Central and Eastern Europe 

compared to the other regions.  

While the results of the Monte Carlo analysis show a significant range of material mass from demolition 

and renovation activities, this should be expected considering the uncertainties in the input parameters. 

The strength of a Monte Carlo lies precisely in understanding the potential ranges of outcomes in light of 

these uncertainties. Moving forward, the results presented for the material stocks and flows in 2020 and 

2050 represent the average values of the Monte Carlo analysis. 

4.6. Material flows in 2020  

4.6.1. Results 

This paragraph shows the results of the material stock and flows in Europe (EU27) in 2020. Figure 19 

shows the results of the outflow of the Material Flow Analysis (MFA) depicted in a Sankey diagram. The 

outflow represents the total mass originating from demolition and renovation activities. The MFA is split 

between countries, regions, building type, material, and activity type. The functional unit in the MFA is kt.  

In total in 2020 about 132 million tonne of waste are generated in the EU27 through demolition and 

renovation activities. The figure shows that Germany is the country with the largest material outflow (ca. 

35 million tonne), followed by France (ca. 26 million tonne) and Italy (ca. 15 million tonne). Outflow in this 

context refers to the yearly CDW generation from residential and non-residential buildings from demolition 

and renovation practices. The total CDW seems strongly related to the population of the member state. In 

total absolute terms, Western Europe has by far the highest material outflow (ca. 80 million tonne). 

Residential buildings are the main source of materials (ca. 91 million tonne). Especially, multi-family 

dwellings (ca. 49 million tonne), and single-family dwellings (ca. 42 million tonne) represent a large share 

of the total mass flow. In terms of materials, concrete, other construction materials and bricks are 

responsible for a significant portion of total material flows. Demolition is responsible for 83% of material 

flows (ca. 110 million tonne), while renovation is responsible for 17% (ca. 22 million tonne). The material 

composition between demolition and renovation differs significantly. For instance, renovation is 

responsible for a disproportionately large share of the ceramics, glass and insulation material. This 

is mainly caused by the renovation activities (e.g. replacement of kitchen, bathroom, toilets and energy-

related interventions), that produce significant amounts of glass and ceramics waste. The upcoming 

visualisations zoom in on specific aspects of the MFA to provide more depth and detail on the results. 
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Figure 19 – Material Flow Analysis, showing the total material mass [kt] grouped by material fraction. The MFA shows the origin of these flows from countries, regions, building types 

and demolition and renovation activities in 2020 in the EU27. 
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Figure 20 shows both the absolute and relative material composition of the outflow in 2020 for the EU27. 

In absolute terms, the figure clearly shows the difference between the regions. Western Europe is 

responsible for the largest outflow (±61%), followed by Southern Europe (±21%), Central and Eastern 

Europe (±15%), and Northern Europe (±3%). This dynamic reflects the population distribution in the four 

regions. In relative terms, the figure represents the average waste material composition for each region 

without differentiating between building ages or building types. The figure shows that concrete is the 

largest material fraction in every region, ranging between ±38% in Northern Europe to ±61% in Western 

Europe. In Northern Europe the concrete fraction is relatively low, while the wood (±5%) and brick (±15%) 

fractions are significantly higher than the other regions. The steel fractions are roughly equal between the 

regions (ranging from ±4 to ±6%), while plastic is highest in Southern Europe (2.3%). Insulation materials 

(includes wall, floor, roof insulation of various material compositions: inorganic (e.g. glass wool or stone 

wool), organic (e.g. cellulose insulation) or polymer based (e.g. PU, EPS, PUR)) represent only a small 

portion of the total material mass (ranging from 0.58% to 0.78%) but are relatively high in Northern 

Europe (0.78%). See Supplementary Materials - Table F15 for the dataset. 

 

Figure 20 – Absolute [kt] and relative material mass [%] originating from demolition and renovation activities in 2020 

in the EU27 grouped by material fractions. Insulation materials (includes wall, floor, roof insulation of various material 

compositions: inorganic (e.g. glass wool or stone wool), organic (e.g. cellulose insulation) or polymer based (e.g. PU, 

EPS, PUR)). Electronics include mainly cables/wires and lamps/lightbulbs. Other construction minerals include gravel, 

crushed natural stone, limestone, natural ornamental or dimension stone (mineral fractions not included in the other 

material classifications). See Supplementary Materials - Table F15 for the dataset. 

Figure 21 shows a breakdown of the total [kt] and relative [%] material mass per region and per building 

type. The figure again shows that Western Europe (mainly Germany, France) is responsible for the largest 

portion of the total outflow. The figure also shows for each region to what extent each building type 

contributes to the total outflow. Flows originating from residential buildings are significantly higher than 
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flows from non-residential buildings. In general, single-and multi-family dwellings represent the largest 

flows, followed by office buildings. In every region, detached and semi-detached houses are the smallest 

source of materials compared to the other building types. In Central and Eastern Europe, single-family 

dwellings are a larger source of materials than multi-family dwellings. In Northern Europe, the difference 

between building types is slightly less skewed between single- and multi-family dwellings. Material flows 

in Northern Europe are also significantly originating from offices, educational buildings, and wholesale and 

retail trade buildings.  

The figure also shows the relative distribution of materials originating from demolition and renovation for 

each building type and region. The figure shows that for every building type in every region, concrete is the 

most dominant fraction, followed by other construction materials. See Supplementary Materials - Table 

F16 for the dataset. 

 

Figure 21 – Relative [%] and total material mass [kt] originating from demolition and renovation activities in 2020. The 

data is grouped by region, building type and material fractions. See Supplementary Materials - Table F16 for the 

dataset. 

Figure 22 shows a breakdown of material fractions grouped by region and divided between stock and 

flows. The flows include construction, demolition, and renovation, while the stock represents the total 

amount of materials stored in the buildings in 2020. This stock is the result of mass balancing the stock of 

the initial year with the construction and renovation inflows of material, minus the outflows, which include 

the demolitions and renovations. The stock is therefore significantly higher than the flows.  

Material flows associated with construction account for 2-3% of the stock in 2020. The absolute material 

flows associated with demolition are significantly lower than construction flows. Demolition flows range 
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from approximately ±8 to ±14% compared to the construction flows. The difference between construction 

and demolition can be explained by the fact that construction rates are significantly higher than 

demolition rates. Renovation outflows are ±2 to ±4% compared to the construction flows. This means that 

the total outflow from demolition and renovation represents only about 10-18% of the inflow from 

construction and renovation. See Supplementary Materials - Table F17 for the dataset.  

From a circular economy perspective, this means that even if all material outflows are prepared for 

reuse/recycled, only a fraction of the primary material needed for construction and renovation can be 

substituted. In practice, this number will be even lower, as it is impossible to extract 100% of the 

construction materials from the built environment due to demolition practices, storage, and loss along the 

value chain, as well as environmental and technical quality issues. 

 

Figure 22 – Absolute [Mt (M) and kt (K)] and relative material mass [%] stored in the building stock and originating 
from construction, demolition and renovation activities in 2020. The stock represents all the materials stored in the 
built environment. Construction refers to all the materials associated with construction activities; these materials are 
added to the existing built environment (inflow). Demolition refers to all the materials associated 
with demolition activities; these materials are removed from the existing built environment (outflow). Renovation refers 
to all the materials associated with renovation activities; these materials are either added (inflow) 
or removed (outflow) from the existing built environment.   See Supplementary Materials - Table F17 for the dataset 

4.6.2. Comparison of modelled outflow to CDW data 

In this section the modelling results of the demolition and renovation waste described in 5.5.1 are 

compared to the CWD data described in Table 6 and Table 13. This comparison helps to understand 

the discrepancy between the “modelled outflow” (bottom-up) and the “reported outflow” (top-down) for 

CDW, and provides an additional metric to understand the potential range of material flows. To derive the 
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“CDW total [kt]” presented in Table 17, the total CDW amounts from Table 6 are aggregated across the 

four regions.   

Table 17 – Difference between the CDW total [kt] reported and the modelled total [kt] for the year 2020. CDW 

originating from construction activities is not included in this table.  

Region CDW reported total [kt] Modelled total [kt] Difference [ratio]* 

Northern Europe 5,500 4,309 1.276 

Eastern and Central Europe 18,561 19,204 0.966 

Southern Europe 63,238 28,220 2.241 

Western Europe 189,150 103,261 1.832 

Total 276,449 154,994 N/A 

*Obtained as “modelled total”/ “ reported CDW total” 

Table 17 shows that the modelled and reported material mass flows are roughly in the same order of 

magnitude for Northern Europe and Eastern and Central Europe. For Northern Europe, the modelled total 

slightly underestimates the reported total. While for Southern and Western Europe, the modelling results 

are significantly lower than the reported material mass. An explanation for this is that the CDW total also 

includes infrastructural waste. The exact size of the infrastructural waste is unknown but could represent a 

significant fraction. Of course, the infrastructural waste consists mainly of mineral fractions, therefore in  

Table 18 a more in-depth look at the specific material fractions is provided. A similar dynamic is most 

likely also the case for Eastern and Central Europe, but it is possible that the total is underestimated in 

this region due to relatively poor accuracy in reporting of CDW in these regions. It is important to note that 

CDW originating from construction activities is not included in Table 17.   

Table 18 shows the difference between the CDW total amounts [kt] (reported) and the modelled total 

amounts [kt] per reference country (Norway, Poland, Italy and the Netherlands) and material.  To derive the 

“CDW total [kt]” presented in Table 18 the total CDW amounts from Table 6 were multiplied with the 

relative material compositions from Table 13. Norway is not included in the table since it is not part of the 

EU27 and therefore no modelling was conducted for Norway. In order to compare the modelled results to 

the data reported for CDW, the modelled results are aggregated to match the CDW material categories. 

However, it is quite common that the CDW data do not differentiate between or include certain material 

(sub)fractions. These fractions are shown as “nan”. While the difference between the totals shown in Table 

17 are relatively close, when zooming in on specific material fractions larger discrepancies are visible. 

Glass in Italy and Poland are significantly lower in the CDW compared to the modelled results. It is likely 

that these fractions are not reported correctly or actually end up in the Other or in the Mineral Waste 

fractions. In the Netherlands and Poland, the Paper and cardboard fraction appears to be significantly 

underestimated by the modelling. In every country the Mineral Waste is significantly higher in the CDW 

data, which could potentially be explained by the fact that CDW data include infrastructure waste, which is 

mainly composed of Mineral fractions. The metal fractions are significantly higher in the data for CDW for 

Italy and the Netherlands compared to the modelled results, but do align well in Poland. Wood fractions 

are significantly higher in the modelled results for Italy and Poland, but comparable for the Netherlands.  

Table 18 - Difference between the reported CDW total amounts [kt] (as reported in Table A-3 and based on the 

sources listed in Table 4) and the total modelled amounts [kt] for the year 2020 per reference country and material. 

CDW originating from construction activities is not included in this table. 

Country Material Modelled total [kt] 
Reported CDW 

total [kt] 
Difference [ratio]* 

Italy Glass 861.50 80.34 10.72 

Italy Gypsum 86.21 nan nan 
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Italy Insulation 81.76 nan nan 

Italy Metal 1,211.34 4,856.92 0.25 

Italy Mineral waste 11,079.51 37,128.55 0.30 

Italy Other 309.90 nan nan 

Italy Paper and cardboard 1.30 nan nan 

Italy Plastic 328.23 40.96 8.01 

Italy Wood 502.94 175.41 2.87 

Netherlands Glass 233.61 77.00 3.03 

Netherlands Gypsum 40.84 65.00 0.63 

Netherlands Insulation 51.11 16.00 3.19 

Netherlands Metal 400.25 3,131.00 0.13 

Netherlands Mineral waste 6,163.22 15,501.00 0.40 

Netherlands Other 117.60 nan nan 

Netherlands Paper and cardboard 0.66 53.00 0.01 

Netherlands Plastic 72.34 186.00 0.39 

Netherlands Wood 1,201.07 1,249.00 0.16 

Poland Glass 377.55 1.01 372.70 

Poland Gypsum 35.70 nan nan 

Poland Insulation 42.47 nan nan 

Poland Metal 606.08 581.85 1.04 

Poland Mineral waste 5,548.91 13,381.76 1.64 

Poland Other 138.08 nan nan 

Poland Paper and cardboard 0.25 4.27 0.06 

Poland Plastic 126.77 174.51 0.73 

Poland Wood 257.23 28.08 9.16 

*Obtained as “modelled total”/ “reported CDW total” 

Uncertainties in the CDW composition data are exacerbated by the aggregation of material fractions to 

match the modelled and measured results. Additionally, there are uncertainties in the modelling (as shown 

by the Monte Carlo analysis in section 5.4). The combination of the uncertainties in both datasets makes 

direct comparison and interpretation between the modelled and measured results challenging. However, 

both approaches add value and have their own limitations. The strength of combining the top-down and 

bottom-up approach lies in the understanding of the range of possible material compositions in 2020 as 

well as allowing for projections to 2050.  

The benefit of using a bottom-up modelling approach over the top-down CDW statistics is the added detail 

the modelling can offer regarding the individual material fractions and to understanding the origin of 

materials (building types and building ages). This modelling approach also allows to separate and exclude 

infrastructural waste.  

4.6.3.  Comparison of modelled outflow to CDW data, incl. waste at construction sites 

Initially, CDW originating from construction activities was not included in this research. However, due to 

the large observed differences between the reported CDW total amounts [kt] and the modelled total 

amounts [kt] (as shown in figure xx and xx) it was decided to explore whether the differences could be 

explained by the omission of waste generated at construction sites. The waste flows originating from 

construction sites could be significant compared to the waste flows associated with demolition since in 

Europe construction rates are high relative to demolition rates.  

In some countries, like Denmark, waste generation at construction sites needs to be reported as part of 

mandatory LCA’s for new buildings. Due to a general lack of data on this topic, often it is assumed that 

10% of all input materials are wasted. However, this 10% is not considered to be realistic as some 

material fractions are wasted more than others. Therefore, to improve on using a flat 10% CDW 
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generation during construction, it was decided to use the Dutch National building product database 

(Nationale Milieu Database17). Using this database, it was possible to derive the average percentage of 

materials wasted during the construction phase. Even though the results are Dutch context specific, they 

are likely more accurate for the entire EU27 than applying the flat 10% for every material. For instance, 

materials like steel are generally not wasted at all during construction processes. Using a 10% loss rate 

would result in a significant overestimation of waste flows. According to the Dutch database the loss of 

steel is just 0.8%, which is more in line with expectations. Wood and concrete loss rates are 4,5% and 

2,2% respectively. There are two material fractions that have higher loss rates than 10%. Namely, paint 

and glue, and mortar, at 12,0% and 13,5% respectively. Table 19 shows an overview of the average 

construction waste rates. 

Table 19 - Average construction waste per material fraction. The rates represent the fraction of total materials that 
are used for construction that are wasted on site. The rates are derived from the Dutch National building product 
database (Nationale Milieu Database).  

Material Average Construction 

Waste [%] 

Aluminium 3.20% 

Brick 5.00% 

Concrete 2.20% 

Asphalt 3.00% 

Electronics 1.70% 

Gypsum 8.90% 

Glass 6.90% 

Wood 4.50% 

Insulation 6.20% 

Ceramics 6.30% 

Copper 3.50% 

Plastic 4.20% 

Paint and Glue 12.00% 

Mortar 13.50% 

Other Construction Minerals 5.00% 

Other Metal 4.90% 

                                                        

 

17 https://viewer.milieudatabase.nl/producten 
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Cardboard and Paper 3.00% 

Steel 0.80% 

Stone 3.00% 

Sand 5.00% 

 

Using the average construction waste percentages from Table 19, the additional material outflow for 

2020 and 2050 for all four regions was calculated. The aggregated results are shown in Table 20. In Table 

20 the previously modelled results (section 4.6.2) are put side to side with the modelled results that 

incorporate construction waste.  For both the modelled results the difference ratio compared to the 

reported CDW is shown.  

Table 20 - Difference between the CDW total [kt] reported, the modelled total [kt] and the modelled total [kt] including 
the construction waste for the year 2020.  

Region CDW 

reported 

total [kt] 

Modelled 

total [kt] 

Difference 

[ratio] 

Modelled 

total [kt] 

incl. 

construction 

waste 

Difference 

[ratio] incl. 

construction 

waste 

Northern 

Europe 

5,500 4,309 1.276 5,444 1.010 

Central and 

Eastern 

Europe 

18,561 19,204 0.966 26,051 0.712 

Southern 

Europe 

63,238 28,220 2.241 36,061 1.754 

Western 

Europe 

189,150 103,261 1.832 122,423 1.545 

 

Table 20 shows that construction waste accounts for 21% of total CDW in Northern Europe, 26% in 

Central and Eastern Europe, 22% in Southern Europe and 16% in Western Europe. The differences 

between the regions are related to the amount in which each material fraction is used for construction in 

each region. The magnitude of construction waste can be explained by the high construction rates 

compared to the demolition rates. This results in a relatively large outflow due waste generated at 

construction sites.  

Table 20 shows that for Northern Europe the difference ratio including construction waste almost 

perfectly fits the CDW reported. However, for Central and Eastern Europe the difference increases 

compared to the CDW reported. Both Southern Europe and Western Europe get closer to the CDW reported 

(smaller difference ratios), but still show a significant deviation between the modelled and reported 

values. To interpret the difference ratios including construction waste, it is important to consider that the 

values represent the potential waste during construction. No additional end-of-life scenarios are 

considered. Depending on the material fraction it's likely that construction waste is recovered on-site. For 



 

74 

 

instance, this appears to be a common practice with ready-mix concrete. Trucks drive back to the plant, 

and not-used concrete is either washed to recover the aggregates, or dried and then crushed to be used as 

secondary aggregate in new concrete. It even possible the concrete is “pelletised” in granules of specific 

grain size distribution, to create “custom-sized” artificial aggregates. Considering concrete is a significant 

portion of construction materials inflow, even a 2.2% wastage of concrete on-site could become a 

considerable quantity in absolute terms. If part of the concrete is driven back to the producer, it would not 

be accounted as waste at any point and thus not enter in the official waste statistics. This could explain 

some of the discrepancies between the reported CDW and the modelled waste flows.  

In Central and Eastern Europe, the inclusion of construction waste increases the gap between the 

statistics-based CDW and the modelled CDW. This can potentially be explained by the quality of the 

statistics-based data. Table 6 shows that countries in Central and Eastern Europe are consistently on the 

low to very low end of the range of waste generated per capita. For instance, the difference between e.g. 

Bulgaria and Belgium is a factor 2, which could indicate significant underreporting in Central and Eastern 

Europe. Therefore, it makes sense that the model predicts larger amounts of waste than the amount 

registered for Central and Eastern Europe. It is possible that in Northern Europe also underreporting of 

CDW takes place, although there is no concrete evidence to suggest this.  

However, in contrast to Central and Eastern Europe, in Southern and Western Europe the inclusion of 

construction waste partially closes the gap between the statistics-based CDW and the modelled CDW. This 

could partially be explained by the uncertainties in the modelling. But most likely the most significant 

contributing factor is that the CDW statistics also contain infrastructure waste. Preliminary research on 

material flows in the infrastructure sector in the Netherlands, show that waste originating from 

infrastructure is at least a factor 2 higher than from buildings (excluding sand and soil).  
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5. CDW projections from 2020 to 2050 

In this section, the methodology and results of the material stocks and flows from 2020 to 2050 in the 

EU27 are described. CDW projections from 2020 to 2050 are calculated using the material stock results of 

2020 (section 0) as a baseline, and subsequently applying construction, demolition and renovation rate 

projections. Using these projections, the material flows for the following year are calculated, after which 

the stock is recalculated. This process is repeated for every year from 2020 to 2050. The resulting 

projections provide insight into the orders of magnitude of materials stocks and flows across EU27 and 

can help identify opportunities for material that can be prepared for reuse and recycling, as well as 

facilitate decision making towards environmental impact reduction in the built environment. 

5.1. Construction, demolition and renovation rate projections 

Table 21 shows a summary table of the construction and demolition rates from 2020 to 2050 applied in 

this research. The construction and demolition rates for 2020 are derived from the EU Building Database 

(European Commission, 2020a) and Sandberg et al. (2016). Sandberg et al. (2016) provides projections for 

rates in 2015, 2030 and 2050 for 11 EuroVoc countries. Linear regression is used to interpolate between 

the years. To derive rates for every region, an average is taken. Additionally, Deetman et al. (2020) is used 

to differentiate between residential and non-residential buildings for every region. As can be seen in Table 

21, construction is projected to be significantly higher than demolition. Based on the research by Sandberg 

et al. (2016) construction is projected to decrease over time, while demolition is projected to increase 

slightly. It is important to note here that the rates relate to the stock size of the same year. Therefore, with 

an increasing overall stock, the actual absolute extent of construction does not decrease as much, while 

demolition becomes increasingly large.     

Table 21 - Overview of construction and demolition rates for Europe (EU27) in 2020, 2030 and 2050. The rates shown 

below represent the average rates per Region and Building Category. In the model these rates are further split into 

individual countries and the distinct building types.  

 Construction Demolition 

Region Building Category 2020 2030 2050 2020 2030 2050 

Central and Eastern Europe 

Non-residential 0.061 0.051 0.043 0.014 0.015 0.019 

Residential 0.023 0.019 0.016 0.011 0.012 0.015 

Northern Europe 

Non-residential 0.047 0.045 0.038 0.015 0.015 0.018 

Residential 0.022 0.021 0.018 0.012 0.012 0.014 

Southern Europe 

Non-residential 0.047 0.042 0.035 0.015 0.016 0.019 

Residential 0.022 0.019 0.016 0.012 0.012 0.015 

Western Europe 

Non-residential 0.033 0.029 0.026 0.016 0.018 0.020 

Residential 0.020 0.018 0.016 0.012 0.014 0.015 

Table 22 shows a summary table of the renovation rates from 2020 to 2050 applied in this research. The 

renovation rates are split between energy and non-energy related renovation activities. The rates are 
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derived from the EU Building Factsheets (European Commission, 2020b), which contain the annual share 

of residential buildings undergoing major renovation for 2020. This data is combined with Sandberg et al. 

(2016) which provides projections for rates in 2015, 2030 and 2050 for 11 EuroVoc countries. 

Subsequently, Schimschar et al. (2011) is used to split the data into energy and non-energy related 

renovation. Finally, Esser et al. (2019) is used to derive country and building type specific renovation. Non-

energy related renovation is projected to be higher than energy related renovation. Rates appear to be 

roughly similar between residential and non-residential and are expected to slightly increase over time.  

Table 22 - Overview of renovation rates for Europe (EU27) in 2020, 2030 and 2050. The rates shown below represent 

the average rates per Region and Building Category. In the model these rates are further split into individual countries 

and the distinct building types. The rates take the foreseen renovation wave into account. 

  

Energy related renovation Non-energy related renovation 

Regions Building Type 2020 2030 2050 2020 2030 2050 

Central and Eastern 

Europe 

Non-residential 0.0278 0.0294 0.0294 0.0877 0.0928 0.0928 

Residential 0.0293 0.0311 0.0311 0.0926 0.0980 0.0980 

Northern Europe 

Non-residential 0.0211 0.0211 0.0228 0.0858 0.0858 0.0929 

Residential 0.0203 0.0203 0.0220 0.0825 0.0825 0.0894 

Southern Europe 

Non-residential 0.0315 0.0333 0.0333 0.1229 0.1301 0.1301 

Residential 0.0284 0.0301 0.0301 0.1108 0.1173 0.1173 

Western Europe 

Non-residential 0.0194 0.0198 0.0205 0.0732 0.0750 0.0776 

Residential 0.0218 0.0223 0.0231 0.0823 0.0843 0.0872 

 

5.2. Calculating the material stocks and flows from 2020 to 2050  

To calculate the material stocks and flows from 2020 to 2050 a similar approach is used as the one 
described in 4.4.5. Using the building stock characteristics (4.4.1) in combination with the construction, 
demolition and renovation rates (4.4.2) and the material intensities (4.4.3 and 4.4.4) the material stocks 
and flows are calculated for Europe (EU27) in 2020. However, instead of calculating the stocks and flows 
for a single year (y), the subsequent year (y+1) is calculated based on the material state in year (y) in 
combination with the flow rates in year (y) (Equation 7). 

Equation 7 – The material stock for every year from 2020 until 2050 is calculated by iterating over every year and 

adding all material inflows to the stock, while subtracting the outflows.  

𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑠𝑡𝑜𝑐𝑘𝑦𝑒𝑎𝑟+1 = 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑠𝑡𝑜𝑐𝑘𝑦𝑒𝑎𝑟 + 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑙𝑜𝑤𝑦𝑒𝑎𝑟 − 𝑑𝑒𝑚𝑜𝑙𝑖𝑡𝑖𝑜𝑛 𝑓𝑙𝑜𝑤𝑦𝑒𝑎𝑟 +

𝑟𝑒𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑓𝑙𝑜𝑤𝑦𝑒𝑎𝑟 − 𝑟𝑒𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑢𝑡𝑓𝑙𝑜𝑤𝑦𝑒𝑎𝑟    

The construction, demolition and renovation flows are calculated in a similar fashion as in Equation 4 to 

Equation 6. So instead of applying Equation 4 to Equation 6 directly, the states and flows are calculated 

based on the previous year to calculate the stock of the subsequent year, after which the flows are 

recalculated, and so on until 2050.   
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5.3. Projections of material flows from 2020 to 2050 

This paragraph shows the results of the material stock and flows in Europe (EU27) in 2050. Figure 23 

shows the results of the outflow of the Material Flow Analysis (MFA) depicted in a Sankey diagram. The 

outflow represents the total mass originating from demolition and renovation activities. The MFA is split 

between countries, regions, building type, material, and activity type. The functional unit in the MFA is kilo 

tonne (kt).  

In terms of general dynamics, the figure shows a relatively similar picture to the MFA for 2020. The 

largest difference is in the absolute amounts. In 2050 ca. 326 million tonne of waste are generated in 

total in the EU27 through demolition and renovation activities. In 2050 Germany is still projected to be the 

country with the largest material outflow (ca. 77 million tonne), followed by France (ca. 55 million tonne) 

and Italy (ca. 40 million tonne), as in 2020. In total absolute terms, Western Europe is still projected to 

have the highest material outflow in 2050 (ca. 174 million tonne). Residential buildings are also still 

projected to be the main source of materials (ca. 197 million tonne). Especially, multi-family dwellings (ca. 

105 million tonne), and single-family dwellings (ca. 92 million tonne) represent a large share of the total 

mass flow, just as in the model for 2020 predicted. In terms of materials, concrete, other construction 

materials and bricks are still projected to responsible for a significant portion of total material flows in 

2050. Demolition is responsible for 87% of material flows (ca. 83% in 2020), while renovation is 

responsible for 13% (ca. 17% in 2020). See Supplementary Materials - Table F18 for the dataset. 

The upcoming visualisations in this section zoom in on specific aspects of the MFA to provide more depth 

and detail to the results and provide a clear picture on the differences between the material composition 

in 2020 and 2050. 
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Figure 23 - Material Flow Analysis, showing the total material mass [kt] grouped by material fraction. The MFA shows the origin of these flows from countries, regions, building types 

and demolition and renovation activities in 2050 in the EU27. 
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Figure 24 shows the total material mass [kt] originating from demolition and renovation activities ranging 

from 2020 to 2050. The material mass is split between the four European regions. The figure shows that 

Western Europe has the highest outflow of materials, followed by Southern, Central and Eastern, and 

Northern Europe. The total outflow is expected to more than double from 2020 to 2050. This can partially 

be attributed to increasing demolition and renovation rates. However, a significant reason for the increase 

in outflow is the strong increase in material stock. Since the quantity of materials flowing into the built 

environment due to construction is projected to be significantly higher than the outflow due to demolition, 

the material stock is expected to increase. Since the demolition and renovation rates are expressed as a 

function of the stock, the material outflow increases as the stock increases. Additionally, a large share of 

the current building stock was constructed in the period 1945-1970. It is projected that a significant 

portion of these buildings will be demolished in the coming decades. See Supplementary Materials - Table 

F19 for the dataset. 

 

Figure 24 - Total material mass [kt] originating from demolition and renovation activities ranging from 2020 to 2050 

in the EU27. The figure shows the total outflow. See Supplementary Materials - Table F19 for the dataset. 

Figure 25 shows both the absolute and relative material composition of the outflow in 2050 for the EU27. 

In absolute terms, the figure clearly shows the difference between the regions. Western Europe is 

responsible for the largest outflow (±53%), followed by Southern Europe (±26%), Central and Eastern 

Europe (±17%), and Northern Europe (±5%). The main difference to 2020 is that Western Europe 

decreased while the other regions increased. In relative terms, the figure represents the average material 

waste composition for each region without differentiating between building ages or building types. The 

figure shows that concrete is the largest material fraction in every region, ranging between ±44% in 

Northern Europe to ±63% in Western Europe. This is a slight increase compared to 2020. In Northern 
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Europe the concrete fraction is predicted to remain relatively constant but does show an increase from 

±38% to ±44%. Moreover, the wood fraction is expected to decrease slightly from ±5% to ±4% and brick 

is expected to decrease from ±15% to ±13%. The steel fractions continue to be roughly equal between the 

regions (ranging from ±4 to ±6%), while plastic slightly decreases. Southern Europe still has the highest 

plastic fractions, but these decreased from 2.3% to 1.7%. It is likely, though, that after 2050 the amount 

of plastics in the CWD will increase. This can be attributed to the increased plastic consumption in the built 

environment in the last decades. As a result of the time lag between construction and demolition, these 

increased plastic fractions are not shown in the 2050 results yet, but will appear in the decades after 

2050. Insulation materials are predicted to still represent only a small portion of the total material mass 

in 2050 but are expected to increase slightly. In 2020 the insulation ranged from 0.58% to 0.78%, while in 

2050 it ranges from 0.77% to 0.84%. See Supplementary Materials - Table F20 for the dataset. 

 

Figure 25 – Absolute [kt] and relative material mass [%] originating from demolition and renovation activities in 2050 

in the EU27 grouped by material fractions. Insulation materials (includes wall, floor, roof insulation of various material 

compositions: inorganic (e.g. glass wool or stone wool), organic (e.g. cellulose insulation) or polymer based (e.g. PU, 

EPS, PUR)). Electronics include mainly cables/wires and lamps/lightbulbs. Other construction minerals include gravel, 

crushed natural stone, limestone, natural ornamental or dimension stone (mineral fractions not included in the other 

material classifications). See Supplementary Materials - Table F20 for the dataset. 

Figure 26 shows a breakdown of the total [kt] and relative [%] material mass per region and per building 

type for 2050. The figure shows that for 2050 it is still predicted that Western Europe is responsible for 

the largest portion of the total outflow. The figure also shows for each region to what extent each building 

type contributes to the total outflow. In general, the absolute material flows originating from residential 

buildings are predicted to be significantly higher than flows from non-residential buildings. This is mainly 

since the residential building stock is significantly higher than the non-residential building stock, while the 
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demolition and renovation rates are only slightly higher for non-residential buildings. Similar to 2020, in 

2050 single-and multi-family dwellings are forecasted to still represent the largest flows, followed by 

office buildings.  

The figure also shows the relative distribution of materials originating from demolition and renovation for 

each building type and region. The figure shows that for every building type in every region concrete is the 

most dominant fraction, follow by other construction minerals. See Supplementary Materials - Table F21 

for the dataset. 

 

Figure 26 - Relative [%] and total material mass [kt] originating from demolition and renovation activities in 2050. The 

data is grouped by region, building type and material fractions. See Supplementary Materials - Table F21 for the 

dataset. 

Figure 27 shows a breakdown of material fractions grouped by region and divided between stock and 

flows. The flows include construction, demolition, and renovation. The stock represents the total amount of 

materials stored in the buildings in 2050. The stock is significantly higher than the flows.  

Material flows associated with construction account for 2-2.5% of the stock in 2050, a slight decrease 

compared to 2020. The material flows associated with demolition are ±13 to ±22% compared to the 

construction flows (an overall increase compared to 2020 – resulting from the projected decline of 

construction rates and projected increase in demolition rates, especially between 2030 and 2050). 

Renovation outflows are ±3 to ±5% compared to the construction flows (slight increase compared to 

2020). This means that the total outflow from demolition and renovation represents about 16-27% of the 

inflow from construction and renovation, which is an increase compared to 2020 (see Figure 22). See 

Supplementary Materials - Table F22 for the dataset. 
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Figure 27 - Absolute [Mt (M) and kt (K)] and relative material mass [%] stored in the building stock and originating 

from construction, demolition and renovation activities in 2050. The stock represents all the materials stored in the 

built environment. Construction refers to all the materials associated with construction activities; these materials are 

added to the existing built environment (inflow). Demolition refers to all the materials associated with demolition 

activities; these materials are removed from the existing built environment (outflow). Renovation refers to all the 

materials associated with renovation activities; these materials are either added (inflow) or removed (outflow) from 

the existing built environment. See Supplementary Materials - Table F22 for the dataset.   
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5.4. Comparison between 2020 and 2050 material flow dynamics 

In this paragraph the dynamics behind the difference in material flows between 2020 and 2050 are 

described. Figure 28 shows the relative distribution of the construction age categories that are demolished 

for each year and region. The figure represents the results of the Weibull distribution shown in Figure 12. 

In Figure 28 the residential and non-residential probabilities are aggregated and grouped by the four 

construction periods used in the model. The general dynamics show that buildings built before 1945 

decrease in their probability to be demolished over time. In all regions, except Northern Europe, this 

construction period represents the largest share of demolished buildings in 2020. Over time, the more 

recent construction periods increase in their probability to be demolished. Especially, buildings constructed 

after 2000 represent a very small fraction of the demolished buildings in 2020, but steadily increase from 

an average of ±5% to ±20%. In 2050, in every region except Central and Eastern Europe, the construction 

period 1970-2000 represents the category with the highest probability of demolition. See Supplementary 

Materials - Table F23 for the dataset. 

 

Figure 28 – Results of the Weibull distribution summarised per construction period and region. The percentage 

represents the probability distribution that a building of a certain construction period is demolished in a specific region. 

See Supplementary Materials - Table F23 for the dataset. 

Figure 29 shows the relative distribution of the construction age categories that are demolished for each 

region and building type for 2020 and 2050. The figure shows the same general dynamics as shown in 

Figure 28; a shift occurs from demolishing buildings built before 1945 in 2020 to demolishing of buildings 

built after 1970. The figure also shows a difference between the residential and non-residential buildings. 

In 2050 the majority of the non-residential buildings that are demolished originate from the construction 

period >2000, while residential buildings are generally older and have a larger share of 1970-2000 and 
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even older. This can be attributed to the general longer lifetime of residential buildings over non-

residential buildings. See Supplementary Materials - Table F24 for the dataset. 

 

Figure 29 – Results of the Weibull distribution summarised per construction period, region and building type. The 

percentage represents the probability distribution that a building of a certain construction period and type is 

demolished in a specific region in 2020 and 2050. See Supplementary Materials - Table F24 for the dataset. 

Figure 30 shows the relative [%] and absolute [kt] material fractions for 2020 and 2050 grouped by 

region for the outflow (demolition + renovation). The figure clearly shows the large difference between 

2020 and 2050 with regards to the total material mass. In relative terms, the differences are subtler. 

Overall, it is projected that concrete and insulation fraction increase, while wood, plastic, ceramics and 

glass decrease slightly. Since concrete is such a dominant fraction, the percent change in the other 

fractions is relatively small. See Supplementary Materials - Table F25 for the dataset. 
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Figure 30 - Relative [%] and absolute [kt] material fractions for 2020 and 2050 grouped by region for the outflow 

(demolition and renovation). See Supplementary Materials - Table F25 for the dataset. 

Figure 31 shows the relative [%] distribution of material outflow (demolition + renovation) fractions for 

2020 and 2050 for every country in the EU27. The data presented in this figure represents an “average” 

material composition per country, without differentiating between construction periods, building types and 

whether the origin is demolition or renovation. Note: since the figure does not differentiate between 

demolition and renovation, it cannot be directly used to model the material composition flowing out of the 

built environment. To do so, it is necessary to have either demolition composition or renovation 

composition. Figure 32 shows the average demolition composition. This data can be used to model the 

demolition outflow of the built environment in the EU27. See Supplementary Materials - Table F26 for the 

dataset. 
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Figure 31 - Relative [%] distribution of material fractions for 2020 and 2050 for every country in the EU27 originating 

from demolition and renovation. See Supplementary Materials - Table F26 for the dataset. 

Figure 32 shows the average relative [%] distribution of material fractions for 2020 and 2050 in the EU27 

originating from demolition. The data presented in this figure represents an “average” material 

composition for the EU27, without differentiating between countries, construction periods and building 

types. This figure represents the typical composition of a building in Europe and can be used to obtain 

high-over estimates of material stocks and flows in the European context. Overall, concrete represents by 

far the largest material fraction in 2020 and 2050, with 66.9% and 66.2% respectively. Other construction 

minerals increase from 15.4% to 17.3%, while bricks decrease from 7.8% to 6.4%. Steel remains roughly 

the same at 4.0% in 2020 and 4.1% in 2050. Wood decreases from 2.1% to 1.7%, while insulation 

increases from 0.76% to 0.90% (this is a large increase (18%), but relatively speaking insulation remains 

a minor stream). See Supplementary Materials - Table F27 for the dataset. 
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Figure 32 - Average relative [%] distribution of material fractions for 2020 and 2050 for the EU27 originating from 

demolition. See Supplementary Material - Table F27 for the dataset. 
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5.5.  Discussion & Conclusion 

5.5.1. Material stock and flow dynamics  

In this study a dynamic building stock model is used to calculate the material stocks and flows in the 

EU27 from 2020 to 2050. In general, the materials stored in the building stock increase by approximately 

75% from 2020 to 2050. While the yearly material input due to construction represents only a small 

fraction compared to the total stock, the material outflow due to demolition is significantly smaller. This 

results in a net inflow of materials, thereby increasing the stock. The net inflow of renovation materials 

also contributes to the increase of materials in the stock. The materials associated with renovation 

activities are responsible for roughly 20% of the outflow (the rest being attributed to demolition), but the 

inflow is slightly larger than the outflow due to the material demand of the energy transition (especially 

glass and insulation).  

The results show that in absolute terms, Western Europe has the highest outflow due to demolition and 

renovation activities, followed by Southern Europe, Central and Eastern Europe, and finally Northern 

Europe. The countries with the highest material outflow are Germany (0.489 tonne/capita), France (0.448 

tonne/capita) and Italy (0.297 tonne/capita). The material outflow is strongly related to the population size 

of the respective countries.  

Overall, residential buildings are responsible for ca. 70% of the material outflows, compared to 30% for 

non-residential buildings. Especially, the single (ca. 33%), and multi-family (ca. 37%) dwellings represent a 

significant share as the source of the materials. This is mainly because single-and multi-family dwellings 

represent the majority of residential buildings.  

In 2020 the majority of the demolished buildings are from the construction age category <1945 and 

1945-1970, while in 2050 this expected to shift towards 1945-1970 and 1970-2000. Demolition is 

responsible for ca. 66% of total material outflows flows in 2020, while renovation is responsible for ca. 

13%. Waste generated at construction sites accounts for 21% of total CDW in Northern Europe, 26% in 

Central and Eastern Europe, 22% in Southern Europe and 16% in Western Europe. The differences 

between the regions are related to the amount in which each material fraction is used for construction in 

each region. The magnitude of construction waste can be explained by the high construction rates 

compared to the demolition rates. This results in a relatively large outflow due waste generated at 

construction sites.  

The material fractions most abundant in the outflow are concrete, other construction minerals, and bricks. 

These materials are mainly used in the foundation and structure of the buildings, and typically have a high 

density. From a circular economy perspective, this is an argument in favour of the transformation of 

buildings as opposed to new construction. Building transformation maintains the structural elements of a 

building, which allows for the retention of 80-90% of the materials on-site, while only substituting the 

outfitting, finishes and mechanical and electrical installations, which represent a small fraction of the total 

material mass. 

Concrete represents the largest material fraction in every region, building type and age category. In 2020 

the total outflow of concrete in the EU27 is modelled to be 74,200 kt, and in 2050 188,000 kt. In 2020, 

the proportion of concrete in the total outflow ranges between ca. 38% in Northern Europe to ca. 61% in 

Western Europe, and for 2050, between ca. 44% in Northern Europe to ca. 63% in Western Europe. In 

Northern Europe the proportion of concrete in the total outflow is low compared to the other regions.  

Wood represents roughly 3% of material outflow in 2020, and 2.3% in 2050. Marinova et al. (2020) report 

a contribution of wood of 3.48% to the total outflow in 2020, and 3.32% in 2050. The total quantities are 

3,840 and 7,350 kt for 2020 and 2050 respectively, a 91% increase, while Marinova et al. (2020) report 

only a 30% absolute increase. Vis, Mantau, & Allen (2016) apply a scenario with moderate growth in 
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material use, to calculate the absolute wood consumption in the EU28 from 2010 to 2030. They estimate 

roughly a 37% higher consumption than the urban mining model in 2020 (based on an average wood 

density of 500kg/m3). They conclude that the wood consumption of the construction sector will increase 

±7% between 2020 and 2030. Of course, the wood used in construction between 2020 and 2030 will only 

become available for preparation for reuse around the year 2100, so this can’t be directly compared to the 

wood outflows. Northern Europe contains a relatively high fraction of wood, estimated to about 5%. Wood 

originates mainly from the residential building stock and is most common in the older construction age 

categories. However, with national energy transition goals, and growing stimulation towards usage of 

sustainable construction materials, the overall fraction of wood (and other biomass-based materials) 

could potentially increase in the built environment in the coming decades.  

Plastics are responsible for 1,890 kt of outflow in 2020, which represents 1.4% of the total outflow. In 

2050, this equates to 3,920 kt, which accounts to 1.2% of the total outflow. Overall, percentage wise 

plastics appear to be highest in Southern Europe (2.34% and 1.70%), and lowest in Western Europe 

(1.02% and 0.87%) for 2020 and 2050 respectively. In absolute terms plastic outflow is highest in 

Western Europe, at 821kt, compared to 659kt in Southern Europe in 2020.  

In this research the material intensities are considered static, i.e. the material intensities for construction 

do not change between 2018 and 2050. Of course, the material intensities differ per region, building type 

and age category, but the latest reference buildings used are from the year 2018. This means that new 

regulations, especially the ones considering energy efficiency standards of buildings are not considered 

when it comes to construction. However, since residential buildings generally have a lifetime of more than 

50 years, the materials used for constructing the buildings under these new regulations will only become 

available for preparation for reuse after 2070. Therefore, not including building profiles of these “new” 

buildings is expected to not affect the results of this study, as it won’t yet affect the material composition 

of the outflow.  

5.5.2. Uncertainty analysis 

To evaluate the results of the building stock modelling, the results are compared to the data on reported 

CDW and other research. The CDW results described in section 4.6.2 show that the model results for 2020 

are in the same order of magnitude when looking at the total flows. The simulated total material outflow 

fits reasonably well with the reported statistics for all countries. However, when examining the specific 

material compositions, differences between the reported data on CDW and our modelling become 

apparent. Partially, these differences can be explained by the differences and quality in data collection and 

reporting by the different countries. Additionally, the CDW data contains the material fractions from 

infrastructure, making direct comparison between the CDW results and modelling complex. On the other 

hand, there are also uncertainties and limitations to the input data used to run the building stock model. 

These uncertainties are already fairly large in 2020, but due to error propagation, the uncertainties 

increase towards 2050. Despite these limitations, the results at the aggregated level presented in this 

study can be used to provide insight into material stocks and flows in the EU27. Moreover, the results of 

this research appear to be in the same order of magnitude as Deetman, et al. (2020), and Marinova et al. 

(2020). In the research by Deetman et al. (2020) the residential building stock (expressed in square 

meters) grows by about 50% towards 2050 and it projects the non-residential building stock to grow by 

150%. Marinova et al. (2020) also shows that generally in developed countries, the stock slowly increases 

over time. Additionally, the researchers indicate a difference in dynamics between the materials fractions. 

For instance, the stock of steel is predicted to rise by 50%, while the stock of copper increases only with 

25%. Marinova et al. (2020) attribute the largest growth of material stocks to apartment buildings in 

urban areas, indicating urbanisation as the main driving force.  
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5.5.3. Novelties relative to previous studies 

In the last few years significant research has been conducted on modelling the built environment and its 

associated material stocks and flows. But, what makes this research unique is the level of detail it 

provides. The level of detail achieved in this study is the result of the combination of the following factors: 

 Geographical scope: this research reports on material fractions in buildings from four distinct 

regions in the EU27. It is common that research focusses on a singular country or region. Or, for 

instance, in the research by Marinova, Deetman, van der Voet, & Daioglou (2020b) and Deetman 

et al. (2020) two regions in the EU27 are considered: West Europe and Central Eastern Europe. 

While there are studies, such as Sandberg, Sartori, & Brattebø (2014b) that consider 11 countries 

in Europe, these type of studies commonly do not focus on estimating material fractions but 

rather focus on assessing building stock development (Kurvinen, Saari, Heljo, & Nippala, 2021; IEA 

and UNEP, 2019), energy improvements, or LCA (Castellani et al., 2019; Lavagna et al., 2018). It is 

uncommon for studies to have distinct materialisation for different regions.  

 Building age cohorts: this research reports on four distinct construction age cohorts. This is similar 

to other studies like Lavagna et al. (2018) who use the following cohorts: <1945, >1945<1970, 

>1970<1990, >1990<2010. Often studies distinguish between age categories for modelling 

energy performance, however, not many studies focus on the effect of building age on the 

materialisation of a building.  

 Building typologies: this research reports on 9 different building typologies. The building 

typologies correspond to the building typologies from the EU Building Stock Observatory 

(European Commission, 2020a). However, since this research has four geographical areas, four 

building age cohorts and nine building typologies, effectively, the research actually provides 

results on 144 distinct building typologies (4x9x4=144). Each of these building typologies have a 

distinct material composition per square meter. Often studies consider only a couple of distinct 

building typologies. For instance Marinova, Deetman, van der Voet, & Daioglou (2020b) consider 

four building typologies: detached houses, semi-detached houses/row-houses, apartment 

buildings, and high-rise buildings. Deetman et al. (2020) add four other building typologies: 

offices, retail and warehouses, hotels and restaurants, and other buildings. Lavagna et al. (2018) 

use a total of 24 representative residential building typologies, to conduct a detailed LCA-based 

analysis of the environmental impact of housing in the EU, but in this research material fractions 

are not considered. The building typologies used in the research by Lavagna et al. (2018) do 

partially overlap with the typologies in the EU Building Stock Observatory (European Commission, 

2020a). Namely, Lavagna et al. (2018) use single-family and multi-family dwelling typologies 

(divided into four construction age cohorts). These single-family dwellings correspond to 

detached-houses and the multi-family dwellings corresponds to apartment buildings.  

 Material fractions: the research reports on a total of 17 material fractions. In the research by 

Marinova, Deetman, van der Voet, & Daioglou (2020b) and Deetman et al. (2020) six material 

fractions are considered: steel, concrete, wood, copper, aluminium and glass. It is uncommon for 

research to include so many different material fractions.  

 Reference database: the model in this study has largely been built on actual measurements of 

building products in existing buildings. These measurements originate from building inspections 

performed by SGS Search and the reference data provided by Heeren & Fishman (2019c). Often 

studies take a more statistical/theoretical approach to estimating material fractions in a specific 

building typology (Marinova, Deetman, van der Voet, & Daioglou (2020b); Deetman et al. (2020)). 
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Concluding, the large number of building typologies combined with a large number of material fractions 

(which are determined through actual measurements) make the model presented in this research unique 

in its scope.  

5.5.4. The circular economy 

For all EU27 countries a fully circular metabolism for construction materials seems highly unlikely before 

2050. Continued population and GDP growth result in a steady growth of the materials stored in the 

building stock towards 2050. The amount of material fed through construction and renovation far exceeds 

the material outflow. This dynamic is strengthened by potential longer lifetimes of buildings, which means 

that the outflow catches up only slowly with the inflow. On the other hand, extending the lifetime of 

buildings requires an inflow of non-structural materials, such as wood, ceramics and insulation materials. 

However, since the inflow is expected to exceed the outflow, it means that the availability of materials 

“mined” from the built environment will not be sufficient to supply the demand for new construction 

materials before 2050. Therefore, similar to Deetman, et al. (2020), this study shows substantial 

challenges for achieving an EU circular economy for the built environment in the coming decades. 

Additionally, instead of solely focusing on material quantities, from an “Urban Mining” perspective, the 

quality of materials is of equal importance. While the material quantity provides insight into the maximum 

potential (the maximum extracted quantity of materials without considering disassembly processes, 

supply chain losses, sorting and/or processing), the material quality eventually determines the possibilities 

for preparation for reuse and recycling. As pointed out by e.g. (EU Commission, 2016) and (Wahlström et 

al., 2020), knowledge about potential contamination of certain building materials is crucial (e.g. the work 

of (Oberender and Butera, 2016) for Denmark), as well as knowledge about the technical quality (losses) 

of materials after and during disassembly. Additionally, it is important to consider that every country in 

the EU27 has their own regulations and legal frameworks that influence the potential for preparation for 

reuse and recycling. 

From a circular economy perspective, preparation for material reuse should be prioritised over recycling (to 

keep materials as high in the value chain as possible). To facilitate preparation for reuse, future research 

should focus on modelling the quantity of building elements (e.g. window frames, heating installations, 

and doors) instead of aggregated material fractions (e.g. PVC, glass, metal, wood etc.). After calculating 

the amount and potential quality of these building elements, it is possible to determine how much physical 

space will need to be reserved in spatial planning to create “Urban Mining Hubs”; locations where building 

elements can be stored and processed before prepared for reuse in a nearby construction site. To close 

material loops and transition towards a circular economy, these hubs will be a critical piece of 

infrastructure.  

To improve the recycling potential of building elements, a lot of work is conducted on developing material 

passports. Material passports can act as a design optimisation tool, and as an inventory of all materials 

embedded in a building. This information can be used to display the recycling potential and environmental 

impact of buildings (Honic et al., 2019). Most material passports are based on building information 

modelling (BIM), and generally focus on capturing the building elements stored in new buildings (capturing 

materials in new or to-be-built buildings). BIM models and other data can be stored in a Digital Building 

Logbook, which acts as a single repository for all data relevant to the building. This can facilitate cross-

referencing of material passport data with other information such as building permits and energy 

performance data (Dourlens-Quaranta, S., Carbonar, G., De Groote, 2021). Efforts should be made to 

record the materials and products used in existing individual buildings, including by using BIM models. BIM 

models focus on individual buildings and therefore represent a different scale and magnitude than the 

representative reference buildings developed in this study. Until BIM exist for every building in the EU27 

the model presented in this research can be seen as a ‘historical BIM-model’ proxy (estimating orders of 

magnitude of materials already stored in the built environment). The combination of this model and 
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upcoming BIM models will be able to fully cover all the materials stored in the built environment now and 

in the future.   

5.5.5.  Further research 

The building stock presented in this research is largely based on the building stock characteristics 

presented in the EU Building Stock Observatory (European Commission, 2020a). The EU Building Stock 

Observatory is based on a collection of national statistical data and provides very useful information on 

the size of the building stock, building typologies and periods of construction. The building typologies used 

in this research correspond exactly to the EU Building Stock Observatory, but the data has been 

extrapolated from 2017 to 2020. Additionally, several data gaps in the EU Building Stock Observatory 

have been filled regarding distributions of building typologies and construction age cohorts. These 

processing steps were necessary to develop a normalised building stock dataset in which all building stock 

characteristics needed as input for the modelling are known for the baseline year 2020. This dataset can 

potentially be used by other studies regarding building stock development, CDW composition for LCA 

studies, and estimating recycling potential.  

The renovation rates in this study are based on previous research (Esser, Dunne, Meeusen, Quaschning, & 

Denis (2019) and Schimschar et al. (2011). However, with the upcoming renovation wave in mind, further 

research should focus on refining the renovation rates under various policy scenarios. Additionally, the 

model presented in this research only includes basic activities (bathroom, kitchen, toilet and energetic 

renovation). Therefore, further research should also focus on developing the materialisation of additional 

renovation activities, that cover the types of interventions applied under the new policy scenarios. 

Examples of these types of interventions can be regarding: facade, roof, ceilings, interior walls, stairs, 

building extensions, electric installations, lighting installations.  

5.5.6. Closing remarks for MFA and stock 

In conclusion, the results of the material flow analyses research show that, despite the rather limited 

information on material intensities, as well as uncertainties regarding future construction, demolition and 

renovation rates, we have been able to calculate the potential material stocks and flows in line with other 

studies. On a EU27-level the results provide insight into the orders of magnitude of materials stocks and 

flows and can help identify opportunities for preparation for material reuse/recycling and facilitate the 

development of pathways for environmental impact reduction.  
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6. Concluding remarks on CDW composition and perspectives for the LCA  

In section 10, the environmental consequences of improved waste management are assessed in detail for 

selected waste fractions and technologies through a life cycle assessment (LCA). In order to conduct this 

part of the analysis, CDW composition for both 2020 and 2050 need to be used.  

During this study, existing CDW data based on statistics for year 2008-2019 collected at MS level were 

analysed and discussed (section 3), following a so-called top-down approach. In parallel to that, CDW 

compositions were estimated for both 2020 and 2050 based on a building stock model (sections 4 and 0), 

following a so-called bottom-up modelling approach.  

As discussed in section 4.6.2, both approaches have intrinsic strengths as well as flaws, in particular: 

 Top-down, statistics-based CDW data have a higher geographical accuracy as they stem from 

national statistics. While their quality level can vary significantly from country to country, a poor 

quality has generally been observed for several countries in terms of material fraction 

aggregation. Statistics-based CDW data may reflect poor reporting practices, as well as poor 

sorting practices, including underreporting. The collected CDW data are based on statistics for 

years 2008-2019 (depending on the specific country), and no statistics can obviously be 

available for the future. Finally, statistics-based CDW data include infrastructure waste, which is 

out of the scope of the current study as it would cloud the results of the CDW composition 

making it difficult to focus on the waste from buildings. 

 Bottom-up CDW data based on the building stock model, on the other hand, are also affected by 

some level of uncertainty (as shown by the Monte Carlo analysis in section 4.5), as the model is 

based on a number of assumptions. Most of the input parameters to the model are based on 

regionally aggregated data, thus showing a lower geographical accuracy. However, the modelling 

can offer an increased level of detail with respect to the analysed material fractions, as well as 

an understanding of the origin of materials (building types and building ages). The model-based 

CDW data also allows to separate and eventually exclude infrastructural waste. Infrastructural 

waste could be added to the model in future iterations. Currently, work is being conducted on 

developing the National baseline for the Dutch infrastructure sector for 2019. This work will 

include material intensities for fifteen different infrastructure objects (i.e. bridges, tunnels, roads) 

in the Netherlands. Finally, since the model is used to project future CDW composition up to 

2050, it is effectively the only data source available for 2050. 

Based on these considerations, the subsequent LCA is based on bottom-up CDW data based on the 

building stock model for both 2020 and 2050, which will allow for a consistent modelling between 2020 

and 2050, only including building CDW rather than all CDW incl. infrastructure waste. Especially, this 

approach offers an increased level of detail in terms of waste material fractions, which is key given the 

focus of the study on the assessment of (the management) of individual material fractions of CDW. 
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7. Available and emerging recovery options for CDW  

An overview of available and emerging technologies for treatment of CDW is important to ensure an 

environmentally sound management across the EU and to establish the basis for the environmental and 

economic assessments in the following chapters. This section includes a qualitative mapping of recovery, 

recycling and preparation for reuse options for the individual CDW material fractions, including a 

technology feasibility assessment and a discussion on selected technologies’ potentials for improving the 

environmental performance of the waste management system.  

7.1. Methodology 

The mapping of management options for the individual CDW material fractions has been conducted based 

partly on a literature review, partly on the existing knowledge of the project consortium and partly on a 

survey conducted among European organisations active within CDW management, e.g. industry 

associations and other stakeholders. While the collection of information on emerging technologies has 

been the main focus, section 7.2 provides an overview of the available treatment options for the 17 CDW 

materials included in this report. 

The literature review focused mostly on recent publications (from 2015 onwards). Information from 

literature combined with existing knowledge of the project consortium create the basis for this chapter and 

its corresponding annexes, whereas information in the text boxes is based exclusively on interviews with 

stakeholders. A list of the organisations that provided input to the study is reported in Table A-6. 

7.2. Mapping of available CDW treatment options 

Table 23 contains an overview of the available treatment options for the 17 individual CDW fractions 

included in this study. “Available treatment option” means that the technology corresponds to a 

Technology Readiness Level (TRL) of 9 and is available across Europe, however not necessarily in all MS.  

More details and elaborations for treatment technologies for selected materials are provided in Table A-6 

(which sums up the technical feasibility assessment for existing treatment technologies), including the 

following: the type of recovery operation, a brief description of the technology and its applicability, 

examples of application and a qualitative assessment of uptake. 

Table 23 – Available treatment options for the material fractions included in this study. 

CDW Available treatment option/technology 
Classification 

according to WFD 

Mineral waste 

Concrete 

Bricks 

Tiles and ceramic 

Mixed/other mineral/inert 

waste 

Sorting and crushing of mineral waste (mixed or as individual 

fractions) for production of aggregates to be used in road 

construction as a substitute for sand or gravel or other lower 

quality aggregates. 

 

 

 

Concrete waste can be used for production of recycled 

aggregates for production of concrete of the same or lower 

quality, replacing gravel or crushed rock (e.g. granite). This is 

Other recovery when 

used in road 

construction (backfilling) 

but may in several MSs 

be reported as recycling.  

 

Recycling if concrete 

waste is used for 

production of new 

concrete. 
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CDW Available treatment option/technology 
Classification 

according to WFD 

still a minor application route, as standards for concrete set 

specific requirements regarding the use of recycled 

aggregate in new concrete, and these requirements can vary 

significantly across MSs, as MSs can have introduced 

national annexes to the European standard regulating the 

field, EN 206. Furthermore, utilisation of the fine fraction still 

poses some technical and regulatory issues. 

 

Old bricks from buildings erected before the 1960’ies can be 

prepared for reuse if the buildings are selectively dismantled 

and following a cleaning process. This is still a niche 

application. 

 

 

 

 

 

 

 

 

 

Preparation for reuse 

(reuse of old bricks). 

Plastic 

If sorted according to their resin type, plastic from CDW can 

be mechanically recycled to granulates to be used for 

production of new plastic products, often though at a lower 

quality, similarly to what happens with plastic waste from 

other sectors. It should be noted that plastic in CDW is 

composed by several different plastic types (PVC, PP, HDPE, 

PS, EPS, PU) which may require different treatment 

technologies. Some plastic types can be identified easily in 

end-of-life buildings and/or CDW, as they have specific 

applications in easily-recognisable building components (e.g. 

PVC in pipes and window frames, EPS in insulation). This may 

make their separation and potential recycling easier (cf. Box 

1 and Box 5 below). However, other plastic types are rarely 

sorted according to the resin type, due to small amounts, 

complexity and lack of space.  

Plastic may also be feedstock recycled (recovery of its 

carbon content through e.g. pyrolysis or gasification) or 

incinerated to recover its energy content. 

Recycling or other 

recovery (incineration 

with energy recovery). 

Metal 

Mixed metals 

Ferrous 

Non-ferrous 

Ferrous metals (iron and steel) and non-ferrous metals (e.g. 

aluminium, zinc and copper) can be remelted and used for 

production of new metal. This is largely common practice 

across Europe, as metals are easy to identify and sort, and 

the recycling is typically economically sustainable. 

Recycling 

Glass 

The glass fraction of CDW can be grouped into two 

categories: flat glass and glass used for interior applications 

(Bergmans et al., 2019). If selectively collected and not 

containing any stony material contaminants, flat glass can 

be recycled into new flat glass. Another possibility (and the 

most widespread treatment method for selectively collected 

flat glass) is recycling into container glass.    

Recycling 
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CDW Available treatment option/technology 
Classification 

according to WFD 

Wood 

Depending on the quality and the content of hazardous 

substances, wood from construction activities can be 

recycled or used for energy recovery. If the wood waste is 

clean, it can be used in the production of particleboards. If 

contaminated, incineration with energy recovery is often the 

preferred solution. In rare cases, wood is prepared for reuse, 

e.g. for structural purposes.    

Recycling (if used for 

particleboard 

production), or other 

recovery (incineration 

with energy recovery). In 

rare cases, preparation 

for reuse. 

Gypsum 

Gypsum in CDW is often in the form of plasterboards. If 

collected selectively, plasterboards can be recycled into new 

gypsum applications, and e.g. used for production of new 

plasterboards or in the cement production.  

Recycling 

Insulation 

The available treatment technology depends on the type of 

insulation material. Inorganic insulation materials such as 

mineral wool are in some countries recycled in the brick 

industry (Eurima, 2016), and it is possible, however not 

widespread, to recycle stone wool in a closed loop for 

production of new stone wool (Bergmans et al., 2019, cf. 

also Box 4). Technologies for closed-loop recycling of glass 

wool are also under development (cf. Box 3). The fact that 

mineral wool produced before 1997 is in some countries 

classified as hazardous waste represents however a barrier 

for recycling, and the most widespread management option 

for mineral wool waste is still landfilling (Eurima, 2016). 

Polymer based insulation materials are mostly landfilled or 

incinerated (VCØB, 2021),whereas biobased insulation 

materials most often are incinerated or composted if their 

content of fire-retardants is unproblematic (VCØB, 2021).   

Recycling, other recovery 

(incineration with energy 

recovery) or disposal 

(landfilling) 

Paper and cardboard 

A large share of paper and cardboard in CDW is packaging 

materials originating from construction activities. If 

selectively collected paper and cardboard can be recycled 

and used for production of new paper and cardboard, 

otherwise they may be incinerated. 

Recycling, other recovery 

(incineration with energy 

recovery) 

Mixed waste, generic 

Mixed waste represents an unknown mix of the 

abovementioned waste materials. Depending on the 

treatment of this waste fraction (e.g. sorting) and its content 

it may be either backfilled, recycled, incinerated or landfilled. 

Recycling, other recovery 

(backfilling, incineration 

with energy recovery), 

disposal (landfilling) 

Hazardous waste (total, 

excluding hazardous 

soil and dredging spoil) 

Typical contaminants in CDW are heavy metals in paint (e.g. 

Pb), organics in soft joints, paint (e.g. PCBs, chlorinated 

paraffins), asbestos fibres in fibre-cement boards, and 

mineral wool classified as hazardous. Thus, if contaminated, 

all abovementioned waste materials may theoretically be 

classified as hazardous waste, and their treatment will 

depend on the waste type and the contaminant. Treatment 

methods may be high-temperature incineration, incineration 

in MSWI with special permits for combustion of hazardous 

waste, landfilling in specific cells for hazardous waste, or 

Other recovery 

(incineration with energy 

recovery), disposal 

(incineration without 

energy recovery or 

landfilling) 
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CDW Available treatment option/technology 
Classification 

according to WFD 

storing in underground landfills, e.g. old quarries.  

Table 23 indicates that for the majority of CDW material fractions, recycling options do exist. A 

fundamental prerequisite for recycling is proper management of the waste fractions to ensure that 

hazardous substances are removed and safely managed. If CDW is contaminated with e.g. asbestos 

recycling is no longer an option, and the waste fraction in question will instead need to be landfilled.   

Also, for mineral waste recycling options exist, even though the most prevalent treatment of this fraction 

is backfilling, cf. the discussion in section 3.4. Robust recycling routes for insulation materials are missing, 

though. In section 7.3 the developments within closed-loop recycling of glass wool and stone wool are 

described.In Box 1 details about mechanical recycling of PVC waste can be found based on an interview 

with company Van Werven (van der Giessen, 2021). 

Box 1 – Recycling of PVC waste.  

Recycling of PVC waste  

Van Werven is one of the recycling companies in the EU, which offers recycling of hard PVC (TRL 9). The 

company has locations in seven different European countries, and all locations receive and sort PVC 

waste (van der Giessen, 2021), while processing of PVC waste is done only at the facility in the 

Netherlands. Waste is thus shipped from the different locations to the Dutch facility, and it mainly stems 

from Northern and Western Europe. Van Werven processes around 15.000 tonne of hard PVC waste per 

year and has been recycling PVC waste for more than fifteen years. 

Van Werven has specialised in recycling of pipes and to a lesser extent profiles for walls, as the additive 

content in these products is known. The company is not interested in receiving other PVC waste products, 

mainly due to the additive content being different from the content in pipes, but also due to economic 

considerations. Window frames, for example, are more costly to recycle as they are composed of several 

material besides PVC (e.g. glass and joint filler), which have to be separated from the PVC and managed. 

Van Werven does not receive soft PVC either, as the content of additives in soft PVC is considered too 

high. 

The PVC waste is processed through the following steps: 

- Impurities and other plastic types are removed, mostly through hand sorting by trained 
personnel 

- Afterwards the PVC waste is shredded, washed, dried, ground, dedusted and demetallised.  

- The end product is either reground or micronised (< 500 µm) granulates.  

Purchasers of reground or micronised (i.e. size-reduced) granulates are mainly companies producing PVC 

pipes. Reground granulates are sold to customers which afterwards micronise (size reduce) the 

granulates for their own production. Micronised PVC can be directly extruded for production of PVC pipes. 

The granulates can replace up to 70% of virgin PVC in the pipes, as due to quality and hygiene 

considerations, virgin PVC is used on the inner as well as the outer side of pipes, and recycled PVC is used 

only to produce the core of the pipe. 

Until 2015, PVC used for pipes contained lead, which is now prohibited in new PVC. A derogation to the 

ban on lead has been proposed (but not yet adopted) for recycled PVC, to ensure that PVC waste can still 

be recycled. A maximum of 1,5% lead in granulates from processed PVC waste has been proposed under 
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REACH for a period of ten years. Van Werven will still be able to recycle PVC waste if this proposal is 

adopted, as the content of lead in the received PVC waste is lower.  

The fact that recycling in several MS is not widespread is due to a number of well-known barriers, which 

can be divided into four categories (Rob Williams et al., 2020): regulatory, technical, market & financial, 

and awareness. Williams et al. (2020) conclude that the most important barrier to the recycling of CDW is 

the low market price for natural resources and virgin raw materials. On top of this, the generally low 

landfill taxes and typically high costs of treatment result in poorly competitive recovered products 

compared with virgin alternatives (with respect to both cost, quantity and quality). In addition, CDW has a 

complex composition and is often contaminated with hazardous substances, which is a challenge for 

processing and treatment. Other reported key barriers are the lack of end-of-waste criteria18, and the 

insufficient availability of adequate recycling facilities. 

A high degree of regulation (including high levels of enforcement) appears to be the most important driver 

to achieve increased recycling of CDW. This needs to be further sustained by measures that help improve 

the economics of recycling (e.g. landfill taxes). Deployment of design for disassembly as well as the 

development of a suitable network of recycling infrastructure and treatment facilities are also cited as key 

initiatives. In Table 24 an excerpt of barriers is presented. For an exhaustive list, please refer to Williams 

et al. (2020). 

Table 24 – Overview of barriers for recycling of CDW. Non-exhaustive list. Based on Williams et al. (2020). 

Regulatory barriers Technical barriers Market and financial 

barriers 

Awareness and 

knowledge related 

barriers 

- No requirements for 

selective demolition or 

sorting of CDW19 

 

- Recycling targets by 

weight promotes the 

recycling of heavy 

materials 

- Potential presence of 

hazardous substances in 

CDW 

 

- Lack of traceability 

 

- Buildings not designed 

for deconstruction 

- Low landfill costs 

 

- Low costs of extracted 

virgin materials 

 

- Selective demolition is 

expensive 

 

- High costs of sorting, 

treatment and recycling 

- Lack of coordination 

between actors 

 

- Lack of understanding 

and know-how 

 

- Lack of standards and 

guidance 

 

                                                        

 

18 Criteria which specify when certain waste fractions cease to be waste and become a product or a secondary raw material, c.f. the 
WFD. 

19 In 2018 amendment of the WFD, article 11 is amended and supplemented by the following: “Member States shall take measures 
to promote selective demolition in order to enable removal and safe handling of hazardous substances and facilitate re-use 
and high-quality recycling by selective removal of materials, and to ensure the establishment of sorting systems for 
construction and demolition waste at least for wood, mineral fractions (concrete, bricks, tiles and ceramics, stones), metal, 
glass, plastic and plaster.” Consequently, in the future, a more widespread use of selective demolition could be foreseen. 
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7.3. Mapping of emerging technologies 

The survey on emerging technologies revealed that it is especially within management of concrete waste 

that research is conducted and new technologies are being developed. This is probably due to concrete 

waste being such a predominant CDW fraction, combined with the fact that the majority of the fraction is 

used for low-grade applications such as road construction or backfilling. Emerging technologies for 

recycling of glass wool and PS insulation foam were also identified, and the same was the case for bricks.  

A list of emerging technologies for management of concrete, bricks and PS insulation foam is reported in 

Table A-7 (which sums up the technical feasibility assessment for emerging treatment technologies), 

including the following: the type of recovery operation, a brief description of the technology and its 

applicability, examples of application and a qualitative assessment of uptake. In Box 2, developments 

within recycling of concrete waste are described based on interviews with different stakeholder. 

Box 2 – Developments within recycling of concrete waste. 

Developments within recycling of concrete waste 

To gain an insight into the development within recycling of concrete waste, interviews were conducted 

with CEMBUREAU (the European Cement Association), the Concrete Sustainability Council (CSC), 

three producers of cement, concrete and aggregates (HeidelbergCement, Holcim and CEMEX) and 

Cementbouw, a recycling company.  

Excerpts from the interviews are reported below. 

According to CEMBUREAU (Maringolo et al., 2021), technological solutions for recycling of concrete do 

exist. When recycling is not performed, this is often not due to technical barriers, but instead due to 

practical, economical or logistic barriers. Recycling of concrete can be in the form of open-loop recycling 

(usually in road-base applications) or closed-loop (as aggregates in new concrete). Closed-loop recycling 

is not necessarily the best option from an environmental perspective, as it depends on, for instance, 
whether the recycled aggregates require additional processing and transport for long distances. The 

overall goal is to ensure a better segregation of CDW at source, or as close to source as possible, to avoid 

contamination of concrete from other materials during crushing, to enable the highest possible degree of 

recycling possible. It should also be borne in mind that the supply of CDW aggregates is not sufficient to 

cover EU’s demand for open- and closed-loop applications.  

With respect to EU developments within closed-loop recycling, CEMBUREAU points to an initiative within 

standardisation. CEN/TC 51 (TC on cement) is initiating a non-harmonised EU standard to allow the use of 

fines from concrete recycling as a new cement constituent, in the same manner as limestone, at a 

maximum content of 20%. There are already some market experiences on the use of recycled concrete 

fines as main constituent in Switzerland and as minor constituent in The Netherlands. 

Another relevant standard is EN 206 (standard for concrete structures and mixes) which allows 

replacement of aggregates up to 50%, depending on the concrete grade and exposure conditions, with 

recycled concrete aggregates. No harmonisation exists at EU level, though, as each MS has its own 

building codes and annex to EN 206, which may or may not facilitate the use of CDW aggregates in 

concrete. 

One of the aspects CEMBUREAU is aiming to is more design for disassembly, longer durability, more 

adaptability and selective demolition, which will enable preparation for reuse of concrete elements in 
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future life cycles of a building or in other future structures. Currently, there is no ongoing work on 

standardisation for preparation for reuse, but if it was the case, it might be useful to differentiate 

between structural and non-structural applications. 

The three producers of cement, concrete and aggregates that were interviewed (HeidelbergCement, 

Holcim and CEMEX) are all involved in different development projects within recycling of concrete.   

HeidelbergCement is developing a technology combining concrete recycling with CO2 reduction and CO2 

utilisation (Skocek et al., 2021). One of the elements in the approach is to selectively separate 

demolished concrete aiming at extracting the hardened cement paste to be used as a raw material for 

clinker production or a substrate for CO2 mineralisation. High-quality aggregates and sand, free of 

hardened cement paste, will also be retrieved in the process and used for production of fresh concrete for 

general purposes. The separation is performed by mechanical, low energy processes. Selective separation 

is at pilot stage (TRL 8), and HeidelbergCement believes that all qualities of concrete can be processed; 

however, this has to be corroborated with the pilot.  

Another part of the project focuses on enforced carbonation, where the extracted hardened cement paste 

can be used for mineralisation of CO2 in the flue gases from clinker production. During the mineralisation 

process (“enforced carbonation”), CO2 reacts with the calcium present in the cement hydrates to form 

calcite and silica-alumina gel. This turns the carbonated hardened cement paste into a pozzolanic 

material suitable for cement production. This part of the project is in a more initial stage (TRL 4). Figure 

33 provides a schematic overview of the recycling process under development.    

 

Figure 33 - Schematic overview of the approach combining concrete recycling and CO2 utilisation via mineralisation 
being develop by HeidelbergCement.   

Currently, 60-70% of the hardened cement paste can be recovered in the selective separation process, 

aiming at 80%. The purity of the extracted cement hydrates is approximately 50%, aiming at 80% when 

the technology is mature. The technology is expected to be at commercial stage in five years.  

Holcim primarily recycles concrete waste for the production of aggregates for road construction, bases 

and fills (TRL 9) though they do also produce recycled aggregates for concrete production (Tomlinson et 

al., 2021). For the environmental profile of recycled aggregates used for concrete production, it is crucial 
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whether the new concrete would need more or less cement compared to concrete produced with natural 

resources. Holcim made the point, also, that economy varies from country to country due to building 

tradition and the availability of natural resources. While natural resources in Eastern Europe are 

abundant, they are scarcer in Western Europe, and accordingly more incentives for recycling of 

aggregates exist in Western Europe. 

CEMEX presented two technologies which both had potential within recycling of concrete (Zampini et al., 

2021). These technologies are described in the following: 

1. Sand-2-Gravel. Artificial aggregates are produced from fines from crushed concrete waste or 

other waste fines. The fines are mixed with water and sometimes chemical compounds. The 

advantage of the process is the targeted particle size distribution, the reduction of water 

absorption (around 4% vs. 10% for initial material) and the decreased cost of logistic in case of 

local lack of certain aggregate fractions. The technology is developed and in the process of 

deploying (TRL 8-9). Applications: concrete and road base.  

2. Returned concrete. Artificial aggregates produced from ready-mix concrete returned from 

construction sites. Today (2021), returned ready-mix concrete is usually crushed and used as 

subbase in roads. Currently, 1% of the global production of concrete is “lost” as returned 

concrete. In the development project, the returned concrete is pelletised in the truck, instead of 

being crushed, for production of recycled aggregates. It can potentially substitute up to 10% - 

20% of natural aggregates in concrete without loss of workability and strength. The technology 

is developed, and deployed outside Europe, and in the process of adoption in Europe (TRL 8-9). 

Applications: concrete (main use) and road base.     

The Concrete Sustainability Council (CSC) is a Geneva based non-for-profit organisation aiming at 

promoting and demonstrating concrete as a sustainable building material to enable informed decision in 

construction. The CSC owns an independent certification system for concrete, cement and aggregates 

(CSC, 2021). The CSC was founded in 2016, and it has achieved recognition by BREEAM, DGNB, LEED, 

ÖGNI and Envision. More than 500 active certificates exist in 13 countries/regions, globally. The CSC 

certification system is applicable to concrete plants, cement plants and aggregate quarries. The 

certification system rewards exemplary management, environment, social and economic practices. Most 

of the indicators are qualitative, but an increasing number is quantitative. The CSC certificate for concrete 

plants includes the performance of the supply chain.  

In June 2020, CSC expanded its certification system for concrete by introducing an optional 

supplementary R-module for CSC-certified concrete plants. To obtain the supplementary R-module, the 

following five criteria must be met:   

R1: responsible sourcing  

R2: traced material supply 

R3: use of recycled aggregates 

R4: quality management 

R5: minimum content of R-material (recycled cement shall constitute more than 10%) 

According to the CSC, there are different market drivers for recycled aggregate containing concrete. 

Drivers strongly depend on local conditions and typically include customer demand and limited landfill 

capacity. 
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Cementbouw is a recycling company that transforms mineral CDW into aggregates used for road 

construction or – in case of clean fractions of concrete waste - into aggregates used for production of 

new concrete (Kloestra, 2021).  

Cementbouw is, together with a French partner, working on a new technology for recycling of concrete 

which the company hopes to develop to commercial level within the next three years (current status: TRL 

7). The technology is adapted from existing robust technology and is based on developments and 

knowledge within the concrete recycling area.   

The technology under development is normally used to extract precious metals from rocks. It consists in 

breaking concrete to 8-10 cm size, and then not crushing but rather cracking it into smaller fractions. The 

technology depends on slower crushing and better screening, which will make the process easier to 

control compared to current technology. The outcome of the process is two fractions: gravel and a fine 

fraction.  

The gravel can replace natural gravel for production of new concrete, but with an expected compressive 

strength 2-5% higher compared to natural materials, so that less cement is foreseen needed. The 

increased compressive strength is caused by the aggregates being edged, whereas natural gravel in the 

Netherlands (where Cementbouw is located) is round.  

The fine fraction (0-4 mm) will be further processed and split into two fractions: sand and filler. Sand can 

be used again as sand in new concrete, and the filler can be used as filler as an alternative to, for 

example, coal fly ash and/or limestone.       

As mentioned in section 7.2, robust recycling routes for insulation materials are missing, though 

ROCKWOOL for example in some countries offers take-back solutions for stone wool waste. In Box 3 and 

Box 4, respectively, developments within closed-loop recycling of glass wool and closed-loop recycling of 

stone wool are described. 

Box 3 – Closed-loop recycling of glass wool. 

Closed-loop recycling of glass wool in France 

Saint-Gobain ISOVER produces thermal insulation solutions, among other things glass wool. The following 

is based on an interview with Saint-Gobain ISOVER (Meyer, 2021) about the company’s work within 

development of closed-loop recycling of glass wool, i.e. solutions where glass wool waste is recycled into 

new glass wool. 

Currently, closed-loop recycling of glass wool has been performed to a limited extent, and has almost 

exclusively covered production waste. Open-loop recycling exists, but the options are limited to e.g. use in 

bricks, tiles and expanded clay.  

The barriers for closed-loop recycling are of technical, legislative and economical character. The main 

technical barrier is caused by the carbon content of the binder (one of the components of glass wool), 

which creates problems in the furnace as it causes excessive bubbles and reduction of the surrounding 

glass. The main legislative barrier is due to mineral wool produced before 1997 being classified as 

hazardous waste (this is also a barrier for open-loop recycling). The main economical barrier is due to 

landfill costs remaining low in many countries, and lack of proper sorting practices leading to high levels 

of contamination in the different waste materials collected for recycling.  

In 2018 Saint-Gobain ISOVER launched a program in the southeast part of France with the aim of 
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recovering glass wool from construction and demolition activities in closed-loop recycling. Important 

drivers for the company’s focus on closed-loop recycling are reduction of its environmental footprint, to 

be able to offer a solution to the growing market demand for waste recovery solutions as well as the 

increasing global demand on raw materials. Production of glass wool is based on natural materials such 

as sand and limestone and secondary materials such as glass waste composed of packaging glass (e.g. 

bottles) and flat glass. More than 55% of the input material is comprised of secondary materials (glass 

waste), and as these materials are also demanded by other industries, it creates an incentive to focus on 

other sources of secondary materials.     

The recycling program launched in 2018 is based on an old reprocessing technology, initially designed for 

recycling process residues. The energy intensity and quality issues of the existing technology have led 

Saint-Gobain ISOVER to develop a new technology based on submerged combustion melting (also 

referred to as a submerged burner melter). The glass wool waste, either from construction or renovation 

or demolition, is finely milled before being introduced into this melter in order to burn all the binder and 

transform the material into a high-quality cullet to be recycled in the main production furnace. The new 

technology is still in its R&D phase (TRL 6). An industrial pilot will be installed in France in 2022. The 

project has received European funds through the LIFE ILOOP program.   

Saint-Gobain ISOVER expects by 2030 to be able to collect and recycle 15.000-20.000 tonne of glass 

wool waste yearly in France. The company aims at progressively deploying the technology based on 

submerged combustion melting in all the countries where Saint-Gobain ISOVER has an industrial 

presence. Due to very high level of capital expenditure required (EUR 10 million per installation), it will 

take time to have all the EU countries equipped. Saint-Gobain ISOVER aims at having at least five 

equipment operating in 2030 throughout Europe.   

Limitations are mainly due to impurities in the glass wool waste, which can be due to foreign 

contaminants, or due to other glass wool with different chemistry from other manufactures. Saint-Gobain 

ISOVER assumes that in the future up to 20% of the input material could be glass wool waste, in addition 

to the 55% external cullet (bottle and flat glass) already included in the process.      

Saint-Gobain ISOVER cooperates with waste management companies that collect and sort the waste by 

hand to remove contaminants such as bricks, concrete, metals, etc. Currently, Saint-Gobain ISOVER is 

considering an extra sorting step at their facility before the collected glass wool waste is crushed and fed 

to the melter. 

 

Box 4 – Closed-loop recycling of stone wool. 

Closed-loop recycling of stone wool 

ROCKWOOL produces thermal insulation solutions for buildings. The following is based on an interview 

with ROCKWOOL (Huang, 2021) about the company’s work within development of closed-loop recycling 
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of stone wool.  

ROCKWOOL offers take-back solutions of stone wool waste from construction and demolition activities in 

many European countries. So far, the take-back arrangements20 have been most successful in Denmark, 

where ROCKWOOL in 2020 recycled 11.000 tonne of stone wool waste, corresponding to more than 50% 

of the expected total amount of stone wool waste generated yearly. The barriers related to closed-loop 

recycling (and open-loop recycling) are mainly related to low landfill costs in many countries and 

regulatory barriers, especially the classification of mineral wool produced before 1997 as hazardous 

waste in different MS.  

The most widespread technology for production of stone wool is a Cupola oven21, and this oven type 

allows for recycling of stone wool waste. The process is not very sensitive to impurities due to high 

temperatures in the oven, and it can handle stone wool produced before and after 1997 (TRL 9).    

When stone wool waste is returned to ROCKWOOL it is made into briquettes before entering the Cupola 

oven, which is done by adding cement to the waste. LCAs performed by ROCKWOOL shows a slight 

decrease of the overall environmental impacts due to avoided quarrying and transport of virgin rocks, 

while at the same time avoiding landfilling of stone wool waste. 

With respect to future developments, ROCKWOOL aims to introduce two new types of ovens: Integrated 

Melting Furnace (IMF) and Electric. The IMF is based on cyclone technology and uses a number of fuel 

sources for melting of the raw materials. The IMF can also melt alternative and recycled materials in 

addition to the typical virgin raw materials such as diabase and basalt (as opposed to the Cupola oven, 

which uses coal and have stricter requirement for raw materials). The electric melter, also known as the 

Electrical Submerged Arc Furnace (SAF), is not dependent on fossil fuels, and the first oven has now been 

introduced in Norway. With the electric oven, stone wool waste will not have to be made into briquettes 

before entering the oven thereby saving cement and energy. Theoretically, the Cupola oven allows for up 

to 50% of the input material to be stone wool waste, whereas the electric melter allows for up to 70%. 

Currently, though, ROCKWOOL does not receive these amounts of stone wool waste.   

EPS, which is used as an insulation material in buildings (and as a packaging material for e.g. electronics 

due to its protective properties) is currently mostly landfilled or incinerated when it becomes waste. This is 

especially due to its low bulk density, which makes transportation of the waste expensive, unless EPS is 

compressed before transportation. Additionally, no robust recycling solutions exist for EPS used as 

insulation material, due to its content of impurities (other CDW materials) and flame retardants such as 

Hexabromocyclododecane (HBCD). In Box 5, an emerging technology for recycling of PS insulation foam is 

described.  

Box 5 – Recycling of EPS containing HBCD 

Recycling of EPS containing HBCD 

The company PolyStyreneLoop aims to recycle EPS (expanded polystyrene) contaminated with HBCD at 

their plant located in the Netherlands. The plant is the first demonstration plant on industrial scale for PS-

                                                        

 

20 The take-back arrangement referred to as Rockcycle® differs from country to country. In Denmark, ROCKWOOL has entered into an 
agreement with the company “RGS Nordic” which is responsible for the collection, sorting, granulation, testing for unwanted 
substances and transportation of the waste to ROCKWOOL’s factories. 

21 https://en.wikipedia.org/wiki/Cupola_furnace 
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foam demolition waste (Reichenecker, 2021). The plant is in the start-up phase (TRL 7) and all the 

process steps are being tested. Focus is on EPS, but in the future the plant should also treat XPS 

(extruded polystyrene).  

The technology is based on the CreaSolv® process, a physical recycling process developed by CreaCycle 

GmbH and Fraunhofer IVV.  

The process includes the following steps: 

1. PS foam waste is dissolved in tanks containing a PS-specific liquid. Solid impurities are 

separated through filtration and then incinerated. 

2. Another liquid reagent is added, which transforms the dissolved PS into a gel, while HBCD stays 

in the remaining liquid. The PS gel is then separated from the process liquids. Once cleaned, the 

gel is transferred via a devolatiser and extruder into granulated polystyrene polymer. The 

remaining liquid with the additive HBCD is distilled, after which the liquid reagent is re-used in a 

closed loop, while the additives, including HBCD, remain as sludge. 

3. Destruction of HBCD within the sludge is done in the Bromine Recovery Unit (BRU) of the partner 

company ICL. The BRU is a high temperature waste incinerator at 1100 C˚. During the last step, 

the elemental bromine is recovered from the flue gas and can be used to produce new flame 

retardants to be applied in new PS foams used for insulation.  

PolyStyreneLoop expects to be able to treat 3,300 tonne of EPS annually. Currently, suppliers of EPS 

waste come mainly from the Netherlands and Germany, but the company aims to build more plants 

across Europe in the coming years.  

PolyStyreneLoop has received grants from the EU Commission (LIFE project) and the Dutch Province of 

Zeeland to test the technical and economic feasibility22. 

 

7.4. Environmental improvement potentials 

There is no doubt that the current management of CDW in the EU could be improved, despite the fact that 

recovery and utilisation of CDW is relatively high compared to many other waste types. Figure 7 in section 

3.4 shows for example that more than 70% of the mineral fraction of CDW was recovered in 2018 in the 

majority of EU countries, either through recycling or backfilling. However, data for management and 

treatment of the non-mineral fractions are not available.  

As discussed in section 3.4, the introduction of the definition of “backfilling” could induce a change in CDW 

management statistics, shifting the overall recovery from a high degree of recycling to a high degree of 

backfilling. In many MSs, recovery of the mineral fraction is indeed done through backfilling, namely, 

where materials are sorted and crushed for production of aggregates to be used for landscaping purposes 

as a substitute for natural aggregates. Accordingly, a potential exists for moving management of the 

mineral fraction higher up in the waste management hierarchy. Stakeholder interviews performed in the 

course of this study revealed that technology developments are ongoing specifically within this area.    

                                                        

 

22 In 2022, PolyStyreneLoop filed for bankruptcy driven by Covid and high energy costs. The company is expected to be taken up by 

new ownership by the German GEC Group GmbH & Co (Deutsche EPS-Hersteller kaufen Poly-Styrene Loop 

(baustoffmarkt-online.de)) 

https://urldefense.com/v3/__https:/www.baustoffmarkt-online.de/deutsche-eps-hersteller-kaufen-poly-styrene-loop-24062022__;!!DOxrgLBm!Efj_g_D4gKNZ-6BJYAdV4Ik8WtWLmzi-if46HMtRLf2To2h2K6mhZGr-9Ej-O1BIl5W_UjWWnexngISsojfxRUE3767og7-qfA$
https://urldefense.com/v3/__https:/www.baustoffmarkt-online.de/deutsche-eps-hersteller-kaufen-poly-styrene-loop-24062022__;!!DOxrgLBm!Efj_g_D4gKNZ-6BJYAdV4Ik8WtWLmzi-if46HMtRLf2To2h2K6mhZGr-9Ej-O1BIl5W_UjWWnexngISsojfxRUE3767og7-qfA$
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For the non-mineral waste fractions, recycling options exist for most fractions, however they may not be 

available in all MSs, due to regulatory, market, logistical and practical barriers (cf. Table 23). In addition, 

new, emerging technologies have been identified (see section 7.3) for a number of fractions, especially 

insulation materials, that are currently mostly landfilled. While the actual environmental benefits of these 

technologies/management techniques can only be assessed by detailed LCA as it depends on several 

factors (described below), a broader implementation of these emerging recycling technologies will allow 

moving higher up in the waste hierarchy. This can be considered an inherent improvement of CDW 

management, in agreement with the principles stated in the Waste Framework Directive 2008/98/EC. 

Considering that the amount of insulation materials in CDW is expected to increase by 20% by 2050 

relative to 2020 levels (even though remaining a minor fraction in absolute terms; cf. section 5.4), 

improving the management of this fraction becomes relatively more important, also in terms of saved 

landfill space. The actual environmental improvement potential of the CDW management 

techniques/technologies depends on several factors, such as: 

- The current situation, i.e. how the waste fraction in question is treated today 

- The inputs needed to run the (improved) technology, e.g. energy, resource and water consumption 

- The quality of the outputs from the technology, especially determining which market materials 

can be replaced by the outputs (given their quality) 

- Change in transportation patterns, e.g. less or more transportation needed 

 

The environmental impact category of interest is also critical, as a different waste management might 

lead to reduced environmental impacts in some categories, and increased impacts in others. Accordingly, it 

is important to define or to decide which impact categories are seen as the most important. In section 10, 

the environmental consequences of improved waste management are assessed in detail for selected 

waste fractions and technologies through a life cycle assessment. In the following, a qualitative evaluation 

of the potential environmental impact associated for the material fractions where upcoming, emerging 

technologies have been identified (cf. section 7.3) is performed. 

 

7.4.1.  Concrete 

Several European companies work with development of solutions for closed-loop recycling of concrete, 

where crushed concrete waste is used for production of new concrete. Currently, it is only the coarse 

fraction (>4 mm) which can be used as aggregate in production of new concrete. The fine fraction (0-4 

mm), which constitutes around 40% of the crushed material (i.e. of the recovered mineral fraction) cannot 

be used. This is not the case when crushed concrete is used in road constructions, where the entire amount 

is used. Consequently, several companies focus on recycling options for the fine fraction also, which is 

described in more details in Box 2 – Developments within recycling of concrete waste. Concurrently with 

the work of the companies, CEN/TC 51 (TC on cement) is initiating a non-harmonised EU standard to allow 

the use of fines from concrete recycling as a new cement constituent at a maximum content of 20%, in 

the same manner as limestone. 

 

Since the availability of recycled concrete aggregates is not sufficient to fulfil the overall demand for 

aggregates for e.g. concrete production, road construction, backfilling etc. (Maringolo et al., 2021), it is 

crucial that recycled aggregates are used in the most environmentally efficient and beneficial way. The 

main aspects to keep in mind when moving from open-loop recycling of concrete (which here is intended 

as backfilling when used in road constructions) to closed-loop recycling (i.e. return to concrete products) 

depend on the factors mentioned above, i.e. the current situation, the required inputs to run the process, 

the outputs and transportation. Generally, the global warming savings related to the use of crushed 

concrete as a substitute for natural sand and gravel are not significant in absolute terms. This applies 
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regardless of whether the crushed concrete is used for road construction or for production of new 

concrete. The largest savings can be obtained if cement can be replaced (or the consumption of cement 

reduced) as cement is highly carbon intensive to produce. If recycled concrete aggregates can substitute 

crushed rock, e.g. granite, instead of sand and gravel, larger global warming savings can also be obtained, 

especially if the granite needs to transported long distances. Production of crushed rock, e.g. granite, is 

indeed more energy demanding than extraction of sand and gravel; crushed rock is used either when 

natural sand and gravel are not locally available, or in production of high-quality concrete. Another aspect 

that might affect the extent of the global warming savings is whether the use of recycled concrete 

aggregates can lead to a reduction in transportation distances relative to virgin aggregates, as 

transportation has a relatively large impact on the overall carbon footprint of mineral materials (Butera et 

al., 2015). This is a very locally dependent variable. Although global warming savings related to utilisation 

of mineral CDW as secondary aggregate might not be large in absolute terms, they are approximately half 

of the impacts related to landfilling of crushed concrete (Butera, 2019; Butera et al., 2015). Furthermore, 

landfilling of such a large waste stream is not a viable option, and would be a non-desirable option based 

on the principles stated in the waste hierarchy. 

Furthermore, additional environmental benefits in terms of resource savings can be obtained from 

recycling of concrete. These can be significant in regions with local scarcity of natural resources and virgin 

raw materials (such as sand and gravel). However, commonly used LCIA methods fail to address issues 

related to resource depletion of mineral aggregates such as sand or gravel (Butera et al., 2015; 

Sonderegger et al., 2020).  

Further improvements in the management of concrete waste could be related to an increased focus on 

preparation for reuse of concrete structures, supported by improved building techniques (modular design, 

design for disassembly), new legislation and regulation (e.g. technical and safety requirements, CE 

marking), innovative approaches to the design and tendering of new buildings (based on locally available, 

end-of-life concrete elements) and of demolition projects (with requirements to selective dismantling).  

 

7.4.2. EPS 

Today, no robust recycling solutions exist for EPS used as insulation material, and the material is mostly 

landfilled. However, the company PolyStyreneLoop has established the first industrial scale plant for 

recycling of HBCD-contaminated EPS from CDW. The technology converts EPS into a granulated 

polystyrene polymer, which can replace virgin polystyrene. HBCD is destroyed and elemental bromine is 

recycled to be used for production of new flame retardants, thereby representing a valuable co-product 

and substituting virgin bromine.  

The environmental improvement potential of this emerging technology depends on the inputs (e.g. energy, 

reagents) needed to run the recycling process, the efficiency of the process and the environmental load 

associated with producing the virgin materials replaced by the recyclate. Additionally, the need for 

landfilling capacity is reduced, and the process ensures that HBCD is not spread into the environment. 

Transportation may be a point to pay attention to, if EPS waste needs to be transported over longer 

distances compared to the current situation. Considering that 98% of EPS actually consists of air, solutions 

involving EPS compression before the transportation phase to the final recycling plant could be crucial to 

maximise the environmental benefit of EPS recycling, once the technology is scaled up and able to treat 

larger amounts of EPS, which will necessarily need to be transported longer distances. Compression of EPS 

used as packaging material prior to transportation is common.       

Improved management of EPS waste would require an increased focus on source separation and separate 

collection of EPS, which might prove challenging considering the low bulk density of this material. Targeted 
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legislation and regulations (with landfilling/incineration taxes, specific recycling targets) might be key to 

support the development towards more recycling of EPS from CDW. 

  

7.4.3. Glass wool 

Recycling of glass wool has currently been almost strictly limited to open-loop recycling in e.g. bricks, tiles 

and expanded clay. The main treatment route is landfilling, though. Closed-loop recycling of glass wool 

has mostly covered production waste and not post-consumer waste, but Saint-Gobain ISOVER is 

developing a technology to be able to recycle glass wool waste from construction and demolition activities.  

Closed-loop recycling of glass wool will mainly replace sand. The production of sand is associated with 

relatively low global warming impacts, and consequently the global warming savings related to closed-

loop recycling of glass wool will likewise be relatively low. If the technology used for closed-loop recycling 

is more efficient than the current one, this may have a positive effect on the environmental performance, 

though. The most important effect is presumably the diversion of glass wool waste from landfilling to 

recycling, and the savings in resource consumption (sand). As was the case for EPS, changed 

transportation patterns should also be accounted for.     

Improved management of glass wool waste could involve the progressive strengthening of take-back 

schemes for post-consumer glass wool waste, with increased focus on correct sorting. This will have to 

happen in parallel to the deployment of submerged combustion melters, and will require working on the 

remaining barriers, e.g. mineral wool produced before 1997 being classified as hazardous waste as well as 

excessively low landfill costs. 

7.4.4. Stone wool 

Recycling of stone wool waste is already a technical possibility, as it only requires a relatively simple pre-

treatment step followed by production in the same oven where normal, virgin production occurs. However, 

its implementation has so far been limited on a global scale. This is due to barriers related to low landfill 

costs in many countries, lack of know-how concerning the sorting of different types of mineral wool and 

regulatory barriers, especially the classification of mineral wool produced before 1997 as hazardous 

waste in different MS.  

Improved management of stone wool waste could go through the following steps: 

- Short-term perspective: Broader implementation of take-back schemes, i.e. arrangements where 

stone wool producers cooperate with companies which collect and prepare the stone wool waste 

for closed-loop recycling. Also in this case, this should be supported by e.g. targeted legislation 

(re-classification of mineral wool produced before 1997 if the waste is proved non-hazardous), 

and higher landfill costs, to mention few examples.  

- Long-term perspective: Deployment of the new, less carbon intensive oven types, especially the 

electric one, which will make the recycling process even simpler, and likely increase the 

environmental benefits (due to avoided use of cement). 

Implementation of these initiatives can, while reducing the environmental impacts associated with the 

product (though minor savings are expected as mentioned earlier), divert a larger fraction of stone wool 

from landfills, thus saving landfill space and moving up in the waste hierarchy.  
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8. LCA Screening (Carbon-footprint)  

8.1. Approach  

The objective of the LCA screening in form of a carbon-footprint (simply, a preliminary/quick LCA focused 

on the climate change impact category only) was to select 3-4 fractions for in-depth LCA and cost 

modelling (in section 10), as a subset of the CDW material fractions previously addressed with respect to 

composition and generation (see section 3.3). The following three criteria were considered for the selection 

of fractions for LCA and cost modelling: 

- Amounts – The share (weight percent of total amount) of fractions based on the average CDW 

composition estimated for the four regions in section 3.3. 

- CO2 emissions from materials – The carbon emissions (as CO2-eq) associated with the 

production of materials, and the potential emission savings from preparation for reuse and 

recycling of the material fractions, based on screening modelling performed with EASETECH and 

involving existing literature data. 

- Technical feasibility – The anticipated potential of existing and emerging technical solutions to 

support increased circularity of CDW. 

For each of these three criteria, the material fractions were evaluated and qualitatively scored as “high”, 

“medium”, or “low” to indicate the relevance for specific LCA and cost modelling. 

8.1.1. Amounts 

The amounts of material fractions are important as the (environmental) impacts expressed per tonne of 

material fraction are proportional to the amount of each material fraction (e.g. expressed as the share of 

total CDW in weight percent). Therefore, fractions with a small improvement potential per tonne may still 

be important if these fractions constitute a large share of the overall CDW. Similarly, a fraction with a 

large improvement potential per tonne may still be of relevance even though the share is smaller. The 

average CDW composition in each of the four regions, as reported in section 3.3, is used as basis. 

8.1.2. CO2 emissions from materials  

CO2 emissions from materials is the carbon emissions (as CO2-eq..s) associated with the production of 

construction products (WorldGBC, 2019). The life cycle stages of buildings are defined in the European 

standard EN 15978 (2011), where CO2 emissions from the construction phase is seen at stage A1-A3 

(PRODUCT STAGE: Production of and manufacturing of construction products) and A4-A5 (CONSTRUCTION 

STAGE). This is important as some construction products may be directly prepared for reuse or recycled, 

thereby replacing (substituting) the same or similar materials as construction products produced from raw 

materials. Assuming a 1:1 substitution rate, this offsets production of the displaced raw materials (Stage 

A1-3). To evaluate the potential CO2 emission savings from improved recycling and preparation for reuse 

of the materials, emissions from both the recycling and preparation for reuse activities were compared 

with emissions from production of the same materials (i.e. representing the potential substitution). An LCA 

screening was carried out through two approaches: 1) Literature screening for detailed LCA data of 

specific material fractions, and 2) LCA screening modelling with EASETECH for fractions for which 

literature data were not available or unclear. The LCA screening was only done for climate change, as a 

full LCA with more impact categories, would require a more detailed LCA. The full LCA was therefore only 

done for the selected fractions for a full LCA.  
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8.1.3. Technical feasibility of preparing for re-use and recycling 

To account for the likelihood or potential of preparing for re-use and recycling options to improve the 

management of the individual material fractions, the technical feasibility of these options was evaluated 

qualitatively based on the data and information collected for CDW recovery options in section 8. While a 

multitude of barriers, constraints, and opportunities may affect the scale-up and implementation of new 

recovery technologies, and thereby the potential for improvements for individual materials, it is beyond 

the scope of the screening to provide an in-depth coverage of all such aspects. Consequently, the 

qualitative evaluation of technical feasibility represents expert judgement based on the available 

information of the individual recovery options.  

8.2. Screening results for material fractions 

8.2.1. Amounts 

The amount per fraction is shown in Table 25 below, which is based on Table 9 and Table 13 from section 

3.3. In section 3.3 the larger mineral fraction is also shown, but here only subfractions are included. The 

table is sorted according to amount in percent for the column “EU27 average”. The fractions were scored 

qualitatively according to potential importance, with “High” assigned to fractions making up more than 

10% of the average CDW in EU27, “medium” to fractions making up 5-10% across the different regions, 

and “low” to fractions that make up less than 5% across the regions. Table 21 shows that mineral 

materials are dominant, where “Other minerals” is a mix of different “pure” mineral fractions. On this 

basis, it can be seen that “Concrete” is the largest individual fraction. In addition, Bricks, Ferrous and Wood 

are also present in considerable amounts. The table also shows that for Ferrous and Wood, relatively large 

differences exist between the regions. 
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Table 25 - Percentage share of each CDW fraction based on section 3.3. Darker green colours represent larger shares 

in each column. The grouped fraction “Mineral waste” has been added as “Mixed/other mineral/inert waste” if no 

subfractions were reported. 

Material fraction 
EU27 

average  

Southern 

Europe 

Northern 

Europe 

Central and 

Eastern 

Europe 

Western 

Europe 

Importance in 

amount 

Mixed/other 
mineral/inert waste 46.90% 86.26% 42.80% 74.75% 55.65% High 

Concrete 24.00% 0.00% 0.00% 0.00% 6.66% High 

Mixed waste, generic 12.30% 0.00% 17.47% 5.17% 14.22% High 

Bricks 5.00% 0.00% 0.00% 0.00% 1.41% Medium 

Ferrous 3.40% 9.86% 5.96% 0.12% 10.23% Medium 

Wood 2.30% 0.41% 14.49% 0.62% 5.14% Medium 

Hazardous waste (total, 
excluding hazardous 
soil and dredging spoil) 1.80% 1.77% 12.34% 2.62% 2.39% Medium 

Gypsum 1.40% 0.00% 4.44% 0.00% 0.27% Low 

Tiles and ceramics 1.20% 0.00% 0.00% 0.00% 0.03% Low 

Mixed metals, incl. 
Cables (other metals) 0.50% 0.28% 0.00% 12.62% 0.54% Medium 

Non-ferrous 0.40% 1.14% 0.00% 0.12% 2.11% Low 

Insulation 0.30% 0.00% 0.00% 0.00% 0.07% Low 

Plastic 0.20% 0.10% 0.63% 3.86% 0.76% Low 

Glass 0.20% 0.19% 0.61% 0.02% 0.32% Low 

Paper and cardboard 0.20% 0.00% 1.25% 0.09% 0.22% Low 

 

8.2.2. CO2 emissions from materials 

The CO2 emissions from materials in kg CO2-eq. per tonne of material fraction is shown in Table 26. While 

material fractions may originate from a wide range of different building products, each material was 

approximated by selecting a specific production process representing CO2 emissions associated with 

production of the material (in kg CO2-eq.). The production process was selected based on the products or 

product categories present in the largest amounts of the individual material fractions (e.g. PVC for the 

material fraction “plastics”), based on data from section 3.3. In Table 26, data are provided for mixed 

fractions (i.e. mixed metals and Mixed/other mineral/inert waste) is an assumed mix as the actual 

composition is unknown.  
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The largest CO2 emissions per tonne of material was found for the metal fractions (i.e. Aluminium, Mixed 

metals, and Steel and Iron). Special fractions such as ceramics, plastics and insulation materials also have 

considerable CO2 emissions from the production.  

Table 26 - Primary production costs per fraction in form of CO2-eq.. Data are based on the Ecoinvent database 

(Ecoinvent, 2021). 

Material 

fraction 

Primary production 

of virgin material  

[kg CO2-eq./tonne] 

Ecoinvent process 

Aluminium 10770 aluminium production, primary, ingot - IAI Area, 
EU27 & EFTA 

Mixed metals 5884 Assumed to be average of steel, Aluminium and 
Copper 

Steel and Iron 4005 reinforcing steel production - RER 

Tiles and 
ceramics 

3035 sanitary ceramics production - CH 

Plastics 2205 polyvinylchloride production, bulk polymerisation - 
RER 

Insulation 1193 stone wool production - CH 

Glass 1165 flat glass production, coated - RER 

Gypsum 572 gypsum fibreboard production - CH 

Bricks 244 clay brick production - RER 

Wood 150 sawnwood production, hardwood, dried (u=10%), 
planed - RER 

Concrete 91 concrete production, for building construction, with 
cement CEM II/A - CH 

Mixed/other 
mineral/inert 
waste 

91 Assumed to be concrete for this purpose 

Stone 2 limestone production, crushed, washed - CH 

Paper and 
cardboard 

2 kraft paper production, bleached - RER 

 

Currently, most of the CDW is either landfilled or utilised as filler materials or gravel substitute in road 

subbases or similar construction where quality of materials is of lower importance. The CO2 emissions 

associated with production of the materials therefore are not saved downstream through substitution. To 

evaluate the potential CO2 emission savings of improved preparation for reuse or recycling, the impacts 

from current management (e.g. landfilling and utilization as filler material) were compared through LCA 

screening was carried out in the LCA software EASETECH (Clavreul et al., 2014; EASETECH, 2021) with 

selected options for preparation for reuse and recycling, both with downstream substitution of virgin 
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production (shown in Table 26). To the extent relevant literature data were available, these have been 

included; otherwise, additional LCA screening modelling was carried out in EASETECH. 

The results of the LCA screening for the individual material fractions are provided in Table 27. Following 

common-practice in LCA, here waste generation is assumed burden-free (i.e. only burdens/savings from 

waste management and material substitution are included, while production of the original materials is 

excluded). The system boundaries for the LCA screening include reprocessing, avoided transport and 

production. Transport to reprocessing sites is not included as these distances are very case specific. Two of 

the material fractions are further subdivided; namely, plastic (PVC, PUR and HDPE) and insulation (stone 

wool, glass wool and EPS). 

Note that negative numbers represent net savings to the environment (i.e. the avoided impacts following 

substitution of virgin production overshadow the burdens associated with collection and recycling 

operations), while positive numbers indicate net burdens (i.e. the avoided impacts following substitution of 

virgin production do not compensate for the burdens associated with collection and recycling operations). 

Table 27 - Potential CO2 emission savings from changing the current management of fractions to improved 

preparation for reuse or recycling. Values in kg CO2-eq. per tonne material fraction. Note that negative numbers 

represent net savings to the environment while positive numbers indicate net burdens. 

 Literature and modelling – kg CO2-eq per tonne material 

Material fraction kg CO2-eq per 

tonne material 

Comparison of common treatment (defined for 

each fraction below) with preparing for reuse 

or recycling 

Concrete -77 Comparison of crushing and utilization, with reuse 
(Rambøll, 2020) 

Bricks -103 Comparison of crushing and utilization, to reuse 
(Møller et al. 2013)  

Tiles and ceramics  -352 Comparison of crushing and utilization, with reuse of 
roofing tiles (Rambøll, 2020) 

Mixed/other 
mineral/inert waste 

-77 Assumed to be concrete. Comparison of crushing and 
utilization, with reuse (Rambøll, 2020) 

Plastic -1349 Comparison of landfill, with recycling of PVC to PVC 
(JRC study 2021) 

HDPE 

 
-1555 Comparison of landfill, with recycling of HDPE to 

HDPE (EASETECH) 

Mixed metals, incl. 
Cables (other metals) 

-6536 Recycling of mixed metals (modelled in EASETECH as 
a 50/50 mix of aluminium and steel recycling) 

Ferrous -2801 Recycling of ferrous materials (modelled in 
EASETECH as ferrous material recycled to steel) 

Non-ferrous -10270 Recycling of non-ferrous (modelled in EASETECH as 
aluminium recycling) 

Glass -389 Comparison of landfill with recycling (modelled in 
EASETECH as glass remelt to new glass) 
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Wood -480 Comparison of incineration for energy recovery, with 
reuse followed by incineration for energy recovery 
(Rambøll, 2020) 

Gypsum -86 Comparison of landfill, with recycling to new gypsum 
(Møller et al, 2012) 

Insulation -5.8 Comparison of landfill, with recycling as stone wool 
input for replacement of virgin rock (Rambøll, 2020) 

Glass wool 
-5.8 Comparison of landfill, with recycling as glass wool 

input for replacement of virgin sand. Data are 
assumed similar to those for stone wool (Rambøll, 
2020) as replacement if primarily for raw materials 
(Eurima, 2012) 

EPS  
-1792 Comparison of landfill, with recycling of PUR to PUR 

(JRC study 2021) 

PUR 
3572 Comparison of landfill, with recycling of PUR to PUR 

(JRC study 2021) 

Paper and cardboard -459 Recycling of paper and cardboard (modelled in 
EASETECH as paper recycling) 

 

Since there are large differences in the CDW composition estimated for the four regions, the potential CO2 

savings (per tonne material fraction) reported in Table 27 should be scaled according to relevant CDW 

composition. This was calculated for the average EU27 (+ Norway) and the four regions by multiplying the 

values in Table 25 and Table 27, to provide the resulting CO2 potentials in Table 28. In this table for the 

column “EU27 average”, the results are sorted according to the largest potential saving in kg CO2-eq. per 

tonne CDW. The potential importance of the individual fractions was scored qualitatively as “high” 

(fractions with savings above 25 kg CO2-eq. per tonne CDW), “medium” (fractions with savings within 5-25 

kg CO2-eq. per tonne CDW across the four regions), and “low” (fractions with savings below 5 kg CO2-eq 

per tonne CDW. Differences between mixed fractions and single fractions (some cells are zero) are due to 

how data in section 3.3 was reported for regions and the EU27+ Norway average, where there for some 

regions in specific cases only were reported mixed or single fractions. 

Table 28 show that the metals are the fractions that give the largest benefit to recycle, which is also in 

line with the current management as metals are one of the only materials that are always recycled. This is 

seen from metals having the highest potential savings for both EU27+Norway (Ferrous and Non-ferrous) 

and specific regions such as Central and Eastern Europe (Mixed metals). After the metals, it is 

management of Mixed/other minerals, that together with concrete as single fraction (EU27+Norway) leads 

to savings, which mainly is due to the large share which they constitute of the CDW materials. For 

minerals it should be mentioned that this has been modelled as preparation for reuse, which is the highest 

potential, which is only possible in some cases, in most cases recycling will be the main management 

pathway. But the large amount of mineral waste in average CDW still points to a considerable saving 

potential. For wood, large saving are mainly seen in regions where there is a high share of wood in the 

average CDW, i.e. Northern Europe. Finally, there is also a potential saving from Plastics, especially from 

PVC/HDPE, as well as insulation materials if they are made of PUR or EPS. 
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Table 28 - Potential CO2 emission savings from improved management of material fractions in EU27+Norway and the 

four regions. Values in kg CO2-eq. per tonne CDW. The table is the result of a multiplication of the potential CO2-eq. 

savings per kg fraction (Table 27), multiplied with the content (%) of each fraction in average CDW (Table 25). Note 

that negative numbers represent net savings to the environment, while positive numbers indicate net burdens. 

Material fraction EU27 + 

Norway 

average  

Southern 

Europe 

Northern 

Europe 

Central 

and 

Eastern 

Europe 

Western 

Europe 

Importance 

Potential CO2 

savings 

Ferrous -95.2 -276.2 -167.0 -3.4 -286.6 High 

Non-ferrous -41.1 -117.1 0.0 -12.2 -216.2 High 

Mixed/other mineral/inert 
waste 

-36.1 -66.4 -33.0 -57.6 -42.8 High 

Mixed metals, incl. Cables 
(other metals) 

-32.7 -18.3 0.0 -825.0 -35.2 High 

Concrete -18.5 0.0 0.0 0.0 -5.1 Medium 

Wood -11.0 -2.0 -69.6 -3.0 -24.7 Medium 

Bricks -5.2 0.0 0.0 0.0 -1.4 Medium 

Tiles and ceramic -4.2 0.0 0.0 0.0 -0.1 Low 

Plastic (PVC) -2.7 -1.3 -8.6 -52.0 -10.3 Medium 

HDPE 
-3.6 -1.8 -11.6 -70.2 -13.9 Medium 

Gypsum -1.2 0.0 -3.8 0.0 -0.2 Low 

Glass -0.8 -0.7 -2.4 -0.1 -1.2 Low 

Insulation (stone wool) 0.02 0.0 0.0 0.0 0.003 Low 

EPS 
-5.4 0.0 0.0 0.0 -1.2 Medium 

Glass wool 
0.02 0.0 0.0 0.0 0.003 Low 

PUR 
-10.7 0.0 0.0 0.0 -2.4 Medium 
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8.2.3. Technical feasibility for recycling 

For the technical feasibility, a qualitative screening of the potentials for improved management (via preparation for reuse, recycling, and utilisation) of the 

individual material fractions is provided in Table 25. The screening is based on the information described in section 7, on which Table 29 was created. For more 

information see section 7, and further details and elaborations for treatment technologies for selected materials are provided in Table A-6. The column “Qualitative 

evaluation” indicates the anticipated potential for improving the management of the individual material fractions in a short-term perspective based on available or 

emerging recovery options, in view of the 1) risk of contaminant spreading, 2) requirements for separate and specific collection of the fractions, and 3) potential 

for improved recovery potential considering requirements for additional regulatory or market incentives.  

Table 29 - Technical feasibility screening of the material fractions. The qualitative evaluation indicates the anticipated potential for improved management of the individual fractions.  

Material fraction Recycling/utilization options Likelihood of being free of 

contaminant spreading  

Potential for separate 

collection and pre-

treatment for recycling 

Improved recovery 

potential  

Qualitative 

evaluation 

Concrete Recycling to aggregates in new 

construction. Reuse if shell of 

building, or precast elements can 

be reused. 

High – Few contaminants if focused 

demolition 

Medium - Require focused 

demolition so it can be 

crushed separately from 

other mineral materials.  

High – But require a 

regulation focus to 

avoid backfill/landfill 

due to higher economic 

costs from recycling.  

 

Recycling of the “fine” 

fraction require 

regulation changes as it 

is not legal to recycle in 

all member states 

 

Reuse might need 

market incentives  

High 

Bricks Reuse or crushed for utilization in 

road construction 

High – Few contaminants if focused 

manual demolition 

Medium - Reuse via manual 

demolition if building from 

before 1960, after 1960 

crushing as separation is 

not possible due to cement 

mortar being utilised 

Medium – Require 

regulation focus to 

avoid crushing due to 

high economic cost from 

manual demolition 

Medium 

Tiles and ceramic  Reuse for roof tiles, else High – Few contaminants if focused High - Reuse via manual Medium – Require Medium 
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utilization via crushing for 

aggregate in road construction 

manual demolition demolition for roof tiles regulation focus to 

avoid crushing due to 

high economic cost from 

manual demolition 

Mixed/other 

mineral/inert waste 

Sorting and crushing for 

utilization as aggregate in road 

construction 

Medium – can be issues if large 

shares of contaminated soils 

Medium - Require focused 

demolition so it does not 

end up as mixed mineral 

material, but clean for 

further processing. 

High – But require a 

regulation focus to 

avoid backfill/landfill 

due to costs.  

 

Also require changes in 

demolition practices, so 

mineral materials are 

not mixed during 

demolition. 

 

Recycling of fine 

fraction require 

regulation changes as it 

is not legal to recycle in 

all member states 

 

Medium  

Plastic For hard plastics, which are 

separately collected, there is 

potential for recycling into new 

plastic materials 

Medium - All plastic must be 

screened as flame retardants and 

other additives can be an issue as 

they are not all allowed recycled into 

new plastics. 

High – If separated and 

sorted during demolition  

High –Potential for 

growth in recycling in 

hard plastics (PVC), but 

it will require changes in 

legislation as some 

materials right now 

cannot be recycled due 

to legacy contaminants 

High 

Mixed metals, incl. 

Cables (other metals) 

Remelting Medium - Can be issues with alloying 

properties and metal impurities but 

can be recycled to lower quality 

materials if so. 

High – Already today 

separated for recycling 

during demolition 

Low – The metals are 

already recycled in the 

market today. 

Medium 

Ferrous Remelting Medium - Can be issues with alloying 

properties and metal impurities but 

High – Already today 

separated for recycling 

Low – The metals are 

already recycled in the 

Medium 
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can be recycled to lower quality 

materials if so. 

during demolition market today 

Non-ferrous Remelting Medium - Can be issues with alloying 

properties and metal impurities but 

can be recycled to lower quality 

materials if so. 

High – Already today 

separated for recycling 

during demolition 

Low – The metals are 

already recycled in the 

market today. 

Medium 

Glass Recycled into new glass for 

building industry or for packaging 

if clean 

High – But must be clean from other 

minerals 

High - Require separate 

collection so it is not mixed 

with other mineral 

materials. Also, special 

glass types must be kept 

separate 

Medium – already takes 

place in some EU MSs 

High 

Wood Reuse if of very high quality. Else 

recycling into wood products 

(particleboard, insulation) 

Medium - Depends on type – 

contaminated or CCA treated wood 

needs separate treatment. Clean 

wood fractions can be directly 

recycled 

High - Needs separate 

collection and sorting into 

quality fractions.  

High – Still not recycled 

in many MS. Require a 

regulation focus to 

avoid incineration or 

landfill due to costs 

High 

Gypsum Gypsum from of plasterboards 

can be recycled into new 

plasterboard, else utilised in 

cement industry 

Medium - Coatings/paints can be an 

issue 

Medium - Require separate 

collection and clean from 

other material 

Medium – already takes 

place in some EU 

member nations 

Medium 

Insulation Can be recycled into new 

insulation materials. Treatment 

depends on type 

Medium - Needs to be screened as 

use of flame retardants and 

contamination from other CDW 

materials can be an issue.  

For some types pre-treatment can 

be done to mitigate contamination 

issues  

High - Require separate 

collection and sorting, but 

when done and sent to 

through pre-treatment it 

can be recycled  

 

PUR recycling is currently 

challenging. 

High to low depending 

on type 

 

Stone wool: medium – 

Full-scale facilities exist. 

 

Glass wool: high 

Facilities are starting for 

glass wool in a few 

member states. 

 

EPS: High - can be 

recycled, and will 

become interesting as 

High - EPS 

 

High – Glass wool 

 

Medium – Stone 

wool 

 

Low - PUR 
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amounts are expected 

to grow in coming 

decades 

 

PUR: Low – can’t be 

recycled with current 

technologies 
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8.3. Selection of fractions for further LCA and cost modelling 

The evaluations for the individual material fractions for each of the three criteria included in the screening 

(amounts, CO2 emissions, and technical feasibility) are summarised in Table 30. The table provides an 

overview of the qualitative evaluations for the three criteria and on this basis offer an “overall” evaluation. 

This overall evaluation should be understood as a “qualitative average” of the three criteria, with a focus put 

on the CO2 emissions (as it include amounts) and the technical feasibility. As should be clear from the 

previous sections, this qualitative evaluation represents a screening not necessarily reflecting individual 

technology options, specific framework conditions, and expectations to technology performance, stakeholder 

behaviour, etc. As such, the summary below should be understood merely as a guideline.  

Table 30 - Summary of key findings for the three criteria considered. The overall evaluation was derived as a “qualitative 

average” of the three criteria described earlier.  

Material fraction Amounts CO2 emissions Technical 

feasibility 

Overall evaluation1 

Concrete High Medium High High 

Bricks Medium Medium Medium Medium 

Tiles, ceramic and slate Low Low Medium Low 

Mixed/other mineral/inert waste High High Medium High 

Plastic Low Medium High High 

Mixed metals, incl. Cables (other 
metals) 

Medium High Medium Medium 

Ferrous Medium High Medium Medium 

Non-ferrous Medium High Medium Medium 

Glass Low Low High Low 

Wood Medium Medium High High 

Gypsum Low Low Medium Low 

Insulation (stone wool) Low Low Medium Low 

- EPS 
Low Medium High High 

- Glass wool 
Low Low High Medium 

- PUR 
Low Medium Low Low 

1 Overall evaluation is qualitative average with of the three criteria, with weight put on CO2 emissions and Technical Feasibility 

 

Based on the above screening and overall evaluation, the following material fraction selections were made 

for the further LCA and cost modelling. Specific arguments are provided to supplement Table 30: 
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- Concrete. Management of concrete via preparation for reuse versus utilization as gravel substitute 

was found to lead to large CO2 savings. Since there was a large variance in reported concrete 

amounts, it was expected that there is a potential for further recycling. Concrete was therefore 

selected for further investigation.  

- Plastics. Even though the amounts of plastics are low, as mentioned in the technical feasibility they 

are expected to grow over the coming decades. This, combined with the CO2 potential associated 

with the recovery of selected polymer types, meant that it was selected for further investigation. 

Since plastics consist of many different material types, it was decided to focus upon PVC being a 

primary plastic material, as well as EPS (insulation). PVC and EPS was therefore selected for further 

investigation.   

- Metals: As previously mentioned, the metals are already recycled to a large degree, which also fit 

the findings in the table. Since metals are already recovered to a large degree, it is suggested that 

there is no need for further investigation within this study.  

- Wood: The amount of wood varies considerably between regions. Since the table show there is a 

potential for CO2 savings from improved management, wood was selected for further investigation.  

- Other materials. The other materials in the table were not selected for further study. This does not 

imply they are not suitable for recycling. Specifically for Bricks (scoring “medium” in Table 30), the 

results from a previous study will be reported and discussed in terms of climate change.   
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9. Life Cycle Inventories 

9.1. Goal and scope definition 

The modelling in this study has been carried out according to the steps outlined in the ISO standard (ISO, 
2006a and 2006b). This is a comparative study, however no external review was conducted, since the study 
was not intended to be disclosed to the public (ISO, 2006b).  

The overall goal of this LCA study is to calculate, document and compare the environmental impacts of 
different treatment options for the four types of waste selected in the LCA screening. This will be based on 
the amounts of CDW generated in the four EU regions discussed previously. The system boundaries begin 
when the waste material is collected at the demolition site, and ends at final disposal or end-of-waste, which 
thereby includes transport, pre-treatment, waste treatment, processing (material utilization, recycling, 
preparation for reuse) and substitution of avoided materials in the market. The results will be used to identify 
the improvement potential for different management technologies, elaborated to the different changes in 
waste composition from 2020 to 2050. The target audience of the study are mainly decision makers at the 
EU level.  

The temporal scope of the study was 30 years, from 2020 to 2050. Modelled technologies are created based 
on current knowledge, and results must therefore be considered more uncertain as we look forward to 2050 
as the CDW management sector is expected to change rapidly, and it is therefore uncertain how it will look 
beyond this point in time. The geographical scope of the study is Europe. The processes used to model the 
technologies in this study are therefore based on average European conditions. The technological scope 
includes both established (mature) and new technologies, according to the specific scenarios where they are 
used. 

9.1.1. Functional unit 

All systems or products provide a specific function or service. In LCA terminology the service which needs to 
be fulfilled by a given system or product, is referred to as the functional unit (FU) (ISO, 2006b). The 
functional unit provides a precise description of the service, by answering the following questions: What? How 
much? For how long? Where? and How well? (Hauschild et al., 2014). Since this study included four different 
material fractions, as well as a mixed material, two functional units were defined - one for the single 
fractions and one for the mixed waste consisting of the four fractions in question. The waste was assumed to 
be received after source segregation at the generation site, which means that the collected waste has 
varying quality, according to the requirements in each specific scenario. 

Single fraction: 

Management of 1 tonne of a specific waste type of varying quality, as received after source segregation at 
the construction/demolition site in Europe in 2020 and 2050. 

Mixed waste: 

Management of 1 tonne of mixed waste (mix of the four fractions) of varying quality as received after source 
segregation at the construction/demolition site in Europe in 2020 and 2050. 

Reference flow: 

When comparing different products/systems that fulfil the same functional unit, it is necessary to determine 
the Reference flow for each of these. The reference flow is a measure for the amount of a given 
system/product which is required to fulfil the FU (Hauschild et al., 2014). Since all scenarios/systems included 
in this study provide the same service (management of 1 tonne of waste), the reference flow for each 
system is 1 tonne, however the degree and type of treatment is determined by the technologies in the 
specific scenario. 

9.1.2. Modelling approach and handling of multifunctionality 

Two main modelling approaches exist in LCA - Consequential and Attributional. Consequential modelling 
attempts to describe the environmental consequences caused from introducing the specific system/product 
to the market, and thus uses marginal processes to model the effects and changes to the market/economy 
(Rosenbaum et al., 2017). Attributional modelling attempts to separate the system from the rest of the 
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market, by determining which impacts can be attributed to the system, and thus uses average processes to 
model the background system (Rosenbaum et al., 2017). 

Following the guidelines on LCA by ILCD (EU Commission, 2010), we believe this study is situated under 
decision context Situation A “Micro-level decision support” because the focus is on the use of existing 
technologies, which means that "large scale consequences on the background systems” have not been 
considered (which would then have made it a Situation B according to the same guidelines). Based on the 
recommendations outlined by the ILCD, this study therefore used attributional LCA modelling (EU 
Commission, 2010). 

This study used system expansion to handle multifunctional processes, as recommended by the ISO standard 
(ISO, 2006b). This means that whenever co-products or by-products are produced in the system, they are 
assumed to displace/avoid the production of the corresponding average market products (Rosenbaum et al., 
2017). This is mainly relevant regarding reuse, recycling, and recovery, since these systems provide 
secondary materials to the market, which are assumed to substitute the production of virgin materials 
elsewhere. The systems are expanded to include the avoided production of these materials, and therefore 
receive a corresponding "credit" (environmental saving). 

The study used the LCIA method: EF3.0 - wo LT, (without long-term emissions; Fazio et al. 2018). The internal 
EASETECH library was used to define the composition of all material fractions included in the study. The 
background processes were modelled using the Ecoinvent 3.7.1 database – with the system model “Allocation 
at the point of substitution”. The LCA calculations were carried out using the Waste-LCA modelling software 
EASETECH. (Clavreul et al, 2014). A full list of the impact categories covered in this study are shown in Table 
31. 

 

Table 31 - Overview of all impact categories covered by the LCIA method: "EF3.0 - wo LT” (weighting). 

Impact category Abbreviation Unit 
Normalization reference (EPLCA, 

2022) 

Climate change CC kg CO2-eq 8100 

Ozone depletion OD kg CFC-11-eq 0.0536 

Human toxicity, cancer HuTox,C CTUh 0.0000169 

Human toxicity, non-carcinogenic HuTox,NC CTUh 0.00023 

Particulate matter PM 
Disease 

incidences 
0.000595 

Ionising radiation IR kBq U-235 eq. 4220 

Photochemical ozone formation POF mol H+ eq 40.6 

Acidification AC mol N eq 55.6 

Eutrophication, terrestrial Eut,T kg N eq. 177 

Eutrophication, freshwater Eut,F kg P eq. 

1.61 

 

 

 

Eutrophication, marine Eut,M kg N eq 19.5 

Ecotoxicity freshwater EcoTox CTUe 42700 
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Land use LU pt 819000 

Water use WU m3 water eq 11500 

Resource use, minerals and 

metals 
RU,M kg SB eq 0.0636 

Resource use, energy carrier RU,E MJ 65000 

 

9.2. Limitations 

This LCA study only included the waste management of the four selected materials, which means that the 
system boundaries do not cover the life cycle stages prior to this. The results can therefore only be used to 
assess and compare the environmental performance of the waste management/treatment options included 
in the study, and cannot be used to claim anything about the overall environmental impacts of the materials. 
Moreover, the results represent scenarios for specific waste fractions, and can therefore not be directly used 
for conclusions regarding other waste fractions. It should also be noted that the technologies and treatment 
options included in this study do not cover all existing options, and the results do thus not necessarily 
represent the environmentally best solutions available, but still intend to represent best documented 
technologies. The results should therefore only be used to compare the technologies and scenarios included 
in the study. Despite only including a limited amount of treatment options, the results are still considered to 
be representative for the goal and scope. The study did not include the construction and maintenance of the 
treatment facilities, buildings, roads and infrastructure (capital goods) surrounding the system. This was 
justified by the assumption that these impacts are negligible, compared to the impacts from the primary 
system. 

The impacts caused by source segregation at the demolition site were not included in the system boundaries 
of this study. This was excluded since no data was available, and it was assumed that the sorting was not 
considered to cause any large environmental impacts. It is important to consider that different degrees of 
source segregation are required in the different scenarios. This means that some treatment options, namely 
the recycling and preparation for reuse scenarios, require more source segregation than the disposal and 
utilization scenarios. The results from this study are therefore limited to describing the potential impacts and 
savings from treating the waste after it has been source segregated in accordance with the requirements for 
the subsequent treatment scenario. This study did not include any detailed quantitative assessment of the 
economic or social impacts of the technologies and systems included. This means that the results cannot be 
used to claim anything about the overall sustainability of the systems, without further studies. These 
limitations were however not considered critical for the goal and scope of the study. 

9.3. Scenarios and life cycle inventories 

The following section will cover the scenarios that were modelled and give an overview of the data used in 
the modelling. For each scenario, a system figure is given which illustrates the processes involved in 
managing the waste in that specific scenario. The system figures are coupled with inventory table that gives 
the full overview of the inventory data used for the modelling. The modelling described in all scenarios are 
done for 1 tonne  of material, which can then be scaled to the full impact to the society in the results and 
discussion. The inventory tables include a number of process steps which follows those in the figure, where 
the input and output of each process step are described. Furthermore, uncertainty values has been ascribed 
to all input values. 

9.3.1. Concrete  

The end-of-life management of concrete has been modelled for five different scenarios that cover the full 
width of management strategies. Namely: Landfilling, Utilization, Low quality recycling, High quality recycling, 
and preparation for reuse. Utilization is where the material is crushed and used to replace gravel. Recycling is 
split in low- and high-quality recycling. In low-quality recycling, the gravel and fines are recycled into new 
concrete. In high-quality recycling, it is assumed that a fine fraction is also recovered which can replace 
cement, whereby most materials in the concrete can be recycled back. Data for landfilling and utilization are 
primarily based on Butera et al. (2015). Data for recycling and reuse are based on Zhang et al. (2019) and 
Butera et al. (2015). 
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9.3.1.1. Scenario A: Landfill  

In Figure 34 is given an overview of the system boundaries for the modelling of the landfill scenario. The 
foreground system is the direct modelling of the management of waste in the landfill, this is supported by 
use of materials and energy from the background system which includes the emissions (air, water, soil) and 
resources needed to deliver these services. Black arrows between unit processes indicate material, energy, 
product, or waste flows. Yellow arrows represent elementary flows to and from unit process and the 
ecosphere. 

 

Figure 34 - Scenario A – Landfilling of concrete from construction and demolition waste. 

Table 32 gives an overview of the inventory data used to model the landfill scenario. Data were based on a 
study by Butera et al. (2015), which was found to be most representative for the modelling. The table lists 
first the input of concrete waste to the processes described in the figure above, then each bold text header 
describes a process in the following process steps. The amount gives the average values, and min/max values 
are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the 
system, there are no flows that are “lost” but all are followed till final disposal, or it leaves the system. 
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Table 32 - Scenario A – Landfilling of concrete from construction and demolition waste. Data are based on Butera et al. 2015. Uncertainty intervals are due to lack of ranges in original data 
assumed to +/- 20%. 

Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point of 

substitution 

Concrete CDW             

Stones, concrete 1000  -  - kg input/output  -  

Transport to pre-treatment             

Stones, concrete 1000  -   - kg input/output  - 

Transport to pre-treatment 20 16 24 kg*km/kgww input Transport, freight, lorry 16-32 metric ton, EURO6, RER 

Pre-treatment             

Stones, concrete 1000  -   -  kg input  - 

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Diesel, burned in building machine, market for diesel, 
burned in building machine, GLO 

Electricity 0.00234 0.001872 0.002808 kWh/kgww input Dedicated mix (average or marginal) 

Concrete, crushed 1000     kg output  - 

Transport to landfilling             

Concrete, crushed 1000  -   -  kg input/output  - 

Transport to landfill 50 40 60 kg*km/kgww input Transport, freight, lorry 16-32 metric ton, EURO6, RER 

Landfilling             

Concrete, crushed 1000  -   -  kg input  - 
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Inert material landfill, construction and operation 1 0.8 1.2 kg/kgww input 
Process-specific burdens, inert material landfill, market 
for process-specific burdens, inert material  

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Diesel, burned in building machine, market for diesel, 
burned in building machine, GLO 
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9.3.1.2. Scenario B: Utilization for Road subbase  

In Figure 35 is given an overview of the system boundaries for the modelling of the utilization scenario. The 
foreground system is the direct modelling of the management of waste ending up utilized as a concrete 
aggregated in road sub-bases, where it can replace use of natural aggregates. The foreground system is 
supported by use of materials and energy from the background system which includes the emissions (air, 
water, soil) and resources needed to deliver these services. Black arrows between unit processes indicate 
material, energy, product, or waste flows. Yellow arrows represent elementary flows to and from unit process 
and the ecosphere. 

 

Figure 35 - Scenario B – Utilization of concrete from construction and demolition waste for road subbase. 
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Table 33 gives an overview of the inventory data used to model the utilization scenario. Data were based on a study by Butera et al. (2015), which was found to be most 
representative for the modelling. The table lists first the input of concrete waste to the processes described in the figure above, then each bold text header describes a 
process in the following process steps. The amount gives the average values, and min/max values are used to carry out uncertainty assessment. Since all values are 
assigned to the physical flow through the system there are no flows that are “lost” but all are followed till final disposal, or it leaves the system, it should be noted that 
savings from avoided use of virgin materials are credited as a “negative consumption”. 

  

Table 33 - Scenario B – Utilization of concrete from construction and demolition waste as road subbase. Data are based on Butera et al. 2015. Uncertainty intervals are due to lack of 
ranges in original data assumed to +/- 20%. 

Process Amount Min Max Unit Type Ecoinvent 3.7.1 - Allocation at the point of substitution 

Concrete CDW             

Stones, concrete 1000  -  -  kg input/output  -  

Transport to pre-treatment             

Stones, concrete 1000  -  - kg input/output  - 

Transport to pre-treatment 20 16 24 kg*km/kgww input Transport, freight, lorry 16-32 metric ton, EURO6, RER 

Pre-treatment             

Stones, concrete 1000  -   -  kg input  - 

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Diesel, burned in building machine, market for diesel, burned in 
building machine, GLO 

Electricity 0.00234 0.001872 0.002808 kWh/kgww input Dedicated mix (average or marginal) 

Concrete, crushed 1000     kg output  - 

Transport to use             

Concrete, crushed 1000  -   -  kg input/output  - 

Transport to use 50 40 60 kg*km/kgww input Transport, freight, lorry 16-32 metric ton, EURO6, RER 
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Utilization of aggregate             

Concrete, crushed 1000  -   -  kg input  - 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in 
front of the 

value) 
Gravel, round,gravel and sand quarry operation, CH 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in 
front of the 

value) 
Transport, freight, lorry 16-32 metric ton, EURO6, RER 
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9.3.1.3. Scenario C1: Recycling (Low-quality) 

In Figure 36 is given an overview of the system boundaries for the modelling of the low-quality recycling 
scenario, where the term low quality is used as there only is recycling is into aggregates, whereas high-
quality recycling includes recycling into a cement substitute. The technology is described in section 7.2. The 
foreground system is the direct modelling of the management of waste, which after crushing and screening 
can be recycled into recycled coarse aggregate (RCA), recycled fine aggregate (RFA) which can be used as 
new aggregates in fresh concrete, where it can replace use of higher quality natural aggregates. The 
foreground system is supported by use of materials and energy from the background system which includes 
the emissions (air, water, soil) and resources needed to deliver these services. Black arrows between unit 
processes indicate material, energy, product, or waste flows. Yellow arrows represent elementary flows to 
and from unit process and the ecosphere. 

 

Figure 36 - Scenario C1 – Low-quality recycling of concrete from construction and demolition waste. ADR: Advanced 
Drying Recovery; RCA: Recycled Coarse Aggregate. 
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Table 34 gives an overview of the inventory data used to model the low-quality recycling scenario. Data were based two studies Zhang et al. (2019) and Butera et al. 
(2015), which was found to be most representative for the modelling. The reference column shows to which study the value originates from. The table lists first the input 
of concrete waste to the processes described in the figure above, then each bold text header describes a process in the following process steps. The amount gives the 
average values, and min/max values are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no 
flows that are “lost” but all are followed till final disposal, or it leaves the system, it should be noted that savings from  avoided use of virgin materials are credited as a 
“negative consumption”. 

 

Table 34 - Scenario C1 – Recycling with low-quality recovery (Data based on Butera et al. (2015) and Zhang et al. (2019)). Uncertainty intervals for Butera et al. (2015) due to lack of ranges 
in original data assumed to +/- 20%. 

Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point 

of substitution 
Reference 

Concrete CDW               

Stones, concrete 1000  -  -  kg input/output  -    

Transport to pre-treatment               

Stones, concrete 1000  -  - kg input/output  -   

Transport to pre-treatment 20 16 24 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et al. 
(2015) 

Pre-treatment               

Stones, concrete 1000  -   -  kg input  - 
Butera et al. 
(2015) 

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Diesel, burned in building machine, market 
for diesel, burned in building machine, GLO 

Butera et al. 
(2015) 

Electricity 0.00234 0.001872 0.002808 kWh/kgww input Dedicated mix (average or marginal) 
Butera et al. 
(2015) 

Concrete, crushed (12-22mm) 0.2  -  -  kg/kgww output  - 
Butera et al. 
(2015) 
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point 

of substitution 
Reference 

Concrete, crushed (<12mm) 0.8  -  -  kg/kgww output  - 
Butera et al. 
(2015) 

Transport to use (12-22mm)               

Concrete, crushed (12-22mm) 200  -   -  kg input/output  -   

Transport to use 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

 Butera et al. 
(2015) 

Utilization in concrete production (12-22mm)               

Concrete, crushed (12-22mm) 200  -   -  kg input  -   

Gravel 1 0.8 1.2 kg/kgww 
saving (- in 
front of the 

value) 

Gravel, round, gravel and sand quarry 
operation, CH 

 Zhang et al. 
2019 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in 
front of the 

value) 

Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Zhang et al. 
(2019) 

Advanced Drying Recovery (ADR)               

Stones, concrete (<12mm) 800  -   -  kg input  -   

Electricity 0.00046 0.000368 0.000552 kWh/kgww input Dedicated mix (average or marginal) 
Zhang et al. 
(2019) 

Water 0.0007 0.00056 0.00084 kg/kgww input 
Water, ultrapure,water production, ultrapure, 
RER 

Zhang et al. 
(2019)  

Aggregate (4-12mm) 480  -  -  kg output  - 
Zhang et al. 
(2019) 
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point 

of substitution 
Reference 

Fine aggregate (<4mm) 320  -  -  kg output  - 
Zhang et al. 
(2019) 

Transport to use (4-12mm)               

Concrete, crushed (4-12mm) 200  -   -  kg input/output  -   

Transport to use 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Zhang et al. 
(2019) 

Utilization in concrete production (aggregate 4-12mm)             

Aggregate (4-12mm) 480  -   -  kg input  -   

Gravel 1 0.8 1.2 kg/kgww 
saving (- in 
front of the 

value) 

Gravel, round, gravel and sand quarry 
operation, CH 

Zhang et al. 
(2019)  

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in 
front of the 

value) 

Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Zhang et al. 
(2019) 

Transport to use (fine aggregate <4mm)               

Fine aggregate (<4mm) 320  -   -  kg input/output  -   

Transport to use 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

  

Utilization of fine aggregate (<4mm)               

Fine aggregate (<4mm) 320  -   -  kg input  -   

Sand 1 0.8 1.2 kg/kgww saving (- in 
front of the 

Sand, gravel and sand quarry operation, CH 
Zhang et al. 
(2019) 
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point 

of substitution 
Reference 

value) 

Transport of sand 50 40 60 kg*km/kgww 
saving (- in 
front of the 

value) 

Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Zhang et al. 
(2019) 
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9.3.1.4. Scenario C2: Recycling (High-quality recovery of cement) 

In Figure 37 is given an overview of the system boundaries for the modelling of the high- quality scenario 
where the term high quality is used as there is recycling into aggregates as well as ultrafine particles that 
can replace cement. The technology is described in section 7.3 (Box 2). The foreground system is the direct 
modelling of the management of waste, which after crushing and screening can be sorted into three 
recyclable fractions. Two different RFA (Recycled Fine Aggregate) fractions which can be used as new 
aggregates in fresh concrete, where it can replace use of higher quality natural aggregates, and a recycled 
ultrafine particle (RUP) which can replace fresh cement (Zhang et al., 2019). The foreground system is 
supported by use of materials and energy from the background system which includes the emissions (air, 
water, soil) and resources needed to deliver these services. Black arrows between unit processes indicate 
material, energy, product, or waste flows. Yellow arrows represent elementary flows to and from unit process 
and the ecosphere. 

 

 

Figure 37 - Scenario C2 – High-quality recycling of concrete from construction and demolition waste. ADR: Advanced 
Drying Recovery; HAS: Heating-Air Classification System; RCA: Recycled Coarse Aggregate; RFA: Recycled Fine Aggregate. 
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Table 35 gives an overview of the inventory data used to model the high-quality recycling scenario. Data were based two studies Zhang et al. (2019) and Butera et al. 
(2015), which was found to be most representative for the modelling. The reference column shows to which study the value originated from. The table lists first the input 
of concrete waste to the processes described in the figure above, then each bold text header describes a process in the following process steps. The amount gives the 
average values, and min/max values are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no 
flows that are “lost” but all are followed till final disposal, or it leaves the system, it should be noted that savings from avoided use of virgin materials are credited as a 
“negative consumption”. 

 

Table 35 - Scenario C2 - Recycling with high quality recovery of cement. Data based on Butera et al. (2015) and Zhang et al. (2019). Uncertainty intervals for Butera et al. 2015 are due to 
lack of ranges in original data assumed to +/- 20%. 

Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Concrete CDW               

Stones, concrete 1000  -  -  kg input/output  -    

Transport to pre-treatment               

Stones, concrete 1000  -  - kg input/output  -   

Transport to pre-treatment 20 16 24 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et al. 
(2015) 

Pre-treatment               

Stones, concrete 1000  -   -  kg input  -   

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Diesel, burned in building machine, market 
for diesel, burned in building machine, GLO 

Butera et al. 
(2015) 

Electricity 0.00234 0.001872 0.002808 kWh/kgww input Dedicated mix (average or marginal) 
Butera et al. 
(2015) 

Concrete, crushed (12-22mm) 0.2  -  -  kg/kgww output  - Butera et al. 
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

(2015) 

Concrete, crushed (<12mm) 0.8  -  -  kg/kgww output  - 
Butera et al. 
(2015) 

Transport to use (12-22mm)               

Concrete, crushed (12-22mm) 200  -   -  kg input/output  -   

Transport to use 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et al. 
(2015) 

Utilization in concrete production (12-22mm)               

Concrete, crushed (12-22mm) 200  -   -  kg input  - 
Butera et al. 
(2015) 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in 
front of the 

value) 

Gravel, round, gravel and sand quarry 
operation, CH 

Butera et al. 
(2015) 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in 
front of the 

value) 

Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et al. 
(2015) 

Advanced Drying Recovery (ADR)               

Stones, concrete (<12mm) 800  -   -  kg input  - 
Zhang et al. 
(2019) 

Electricity 0.00046 0.000368 0.000552 kWh/kgww input Dedicated mix (average or marginal) 
Zhang et al. 
(2019) 

Water 0.0007 0.00056 0.00084 kg/kgww input 
Water, ultrapure,water production, 
ultrapure, RER 

Zhang et al. 
(2019) 
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Aggregate (4-12mm) 480  -  -  kg output  - 
Zhang et al. 
(2019) 

Fne aggregate (<4mm) 320  -  -  kg output  - 
Zhang et al. 
(2019) 

Transport to use (4-12mm)               

Concrete, crushed (4-12mm) 200  -   -  kg input/output  -   

Transport to use 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et. 
(2015) 

Utilization in concrete production (aggregate 4-12mm)             

Aggregate (4-12mm) 480  -   -  kg input  - 
 Zhang et al. 
(2019) 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in 
front of the 

value) 

Gravel, round, gravel and sand quarry 
operation, CH 

Zhang et al. 
(2019) 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in 
front of the 

value) 

Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et. 
(2015) 

Heating-Air Classification System (HAS)               

Fine aggregate (<4mm) 320  -   -  kg input  - 
Zhang et al. 
(2019) 

Combustion of diesel 0.216 0.1728 0.2592 MJ/kgww input 
Diesel, burned in building machine, market 
for diesel, burned in building machine, GLO 

Zhang et al. 
(2019) 

Electricity 0.00001 0.000008 0.000012 kWh/kgww input Dedicated mix (average or marginal) 
Zhang et al. 
(2019) 
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Fine aggregate (0.125-4mm) 256  -  -  kg output  - 
Zhang et al. 
(2019) 

Ultrafine particles (0-0.125) 64  -  -  kg output  - 
Zhang et al. 
(2019) 

Transport to use (fine aggregate (0.125-4mm))               

Fine aggregate (0.125-4mm) 256  -   -  kg input/output  - 
Zhang et al. 
(2019) 

Transport to use 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et. 
(2015) 

Utilization in concrete production (fine aggregate 0.125-4mm)             

Fine aggregate (0.125-4mm) 256  -   -  kg input  - 
Zhang et al. 
(2019) 

Sand 1 0.8 1.2 kg/kgww 
saving (- in 
front of the 

value) 
Sand, gravel and sand quarry operation, CH 

Zhang et al. 
(2019) 

Transport of sand 100 80 120 kg*km/kgww 
saving (- in 
front of the 

value) 

Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Zhang et al. 
(2019) 

Transport to use (ultrafine particles 0-0.125)               

Ultrafine particles (0-0.125) 64  -   -  kg input/output  -   

Transport to use 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et. 
(2015) 

Utilization of ultrafine particles (0-0.125)               
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Ultrafine particles (0-0.125) 64  -   -  kg input  -   

Cement 1 0.8 1.2 kg/kgww 
saving (- in 
front of the 

value) 

Cement, Portland, cement production, 
Portland, CH 

Zhang et al. 
(2019) 

Transport of cement 100 80 120 kg*km/kgww 
saving (- in 
front of the 

value) 

Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Butera et. 
(2015) 
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9.3.1.5. Scenario D: Preparation for Reuse 

In Figure 38 an overview is given of the system boundaries for the modelling of the preparation for reuse 
scenario. The technology is described in section 7.3 (Box 2). The foreground system is the direct modelling of 
the management of concrete at the site, where it is assumed that is can be prepared for reuse. It is assumed 
that the concrete can avoid the use of new concrete. The foreground system is supported by use of materials 
and energy from the background system which includes the emissions (air, water, soil) and resources needed 
to deliver these services. Black arrows between unit processes indicate material, energy, product, or waste 
flows. Yellow arrows represent elementary flows to and from unit process and the ecosphere. 

 

Figure 38 - Scenario D – Reuse of concrete from construction and demolition waste. 
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Table 36 gives an overview of the inventory data used to model the utilization scenario. Data were based two studies Zhang et al. (2019) and Butera et al. (2015), which 
was found to be most representative for the modelling. The reference column shows to which study the value originates from. The table lists first the input of concrete 
waste to the processes described in the figure above, then each bold text header describes a process in the following process steps. The amount gives the average 
values, and min/max values are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no flows that 
are “lost” but all are followed till final disposal, or it leaves the system, it should be noted that savings from avoided use of virgin materials are credited as a “negative 
consumption”. 

Table 36 - Scenario D – Preparation for reuse of concrete from construction and demolition. Data based on Butera et al. (2015), uncertainty intervals are due to lack of ranges in original 
data assumed to +/- 20%. 

 Process Amount Min Max Unit Type Ecoinvent 3.7.1 - Allocation at the point of substitution 

Concrete C&D waste             

Stones, concrete 1000  -   -  kg input/output  -  

Pre-treatment             

Stones, concrete 1000  -   -  kg input/output  - 

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Heat, district or industrial, other than natural gas,heat and power 
co-generation, diesel, 200kW electrical, SCR-NOx reduction,RoW 

Electricity 0.00117 0.000936 0.001404 kWh/kgww input Dedicated mix (average or marginal) 

Reuse of aggregate             

Stones, concrete 1000  -   -  kg input  - 

Concrete production, cement CEM II/A 0.00041 0.000328 0.000492 m3/kgww 
saving (- in front of 

the value) 
Concrete, high exacting requirements,concrete production, for 
building construction, with cement CEM  

Transport of concrete 50 40 60 kg*km/kgww 
saving (- in front of 

the value) 
Transport, freight, lorry 16-32 metric ton, EURO6,RER 
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9.3.2. Wood 

The end-of-life management of wood has been modelled for three different scenarios which covers the main 
management strategies. Namely: incineration, recycling, and preparation for reuse. The data for recycling into 
particle board was based upon data by Faraca et al. (2019) and Rivela et al. (2006a).Data for incineration 
were from a range of sources described in the scenario text. Reuse was based on Butera et al. 2015. 

9.3.2.1. Scenario A: Incineration with energy recovery 

In Figure 39 is given an overview of the system boundaries for the modelling of the incineration with energy 
recovery scenario. The technology is described in section 7.2. The foreground system is the direct modelling 
of the management of waste in the incineration facility with management of ash residues. Recovered energy 
in form of electricity and heat is expected to avoid other energy sources. The foreground system is supported 
by use of materials and energy from the background system which includes the emissions (air, water, soil) 
and resources needed to deliver these services. Black arrows between unit processes indicate material, 
energy, product, or waste flows. Yellow arrows represent elementary flows to and from unit process and the 
ecosphere. 

 

Figure 39 - Scenario A – Incineration with energy recovery of wood from construction and demolition waste. WTE: waste-
to-energy, IBA: Incinerator bottom ash, APCr: Air pollution control residues. 
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Table 37 gives an overview of the inventory data used to model the wood incineration scenario. Data were based on several studies, which was found to be most 
representative for the modelling. The reference column shows to which study the value originates from. The table lists first the input of wood waste to the processes 
described in the figure above, then each bold text header describes a process in the following process steps. The amount gives the average values, and min/max values 
are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no flows that are “lost” but all are followed 
till final disposal, or it leaves the system, it should be noted that savings from avoided use of virgin materials are credited as a “negative consumption”.  

Table 37 - Scenario A – Incineration with energy recovery of wood from construction and demolition waste. References to data given in text. Uncertainty intervals based on data where 
available, where data were not available due to lack of ranges in original data it was assumed to +/- 20%. 

Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Wood CDW               

Wood, 15% 1000  -   -  kg input/output  -    

Transport to waste-to-energy (WtE) 

plant 
              

Wood, 15% 1000  -   -  kg input/output  -    

Transport to waste-to-energy plant 85 68 102 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 

 Assumption 

Waste-to-energy plant               

Wood, 15% 1000  -  - kg input/output  -    

Sodium hydroxide 
0.0012

1 
0.0009

68 
0.0014

52 
kg/kgww input 

Sodium hydroxide, without water, in 
50% solution state,market for sodium 
hydroxide, without water, in 50% 
solution state, GLO 

ARC, (2015) 

Activated carbon 0.0005 0.0004 0.0006 kg/kgww input 
Activated carbon, granular,activated 
carbon production, granular from hard 
coal, RER 

ARC, (2015) 

Quicklime 
0.0118

6 
0.0094

88 
0.0142

32 
kg/kgww input 

Quicklime, milled, packed,quicklime 
production, milled, packed, CH 

ARC, (2015) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Ammonia 
0.0028

6 
0.0022

88 
0.0034

32 
kg/kgww input 

Ammonia, anhydrous, liquid,market for 
ammonia, anhydrous, liquid, RER 

ARC, (2015) 

Hydrochloric acid 0.0005 0.0004 0.0006 kg/kgww input 

Hydrochloric acid, without water, in 
30% solution state,hydrochloric acid 
production, from the reaction of 
hydrogen with chlorine, RER 

ARC, (2015) 

Electricity 0.0857 
0.0685

6 
0.1028

4 
kWh/kgww input Dedicated mix (average or marginal) 

ARC, (2015) 

Process-specific emissions               

Compartment: Non-urban air or from 

high stacks 
              

Ammonia 
4.31E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Carbon monoxide, fossil 
2.56E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 

Dioxins, measured as 2,3,7,8-
tetrachlorodibenzo-p-dioxin 

4.31E-
14 

 -  - kg/kgww input  - 
Tonini et al., (2013) 

Hydrogen chloride 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Hydrogen fluoride 
2.16E-

07 
 -  - kg/kgww input  - 

ARC, (2015) 

Manganese 
1.12E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 

Nickel 
3.47E-

09 
 -  - kg/kgww input  - 

ARC, (2015) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Nitrogen oxides 
7.52E-

05 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

PAH, polycyclic aromatic hydrocarbons 
4.31E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Particulates, > 10 um 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Sulfur dioxide 
8.63E-

06 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Compartment: Surface water               

Antimony 
8.80E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Arsenic, ion 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Barium 
7.20E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Cadmium, ion 
4.00E-

11 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Calcium, ion 
4.16E-

05 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Chloride 
0.0001

46 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Chromium, ion 
4.48E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Cobalt 4.00E-  -  - kg/kgww input  - Tonini et al., (2013) 



 

148 

 

Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

11 

Copper, ion 
2.00E-

07 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Fluoride 
2.08E-

06 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Iron, ion 
4.00E-

08 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Lead 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Magnesium 
2.56E-

08 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Manganese 
6.40E-

10 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Mercury 
1.60E-

11 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Molybdenum 
7.20E-

08 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Nickel, ion 
1.68E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Selenium 
1.12E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Silicon 
2.40E-

07 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Zinc, ion 
2.56E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Input-specific to air               

As 0.012  -  - 
% As in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Cd 0.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cr 0.01  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cu 0.002  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al., (2013) 

Hg 1  -  - 
% Hg in incoming 

waste 
input  - 

Tonini et al., (2013) 

Ni 0.033  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Pb 0.01  -  - 
% Pb in incoming 

waste 
input  - 

Tonini et al., (2013) 

Sb 0.119  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Input-specific to fly ash               

As 58.92  -  - 
% As in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Cd 89.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cl 32.13  -  - 
% Cl in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Cr 17.5  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cu 2.3  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al., (2013) 

Hg 96.25  -  - 
% Hg in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Mo 2.54  -  - 
% Mo in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Ni 12.56  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Pb 58.7  -  - 
% Pb in incoming 

waste 
input  - 

Tonini et al., (2013) 

S 60.91  -  - 
% S in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Sb 59.84  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Zn 48.18  -  - 
% Zn in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Energy recovery               

Electricity recovery 15 15 28 % electricity 
saving (- in front of 

the value) 
Dedicated mix (average or marginal) 

Faraca, Martinez-
Sanchez, et al., 
(2019) 

Heat recovery 40 0 74 % heat 
saving (- in front of 

the value) 
Dedicated mix (average or marginal) 

Faraca, Martinez-
Sanchez, et al., 
(2019) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Transport of incineration bottom ash 

(IBA) 
              

IBA 75  -   -  kg input  -   

Transport 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 

 Assumption 

IBA utilization               

IBA 75  -   -  kg input  -   

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of 

the value) 
Gravel, round,gravel and sand quarry 
operation,CH 

 Bisinella et al., 
2016, 2018 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of 

the value) 
Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 

 Assumption 

Transport of air pollution control 

residues (APCr) 
              

APCr 11  -   -  kg input  -   

Transport of APCr 150 120 180 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 

Assumption 

APCr stabilization and utilization             
 

APCr 11  -   -  kg input  - 

 

Electricity 0.013 0.0104 0.0156 kWh/kgww input Dedicated mix (average or marginal) 
Fruergaard et al. 
(2010) 

Combustion of diesel 
0.0006 0.0004

8 
0.0007

2 
MJ/kgww input Diesel, burned in building 

machine,market for diesel, burned in 

Fruergaard et al. 
(2010) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

building machine,GLO 

Calcium carbonate 0.035 0.028 0.042 kg/kgww 
saving (- in front of 

the value) 

Calcium carbonate, precipitated, 
calcium carbonate production, 
precipitated, RER 

Fruergaard et al. 
(2010) 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of 

the value) 
Gravel, round,gravel and sand quarry 
operation,CH 

Fruergaard et al. 
(2010) 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of 

the value) 
Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 

Assumption 
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9.3.2.2. Scenario B: Recycling into particleboard 

In Figure 40 is given an overview of the system boundaries for the modelling of the recycling of wood into 
particle board, where it avoids the use of primary wood. The technology is described in section 7.2. The 
foreground system is the direct modelling of the management of wood waste and the conversion into 
particleboard. The foreground system is supported by use of materials and energy from the background 
system which includes the emissions (air, water, soil) and resources needed to deliver these services. Black 
arrows between unit processes indicate material, energy, product, or waste flows. Yellow arrows represent 
elementary flows to and from unit process and the ecosphere.  

 

Figure 40 - Scenario B – Recycling of wood into particleboard from construction and demolition waste. MRF: Material 
Recovery Facility 
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Table 38 gives an overview of the inventory data used to model the recycling into particleboard scenario. Data were based two studies by Faraca et al (2019) and Rivela 
et al. (2006a), which was found to be most representative for the modelling. The table lists first the input of wood waste to the processes described in the figure above, 
then each bold text header describes a process in the following process steps. The amount gives the average values, and min/max values are used to carry out 
uncertainty assessment. Since all values are assigned to the physical flow through the system there are no flows that are “lost” but all are followed till final disposal, or 
it leaves the system, it should be noted that savings from avoided use of virgin materials are credited as a “negative consumption”. 

Table 38 - Scenario B – Recycling into particleboard of wood from construction and demolition waste. Data based on Faraca et al. (2019) and Rivela et al. (2006a), uncertainty intervals are 
due to lack of ranges in original data, assumed to +/- 20%. 

Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point of 

substitution 

Wood CDW             

Wood, 15% 1000  -   -  kg input/output  -  

Transport to material recycling 

fraction (MRF) plant 
            

Wood, 15% 1000  -   -  kg input/output  -  

Transport to MRF 85 68 102 
kg*km/kgw

w 

saving (- in 
front of the 

value) 
Transport, freight, lorry 16-32 metric ton, EURO6, RER 

MRF             

Wood, 15% 1000  -   -  kg input  -  

Electricity 0.044 0.0352 0.0528 kWh/kgww input Dedicated mix (average or marginal) 

Combustion of diesel 0.0772 0.06176 0.09264 MJ/kgww input 
Diesel, burned in building machine,market for diesel, 
burned in building machine,GLO 

Wood chips 1000  -   -  kg output  - 

Particleboard production             
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Wood, 15% 1000  -   -  kg input  -  

Urea formaldehyde resin 0.1 0.08 0.12 kg/kgTS input 
Urea formaldehyde resin,market for urea formaldehyde 
resin,RER 

Paraffin 0.0032 0.00256 0.00384 kg/kgTS input Paraffin, market for paraffin, GLO 

Ammonium sulfate 0.0011 0.00088 0.00132 kg/kgTS input Ammonium sulfate, market for ammonium sulfate, RER 

Combustion of diesel, drying 3.6 2.88 4.32 MJ/kgww input 
Diesel, burned in building machine,market for diesel, 
burned in building machine, GLO 

Combustion of diesel, hot process 1.388 1.1104 1.6656 kWh/kgTS input 
Diesel, burned in building machine,market for diesel, 
burned in building machine, GLO 

Electricity, hot process 0.145 0.116 0.174 kWh/kgTS input Dedicated mix (average or marginal) 

Particleboard 1000  -   -  kg output/input  -  

Wood chips, 40% 1.294 1.0352 1.5528 kg/kgww 
saving (- in 
front of the 
value) 

Wood chips, wet, measured as dry mass,market for wood 
chips, wet, measured as dry mass, Europe without 

Switzerland 

Urea formaldehyde resin 0.1 0.08 0.12 kg/kgTS 
saving (- in 
front of the 

value) 
Urea formaldehyde resin,market for urea formaldehyde 
resin,RER 

Paraffin 0.0032 0.00256 0.00384 kg/kgTS 
saving (- in 
front of the 

value) Paraffin, market for paraffin, GLO 

Ammonium sulfate 0.0011 0.00088 0.00132 kg/kgTS 
saving (- in 
front of the 

value) Ammonium sulfate, market for ammonium sulfate, RER 

Combustion of diesel, drying 5.85 4.68 7.02 MJ/kgwater 
saving (- in 
front of the 

value) 

Diesel, burned in building machine,market for diesel, 
burned in building machine,GLO 
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Combustion of diesel, hot process 1.388 1.1104 1.6656 MJ/kgTS 
saving (- in 
front of the 

value) 

Diesel, burned in building machine,market for diesel, 
burned in building machine,GLO 

Electricity, hot process 0.145 0.116 0.174 kWh/kgTS 
saving (- in 
front of the 

value) 
Dedicated mix (average or marginal) 

Transport avoided 129 103.2 154.8 
kg*km/kgw

w 

saving (- in 
front of the 

value) 
Transport, freight, lorry 16-32 metric ton, EURO6,RER 
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9.3.2.3. Scenario C: Preparation for reuse 

In Figure 41 is given an overview of the system boundaries for the modelling of the preparation for reuse of 
wood waste. The technology is described in section 7.2. The foreground system is the direct modelling of the 
management of wood waste being prepared for reuse. Recovered wood is assumed to avoid the extraction 
and processing of primary wood. The foreground system is supported by use of materials and energy from 
the background system which includes the emissions (air, water, soil) and resources needed to deliver these 
services. Black arrows between unit processes indicate material, energy, product, or waste flows. Yellow 
arrows represent elementary flows to and from unit process and the ecosphere. 

 

Figure 41 - Scenario C: Preparation for reuse of wood. 

Table 39 gives an overview of the inventory data used to model the preparation for reuse scenario. Data 
were based on a study by Faraca et al. (2019), which was found to be representative for the modelling. The 
table lists first the input of wood waste to the processes described in the figure above, then each bold text 
header describes a process in the following process steps. The amount gives the average values, and 
min/max values are used to carry out uncertainty assessment. Since all values are assigned to the physical 
flow through the system there are no flows that are “lost” but all are followed till final disposal, or it leaves 
the system, it should be noted that savings from avoided use of virgin materials are credited as a “negative 
consumption”. 

Table 39 - Scenario C – Preparation for reuse of wood from construction and demolition waste. Data based on Faraca et 
al. (2019) uncertainty intervals are due to lack of ranges in original data assumed to +/- 20%. 

Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 

Wood CDW             

Wood, 15% 1000  -   -  kg 
input/out

put 
 -  

Pre-treatment             

Wood, 15% 1000  -   -  kg 
input/out

put 
 -  

Electricity 0.022 0.0176 0.0264 
kWh/kgw

w 

saving (- 
in front 
of the 
value) 

Dedicated mix (average or marginal) 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 

Combustion of 
diesel 

0.0000
254 

0.00002
032 

0.00003
048 

MJ/kgww 
  

Diesel, burned in building 
machine,market for diesel, burned in 
building machine,GLO 

Reuse             

Wood, 15% 1000  -   -  kg 
input/out

put 
 -  

Softwood beam 
production 

0.0023 0.00184 0.00276 

m3/kgww 

saving (- 
in front 
of the 
value) 

Sawnwood, beam, softwood, raw, dried 
(u=20%),beam, softwood, raw, kiln 
drying to u=20%,Europe without 
Switzerland 

Transport avoided 

100 80 120 
kg*km/k

gww 

saving (- 
in front 
of the 
value) 

Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 
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9.3.3. PVC 

The end-of-life management of PVC has been modelled for two different scenarios which covers the main 
management strategies. Namely: Landfill, incineration and recycling. The data for landfill is based upon data 
by Ecoinvent, incineration is based upon multiple authors in an EASETECH dataset referenced in the scenario 
inventory table, and recycling from several authors referenced in the scenario inventory table. 

9.3.3.1. Scenario A: Landfill 

In Figure 42 is given an overview of the system boundaries for the modelling of the landfill scenario. The 
technology is described in 7.2. The foreground system is the direct modelling of the management of waste in 
the landfill, this is supported by use of materials and energy from the background system which includes the 
emissions (air, water, soil) and resources needed to deliver these services. Black arrows between unit 
processes indicate material, energy, product, or waste flows. Yellow arrows represent elementary flows to 
and from unit process and the ecosphere. 

 

Figure 42 - Scenario A – Landfilling of PVC from construction and demolition waste.
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Table 40 gives an overview of all inventory data used to model the landfill scenario. Data were based on data from the Ecoinvent 3.7.1 database. The table lists first the 
input of PVC waste to the processes described in the figure above, then each bold text header describes a process in the following process steps. The amount gives the 
average values, and min/max values are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no 
flows that are “lost” but all are followed till final disposal, or it leaves the system. 

Table 40 - Scenario A – Landfilling of PVC from construction and demolition waste. Data based on Ecoinvent 3.7.1, uncertainty intervals are due to lack of ranges in original data assumed to 
+/- 20%. 

Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 – Allocation at the point 

of substitution 

Polyvinylchloride (PVC) CDW             

PVC 1000  -  - kg input/output  -  

Transport to landfill             

PVC 1000  -   -  kg input/output  - 

Transport to landfill 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Landfill             

PVC 1000  -   -  kg input  - 

Inert material landfill, construction and 
operation 

1 0.8 1.2 kg/kgww input 
Process-specific burdens, inert material 
landfill, market for process-specific burdens, 
inert material  

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Diesel, burned in building machine, market for 
diesel, burned in building machine, GLO 



 

161 

 

9.3.3.2. Scenario B: Incineration 

In Figure 43 is given an overview of the system boundaries for the modelling of the incineration with energy 
recovery scenario, it should be noted that due to the chloride content of PVC mono-incineration of PVC is not 
considered likely due to operational issues. However, it can be incinerated with other materials. The 
foreground system is the direct modelling of the management of waste in the incineration facility with 
management of ash residues. Recovered energy in form of electricity and heat is expected to avoid other 
energy sources. The foreground system is supported by use of materials and energy from the background 
system, which includes the emissions (air, water, soil) and resources needed to deliver these services. Black 
arrows between unit processes indicate material, energy, product, or waste flows. Yellow arrows represent 
elementary flows to and from unit process and the ecosphere. 

 

Figure 43 - Scenario B – Incineration of PVC from construction and demolition waste. WTE: waste-to-energy, IBA: 
Incinerator bottom ash, APCr: Air pollution control residues. 

Table 42 gives an overview of the inventory data used to model the incineration of PVC scenario. Data were 
based on several studies which were found to be representative for the modelling. The reference column 
shows to which study the value originates from. The table lists first the input of PVC waste to the processes 
described in the figure above, then each bold text header describes a process in the following process steps. 
The amount gives the average values, and min/max values are used to carry out uncertainty assessment. 
Since all values are assigned to the physical flow through the system, there are no flows that are “lost” but 
all are followed till final disposal, or it leaves the system, it should be noted that savings from avoided use of 
virgin materials are credited as a “negative consumption”. 
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Table 41 - Scenario B – Incineration of PVC from construction and demolition waste. Data based on authors in reference column, uncertainty intervals are where ranges were not available, 
assumed to +/- 20%. 

Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Expanded Polystyrene (PVC) CDW               

PVC 1000  -   -  kg input/output  -    

Transport to waste-to-energy (WtE) 

plant 
              

PVC 1000  -   -  kg input/output  -    

Transport to waste-to-energy plant 85 68 102 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 

 Assumption 

Waste-to-energy plant               

PVC 1000  -  - kg input/output  -    

Sodium hydroxide 
0.0012

1 
0.0009

68 
0.0014

52 
kg/kgww input 

Sodium hydroxide, without water, in 
50% solution state,market for sodium 
hydroxide, without water, in 50% 
solution state, GLO 

ARC, (2015) 

Activated carbon 0.0005 0.0004 0.0006 kg/kgww input 
Activated carbon, granular,activated 
carbon production, granular from hard 
coal, RER 

ARC, (2015) 

Quicklime 
0.0118

6 
0.0094

88 
0.0142

32 
kg/kgww input 

Quicklime, milled, packed,quicklime 
production, milled, packed, CH 

ARC, (2015) 

Ammonia 
0.0028

6 
0.0022

88 
0.0034

32 
kg/kgww input 

Ammonia, anhydrous, liquid,market for 
ammonia, anhydrous, liquid, RER 

ARC, (2015) 

Hydrochloric acid 0.0005 0.0004 0.0006 kg/kgww input Hydrochloric acid, without water, in 30% 
solution state,hydrochloric acid 

ARC, (2015) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

production, from the reaction of 
hydrogen with chlorine, RER 

Electricity 0.0857 
0.0685

6 
0.1028

4 
kWh/kgww input Dedicated mix (average or marginal) 

ARC, (2015) 

Process-specific emissions               

Compartment: Non-urban air or from 

high stacks 
              

Ammonia 
4.31E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Carbon monoxide, fossil 
2.56E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 

Dioxins, measured as 2,3,7,8-
tetrachlorodibenzo-p-dioxin 

4.31E-
14 

 -  - kg/kgww input  - 
Tonini et al. (2013) 

Hydrogen chloride 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Hydrogen fluoride 
2.16E-

07 
 -  - kg/kgww input  - 

ARC, (2015) 

Manganese 
1.12E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 

Nickel 
3.47E-

09 
 -  - kg/kgww input  - 

ARC, (2015) 

Nitrogen oxides 
7.52E-

05 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

PAH, polycyclic aromatic hydrocarbons 4.31E-  -  - kg/kgww input  - Tonini et al. (2013) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

09 

Particulates, > 10 um 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Sulfur dioxide 
8.63E-

06 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Compartment: Surface water               

Antimony 
8.80E-

09 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Arsenic, ion 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Barium 
7.20E-

09 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Cadmium, ion 
4.00E-

11 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Calcium, ion 
4.16E-

05 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Chloride 
0.0001

46 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Chromium, ion 
4.48E-

09 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Cobalt 
4.00E-

11 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Copper, ion 
2.00E-

07 
 -  - kg/kgww input  - 

Tonini et al. (2013) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Fluoride 
2.08E-

06 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Iron, ion 
4.00E-

08 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Lead 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Magnesium 
2.56E-

08 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Manganese 
6.40E-

10 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Mercury 
1.60E-

11 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Molybdenum 
7.20E-

08 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Nickel, ion 
1.68E-

09 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Selenium 
1.12E-

09 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Silicon 
2.40E-

07 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Zinc, ion 
2.56E-

09 
 -  - kg/kgww input  - 

Tonini et al. (2013) 

Input-specific to air               

As 0.012  -  - % As in incoming input  - 
Vestforbrænding, 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

waste (2015) 

Cd 0.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al. (2013) 

Cr 0.01  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al. (2013) 

Cu 0.002  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al. (2013) 

Hg 1  -  - 
% Hg in incoming 

waste 
input  - 

Tonini et al. (2013) 

Ni 0.033  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Pb 0.01  -  - 
% Pb in incoming 

waste 
input  - 

Tonini et al. (2013) 

Sb 0.119  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Input-specific to fly ash               

As 58.92  -  - 
% As in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Cd 89.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al. (2013) 

Cl 32.13  -  - 
% Cl in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Cr 17.5  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al. (2013) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Cu 2.3  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al. (2013) 

Hg 96.25  -  - 
% Hg in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Mo 2.54  -  - 
% Mo in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Ni 12.56  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Pb 58.7  -  - 
% Pb in incoming 

waste 
input  - 

Tonini et al. (2013) 

S 60.91  -  - 
% S in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Sb 59.84  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Zn 48.18  -  - 
% Zn in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Energy recovery               

Electricity recovery 15 15 28 % electricity 
saving (- in front of 

the value) 
Dedicated mix (average or marginal) 

Faraca, Martinez-
Sanchez, et al. 
(2019) 

Heat recovery 40 0 74 % heat 
saving (- in front of 

the value) 
Dedicated mix (average or marginal) 

Faraca, Martinez-
Sanchez, et al. 
(2019) 

Transport of incineration bottom ash 

(IBA) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

IBA 75  -   -  kg input  -   

Transport 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

 Assumption 

IBA utilization               

IBA 75  -   -  kg input  -   

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of 

the value) 
Gravel, round, gravel and sand quarry 
operation, CH 

 Bisinella et al. 
2016, 2018 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of 

the value) 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

 Assumption 

Transport of air pollution control 

residues (APCr) 
              

APCr 11  -   -  kg input  -   

Transport of APCr 150 120 180 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

 Assumption 

APCr stabilization and utilization               

APCr 11  -   -  kg input  -   

Electricity 0.013 0.0104 0.0156 kWh/kgww input Dedicated mix (average or marginal) 
 Fruergaard et al. 
(2010) 

Combustion of diesel 0.0273 
0.0218

4 
0.0327

6 
MJ/kgww input 

Diesel, burned in building machine, 
market for diesel, burned in building 
machine, GLO 

Fruergaard et al. 
(2010) 

Calcium carbonate 0.035 0.028 0.042 kg/kgww saving (- in front of Calcium carbonate, precipitated, calcium Fruergaard et al. 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

the value) carbonate production, precipitated, RER (2010) 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of 

the value) 
Gravel, round, gravel and sand quarry 
operation, CH 

Fruergaard et al. 
(2010) 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of 

the value) 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

Fruergaard et al. 
(2010) 
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9.3.3.3. Scenario C: Recycling 

In Figure 44 is given an overview of the system boundaries for the modelling of the recycling of PVC waste 
into new PVC, which avoids the use of primary PVC. The technology is described in section 7.2 (Box 2) The 
foreground system is the direct modelling of the management of PVC waste including pre-treatment and the 
conversion recycled PVC. Data are based on mechanical recycling of other polymers as PVC recycling data 
was not available. It is assumed that the mechanical recycling has the same performance as for PVC. The 
foreground system is supported by use of materials and energy from the background system which includes 
the emissions (air, water, soil) and resources needed to deliver these services. Black arrows between unit 
processes indicate material, energy, product, or waste flows. Yellow arrows represent elementary flows to 
and from unit process and the ecosphere.  

 

Figure 44 - Scenario B – Recycling of PVC from construction and demolition waste. 
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Table 42 gives an overview of the inventory data used to model the recycling of PVC scenario. Data were based on several studies which was found to be representative 
for the modelling. The reference column shows to which study the value originates from. The table lists first the input of PVC waste to the processes described in the 
figure above, then each bold text header describes a process in the following process steps. The amount gives the average values, and min/max values are used to carry 
out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no flows that are “lost” but all are followed till final disposal, 
or it leaves the system, it should be noted that savings from avoided use of virgin materials are credited as a “negative consumption”. 

Table 42 - Scenario B – Recycling of PVC from construction and demolition waste. Data based on authors in reference column, uncertainty intervals are where ranges were not available, 
assumed to +/- 20%. 

Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

Polyvinylchloride (PVC) CDW               

PVC 1000  -  - kg input/output  -    

Sorting               

PVC 1000     kg input  -   

Electricity use 0.032 0.02 0.044 kWh/kgww input 

Dedicated mix (average or marginal) 

Rigamonti et 
al. (2014); 
Kägi  et al. 
(2017); 
Faraca et al. 
(2019) 

Heat use 0.024 0.0192 0.0288 
MJ/kgww 

input 
Dedicated mix (average or marginal) 

Kägi  et al. 
(2017) 

Combustion of diesel 0.006 0.0048 0.0072 
MJ/kgww 

input 

Diesel, burned in building machine, market 
for diesel, burned in building machine, 
GLO 

Kägi  et al. 
(2017) 

Wire for balling 0.003 0.0024 0.0036 
kg/kgww 

input 

Steel production, converter, low-alloyed, 
RER 
Wire drawing, steel, RER 

Kägi  et al. 
(2017) 

PVC, sorted for recycling 0.96 0.56 0.98 kg/kgww output  - 
Faraca et al. 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

(2019) 

PVC, residual for incineration from sorting 0.04 0.02 0.44 
kg/kgww 

output  - 
Faraca et al. 
(2019) 

Reprocessing               

PVC, sorted for recycling 1000  - - kg input  -  - 

Electricity use 0.545 0.2 0.89 kWh/kgww input 

Dedicated mix (average or marginal) 

Rigamonti et 
al. (2014); 
Kägi  et al. 
(2017); 
Faraca et al. 
(2019); 
Shonfield, 
(2008) 

Heat use 2.86 0.27 5.45 

MJ/kgww 

input 

Dedicated mix (average or marginal) 

Rigamonti et 
al. (2014); 
Kägi  et al. 
(2017) 

Tap water 9.65 1.3 18 

kg/kgww 

input 

Market for tap water, Europe without 
Switzerland 

Rigamonti et 
al. (2014); 
Kägi  et al. 
(2017); 
Faraca et al. 
(2019); 
Arena et al. 
2003 

Inorganic chemicals 0.009 0 0.018 

kg/kgww 

input 
Chemical, inorganic, market for chemicals, 
inorganic, GLO 

Rigamonti et 
al. (2014); 
Kägi  et al. 
(2017); 
Faraca et al. 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

(2019) 

Sodium hydroxide (NAOH) 0.0115 0 0.023 

kg/kgww 

input 
Market for sodium hydroxide, without 
water, in 50% solution state, GLO 

Rigamonti et 
al. (2014); 
Kägi  et al. 
(2017) 

Sulfiric acid (H2SO4) 0.009 0 0.018 
kg/kgww 

input Market for sulfuric acid, RER 
Kägi  et al. 
(2017) 

Recycled PVC 0.785 0.64 0.93 
kg/kgww 

output  - 
Faraca et al. 
(2019) 

PVC, residual for incineration from 
reprocessing 0.265 0.07 0.46 

kg/kgww 
output  - 

Faraca et al. 
(2019) 

Virgin (PVC) pellet 0.93 0.58 1 

kg/kgww 
saving (- in front of the 

value) 
Polyvinylchloride, bulk 
polymerised,polyvinylchloride production, 
bulk polymerisation,RER 

Faraca et al. 
(2019) 
Franklin 
Associates, 
2011 

Transport to waste-to-energy  (WtE) 

plant 
              

PVC, residual for incineration from sorting 40  -   -  kg input/output  -  
Intrinsic to 
the flow 

PVC, residual for incineration from 
reprocessing 

265  -   -  kg input/output   
Intrinsic to 
the flow 

Transport to waste-to-energy plant 85 68 102 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6,RER 

  

Waste-to-energy plant               



 

174 

 

Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

PVC, residual for incineration from sorting 305  -  - kg input/output  -    

Sodium hydroxide 
0.0012

1 
0.0009

68 
0.0014

52 
kg/kgww input 

Sodium hydroxide, without water, in 50% 
solution state,market for sodium 
hydroxide, without water, in 50% solution 
state, GLO 

ARC, (2015) 

Activated carbon 0.0005 0.0004 0.0006 kg/kgww input 
Activated carbon, granular,activated 
carbon production, granular from hard 
coal, RER 

ARC, (2015) 

Quicklime 
0.0118

6 
0.0094

88 
0.0142

32 
kg/kgww input 

Quicklime, milled, packed,quicklime 
production, milled, packed, CH 

ARC, (2015) 

Ammonia 
0.0028

6 
0.0022

88 
0.0034

32 
kg/kgww input 

Ammonia, anhydrous, liquid,market for 
ammonia, anhydrous, liquid, RER 

ARC, (2015) 

Hydrochloric acid 0.0005 0.0004 0.0006 kg/kgww input 

Hydrochloric acid, without water, in 30% 
solution state,hydrochloric acid production, 
from the reaction of hydrogen with 
chlorine, RER 

ARC, (2015) 

Electricity 0.0857 
0.0685

6 
0.1028

4 
kWh/kgww input Dedicated mix (average or marginal) 

ARC, (2015) 

Process-specific emissions               

Compartment: Non-urban air or from 

high stacks 
              

Ammonia 
4.31E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Carbon monoxide, fossil 
2.56E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

Dioxins, measured as 2,3,7,8-
tetrachlorodibenzo-p-dioxin 

4.31E-
14 

 -  - kg/kgww input  - 
Tonini et al. 
(2013) 

Hydrogen chloride 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Hydrogen fluoride 
2.16E-

07 
 -  - kg/kgww input  - 

ARC, (2015) 

Manganese 
1.12E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 

Nickel 
3.47E-

09 
 -  - kg/kgww input  - 

ARC, (2015) 

Nitrogen oxides 
7.52E-

05 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

PAH, polycyclic aromatic hydrocarbons 
4.31E-

09 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Particulates, > 10 um 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Sulfur dioxide 
8.63E-

06 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Compartment: Surface water               

Antimony 
8.80E-

09 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Arsenic, ion 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Barium 7.20E-  -  - kg/kgww input  - 
Tonini et al. 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

09 (2013) 

Cadmium, ion 
4.00E-

11 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Calcium, ion 
4.16E-

05 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Chloride 
0.0001

46 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Chromium, ion 
4.48E-

09 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Cobalt 
4.00E-

11 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Copper, ion 
2.00E-

07 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Fluoride 
2.08E-

06 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Iron, ion 
4.00E-

08 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Lead 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Magnesium 
2.56E-

08 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Manganese 
6.40E-

10 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Mercury 
1.60E-

11 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

Molybdenum 
7.20E-

08 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Nickel, ion 
1.68E-

09 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Selenium 
1.12E-

09 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Silicon 
2.40E-

07 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Zinc, ion 
2.56E-

09 
 -  - kg/kgww input  - 

Tonini et al. 
(2013) 

Input-specific to air               

As 0.012  -  - 
% As in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Cd 0.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

Cr 0.01  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

Cu 0.002  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

Hg 1  -  - 
% Hg in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

Ni 0.033  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Pb 0.01  -  - % Pb in incoming input  - 
Tonini et al. 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

waste (2013) 

Sb 0.119  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Input-specific to fly ash               

As 58.92  -  - 
% As in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Cd 89.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

Cl 32.13  -  - 
% Cl in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Cr 17.5  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

Cu 2.3  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

Hg 96.25  -  - 
% Hg in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Mo 2.54  -  - 
% Mo in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Ni 12.56  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Pb 58.7  -  - 
% Pb in incoming 

waste 
input  - 

Tonini et al. 
(2013) 

S 60.91  -  - 
% S in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

Sb 59.84  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Zn 48.18  -  - 
% Zn in incoming 

waste 
input  - 

Vestforbræn
ding, (2015) 

Energy recovery               

Electricity recovery 15 12 28 % electricity 
saving (- in front of the 

value) 
Dedicated mix (average or marginal) 

Faraca, 
Martinez-
Sanchez, et 
al. (2019) 

Heat recovery 40 0 74 % heat 
saving (- in front of the 

value) 
Dedicated mix (average or marginal) 

Faraca, 
Martinez-
Sanchez, et 
al. (2019) 

Transport of incineration bottom ash 

(IBA) 
              

IBA 75  -   -  kg input  - ARC, (2015) 

Transport 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

  

IBA utilization               

IBA 75  -   -  kg input  - ARC, (2015) 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of the 

value) 
Gravel, round, gravel and sand quarry 
operation, CH 

  

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of the 

value) 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 
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Process 
Amoun

t 
Min Max Unit Type 

Ecoinvent 3.7.1 – Allocation at the 

point of substitution 
Reference 

Transport of air pollution control 

residues (APCr) 
              

APCr 11  -   -  kg input  - ARC, (2015) 

Transport of APCr 150 120 180 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

  

APCr stabilization and utilization               

APCr 11  -   -  kg input  - ARC, (2015) 

Electricity 0.013 0.0104 0.0156 kWh/kgww input Dedicated mix (average or marginal) 
Fruergaard et 
al. (2010) 

Combustion of diesel 0.0273 
0.0218

4 
0.0327

6 
MJ/kgww input 

Diesel, burned in building machine, market 
for diesel, burned in building machine, 
GLO 

Fruergaard et 
al. (2010) 

Calcium carbonate 0.035 0.028 0.042 kg/kgww 
saving (- in front of the 

value) 
Calcium carbonate, precipitated, calcium 
carbonate production, precipitated, RER 

Fruergaard et 
al. (2010) 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of the 

value) 
Gravel, round, gravel and sand quarry 
operation, CH 

Fruergaard et 
al. (2010) 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of the 

value) 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Fruergaard et 
al. (2010) 
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9.3.4. EPS 

The end-of-life management of EPS has been modelled for 3 different scenarios which covers the main 
management strategies. Namely: landfill, incineration and recycling. The data for landfill is based upon data 
by Ecoinvent, incineration is based upon multiple authors in an EASETECH dataset referenced in the scenario 
inventory table, and recycling based upon data from the JRC (2022). The latter however are not provided in 
detail as protected by a Non-Disclosure Agreement. 

9.3.4.1. Scenario A: Landfill 

In Figure 45 is given an overview of the system boundaries for the modelling of the landfill scenario. The 
technology is described in 7.2. The foreground system is the direct modelling of the management of waste in 
the landfill, this is supported by use of materials and energy from the background system which includes the 
emissions (air, water, soil) and resources needed to deliver these services. Black arrows between unit 
processes indicate material, energy, product, or waste flows. Yellow arrows represent elementary flows to 
and from unit process and the ecosphere. 

 

Figure 45 - Scenario A – Landfilling of EPS from construction and demolition waste.
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Table 43 gives an overview of the inventory data used to model the landfill scenario for EPS. Data were based on Ecoinvent 3.7.1. database. The table lists first the input 
of EPS waste to the processes described in the figure above, then each bold text header describes a process in the following process steps. The amount gives the 
average values, and min/max values are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no 
flows that are “lost” but all are followed till final disposal, or it leaves the system. 

Table 43 - Scenario A – Landfilling of expanded polystyrene (EPS) from construction and demolition waste. Data are based on Ecoinvent. Uncertainty intervals are due to lack of ranges in 
original data assumed to +/- 20%. 

Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point 

of substitution 

Expanded Polystyrene (EPS) CDW             

EPS 1000  -  - kg input/output  -  

Transport to landfill             

EPS 1000  -   -  kg input/output  - 

Transport to landfill 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric ton, 
EURO6, RER 

Landfill             

EPS 1000  -   -  kg input  - 

Inert material landfill, construction and 
operation 

1 0.8 1.2 kg/kgww input 
Process-specific burdens, inert material 
landfill, market for process-specific burdens, 
inert material  

Combustion of diesel 0.000254 0.0002032 0.0003048 MJ/kgww input 
Diesel, burned in building machine, market for 
diesel, burned in building machine, GLO 
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9.3.4.2. Scenario B: Incineration 

In Figure 46 is given an overview of the system boundaries for the modelling of the incineration with energy 
recovery scenario. The technology is described in 7.2. The foreground system is the direct modelling of the 
management of waste in the incineration facility with management of ash residues. Recovered energy in 
form of electricity and heat is expected to avoid other energy sources. The foreground system is supported by 
use of materials and energy from the background system which includes the emissions (air, water, soil) and 
resources needed to deliver these services. Black arrows between unit processes indicate material, energy, 
product, or waste flows. Yellow arrows represent elementary flows to and from unit process and the 
ecosphere. 

 

Figure 46 - Scenario B – Incineration of EPS from construction and demolition waste. WTE: waste-to-energy, IBA: 
Incinerator bottomash, APCr: Air pollution control residues.
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Table 44 gives an overview of the inventory data used to model the incineration of EPS scenario. Data were based on several studies which was found to be 
representative for the modelling. The reference column shows to which study the value originates from. The table lists first the input of EPS waste to the processes 
described in the figure above, then each bold text header describes a process in the following process steps. The amount gives the average values, and min/max values 
are used to carry out uncertainty assessment. Since all values are assigned to the physical flow through the system there are no flows that are “lost” but all are followed 
till final disposal, or it leaves the system, it should be noted that savings from avoided use of virgin materials are credited as a “negative consumption”. 

Table 44 - Scenario B – Incineration of expanded polystyrene (EPS) from construction and demolition waste. Data based on authors in reference column, uncertainty intervals are where 
ranges were not available assumed to +/- 20%. 

Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Expanded Polystyrene (EPS) CDW               

EPS 1000  -   -  kg input/output  -    

Transport to waste-to-energy (WtE) 

plant 
              

EPS 1000  -   -  kg input/output  -    

Transport to waste-to-energy plant 85 68 102 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6,RER 

 Assumption 

Waste-to-energy plant               

EPS 1000  -  - kg input/output  -    

Sodium hydroxide 
0.0012

1 
0.0009

68 
0.0014

52 
kg/kgww input 

Sodium hydroxide, without water, in 
50% solution state,market for sodium 
hydroxide, without water, in 50% 
solution state, GLO 

ARC, (2015) 

Activated carbon 0.0005 0.0004 0.0006 kg/kgww input 
Activated carbon, granular,activated 
carbon production, granular from hard 
coal, RER 

ARC, (2015) 

Quicklime 
0.0118

6 
0.0094

88 
0.0142

32 
kg/kgww input 

Quicklime, milled, packed,quicklime 
production, milled, packed, CH 

ARC, (2015) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Ammonia 
0.0028

6 
0.0022

88 
0.0034

32 
kg/kgww input 

Ammonia, anhydrous, liquid,market for 
ammonia, anhydrous, liquid, RER 

ARC, (2015) 

Hydrochloric acid 0.0005 0.0004 0.0006 kg/kgww input 

Hydrochloric acid, without water, in 30% 
solution state,hydrochloric acid 
production, from the reaction of 
hydrogen with chlorine, RER 

ARC, (2015) 

Electricity 0.0857 
0.0685

6 
0.1028

4 
kWh/kgww input Dedicated mix (average or marginal) 

ARC, (2015) 

Process-specific emissions               

Compartment: Non-urban air or from 

high stacks 
              

Ammonia 
4.31E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Carbon monoxide, fossil 
2.56E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 

Dioxins, measured as 2,3,7,8-
tetrachlorodibenzo-p-dioxin 

4.31E-
14 

 -  - kg/kgww input  - 
Tonini et al., (2013) 

Hydrogen chloride 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Hydrogen fluoride 
2.16E-

07 
 -  - kg/kgww input  - 

ARC, (2015) 

Manganese 
1.12E-

05 
 -  - kg/kgww input  - 

ARC, (2015) 

Nickel 
3.47E-

09 
 -  - kg/kgww input  - 

ARC, (2015) 



 

186 

 

Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Nitrogen oxides 
7.52E-

05 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

PAH, polycyclic aromatic hydrocarbons 
4.31E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Particulates, > 10 um 
2.16E-

06 
 -  - kg/kgww input  - 

ARC, (2015) 

Sulfur dioxide 
8.63E-

06 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Compartment: Surface water               

Antimony 
8.80E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Arsenic, ion 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Barium 
7.20E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Cadmium, ion 
4.00E-

11 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Calcium, ion 
4.16E-

05 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Chloride 
0.0001

46 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Chromium, ion 
4.48E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Cobalt 4.00E-  -  - kg/kgww input  - Tonini et al., (2013) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

11 

Copper, ion 
2.00E-

07 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Fluoride 
2.08E-

06 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Iron, ion 
4.00E-

08 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Lead 
5.60E-

10 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Magnesium 
2.56E-

08 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Manganese 
6.40E-

10 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Mercury 
1.60E-

11 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Molybdenum 
7.20E-

08 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Nickel, ion 
1.68E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Selenium 
1.12E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Silicon 
2.40E-

07 
 -  - kg/kgww input  - 

Tonini et al., (2013) 

Zinc, ion 
2.56E-

09 
 -  - kg/kgww input  - 

Tonini et al., (2013) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Input-specific to air               

As 0.012  -  - 
% As in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Cd 0.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cr 0.01  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cu 0.002  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al., (2013) 

Hg 1  -  - 
% Hg in incoming 

waste 
input  - 

Tonini et al., (2013) 

Ni 0.033  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Pb 0.01  -  - 
% Pb in incoming 

waste 
input  - 

Tonini et al., (2013) 

Sb 0.119  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Input-specific to fly ash               

As 58.92  -  - 
% As in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Cd 89.1  -  - 
% Cd in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cl 32.13  -  - 
% Cl in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Cr 17.5  -  - 
% Cr in incoming 

waste 
input  - 

Tonini et al., (2013) 

Cu 2.3  -  - 
% Cu in incoming 

waste 
input  - 

Tonini et al., (2013) 

Hg 96.25  -  - 
% Hg in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Mo 2.54  -  - 
% Mo in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Ni 12.56  -  - 
% Ni in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Pb 58.7  -  - 
% Pb in incoming 

waste 
input  - 

Tonini et al., (2013) 

S 60.91  -  - 
% S in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Sb 59.84  -  - 
% Sb in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Zn 48.18  -  - 
% Zn in incoming 

waste 
input  - 

Vestforbrænding, 
(2015) 

Energy recovery               

Electricity recovery 15 15 28 % electricity 
saving (- in front of 

the value) 
Dedicated mix (average or marginal) 

Faraca, Martinez-
Sanchez, et al., 
(2019) 

Heat recovery 40 0 74 % heat 
saving (- in front of 

the value) 
Dedicated mix (average or marginal) 

Faraca, Martinez-
Sanchez, et al., 
(2019) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

Transport of incineration bottom ash 

(IBA) 
              

IBA 75  -   -  kg input  -   

Transport 50 40 60 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

 Assumption 

IBA utilization               

IBA 75  -   -  kg input  -   

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of 

the value) 
Gravel, round, gravel and sand quarry 
operation, CH 

 Bisinella et al., 
2016, 2018 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of 

the value) 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

 Assumption 

Transport of air pollution control 

residues (APCr) 
              

APCr 11  -   -  kg input  -   

Transport of APCr 150 120 180 kg*km/kgww input 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

 Assumption 

APCr stabilization and utilization               

APCr 11  -   -  kg input  -   

Electricity 0.013 0.0104 0.0156 kWh/kgww input Dedicated mix (average or marginal) 
 Fruergaard et al. 
(2010) 

Combustion of diesel 0.0273 
0.0218

4 
0.0327

6 
MJ/kgww input Diesel, burned in building machine, 

market for diesel, burned in building 

Fruergaard et al. 
(2010) 
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Process 
Amou

nt 
Min Max Unit Type 

Ecoinvent 3.7.1 - Allocation at the 

point of substitution 
Reference 

machine, GLO 

Calcium carbonate 0.035 0.028 0.042 kg/kgww 
saving (- in front of 

the value) 
Calcium carbonate, precipitated, calcium 
carbonate production, precipitated, RER 

Fruergaard et al. 
(2010) 

Gravel 1 0.8 1.2 kg/kgww 
saving (- in front of 

the value) 
Gravel, round, gravel and sand quarry 
operation, CH 

Fruergaard et al. 
(2010) 

Transport of gravel 50 40 60 kg*km/kgww 
saving (- in front of 

the value) 
Transport, freight, lorry 16-32 metric 
ton, EURO6, RER 

Fruergaard et al. 
(2010) 
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9.3.4.3. Scenario C: Recycling 

In Figure 47 is given an overview of the system boundaries for the modelling of the recycling of EPS waste 
into new EPS, which avoids the production of primary EPS. The technology is described in 7.4.2 The 
foreground system is the direct modelling of the management of EPS waste including pre-treatment and the 
conversion of EPS into recycled EPS for use in new products. The foreground system is supported by use of 
materials and energy from the background system which includes the emissions (air, water, soil) and 
resources needed to deliver these services. Black arrows between unit processes indicate material, energy, 
product, or waste flows. Yellow arrows represent elementary flows to and from unit process and the 
ecosphere. 

 

Figure 47 - Scenario C - Recycling of EPS from construction and demolition waste.
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Table 45 gives an overview of the inventory data used to model the recycling of EPS scenario. Data were based on an ongoing study by JRC (2022) which was found to 
be best for the modelling. Not all data are shown as they are protected by Non-Disclosure Agreement. It should be noted that the electricity consumption is very high, 
which was confirmed by the JRC, and is expected to be due to this being an emerging technology still requiring further optimization. The reference column shows to 
which study the value originates from. The table lists first the input of EPS waste to the processes described in the figure above, then each bold text header describes a 
process in the following process steps. The amount used represented the average value, and min/max values are used to carry out uncertainty assessment. Since all 
values are assigned to the physical flow through the system there are no flows that are “lost” but all are followed till final disposal, or it leaves the system, it should be 
noted that savings from avoided use of virgin materials are credited as a “negative consumption”. 

Table 45 - Scenario C – Recycling of expanded polystyrene (EPS) from construction and demolition waste. Data based on JRC (2022), protected by Non-Disclosure Agreement; uncertainty 
intervals are where ranges were not available, assumed to +/- 20%. 

Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point of 

substitution 

Expanded Polystyrene (EPS) CDW             

EPS 1000  -   -  kg input/output  -  

Transport to material recycling fraction (MRF) plant             

EPS 1000  -   -  kg input/output  -  

Transport to MRF 85 68 102 kg*km/kgww input Transport, freight, lorry 16-32 metric ton, EURO6, RER 

Treatment             

EPS 1000  -   -  kg input  -  

Electricity X -20% +20% kWh/kgww input Dedicated mix (average or marginal) 

Tap water X -20% +20% l/kgww input Market for tap water, Europe without Switzerland 

Nitrogen X -20% +20% l/kgww input Nitrogen, liquid,market for nitrogen, liquid,RER 

EPS savings 1000 -20% - kg 
saving (- in 
front of the 

value) 

Polystyrene, general purpose,polystyrene production, 
general purpose,RER 
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Process Amount Min Max Unit Type 
Ecoinvent 3.7.1 - Allocation at the point of 

substitution 

Filtration residues due to incineration X -20% +20% kg/kgww output 
Municipal solid waste,treatment of municipal solid waste, 
incineration,RoW 

Other solid waste arising to incineration X -20% +20% kg/kgww output 
Municipal solid waste,treatment of municipal solid waste, 
incineration,RoW 

Wastewater X -20% +20% l/kgww output 
Wastewater, average,market for wastewater, 
average,Europe without Switzerland 
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9.3.5. Costs 

To model the costs of the different scenarios, costs prices were collected. It was not possible to get data via 
the interviews with the stakeholders, and data in literature is also very limited. The price of materials and 
energy have also increased considerably the last years, so prices can quickly be very outdated, and they 
variate considerably between member states. On basis of data from literature the data presented in Table 46 
were combined, it was decided to use ranges (min, max) due to the high variation in reported values. It was 
not clear for all values whether capital costs of buildings were included in the data, as this can depend on 
age of infrastructure for the buildings and machines and whether it already is depreciated. For further 
information on the costs see Appendix D – Cost Data (Excel). 

Table 46 - Treatment costs and substitution credits in € per unit. 

Treatment costs Min Max Unit Reference 

Landfill 28 67 €/t EUNOMIA, 2001. 

Recycling 91 206 €/t Faraca et al. 2019 

Incineration 55 115 €/t CE Delft, 2021 

Ash treatment 28 64 €/t EUNOMIA, 2001. 

Energy use - Electricity  0.021 0.09 €/kWh CE Delft, 2021 

Energy use - Heat 0.025 0.07 €/kWh CE Delft, 2021 

Transport 0.113 0.123 €/tonkm Panteia, 2020 

     

Substitution credits: Reuse, Recycling, Energy Min Max Unit Reference 

PVC 900 1950 €/t Chemorbis, 2022. 

EPS 1350 1350 €/t JRC Source 

Wood 123 540 €/t UNECE, 2022. 

Cement 46 58 €/t CEMBUREAU, 2021. 

Concrete 35 40 €/t No stated source 

Gravel 10 49 €/t Homeguide, 2022. 

Sand 22 44 €/t No stated source 

Energy recovery credit - Electricity  0.021 0.09 €/kWh CE Delft, 2021 

Energy recovery credit - Heat 0.025 0.07 €/kWh CE Delft, 2021 

Avoided transport 0.11 0.12 €/tkm Panteia, 2020 

 

9.3.6. Energy modelling 

In this study, three types of energy carriers are applied: electricity, industrial heat, and space heat. The 
electricity is used both in industrial processes, and generated by technologies with energy recovery, such as 
incineration. The industrial heat is generated and used in industrial processes, while space heat like electricity 
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is generated by technologies with energy recovery, such as incineration, and distributed to consumers.  For 
each type of energy, has been calculated the average European mix for 2020, 2050.  

The average European mix 2020 was applied in scenarios illustrating the 2020 situation. The average 
European mix 2050 was applied in scenarios illustrating the 2050 situation. 

The marginal mix 2020-2050 for Europe was also calculated as there was discussions on the impact of 
applying a consequential approach, but the results for this has only been included in Appendix C (Excel). The 
marginal energy has been calculated considering the non-constrained growing technologies between 2020 
and 2050 as traditionally done in consequential LCAs (Ekvall and Weidema, 2004).  

The energy modelling was based on the information published for the Nationally Determined Contribution 
(NDC) scenario in the GECO 2021 report (European Commission, 2021d). Table 47 illustrates the composition 
of the average electricity mix for 2020 and 2050, and the marginal electricity mix for 2020-2050.  

Table 48 illustrates the composition of the average space heat mix for 2020 and 2050, and the marginal 
space heat mix for 2020-2050. Finally, Table 49 illustrates the composition of the average industrial heat 
mix for 2020 and 2050, and the marginal industrial heat mix for 2020-2050. Table 47,  

Table 48 and Table 49 includes an overview of the corresponding Ecoinvent 3.7.1 (attributional at the point 
of substitution) processes that was used for each of the different energy inputs. 
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Table 47 - European electricity mix for 2020 and 2050, marginal electricity mix for 2020-2050 and associated Ecoinvent processes. Data based on EU 2021D unless otherwise states. NDC: 
Nationally Determined Contribution. 

Technology 
Ecoinvent 3.7.1 - Allocation at 

the point of substitution 

European electricity year 2020 European electricity year 2050 
European electricity year 2020-2050 

(marginal) 

Amount Unit Comment Amount Unit Comment Amount Unit Comment 

Coal 
Electricity, high voltage, electricity 
production, hard coal, RoW 

0.18 kWh  0.006 kWh  0.01 kWh  

Natural gas 
Electricity, high voltage, electricity 
production, natural gas, 
conventional power plant, RoW 

0.17 kWh  0.03 kWh  0.04 kWh  

Biomass 
Electricity, high voltage, electricity 
production, wood, future, GLO 

0.05 kWh  0.118 kWh  0.1 kWh  

Nuclear 
Electricity, high voltage, electricity 
production, nuclear, pressure 
water reactor, RoW 

0.26 kWh  0.156 kWh  0.15 kWh  

Hydro, lakes 
Electricity, high voltage, electricity 
production, hydro, reservoir, alpine 
region, RoW 

0.07 kWh 
7% (50% of total 
hydro), EU 2021D 
(NDC) 

0.048 kWh 
4.8% (50% of total 
hydro), EU 2021D 
(NDC) 

0.05 kWh 
5% (50% of total 
hydro), EU 2021D 
(NDC) 

Hydro, river 
Electricity, high voltage, electricity 
production, hydro, run-of-river, 
RoW 

0.07 kWh 
7% (50% of total 
hydro), EU 2021D 
(NDC) 

0.048 kWh 
4.8% (50% of total 
hydro), EU 2021D 
(NDC) 

0.05 kWh 
5% (50% of total 
hydro), EU 2021D 
(NDC) 

Wind offshore 
Electricity, high voltage, electricity 
production, wind, 1-3MW turbine, 
offshore, RoW 

0.02 kWh 
2% (12% of the 
total wind), EU 
2021D (NDC) 

0.09 kWh 
9% (27% of the total 
wind), EU 2021D 
(NDC) 

0.11 kWh 
11% (32% of the 
total wind), EU 
2021D (NDC) 

Wind onshore 
Electricity, high voltage, electricity 
production, wind, >3MW turbine, 
onshore, RoW 

0.11 kWh 

11% (88% of the 
total wind), EU 
2021D, EU 2021D 
(NDC) 

0.25 kWh 
25% (73% of the total 
wind), EU 2021d, EU 
2021D (NDC) 

0.23 kWh 

23% (68% of the 
total wind), EU 
2021D, EU 2021D 
(NDC) 
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Technology 
Ecoinvent 3.7.1 - Allocation at 

the point of substitution 

European electricity year 2020 European electricity year 2050 
European electricity year 2020-2050 

(marginal) 

Amount Unit Comment Amount Unit Comment Amount Unit Comment 

Solar, roof 
installation 

Electricity, low voltage, electricity 
production, photovoltaic, 3kWp 
slanted-roof installation, multi-Si, 
panel, mounted, RoW 

0.025 kWh 
2.5% (50% of 
total solar), EU 
2021D (NDC) 

0.1255 kWh 
12.55% (50% of total 
solar), EU 2021D 
(NDC) 

0.125 kWh 
12.5% (50% of 
total solar), EU 
2021D (NDC) 

Solar, ground 
installation 

Electricity, low voltage, electricity 
production, photovoltaic, 570kWp 
open ground installation, multi-Si, 
RoW 

0.025 kWh 
2.5% (50% of 
total solar), EU 
2021D (NDC) 

0.1255 kWh 
12.55% (50% of total 
solar), EU 2021D 
(NDC) 

0.125 kWh 
12.5% (50% of 
total solar), EU 
2021D (NDC) 

Oil 
Electricity, high voltage, electricity 
production, oil, RoW 

0.02 kWh 

 

 -  -  -  -  -  - 

 

Table 48 - European space heat for the average mix 2020 and 2050, and the marginal space heat mix 2020-2050 and associated Ecoinvent 3.7.1 processes. Data based on EU 2021D 
unless otherwise states. NDC: Nationally Determined Contribution. 

Technology 
Ecoinvent 3.7.1 - Allocation 

at the point of substitution 

European space heat year 2020 European space heat year 2050 
European space heat year 2020-

2050 (marginal) 

Amount Unit Comment Amount Unit Comment Amount Unit Comment 

Natural gas 

Heat, district or industrial, 
natural gas, heat production, 
natural gas, at industrial furnace 
>100kW, Europe without 
Switzerland 

0.49 MJ 
49%, EU 2021D 
Nationally determined 
contributions (NDC) 

0.38 MJ  0.19 MJ  

Oil 
Heat, light fuel oil, at industrial 
furnace 1MW 

0.14 MJ  0.08 MJ   -   -   



 

199 

 

Technology 
Ecoinvent 3.7.1 - Allocation 

at the point of substitution 

European space heat year 2020 European space heat year 2050 
European space heat year 2020-

2050 (marginal) 

Amount Unit Comment Amount Unit Comment Amount Unit Comment 

Coal 

Heat, district or industrial, other 
than natural gas, heat 
production, at hard coal 
industrial furnace 1-10MW, 
Europe without Switzerland 

0.07 MJ  0.04 MJ  0.03 MJ  

Biomass 
Electricity, high voltage, 
electricity production, wood, 
future, GLO 

0.19 MJ  0.196 MJ  0.01 MJ  

Hydrogen Electricity of the study  -  -   -  0.03 MJ 

3%, EU 2021D 
(NDC), 120 
MJLHV/kgH2 (ET, 
2022); between 49-
58 kWh/kgH2 (IRENA, 
2018.) 

0.2 MJ 

20%, EU 2021D 
(NDC), 120 
MJLHV/kgH2 (ET, 
2022); between 
49-58 
kWh/kgH2 
(IRENA, 2018.)  

Electricity Electricity of the study 0.11 MJ 11%, EU 2021D (NDC) 0.27 MJ 

 

0.57 MJ 
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Table 49 - European industrial heat mix for 2020 and 2050, and marginal industrial mix 2020-2050 and associated Ecoinvent 3.7.1 processes. Data based on EU 2021D unless otherwise 
states. NDC: Nationally Determined Contribution. 

Technology 
Ecoinvent 3.7.1 - Allocation at 

the point of substitution 

European industrial heat year 2020 European industrial heat year 2050 
European industrial heat year 2020-

2050 (marginal) 

Amount Unit Comment Amount Unit Comment Amount Unit Comment 

Natural gas 

Heat, district or industrial, natural 
gas, heat production, natural gas, 
at industrial furnace >100kW, 
Europe without Switzerland 

0.6 MJ 
49%, EU 2021D 
Nationally determined 
contributions (NDC) 

0.57 MJ  0.1 MJ  

Oil 
Heat, light fuel oil, at industrial 
furnace 1MW 

0.19 MJ  0.13 MJ  0.08 MJ  

Coal 

Heat, district or industrial, other 
than natural gas, heat production, 
at hard coal industrial furnace 1-
10MW, Europe without 
Switzerland 

0.12 MJ  0.11 MJ  0.2 MJ  

Biomass 
Electricity, high voltage, electricity 
production, wood, future, GLO 

0.09 MJ  0.11 MJ  0.09 MJ  

Hydrogen Electricity of the study  -  -   -  0.07 MJ 

7%, EU 2021D (NDC), 
120 MJ LHV/kgH2 (ET, 
2022); between 49-58 
kWh/kgH2 (IRENA., 
2018.) 

0.53 MJ 

57%, EU 2021D 
(NDC), 120 
MJLHV/kgH2 (ET, 
2022); between 49-
58 kWh/kgH2 (IRENA, 
2018.) 
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10. Life Cycle Assessment and Costing 

10.1. Concrete 

Figure 48 illustrates the results for the concrete scenarios in 2020. The figure includes the contribution of 
different processes, as well as the net value. Furthermore, it is including the uncertainty calculated via Monte 
Carlo simulation based on the ranges defined in the inventory tables.  

From this, it is seen that preparation for reuse contributes to the largest net savings in all impact categories. The 
reason is that it here substitutes all the materials that go into the concrete (cement, gravel, sand, water), but this 
requires that the material has a quality where it can be reused. High-quality recycling, where both cementitious 
material and finer materials are recovered, in general, performs better than low-quality recycling and utilization 
as aggregates for road subbase, where only gravel and sand, or gravel, are recovered, respectively. This can, for 
example, be seen for climate change, resource use, and freshwater eutrophication. However, in some impacts 
categories, the processing (pre-treatment and processing) involved in the high-quality recycling has considerable 
impacts, which means that in these categories, the low-quality recycling or utilization performs better (e.g., seen 
for particulate matter and ozone depletion). 

Analysis of the contribution of transport shows that it is a burden in most impact categories with a direct 
environmental impact for all scenarios except for preparation for reuse.  

By looking at the results when calculated for 2050 (forecasted energy mix, but same technology forecasting), in 
Figure 49, it is observed that the ranking of the results across the impact categories does not change. The reason 
is that heat and electricity only have a minor role in the processes involved, therefore, a cleaner energy mix does 
not affect the results. Detailed data for the results can be found in Appendix C (excel). 
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Figure 48 - Characterized results for Concrete management scenarios in 2020. LF: Landfill, UTI: Utilization, RECLQ: Recycling 
low-quality, RECHQ: Recycling High-quality, REU: Preparation for reuse. Detailed data for the results can be found in Appendix 
C (Excel). 
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Figure 49 - Characterized results for Concrete management scenarios in 2050. LF: Landfill, UTI: Utilization, RECLQ: Recycling 
low-quality, RECHQ: Recycling High-quality, REU: Preparation for reuse. Detailed data for the results can be found in Appendix 
C (Excel). 
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10.2. Wood 

The results for the wood scenarios are illustrated in Figure 50. The net value is shown with a white dot. 
Furthermore, it includes the uncertainty calculated via Monte Carlo simulation based on the ranges defined in the 
inventory tables. It was decided to include a result where material prepared for reuse or recycling was next 
incinerated to investigate the benefit of maintaining materials for further use (cascading use of the material). 
This is shown with a purple dot. 

Incineration has the largest saving (lowest net value of the white dot) in eight out of sixteen of the impact 
categories (e.g. climate change, ecotoxicity and resource use), and recycling has the lowest net value in most of 
the remainder of the impact categories (e.g. particulate matter and terrestrial eutrophication), while preparation 
for reuse has the lowest net impact in land use. When including the fact that material prepared for reuse and 
recycling also can be incinerated  later (cascading), the results indicate that recycling and preparation for reuse 
have a lower or equal impact to incineration in all impact categories. This highlights the benefits of recycling and 
cascading uses of wood. 

The large avoided impacts from substituted materials and energy means that transport only have minor 
importance in all impact categories, contrarily to the case of concrete. Pre-treatment and processing of materials 
are mainly seen as important for the recycling process, and to a smaller degree for incineration.  

The results calculated for 2050 (forecasted energy mix, but same technology forecasting), are illustrated in 
Figure 51. The figure shows the ranking of the results across the impact categories has changed, and incineration 
is now only better in six impact categories out of sixteen. Additionally, if we look at the effects of including a 
second life cycle (cascade), then recycling and preparation for reuse are better than incineration in all categories. 
The reason is that the much cleaner energy mix for heat and electricity in 2050 means that there are much less 
savings from the energy generated when incinerating the wood. Thereby, the credits from keeping the wood as a 
material in construction comes out overall better. Detailed data for the results can be found in Appendix C (Excel). 
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Figure 50 - Characterized results for Wood management scenarios in 2020. INC: Incineration, REC: Recycling, REU: Preparation 
for reuse. Detailed data for the results can be found in Appendix C (Excel). 
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Figure 51 - Characterized results for Wood management scenarios in 2050. INC: Incineration, REC: Recycling, REU: Preparation 
for reuse. Detailed data for the results can be found in Appendix C (Excel). 
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10.3. PVC 

The results for the landfilling, incineration and recycling scenarios for PVC are illustrated in Figure 52. The figure 
includes the contribution of different processes, and the net value is shown with a white dot. Furthermore, it 
includes the uncertainty calculated via Monte Carlo simulation based on the ranges defined in the inventory 
tables. It was decided to include a result where material prepared for reuse or recycling was next incinerated to 
investigate the benefit of maintaining materials for further use (cascading use of the material). This is shown 
with a purple dot. 

The results show that recycling is better than incineration and landfilling when the PVC waste has a quality where 
it can be recycled. In all categories it is found that the net savings are larger for recycling compared with landfill, 
and in all cases except for ionising radiation when compared to incineration. When considering the uncertainty of 
the results it is seen that in the case of climate change the uncertainty means that not in all cases there is 
benefit from recycling. This occurs when the quality of PVC waste is so low that large amounts are sorted out in 
the pre-screening before recycling, where it is sorted with other plastics, and therefore end up in a mixed plastic 
fraction which is considered non-recyclable and treated via incineration. 

When including the consideration that material prepared for reuse and recycling can be incinerated after a 
second use (cascading), recycling become better in the categories where incineration contributed with savings 
before. As there is still a potential for incinerating the material in this later cascade. For this reason, we also see 
that when including a second cascade of the recycled material (purple dot), there is a drop in the net savings for 
climate change impact as this have net positive contribution when incinerated, but an improvement in the other 
impact categories. This is opposite the finding we saw for the case of wood, where incineration in the cascading 
life gave savings in the category climate change and this is due to the different origin of the carbon (fossil for 
PVC versus biogenic for wood). Similarly, to wood, for PVC this highlights the importance of maintaining a high 
quality in the recycled products and keeping it in a recycling loop. Cascading was not done for landfill and 
incineration. 

Considering the contribution of different processes it is found that Processing has a large impact for Recycling 
which is mainly due to impacts of the abovementioned incineration of PVC rejects from the pre-screening of 
materials which was pooled together with the other Processing impacts. In the case of clean PVC waste being 
sent to recycling this would mean the Processing impact would be lower. In addition to this is the impact of the 
recycling process itself in form of energy and materials. Due to the incineration of rejects sorted out in mixed 
plastics it is found that there are savings in form of energy substitution, in addition to the savings from 
substitution of primary PVC. 

The results when calculated for 2050 (forecasted energy mix, but same technology forecasting) illustrated in 
Figure 53, show that the ranking of the results across the impact categories does not change, except for Land 
use for incineration being similar to recycling. The only other change is that the benefit from recycling becomes 
smaller which mainly is due to the waste management of the share of the PVC waste which cannot be recycled, 
and where energy recovery does not give as large savings from energy substitution as in year 2020. Detailed 
data for the results can be found in Appendix C (Excel). 
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Figure 52 - Characterized results for PVC scenarios in 2020. LF: Landfill, REC: Recycling. Detailed data for the results can be 
found in Appendix C (Excel). 
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Figure 53 - Characterized results for PVC scenarios in 2050. INC: Incineration; LF: Landfill, REC: Recycling. Detailed data for the 
results can be found in Appendix C (Excel). 
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10.4. EPS 

The results for the EPS scenarios are illustrated in Figure 54. The figure includes the contribution of different 
processes, and the net value is shown with a white dot.  

Furthermore, it includes the uncertainty calculated via Monte Carlo simulation based on the ranges defined in the 
inventory tables. It was decided to include a result where material prepared for reuse or recycling was next 
incinerated to investigate the benefit of maintaining materials for further use (cascading use of the material). 
This is shown with a purple dot. 

For EPS, under the current EU energy mix, recycling via solvent-extraction (dissolution) gave the largest savings in 
six impact categories (climate change, human toxicity cancer, particulate matter, photochemical ozone formation, 
water use, and resource use, fossils) while incineration performed better in the remaining ten impact categories. 
The main reason for which incineration came out better than recycling is that the current recycling process has a 
very high electricity consumption. Further development of EPS recycling (reducing electricity consumption) will 
likely lead to recycling coming out better than incineration across all impact categories. 

When including the consideration that material prepared for reuse and recycling can be incinerated after a 
second use (cascading), recycling become better in the categories where incineration contributed with savings 
before. As there is still a potential for incinerating the material in this later cascade. For this reason, we also see 
that when including a second cascade of the recycled material (purple dot), there is a drop in the net savings for 
climate change impact as this have net positive contribution when incinerated, but an improvement in the other 
impact categories. This is opposite the finding we saw for the case of wood, where incineration in the cascading 
life gave savings in the category climate change and this is due to the different origin of the carbon (fossil for 
EPS versus biogenic for wood). Similarly to wood, for EPS this highlights the importance of maintaining a high 
quality in the recycled products and keeping it in a recycling loop. Cascading was not done for landfill and 
incineration. 

When considering the process contributions, the direct impacts for Incineration was the Processing, i.e. the 
incineration process itself. This is in many impact categories balanced by the substitution of primary energy. 
Conversely, to the data for PVC, the main processing impact from the recycling process is solely the recycling 
process itself (no sorting or other pre-treatments) due to the large impact from the electricity consumption. The 
reason for the lack of impacts from pre-treatment is because the EPS is assumed to arrive pre-screened at the 
recycling factory and there were therefore no EPS rejects reported in the inventory data. There are as expected 
large savings from the substitution of virgin EPS.  

It should be noticed that the results herein illustrated for EPS recycling are in line with those obtained by JRC 
(2022) where the case of EPS (from CDW) management is also studied via LCA. Also, both the results of JRC 
(2022) and this study are in accordance with those obtained in the study by TUV Rheinland (2017) for the 
specific case of the climate change category (unfortunately, this is the only impact category result publicly 
available from the TUV study). However, in TUV Rheinland (2017) a different system boundary/functional unit 
was used for the assessment, therefore the magnitude of the climate change results should not be directly 
compared.  

The results when calculated for 2050 (forecasted energy mix, but same technology forecasting), illustrated in 
Figure 55, show that that the ranking of the results across the impact categories changes. Incineration now only 
performs best in nine impact categories, and recycling in general performs best in more impact categories. This is 
due to incineration getting less benefits from the substituted energy, while the processing in the recycling has 
lower environmental impacts from the high use of energy. Detailed data for the results can be found in Appendix 
C (Excel). 
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Figure 54 - Characterized results for EPS scenarios in 2020. LF: Landfill, INC: Incineration, REC: Recycling. Detailed data for the 
results can be found in Appendix C (Excel). 
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Figure 55 - Characterized results for EPS scenarios in 2050. LF: Landfill, INC: Incineration, REC: Recycling. Detailed data for the 
results can be found in Appendix C (Excel). 
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10.5. Mixed CDW (average tonne of CDW) 

To compare the results when considering the average composition of CDW in 2020 and 2050, results were 
calculated for an average mixed tonne of CDW made up by the four target fractions. This was done both based 
on the results from the building stock model for demolition waste in Figure 25 and for the average mixed waste 
in 2020 based on the reported statistical data in Table 7. The composition data used for calculating the average 
mixed CDW can be seen in Table 50. For PVC and EPS has been used the calculated total amount of plastic and 
insulation respectively, as specific values are not available for these two materials. The table also includes data 
for bricks as there was an interest in comparing the results of the four target fractions to those for bricks from a 
previous study (Danish EPA, 2013), where the focus was on climate change. The sum for the fractions is also 
shown in the table. For the calculations the composition was scaled to one tonne of CDW made up of the four 
fractions, and five fractions in results where bricks were included. 

  

Table 50 - Percent of waste fractions in average CDW based on the building stock model in 2020 and 2050, and for the 
statistical data for 2020. 

 Building stock model Statistics EU27 

CDW fraction 2020 2050 2020 

Concrete 66.91 66.26 24.00 

Wood 2.13 1.66 2.30 

EPS 0.76 0.90 0.30 

PVC 0.11 0.13 0.20 

Bricks 6.36 7.79 5.00 

Sum (of total) 76.27 76.74 31.80 

The results for climate change are illustrated in Figure 56, which shows that when materials can be prepared for 
reuse there are large potential net savings (concrete and bricks). This requires good quality materials, and proper 
demolition to preserve the quality of the materials. The same is the case for high-quality recycling of concrete if 
the materials allow substitution of cement. Incineration of wood shows potentially large savings, especially for 
areas with large amount of wood waste. Yet, as mentioned in the results above, it is important to keep in mind 
that by recycling and reusing wood waste, a further cascading cycle for the use of the same material is possible 
(in this case we assume that it would go to incineration). There might therefore be a benefit in recycling and 
reusing materials of high-quality and incinerating lower quality materials. Recycling of PVC and EPS show smaller 
net savings compared with the more abundant materials in absolute values. However, considering that the 
alternative treatment (landfill/incineration) leads to net impacts there is still a clear benefit in promoting recycling 
of these materials. For management of concrete waste it should also be noted that, unless it is recycled or 
prepared for reuse, it does not lead to net savings.   
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Figure 56 - Climate Change impact for 1 tonne of average CDW based on the building stock model in 2020 and 2050, and for 
the statistical data for 2020 (2020 statistics). 

The normalized results for all impact categories have been also calculated and shown in Table 51, Table 52, 
Table 53. The results are expressed as “person-eq. per tonne of CDW” across all the impact categories assessed. 
In general, the tables show the same overall findings as illustrated for climate change.  The only impact category 
with considerable differences is land use, where recycling and preparation for reuse lead to considerably larger 
savings than incineration.  
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Table 51 - Normalized results (person-eq.) for 1 average tonne CDW for the four focus fractions based on the building stock model for demolition waste in 2020. LF: Landfill, 
UTI: Utilization, REC: Recycling (low(LQ) and high (HQ) quality), REU: Preparation for reuse. 

2020 Building stock Concrete Wood PVC EPS 

Impact category LF UTI RECLQ RECHQ REU INC REC REU LF REC LF INC REC 

CC 1.7E-03 2.1E-04 -2.3E-04 -4.7E-03 -1.1E-02 -2.3E-03 -9.3E-04 -4.7E-04 1.4E-05 -4.0E-04 2.1E-06 2.9E-04 -5.0E-04 

OD 5.7E-05 7.2E-06 -7.3E-06 1.9E-05 -7.1E-05 -3.0E-05 -3.1E-05 -1.2E-05 4.9E-07 -1.2E-04 7.1E-08 -2.9E-06 1.5E-06 

HuTox,C 3.1E-04 -1.2E-04 1.2E-04 -2.2E-04 -1.0E-03 -3.1E-04 -2.2E-04 -2.9E-04 2.6E-06 -5.4E-04 3.8E-07 -3.9E-05 -2.0E-05 

HuTox,NC 6.2E-04 5.2E-05 -5.5E-05 -9.4E-04 -2.7E-03 -4.8E-04 -2.8E-04 -4.8E-04 5.1E-06 -8.9E-04 7.4E-07 -7.1E-05 -6.0E-07 

PM 2.7E-03 -2.9E-04 2.9E-04 1.6E-03 -3.7E-03 -8.4E-04 -3.1E-03 -2.4E-03 2.5E-05 -1.1E-03 3.7E-06 -9.4E-05 -3.2E-04 

IR 2.4E-04 -6.5E-07 -4.1E-06 -1.6E-04 -6.4E-04 -4.2E-04 -1.1E-04 -8.5E-05 1.8E-06 -1.6E-04 2.6E-07 -8.8E-05 9.0E-05 

POF 1.5E-03 -2.7E-04 2.6E-04 -6.4E-05 -4.4E-03 -1.2E-03 -2.4E-03 -1.1E-03 1.4E-05 -1.2E-03 2.1E-06 -1.9E-04 -2.1E-04 

AC 1.1E-03 -8.2E-05 6.7E-05 -6.6E-04 -3.8E-03 -1.8E-03 -1.2E-03 -4.9E-04 9.5E-06 -1.3E-03 1.4E-06 -3.0E-04 -1.1E-04 

Eut,T 1.1E-03 -2.9E-04 2.8E-04 -2.9E-04 -3.9E-03 -1.1E-03 -1.9E-03 -6.0E-04 1.1E-05 -9.2E-04 1.6E-06 -1.7E-04 -6.4E-05 

Eut,F 7.3E-05 -3.8E-07 -1.7E-05 -4.1E-04 -8.2E-04 -2.8E-04 -1.3E-04 -3.2E-04 4.7E-07 -3.3E-04 6.8E-08 -5.3E-05 4.9E-05 

Eut,M 9.3E-04 -2.2E-04 2.1E-04 -1.1E-04 -3.0E-03 -8.1E-04 -1.6E-03 -5.0E-04 9.0E-06 -7.5E-04 1.3E-06 -1.3E-04 -5.8E-05 

EcoTox 3.8E-03 2.0E-04 -2.4E-04 -7.6E-03 -2.0E-02 -7.1E-03 -1.6E-03 -2.6E-03 3.1E-05 -7.9E-03 4.5E-06 -8.9E-04 5.4E-04 

LU 2.2E-04 -3.6E-05 3.4E-05 -1.0E-04 -4.3E-04 -7.3E-04 -1.0E-02 -3.7E-02 1.8E-06 -2.6E-04 2.7E-07 -6.6E-05 3.2E-05 

WU 9.8E-05 -5.0E-03 5.0E-03 -5.1E-03 -5.2E-03 -3.4E-04 -3.7E-05 -1.2E-04 5.9E-07 -4.3E-04 8.6E-08 -7.7E-05 -2.3E-04 

RU,M 6.5E-04 -2.7E-04 2.6E-04 -8.6E-04 -4.4E-03 -6.3E-04 -1.0E-04 -2.0E-04 4.9E-06 -3.2E-03 7.2E-07 -1.4E-04 1.4E-04 

RU,E 3.4E-03 4.5E-04 -4.9E-04 -1.1E-03 -7.7E-03 -6.2E-03 -1.6E-03 -9.9E-04 2.6E-05 -6.1E-03 3.9E-06 -9.9E-04 -1.2E-03 
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1CC: Climate change, OD: Ozone depletion,  HuTox,C: Human toxicity, cancer, HuTox, NC: Human toxicity, non-carcinogenic, PM: Particulate matter, IR: Ionising radiation, POF: 
Photochemical ozone formation, AC: Acidification, Eut,T: Eutrophication, terrestrial, Eut,F: Eutrophication, freshwater, Eut,M: Eutrophication, marine, EcoTox: Ecotoxicity freshwater; LU: Land use, WU: 
Water use, RY, M: Resource use, minerals and metals, RU: Resource use, energy carrier. 

Table 52 - Normalized results (person-eq.) for 1 average tonne CDW for the four focus fractions based on the statistical CDW data for 2020. LF: Landfill, UTI: Utilization, REC: 
Recycling (low(LQ) and high (HQ) quality), REU: Preparation for reuse. 

2020 Statistics Concrete Wood PVC EPS 

Impact category LF UTI RECLQ RECHQ REU INC REC REU LF REC LF INC REC 

CC 1.6E-03 2.0E-04 -2.1E-04 -4.4E-03 -1.0E-02 -6.4E-03 -2.6E-03 -1.3E-03 1.5E-05 -4.2E-04 9.9E-06 1.4E-03 -2.3E-03 

OD 5.3E-05 6.7E-06 -6.8E-06 1.7E-05 -6.6E-05 -8.5E-05 -8.7E-05 -3.3E-05 5.0E-07 -1.3E-04 3.3E-07 -1.3E-05 7.1E-06 

HuTox,C 2.9E-04 -1.2E-04 1.1E-04 -2.0E-04 -9.5E-04 -8.6E-04 -6.2E-04 -8.1E-04 2.7E-06 -5.6E-04 1.8E-06 -1.8E-04 -9.3E-05 

HuTox,NC 5.8E-04 4.8E-05 -5.1E-05 -8.8E-04 -2.5E-03 -1.4E-03 -8.0E-04 -1.4E-03 5.2E-06 -9.2E-04 3.5E-06 -3.3E-04 -2.8E-06 

PM 2.5E-03 -2.8E-04 2.7E-04 1.5E-03 -3.5E-03 -2.4E-03 -8.6E-03 -6.8E-03 2.6E-05 -1.1E-03 1.7E-05 -4.4E-04 -1.5E-03 

IR 2.2E-04 -6.1E-07 -3.9E-06 -1.5E-04 -6.0E-04 -1.2E-03 -3.0E-04 -2.4E-04 1.8E-06 -1.7E-04 1.2E-06 -4.1E-04 4.2E-04 

POF 1.4E-03 -2.5E-04 2.4E-04 -6.0E-05 -4.1E-03 -3.4E-03 -6.8E-03 -3.0E-03 1.5E-05 -1.2E-03 1.0E-05 -8.8E-04 -1.0E-03 

AC 1.0E-03 -7.7E-05 6.3E-05 -6.2E-04 -3.6E-03 -5.1E-03 -3.5E-03 -1.4E-03 9.8E-06 -1.4E-03 6.6E-06 -1.4E-03 -5.2E-04 

Eut,T 1.1E-03 -2.7E-04 2.6E-04 -2.7E-04 -3.6E-03 -3.1E-03 -5.3E-03 -1.7E-03 1.1E-05 -9.6E-04 7.5E-06 -7.8E-04 -3.0E-04 

Eut,F 6.8E-05 -3.6E-07 -1.6E-05 -3.9E-04 -7.7E-04 -8.0E-04 -3.6E-04 -9.0E-04 4.8E-07 -3.5E-04 3.2E-07 -2.5E-04 2.3E-04 

Eut,M 8.7E-04 -2.0E-04 2.0E-04 -1.0E-04 -2.8E-03 -2.3E-03 -4.4E-03 -1.4E-03 9.3E-06 -7.7E-04 6.2E-06 -6.0E-04 -2.7E-04 

EcoTox 3.6E-03 1.9E-04 -2.2E-04 -7.1E-03 -1.9E-02 -2.0E-02 -4.4E-03 -7.4E-03 3.2E-05 -8.2E-03 2.1E-05 -4.2E-03 2.5E-03 

LU 2.0E-04 -3.3E-05 3.2E-05 -9.4E-05 -4.0E-04 -2.1E-03 -2.9E-02 -1.0E-01 1.9E-06 -2.7E-04 1.3E-06 -3.1E-04 1.5E-04 

WU 9.1E-05 -4.7E-03 4.7E-03 -4.8E-03 -4.8E-03 -9.6E-04 -1.1E-04 -3.5E-04 6.1E-07 -4.4E-04 4.1E-07 -3.6E-04 -1.1E-03 

RU,M 6.0E-04 -2.5E-04 2.5E-04 -8.1E-04 -4.1E-03 -1.8E-03 -2.9E-04 -5.5E-04 5.0E-06 -3.3E-03 3.4E-06 -6.6E-04 6.4E-04 
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RU,E 3.2E-03 4.2E-04 -4.6E-04 -1.1E-03 -7.2E-03 -1.7E-02 -4.4E-03 -2.8E-03 2.7E-05 -6.3E-03 1.8E-05 -4.6E-03 -5.7E-03 

1CC: Climate change, OD: Ozone depletion,  HuTox,C: Human toxicity, cancer, HuTox, NC: Human toxicity, non-carcinogenic, PM: Particulate matter, IR: Ionising radiation, POF: 
Photochemical ozone formation, AC: Acidification, Eut,T: Eutrophication, terrestrial, Eut,F: Eutrophication, freshwater, Eut,M:Eutrophication, marine, EcoTox: Ecotoxicity freshwater; LU: Land use, WU: 
Water use, RY, M: Resource use, minerals and metals, RU: Resource use, energy carrier. 

Table 53 - Normalized results (person-eq.) for 1 average tonne CDW for the four focus fractions based on the building stock model for demolition waste in 2050. LF: Landfill, 
UTI: Utilization, REC: Recycling (low(LQ) and high (HQ) quality), REU: Preparation for reuse. 

2050 Building stock Concrete Wood PVC EPS 

Impact category LF UTI RECLQ RECHQ REU INC REC REU LF REC LF INC REC 

CC 1.7E-03 1.4E-04 -1.5E-04 -4.8E-03 -1.1E-02 -8.5E-04 -7.7E-04 -3.9E-04 1.7E-05 -1.8E-04 2.6E-06 6.3E-04 -8.7E-04 

OD 5.7E-05 6.9E-06 -7.0E-06 1.8E-05 -7.1E-05 -1.4E-05 -2.5E-05 -9.4E-06 5.8E-07 -1.4E-04 8.7E-08 -1.9E-06 8.0E-07 

HuTox,C 3.2E-04 -1.2E-04 1.2E-04 -2.1E-04 -1.0E-03 -3.7E-04 -1.7E-04 -2.3E-04 3.1E-06 -6.7E-04 4.7E-07 -7.2E-05 -5.6E-06 

HuTox,NC 6.3E-04 5.4E-05 -5.7E-05 -9.5E-04 -2.7E-03 -5.2E-04 -2.2E-04 -3.8E-04 6.1E-06 -1.1E-03 9.1E-07 -1.0E-04 6.2E-06 

PM 2.7E-03 -3.0E-04 3.0E-04 1.6E-03 -3.7E-03 -6.3E-04 -2.4E-03 -1.9E-03 3.0E-05 -1.3E-03 4.5E-06 -1.0E-04 -4.0E-04 

IR 2.3E-04 -1.3E-05 9.6E-06 -1.7E-04 -6.5E-04 -3.3E-04 -8.8E-05 -7.0E-05 2.1E-06 -1.9E-04 3.2E-07 -7.7E-05 6.7E-05 

POF 1.5E-03 -3.1E-04 3.0E-04 -1.1E-04 -4.5E-03 -5.7E-04 -1.9E-03 -8.5E-04 1.7E-05 -1.3E-03 2.6E-06 -9.7E-05 -4.0E-04 

AC 1.0E-03 -1.6E-04 1.5E-04 -7.5E-04 -3.9E-03 -6.2E-04 -1.0E-03 -4.0E-04 1.1E-05 -1.4E-03 1.7E-06 -1.0E-04 -4.1E-04 

Eut,T 1.1E-03 -3.2E-04 3.1E-04 -3.3E-04 -3.9E-03 -6.1E-04 -1.5E-03 -4.8E-04 1.3E-05 -1.0E-03 2.0E-06 -1.0E-04 -1.9E-04 

Eut,F 6.0E-05 -1.4E-05 -1.9E-06 -4.3E-04 -8.3E-04 -1.0E-04 -1.1E-04 -2.6E-04 5.6E-07 -3.7E-04 8.4E-08 -2.0E-05 1.2E-05 

Eut,M 9.1E-04 -2.5E-04 2.4E-04 -1.4E-04 -3.0E-03 -3.9E-04 -1.2E-03 -4.0E-04 1.1E-05 -8.2E-04 1.6E-06 -6.7E-05 -1.7E-04 

EcoTox 3.8E-03 1.8E-04 -2.1E-04 -7.6E-03 -2.1E-02 -6.2E-03 -1.2E-03 -2.1E-03 3.7E-05 -9.4E-03 5.5E-06 -1.1E-03 5.8E-04 

LU 2.3E-04 -2.5E-05 2.2E-05 -8.9E-05 -4.2E-04 -8.3E-04 -8.1E-03 -2.9E-02 2.2E-06 -3.6E-04 3.3E-07 -1.3E-04 7.7E-05 

WU 9.1E-05 -5.0E-03 5.0E-03 -5.2E-03 -5.2E-03 -3.5E-04 -3.3E-05 -9.9E-05 7.1E-07 -5.3E-04 1.1E-07 -8.4E-05 -3.0E-04 
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RU,M 7.3E-04 -1.9E-04 1.7E-04 -7.7E-04 -4.4E-03 -2.3E-03 -4.3E-05 -1.4E-04 5.9E-06 -4.2E-03 8.8E-07 -5.4E-04 4.6E-04 

RU,E 3.2E-03 2.6E-04 -2.8E-04 -1.4E-03 -7.8E-03 -3.0E-03 -1.3E-03 -8.2E-04 3.2E-05 -6.7E-03 4.8E-06 -5.5E-04 -2.2E-03 

1CC: Climate change, OD: Ozone depletion,  HuTox,C: Human toxicity, cancer, HuTox, NC: Human toxicity, non-carcinogenic, PM: Particulate matter, IR: Ionising radiation, POF: 
Photochemical ozone formation, AC: Acidification, Eut,T: Eutrophication, terrestrial, Eut,F: Eutrophication, freshwater, Eut,M: Eutrophication, marine, EcoTox: Ecotoxicity freshwater; LU: Land use, WU: 
Water use, RY, M: Resource use, minerals and metals, RU: Resource use, energy carrier. 
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10.6. Results for financial costs 

10.6.1. Costs per tonne of individual material fraction 

The results for the (financial) costs are illustrated in Figure 57. All values are for the treatment of one 
tonne of a specific material. Note that taxes and fees are not included in the calculation. Additionally, 
costs for demolition and sorting at demolition site are also not included. Further, it was not clearly 
indicated in the source of the data whether CAPEX (e.g. value of capital infrastructure depreciated) were 
included or not. In the following figures, ‘min’ refers to the result of the calculation using the lower value 
of the range from Table 46, while ‘max’ refers to the result of the calculation obtained using the 
maximum value of the range provided in Table 46. 

Based on the cost assessment, there are potentially considerable benefits if materials of a good quality 
can be recovered for preparation for reuse or recycling. Wood, PVC and EPS gives larger savings per tonne 
material, is comparison to cement, due to the high value of the raw materials involved. Landfilling is a net 
cost in all scenarios, where utilization ranges from none to small credits. For incineration, the range 
crosses zero for wood, due to a lower heating value which does not make up for the high processing cost 
at low energy prices. EPS incineration gives net savings for the full range, which is due to low incineration 
costs, and high credits from heat and electricity. There is a higher economic benefit from EPS recycling 
owing to revenues from material sales. The reason for the ‘max’ value of EPS recycling (in blue) being 
lower than the ‘min’ value (in orange) is the very high ‘max’ (cost) value used for recycling (see Table 46).  

 

Figure 57 - Treatment costs in € per tonne. Negative values are net surplus, and positive are net costs. Min-Max refer 
to the min-max range for cost values used for calculations (see Table 46). 
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10.6.2. Costs per average tonne of CDW 

To visualise the results when considering the average composition of CDW in 2020, results were 
calculated for an average mixed tonne of CDW made up by the four target fractions similar to how it was 
done in section 10.5. The same composition data from Table 50 was used for the calculation, but only 
data from the building stock model for year 2020 are presented. It was judged not realistic to forecast the 
costs to 2050 due to the very high uncertainty.  

Figure 58 illustrates the result. It is observed that the benefits from PVC and EPS are less in absolute 
value due to their small share in the overall CDW. Preparation for reuse and recycling of concrete, wood 
and EPS still are the scenarios with the largest benefits. It should also be considered that landfilling of 
concrete has a significant direct cost, so there is an added benefit from the avoided landfill cost in 
addition to the savings that can be achieved via recycling or preparation for reuse. Likewise the values per 
tonne single material, it should still be considered that demolition, sorting at demolition site, taxes, fees, 
not are included in the calculation. 

 

Figure 58 - Treatment costs in € per average tonne of CDW. Negative values are net surplus, and positive are net 
costs. Min-Max refer to the min-max range for cost values used for calculations (see Table 46). 
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11. Feasibility discussion 

The previous chapters presented the environmental and cost impact of different CDW management 

scenarios. They were all done for one tonne of material (focus or average) treated in a specific technology. 

In this last chapter we will discuss what is the feasibility of the different scenarios, and what implications 

this has. This discussion will be based around the three following topics:  

 Environmental feasibility based on LCA results 

 Economic feasibility based on LCC results 

 Technical feasibility 

11.1. Environmental Feasibility  

To thoroughly assess the environmental feasibility, detailed data for the current management of the 

target fractions at member state level would be needed. As discussed in section 3.4 (Figure 7 and Figure 

8) there are large variations in the definitions and reporting of mineral waste management at EU level. To 

investigate the feasibility of future changes the shares of CDW management were therefore estimated 

based on reports and statistics (Bioreg (2018), VinylPlus (2022), CONVERSIO (2020)). Ideally, it would be 

needed to collect specific case-based data to investigate what treatment pathways are feasible, including 

which decontamination there is prior to demolition and the application of selective demolition. However, 

this was beyond the scope of this study. Table 54 illustrates the current scenario, reflecting current trends 

in management of the four material fractions considered and what may be a future improved scenario 

(outlook). The values are based on interviews and expert judgement. As such, these values are very 

uncertain and should be taken with care. Appendix C (Excel) contains a sheet where additional results can 

be calculated by changing the percentages shown in Table 54. 

Table 54 - CDW management treatment percentages for the four different target fractions. For the Recycling column 
there is both a value for High- and Low-quality recycling in case of Concrete as it is assumed that both technologies 
can be utilized at the same time in the future. 

Outlook Material 

fraction 

Preparation 

for reuse 

Recycling 

(Low/High) 

Utilization Incineration Landfill 

Current 

scenario 

Concrete 0% 0% / 20% 70% 0% 10% 

Wood 5% 20% 0% 50% 0% 

PVC 0% 27% 0% 0% 73% 

EPS 0% 10% 0% 67% 23% 

Future 

improved 

scenario 

(outlook) 

Concrete 5% 15% / 40% 30% 0% 10% 

Wood 10% 40% 0% 50% 0% 

PVC 0% 50% 0% 0% 50% 

EPS 0% 40% 0% 50% 10% 
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Based upon the i) data in Table 54, ii) results of total impact per tonne, and iii) total amount of waste in 
2020 predicted in the building stock model (80731 ktonne; Figure 30), the results shown in Table 55 were 
calculated. The improved management scenarios lead to increased environmental savings in all impact 
categories, except for Water use, due to water consumption in the advanced recycling technologies. Yet, 
since water scarcity is considered an uncertain metric due to the local/regional specific nature, it should be 
investigated further if this is truly an issue in EU areas where the technology will be applied. The results 
for climate change shows that improved management could lead to increased savings of about 1.08 
million tonne of CO2-eq per year when considered for the full EU27.  

Table 55 - Environmental Feasibility of estimated improvements. Current and future scenario results per tonne, as well 
as the changes from current to future per tonne, and in total for EU27. 

Impact Category  Current 

trend 

Future 

potential 

(outlook) 

Change per 

tonne 

 

Changes at EU 

level in 2020 

 

Unit Unit/t Unit/t Unit/t Unit/year (2020) 

Climate change kg CO2-eq -1.02E+01 -2.36E+01 -1.34E+01 -1.08E+09 

Ozone depletion kg CFC-11 eq -2.93E-06 -4.60E-06 -1.68E-06 -1.35E+02 

Human toxicity, cancer CTUh -7.92E-09 -1.02E-08 -2.31E-09 -1.87E-01 

Human toxicity, non-

carcinogenic 

CTUh -1.36E-07 -2.54E-07 -1.18E-07 -9.51E+00 

Particulate matter Disease 

incidences 

-1.29E-06 -1.33E-06 -3.93E-08 -3.17E+00 

Ionising radiation kBq U-235 eq. -1.40E+00 -1.62E+00 -2.15E-01 -1.74E+07 

Photochemical ozone 

formation 

mol H+ eq -8.88E-02 -1.02E-01 -1.28E-02 -1.04E+06 

Acidification mol N eq -1.11E-01 -1.39E-01 -2.78E-02 -2.24E+06 

Eutrophication, 

terrestrial 

kg N eq. -3.23E-01 -3.60E-01 -3.73E-02 -3.01E+06 

Eutrophication, 

freshwater 

kg P eq. -5.35E-04 -8.07E-04 -2.72E-04 -2.20E+04 

Eutrophication, marine kg N eq -2.81E-02 -3.11E-02 -2.98E-03 -2.41E+05 

Ecotoxicity freshwater CTUe -2.80E+02 -4.44E+02 -1.65E+02 -1.33E+10 

Land use pt -5.67E+03 -6.79E+03 -1.12E+03 -9.07E+10 

Water use m3 water eq -3.32E+01 -1.22E+01 2.10E+01 1.69E+09 

Resource use, minerals 

and metals 

kg SB eq -8.80E-05 -1.43E-04 -5.48E-05 -4.42E+03 
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Resource use, energy 

carrier 

MJ -3.69E+02 -5.25E+02 -1.56E+02 -1.26E+10 

 

11.2. Economic feasibility 

To thoroughly assess the economic feasibility of the implementation, we would require detailed data for 

the current management of the target fractions at EU level, which are not available to date. As discussed 

in section 11.1 above there are large uncertainties with regards to the effects of the implementation, and 

even more so with regards to the costs assessment as there are very large differences between member 

states in prices, labour costs, etc. To investigate the economic feasibility of future changes the CDW 

management values presented in Table 54 are therefore best estimates based on reports and statistics 

and should therefore be taken and used carefully. The results are presented in Table 56 and show that the 

improved management scenarios will only have a small change in the economic costs, i.e. the overall 

delta-cost between current trend and future improved management appears to be limited (from -457 M€ 

to +208 M€ each year).  

This preliminary costs assessment indicates that there may be either small economic benefits from 

improved management of the CDW or small increases in cost. Especially, preparation for reuse and 

recycling show potential for economic gains. In other words, one may argue that technology and 

management costs are not the main bottleneck, as it could be instead the quality of the recovered waste 

materials. This may be the reason why recycling has not yet taken off as, potentially, revenues are 

expected from increased diversion of material to recycling.  

This said, it has to be kept in mind that the costs data used are very uncertain and contain many 

limitations: notably, demolition and sorting-in-situ costs, taxes and fees are not included. It is therefore 

recommended to repeat this exercise with additional information on costs, especially in respect to 

demolition, which, if selective, may be an important contribution to the total incurred costs. 

Table 56 - Economic feasibility assessment in million €. Negative values indicate economic gains due to the fact that 
revenues from material and energy sale (-) are more than the costs for reprocessing (+); vice versa, positive values 
indicate economic costs. Min indicates the result using the min of the min-max range for cost values; vice versa, Max 
indicates the result obtained using the max of the min-max range fir cost values (see Table 46). The ‘Net Difference’ 
indicates whether moving towards more recycling in the future scenario will lead to more revenues or more costs 
relative to the current scenario. 

 Min (M€ per year) Max (M€ per year) 

Current scenario -1302 -5272 

Future improved scenario -1759 -5064 

Net Difference 

(Future minus Current) 

-457 

(i.e. increased revenues for Future) 

208 

(i.e. increased costs for Future) 

 

11.3. Technical feasibility  

As discussed above in 11.1 there are many case specific parameters that control what is technically 

feasible for the CDW management. Considering the specificity of buildings and construction and 
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demolition techniques, it will therefore be necessary case-by-case (i.e. depending on the building 

construction and demolition techniques) to consider the following parameters when assessing which 

technologies are suitable for the specific demolition of a building: 

i) level of selective demolition applied 

ii) level of decontamination prior to demolition 

iii) implementation of Pre-demolition Audits (PDA) 

iv) technical quality of the materials  

v) environmental quality of the materials (pollutants/banned substances) 

vi) need for future tracking of reused/recycled/utilized materials 

The parameters above indicate why it not possible to come with a max percentage for preparation for 

reuse or recyclable materials. That said research and practical projects have shown that it is possible to 

improve the management of the CDW fractions if the proper actions are taken as described above, and 

the material is of a quality that allows for improved management. Future studies could further elaborate 

on the potentials in different member states based upon existing infrastructure and implementation of 

actions that allow for improved management.  

12. Conclusion 

The overall aim of the study was to provide detailed techno-economic data and environmental 

assessment of CDW management. The study was both to provide an analysis of CDW generation and 

composition based on literature analysis, through building stock modelling to assess the current (2020) 

and forecasted (2050) generation of CDW, and finally to carry out environmental assessment of selected 

waste fractions.  

The analysis of CDW generation and composition was primarily based on a thorough literature review, 

which included more than 90 reports and articles which were identified through three main pathways: 

analysis of Eurostat data, literature search and country-specific data obtained through contact to 

stakeholders in relevant member states. Through this process, data of varying quality and type were found 

for all 27 EU countries, Norway and the United Kingdom. The results showed that there was a large 

variance in the detail level in the reported CDW composition, and points to the importance of detailed 

disaggregated waste statistics, since the current detail level for many materials is very aggregated or 

reported as mixed materials (“Mixed waste, generic”). 

The material stock and flows in Europe (EU27) in 2020 were calculated for four member states as 

representatives of the four regions. Material stock refers to the mass of materials contained in the 

building stock. The flows refer to both the inflow and outflow of materials from and to the building stock. 

Inflow describes the materials used for construction and renovation, while outflow refers to waste 

originating from demolition and renovation. The results of the material stock and flows in Europe (EU27) 

in 2020 show that Western Europe (mainly Germany, France) is responsible for the largest portion of the 

total outflow , this dynamic reflects the population distribution in the four regions. The countries with the 

highest material outflow are Germany (0.489 tonne/capita), France (0.448 tonne/capita) and Italy (0.297 

tonne/capita). The total material outflow is strongly related to the population size of the respective 

countries. In terms of per capita material outflow, Western Europe has the highest relative outflow with 

0.52 tonne/capita, followed by Northern Europe (0.27 tonne/capita), Southern Europe (0.22 tonne/capita) 

and Central and Eastern Europe (0.19 tonne/capita). The figure shows that concrete is the largest material 

fraction in every region, ranging between ca. 38% in Northern Europe to ca. 61% in Western Europe. In 

Northern Europe the concrete fraction is relatively low, while the wood (ca. 5%) and brick (ca. 15%) 
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fractions are significantly higher than in the other regions. The steel fractions are roughly equal between 

the regions (ranging from ca. 4% to ca. 6%), while plastic is highest in Southern Europe (2.3%). 

Based upon the building stock findings for 2020, CDW projections were established up to 2050. The 

results show that Western Europe still has the highest outflow of materials, followed by Southern, Central 

and Eastern, and Northern Europe. The total outflow is expected to more than double (in absolute terms) 

from 2020 to 2050. This can partially be attributed to increasing demolition and renovation rates. In 

relative terms the portion of renovation in the outflow increases against the portion of demolition. 

Renovation outflow in 2050 is estimated to be roughly 16% of the total outflow, while in 2020 it accounts 

for 14%. However, a significant reason for the increase in outflow is the strong increase in material stock 

throughout the years. This increase is due to the fact the inflow of materials due to construction and 

renovation is larger than the total outflow due to demolition and renovation. This causes a stock build-up 

in absolute terms. Since the outflows are calculated as a percentage of the stock (albeit with a delay as a 

function of the building age) the outflows increase over time because the stock increases.  

Available and emerging recovery options were investigated in the study. On this basis an overview of 

emerging treatment technologies was described for the materials: concrete, glass wool, stone wool and 

EPS. For the majority of CDW material fractions, recycling options do exist today. The fact that recycling in 

several MS is not widespread is due to several barriers, which can be divided into four categories: 

regulatory, technical, market & financial, and awareness. 

An LCA screening in the form of a Carbon-footprint was performed to identify the material fractions in 

CDW which management may achieve the largest potential (in terms of climate change) benefits. On the 

basis of the analysis, the material fractions with the highest potential for recycling and GHG savings, and 

thus chosen for further investigation via a full LCA, were concrete, wood, PVC and EPS. 

The goal of the full LCA study was to calculate, document and compare the environmental impacts of 

different treatment options for the four waste fractions selected in the LCA screening. The assessment of 

the single fractions was done for both 2020 and 2050. The results for the four fractions in general came 

to the same conclusion, i.e. the environmental impacts followed the waste hierarchy, although with some 

exceptions.  

Concrete: For concrete, preparation for reuse and recycling led to net savings in most impact categories. 

Utilization (i.e. aggregation for road subbase) in general only led to small net savings if any, but was still 

better than landfilling. 

Wood: For wood, incineration in general was the treatment with the highest net savings across the impact 

categories, followed by preparation for reuse, and last recycling. When including the consideration that 

material prepared for reuse and recycling can be incinerated after a second use (cascading23), it was found 

that both recycling and reuse options were preferred over incineration.  

PVC: For PVC, the results pointed to recycling being more environmentally preferable than landfilling and 

incineration. This requires that the materials to be recycled are not containing banned substances, so a 

pre-screening is needed.  

EPS: For EPS, recycling via solvent-extraction (dissolution) gave the largest savings in six impact 

categories (climate change, human toxicity cancer, particulate matter, photochemical ozone formation, 

                                                        

 

23 The benefit of maintaining materials for future cycles, means that it in reality can be incinerated in the next loop 
and get the same benefits as direct incineration (cascading uses)  
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water use, and resource use, fossils) while incineration performed better in the remaining ten impact 

categories, under the current EU energy mix. The main reason for which incineration came out better than 

recycling in these impact categories is that the current recycling process has a very high electricity 

consumption. When including the consideration that material prepared for reuse and recycling can be 

incinerated after a second use (cascading), recycling became better than incineration in ten impact 

categories over sixteen. Similarly, when considering the future EU energy mix (year 2050) in place of the 

current one, recycling performed better than incineration in nine out of sixteen impact categories. It is 

anticipated that further development of EPS recycling (reducing electricity consumption) alongside a 

cleaner EU electricity-mix will lead to recycling coming out better than incineration across all impact 

categories. 

Average CDW: For the average CDW composition, the results show that when materials can be prepared 

for reuse there are large potential net savings (concrete and bricks). This requires good quality materials, 

and proper demolition to preserve the quality of the materials. The same applies to recycling of concrete if 

the materials allow substitution of cement. Incineration of wood shows potentially large savings, 

especially for areas with large amounts of wood waste. Recycling of PVC and EPS are in generally 

favoured but with smaller contributions, due to small shares in the average CDW. 

As regards to financial costs, the results show that, overall, there may be either small economic benefits 
from improved management of the CDW or small increases in cost. Especially, preparation for reuse and 
recycling show potential for economic gains. In other words, one may argue that technology and 
management costs are not the main bottleneck, as it could be instead the quality of the recovered waste 
materials. This may be the reason why recycling has not yet taken off despite revenues are potentially 
higher than alternative management pathways like incineration or landfilling. It should be noted that, 
owing to the lack of primary and secondary (literature) data, only selected costs were considered in the 
assessment (notably operational expenses) while taxes, fees costs of demolition and sorting were not 
included. It is thus anticipated that the economic benefits are smaller than indicated in the results. 

The environmental, economic, and technical feasibility was finally assessed. With regards to the 
environmental feasibility, the results show that there is a clear benefit from increased preparation for 
reuse and recycling of CDW material fractions. With regards to the economic feasibility, this was very 
uncertain as the data available was very spare, and the overall uncertainty of prices vary considerably 
across member states. It is important to consider that the technical feasibility of improved CDW 
management depends on a long list of parameters, and a case-by-case assessment will be needed to 
identify which technology will be most appropriate in each demolition. To allow for this assessment, 
different initiatives can be applied (such as pre-demolition audits), to achieve a better overall 
management. 
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Appendix A 

Table A-1 – Summary of the considerations that underlie the assigned quality evaluation (1-to-5) at country level. 

 

Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Austria 

BIO by Deloitte, 2015a 
Data for 2013, based on national waste codes, and only covering the mineral 

fraction. 

European 

Commission, 

2021a;  

Data from Eurostat 

referring to 2018 are 

selected as they are 

relatively new, have a 

modest level of detail 

and cover several 

fractions. 

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Lederer et al., 2020 

Contains data for waste composition (for the mineral fraction of CDW) for 

Austria and specifically for Vienna for 2014, including Transfer coefficients for 

landfill and recycling. The total amounts are similar to BIO by Deloitte, 2015a, 

the distribution is different but also because it is based on different 

fractions/categories.  

Belgium 

BIO by Deloitte, 2015b   

Very aggregated absolute data, and also very uncertain: At national level, no 

reliable and harmonised data on CDW. Data for generated CDW are around 7 

million tonne, while data for treated CDW are around 15 millions, and likely 

underestimated. 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

and do not require 

merging of different 

datasets.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

CERAA & ROTOR, 2012 

Data for the Brussel region obtained by elaborating CDW generation rates for 

new constructions, renovations and demolitions. Quite detailed but quite 

uncertain data, and only representative for the Brussels Region) 

Monier et al., 2011 Quite old % data (from 2000), and rather aggregated. 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Bulgaria 

BIO by Deloitte, 2015c   Very aggregated data from 2013. Inconsistent/incomplete reporting 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Bulgarian Ministry of 

Environment and 

Water, 2011 

Data contained in this source cannot be used for CDW estimation, as they are 

at a building material level. 

Zaharieva & Petrov, 

2020 

Data contained in this source cannot be used for CDW estimation, as they are 

at a building material level. 

Croatia 

BIO by Deloitte, 2015d Very aggregated data from 2013. Largely mis-/underreported. 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Cyprus 

BIO by Deloitte, 2015e 
Very aggregated data from 2012. Soils and naturally occurring materials are 

not included. 
European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Czech 

Republic 

BIO by Deloitte, 2015f 

Data from 2013. Two sets of data are reported: Data from Sbornik Recycling 

and from Ministry of Environment. Data from Sbornik Recycling are rather 

detailed, however they only show non-hazardous waste; They are not very 

consistent, as the disaggregated values for each subcategory do not add up to 

the aggregated values (the sums of each macro-category). Data from the 

Ministry of Environment only show the total hazardous (HW) and total non-

hazardous waste (NHW). The total for the NHW does not fit precisely with the 

numbers from Sbornik, but they”re quite coherent anyways. 

BIO by 

Deloitte, 

2015f 

Data from BIO by 

Deloitte, 2015 are 

selected as they are 

the most detailed and 

comprehensive. Only 

disaggregated data 

from Sbornik 

Recycling are 

selected, thus 

disregarding the 

sums that do not 

match. Then we sum 

the HW amounts 

from the Ministry of 

Environment, even 

though the numbers 

for the NHW do not 

fit precisely. There’s 

an ok match with the 

data from Kuchařová, 

2020.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Kuchařová, 2020 

Data from 2018, quite detailed however for only 4 fractions: 17 01 (Concrete, 

bricks, tiles and ceramic), 17 03 (Bituminous mixtures, coal tar and tar 

products), 17 05 (Soil (including excavated soil from contaminated sites), 

stones and dredging spoil), 17 09 (Other construction and demolition wastes) 

Monier et al., 2011 Quite old % data (from 2006), and rather aggregated. 

Denmark 

BIO by Deloitte, 2015g Quite detailed data but a bit outdated 

Danish EPA, 

2020 

Data are very recent, 

reliable and very 

detailed. 

5 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Danish EPA, 2020 

Very recent data, reliable and very detailed. However, it aggregates most 

hazardous categories with the non-hazardous respective fraction. So, the 

single material fractions include both HW and NHW for the relevant material.  

Monier et al., 2011 Quite old % data (from 2003), and rather aggregated. 

Estonia 

BIO by Deloitte, 2015h Very aggregated data.  

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

and do not require 

merging of different 

datasets.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Monier et al., 2011 Quite old % data (from 2006), and rather aggregated. 

Rüütelmann, 2015 
Only contains data for management, however the total amounts match well 

with BIO by Deloitte, 2015h. 

Finland 

BIO by Deloitte, 2015i 

Very aggregated data, and the CDW composition data cannot be used as they 

refer to specific construction and renovation waste and not to a total CDW. So 

only total amounts for hazardous and non-hazardous can be used. 
European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

and do not require 

merging of different 

datasets.  

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Monier et al., 2011 Quite old % data (from 2006), also rather aggregated. 

France BIO by Deloitte, 2015j 

French official CDW generation data. Based on a survey performed in 2008. 

Data are not reported in their full level of detail (as in CERAA & ROTOR, 2012), 

however they contain data for soil and dredging spoil, which CERAA & ROTOR, 

2012 does not do.  

CERAA & 

ROTOR, 2012 

Same original source 

from two different 

references, very 

consistent and 

5 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

detailed data. Data 

for used tyres and 

green waste are 

excluded as these 

fractions are not 

considered relevant 

to the purpose of the 

project. CERAA & ROTOR, 2012 

In this Belgian report there are data for France coming from the same survey 

in 2008 that is cited in BIO by Deloitte, 2015j. However, the data is more 

detailed here. On the other hand, data for soils and dredging spoils are not 

reported in this.  

The source of the original data is the following : « Commissariat général au 

développement durable, 254 millions de tonne de déchets produits par 

l”activité de construction en 

France en 2008, Chiffre et statistique n°164 Magazine Octobr » 2010"  

Germany 

BIO by Deloitte, 2015k 

Monier et al., 2011 

Contains very detailed and reliable data. Treatment plants report directly to 

the individual statistical offices in the Länder, which then report the data to 

the Federal Statistical Office. List of Waste (LoW) codes are used for 

reporting. Data is collected biennially. BIO by 

Deloitte, 

2015k 

Data are reliable and 

very detailed. 
5 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Monier et al., 2011 Relatively old % distribution (2007), and rather aggregated. 

Greece 

BIO by Deloitte, 2015l 
The official statistics have completely aggregated data from 2012: only total 

amounts for hazardous and non-hazardous waste. European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 



 

253 

 

 

Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Noll et al., 2019 
Based on a specific investigation on a single island and contains data for 6 

specific fractions for 1971-2016 plus projections until 2031.  

and do not require 

merging of different 

datasets.  

Hungary 

BIO by Deloitte, 

2015m 

Very aggregated data from 2013, supplied by the Central Hungarian 

Statistical Office 
European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Ireland 

BIO by Deloitte, 2015n 
Very aggregated absolute data from 2011 (only soil and stone and other CDW 

materials) 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

and do not require 

merging of different 

datasets.  

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Monier et al., 2011 Relatively outdated % distribution (from 1996), also rather aggregated. 

Italy 

Arpa Veneto, 2019 

These data do not really match with the official statistics where soil should be 

24%. 

ARPAV website does not really say what the origin of the data is. 

ISPRA, 2019 
Data are recent, 

reliable and detailed. 
4 

BIO by Deloitte, 2015o Data have an ok level of detail but are rather outdated 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Blengini & Garbarino, 

2010 

Data are not very detailed (only Concrete, bricks, tiles (EWC 170107), 

Bituminous conglomerate (EWC 170302), Excavation rock and soil (EWC 

170504), and Mixed waste (EWC 170904)) and only refer to the Lombardy 

Region in Italy.  

Borghi et al., 2018 

Data are not very detailed (only cement, tiles and ceramic (EWC 1701), 

bituminous mixture (EWC 170302), gypsum-based wastes (EWC 170802), and 

mixed non-hazardous waste (EWC 170904)) and only refer to the Lombardy 

Region in Italy.  

ISPRA, 2019 Data for 2017, quite detailed and ok consistent 

Pantini & Rigamonti, 

2019 

Data are not very detailed (only Mixed construction and demolition wastes 

other than those mentioned in 17 09 01, 17 09 02 and 17 09 03 (17 09 04), 

Mixtures of concrete, bricks, tiles and ceramic other than those mentioned in 

17 01 06 (17 01 07), Soil and stones other than those mentioned in 17 05 03 

(17 05 04), Bituminous mixtures other than those mentioned in 17 03 01 (17 

03 02), and Concrete (17 01 01)).  

Pantini & Rigamonti, 

2020 

We do not consider these data as very representative as they refer to a single 

building. 

Latvia 

BIO by Deloitte, 2015p Only contains total amounts.  
European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Tambovceva et al., 

2020 

Slightly more disaggregated and more recent data, however underestimated. 

The total amounts from the 2 sources do not match (but they also refer to 

different years), however it is unlikely that the CDW generation has dropped 

by 70% within 6 years. 

modest level of detail 

and do not require 

merging of different 

datasets.  

Lithuania 

BIO by Deloitte, 2015q 
Very aggregated data (only total amounts for hazardous and non-hazardous 

waste). Data include soil but the soil amounts are unknown.  

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

and do not require 

merging of different 

datasets.  

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Miliute & Staniskis, 

2006 

Quite old % data (from 2000-2003), and very aggregated (total CDW and 

inert CDW) 

Luxembourg 

BIO by Deloitte, 2015r 

Data are for 2012. Three inconsistent sets of data are reported: data for 

Waste generated by the construction sector, data for CDW management, and 

data from the CED-stat methodology. Data for Waste generated by the 

construction sector in 2012 are very aggregated and amount to over 14 

million tonne (7,6 million CDW and 6,5 million soils). This is appr. 10x higher 

than the rest of the data (including Bogoviku & Waldmann, 2021), and are 

thus considered unreliable. Data for CDW management amount to 585.542 

tonne, while data from the CED-stat methodology, which are also very well 

detailed, amount to over 5,1 million tonne (635.667 excl. soil). The two latter 

data sources are on the same order of magnitude, and also on the same order 

of magnitude as data from Bogoviku & Waldmann, 2021. 

BIO by 

Deloitte, 

2015r 

Data from BIO by 

Deloitte, 2015r, CED-

Stat methodology are 

selected as they are 

very detailed. 

4 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Bogoviku & 

Waldmann, 2021 

Only contains aggregated amounts for mineral CDW generation in 2014 

(570.000 tonne). The numbers from this source seem to confirm the lower 

end from the numbers in BIO by Deloitte, 2015r. 

Malta 

BIO by Deloitte, 2015s Very aggregated data from 2012. 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Netherlands 

BIO by Deloitte, 

2015aa  

Data based on an annual survey directed by the Ministry of Infrastructure and 

Environment. Data for the mineral CDW fraction are in aggregated form, 

however it contains quantities for soil/dredging spoils 

Lisanne 

Mulders, 

2013 

Data from Lisanne 

Mulders, 2013 are 

selected as they are 

very detailed. 

4 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

CE Delft, 2014 Acceptable level of detail, however data are somewhat outdated (2010) 

Lisanne Mulders, 2013 
Very detailed data, however it is not very clear what the original source is. The 

overall amounts fit quite well with data from BIO by Deloitte, 2015aa.  

Monier et al., 2011 Relatively outdated % distribution (from 2001), and rather aggregated. 

Zhang et al., 2020 
Only contains relative distribution of CDW, and in rather aggregated form 

regarding the mineral fraction. Data are based on Mulders, 2013 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Poland 

BIO by Deloitte, 2015t 

Data from 2012. The data based on the economic activity NACE code F are 

very detailed. The data for Mineral waste from construction and demolition, 

2012 (from all economic sectors) are very aggregated and do not really 

match with the previous.  

BIO by 

Deloitte, 

2015t 

The very detailed 

data from NACE F are 

selected, even though 

they seem to include 

waste materials not 

strictly related to 

C&D activities. Data 

for green waste are 

excluded as this 

fraction is not 

considered relevant 

to the purpose of the 

project. 

4 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Wahlström et al., 2020 
Data contained in this source cannot be used for CDW estimation, as they are 

at a management/treatment level. 

Portugal 

BIO by Deloitte, 2015u Very aggregated data from 2012 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

and do not require 

merging of different 

datasets.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Coelho & De Brito, 

2012 
Only % distribution from 2011, with an acceptable level of detail 

Romania 

BIO by Deloitte, 2015v 
Very aggregated data from 2012. Data are very uncertain and 

underestimated. 
European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Slovakia 

BIO by Deloitte, 

2015w 

Very aggregated data from 2012. Contains both data from Eurostat and from 

Ministry of Environment. The data from Eurostat represent treatment only, so 

they might be underestimated. Unclear whether the data from Ministry of 

Environment include uncontaminated soil (they include excavation waste) 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Slovenia 

BIO by Deloitte, 2015x Very aggregated data from 2013.  

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Spain 

BIO by Deloitte, 2015y Official statistics for CDW generation, 2012. Very aggregated data. 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest, have a 

modest level of detail 

and do not require 

merging of different 

datasets.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Llatas, 2011 
Only contains ‘secondar” data", i.e. it is not the original source: Plan Nacional 

de Residuos de Construcción y Demolición 2001-2006, 2001 

Mañà i Reixach et al., 

2000 

Data refer to construction waste and is found in several papers but with 

different numbers, so the data source/elaboration is not very clear. Not 

considered as high quality as data are not very representative.  

Marrero et al., 2020  
Only contains data for CDW management in Spain in 2005 and 2012, no CDW 

composition  
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Martínez Lage et al., 

2010 

Not considered as high quality as data are only representative for the region 

of Galicia. 

Mercader-Moyano & 

Ramírez-De-Arellano-

Agudo, 2013 

Data are based on a practical investigation on 10 residential buildings in Se–

ille - considered as not259anagement259iveattive.  

Ministerio De Medio 

Ambiente, 2015  

Only contains waste generation (quantities) for different types of works, 

including infrastructures, no CDW composition  

Sáez et al., 2015 

Only contains ‘secondar” data", i.e. it is not the original source: CW composition 

for Catalunya (data from Mañà i Reixach et al., 2000) and data from Plan 

Nacional de Residuos de Construcción y Demolición 2001-2006, 2001 

Monier et al., 2011 Relatively outdated % distribution (from 2005), and rather aggregated. 

Plan Nacional de 

Residuos de 

Construcción y 

Demolición 2001-

2006, 2001 

Old data, however very detailed and they are consistently cited in several 

papers, so they are considered as reliable. 

Vidal, 2015 
Only contains waste generation rates for different types of works, no CDW 

composition  

Sweden 

BIO by Deloitte, 2015z  Not very detailed, data are considered underestimated.   
European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

3 
European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

Naturvårdsverket, 

2020a 

More recent data, show higher numbers than BIO by Deloitte, 2015z. Contains 

CDW data from all sectors.   

a modest level of 

detail.  

Naturvårdsverket, 

2020b 

More recent data, show higher numbers than BIO by Deloitte, 2015z. 

Cconsidered to be more reliable, as it only contains CDW data from the 

construction sector, and it is also a bit more detailed than Naturvårdsverket, 

2020a. The statistics only include waste managed by plants subject to a 

permit, i.e. excavated waste from roadworks utilised in another roadwork is 

not included. The statistics do not include CDW from industry or private 

households if the building project was managed by the industry or private 

household. Mineral CDW consists mainly of concrete bricks, glass, tiles, clinker, 

gypsum and asphalt, but includes also mixed CDW. In connecting with the 

reporting year 2016, the method was changed for how CDW is documented in 

the national waste statistics. Comparisons with figures generated before 

2016 can therefore be misleading. 

Svenska 

Byggbranschens 

Utvecklingsfond, 2019 

Cannot be used as such since it refers to combustible waste only, and 13 

samples only.  

Norway 

Bergsdal et al., 2007 Acceptable level of detail, however data are somewhat outdated 

Statistics 

Norway, 2021 

Data are very recent, 

reliable and very 

detailed. 

5 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

Hjellnes Consult, 2012 Quite detailed data but a bit outdated. Likely underestimated 

Statistics Norway, 

2021 
Official statistics for Norway. The data are quite detailed and very updated. 
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Investigated data 

sources 
Comment about data quality in individual data sources 

Selected 

data sources 

for CDW 

Comment about 

selected data 

source for CDW 

Assigned 

data 

quality 

level 

UK 

BIO by Deloitte, 

2015ab 
Only contains total amounts, no CDW composition data. 

European 

Commission, 

2021a 

Data from Eurostat 

referring to 2018 are 

selected as they are 

the newest and with 

a modest level of 

detail.  

3 

European Commission, 

2021a 
Relatively recent (2018) and detailed, official data from Eurostat 

 

 

Table A-2 – Data quality scores assigned for each of the assessed criteria. 

Quality evaluation criteria Weight Austria Belgium Bulgaria Croatia Cyprus 
Czech 

Republic 
Denmark Estonia Finland France 

Level of aggregation of data (material 

fractions) 
40% 3 3 3 3 3 3 5 3 3 5 

Data consistency  25% N/A N/A N/A N/A N/A 3 4 N/A N/A 5 

Quality of the source 25% 2 2 2 2 2 2 5 2 2 5 

Need to combine several datasets 5% N/A N/A N/A N/A N/A 3 N/A N/A N/A N/A 

Recent/outdated data 5% 3 4 4 4 4 2 5 4 4 2 

Final Evaluation   3 3 3 3 3 3 5 3 3 5 
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Table A-2 continued – Data quality scores assigned for each of the assessed criteria. 

Quality evaluation criteria Weight Germany Greece Hungary Ireland Italy Latvia Lithuania Luxembourg Malta Netherlands 

Level of aggregation of data (material 

fractions) 
40% 5 3 3 3 3 3 3 5 3 5 

Data consistency  25% 5 N/A N/A N/A 3 N/A N/A 2 N/A 5 

Quality of the source 25% 5 2 2 2 5 2 2 4 2 1 

Need to combine several datasets 5% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Recent/outdated data 5% 2 4 2 4 3 4 4 2 4 2 

Final Evaluation   5 3 3 3 4 3 3 4 3 4 

 

Table A-2 continued – Data quality scores assigned for each of the assessed criteria. 

Quality evaluation criteria Weight Poland Portugal Romania Hungary Slovakia Slovenia Spain Sweden Norway UK 

Level of aggregation of data (material 

fractions) 
40% 4 3 3 3 3 3 3 4,5 3 5 

Data consistency  25% 3 N/A N/A N/A N/A N/A N/A 5 N/A 3 

Quality of the source 25% 3 2 2 2 2 2 2 5 2 4 

Need to combine several datasets 5% N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Recent/outdated data 5% 2 4 4 4 4 4 4 5 4 2 

Final Evaluation   4 3 3 3 3 3 3 5 3 4 
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Table A-3 - Current CDW material fraction composition in 29 European countries, based on the initial list of 31 

material fractions (cf. Table 5, first column). Data are expressed as tonne CDW generated yearly.  

CDW amounts [tonne] Austria Belgium Bulgaria Croatia Cyprus 

Reference year for data 2018 2018 2018 2018 2018 

Mineral waste 11,166,800 21,342,227 151,186 486,297 326,050 

Concrete      

Bricks      

Tiles and ceramic      

Other materials from road 

demolition 
     

Mixed/other mineral/inert waste      

Asphalt and bitumen-based 

products, tar-free) 
     

Plastic 6,312 25,772 44 684 264 

Metal 115,127 337,491 9,029 145,831 4,142 

Mixed metals, incl. cables  69,763 379 3,333 721 

Ferrous 105,580 254,107 8,605 134,583 3,070 

Non-ferrous 9,547 13,621 45 7,915 351 

Glass 3,084 43,267 105 3,768 37 

Wood 166,981 585,032 670 2,655 2,252 

Gypsum      

Insulation      

Paper and cardboard      

Mixed waste, generic      

Mix of non-hazardous, non-inert 

wastes 
     

Mix of inert and non-hazardous, 

non-inert wastes 
     

Others      
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Soil 37,440,449 2,973,938 74,535 582,492 715,245 

Unpolluted      

Polluted      

Dredging spoil - 856,881 148,783 10,439 - 

Unpolluted      

Polluted      

Track ballast      

Unpolluted      

Polluted      

Hazardous waste (excl. 

hazardous soil, dredging spoil, 

track ballast) 

62,936 626,672 56 6,928 723 

TOTAL CDW 48,961,689 26,791,280 384,408 1,239,094 1,048,713 

TOTAL EXCL. SOILS, DREDGING 

SPOILS AND TRACK BALLAST 
11,521,240 22,960,461 161,090 646,163 333,468 
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Table A-3 continued - Current CDW material fraction composition in 29 European countries, based on the initial list of 

31 material fractions (cf. Table 5, first column). Data are expressed as tonne CDW generated yearly. 

 Czech 

Republic 
Denmark Estonia Finland France 

Reference year for data 2013 2019 2018 2018 2008 

Mineral waste 3,233,000 2,185,000 1,230,385 1,148,726 50,800,000 

Concrete 1,292,000 1,318,000   17,840,000 

Bricks 757,000 212,000   

2,870,000 

Tiles and ceramic 12,000 87,000   

Other materials from road demolition     11,820,000 

Mixed/other mineral/inert waste 1,172,000 568,000   18,270,000 

Asphalt and bitumen-based 

products, tar-free) 
508,000 1,169,000   9,300,000 

Plastic  8,000 114 287 435,000 

Metal  437,000 11,123 169,893 1,201,000 

Mixed metals, incl. cables  67,000 111 115,896  

Ferrous  347,000 10,911 47,149  

Non-ferrous  23,000 101 6,848  

Glass  31,000 75 601 110,000 

Wood  153,000 6,838 400,187 1,835,000 

Gypsum 9,000 74,000   1,844,000 

Insulation 61,000 21,000   118,000 

Paper and cardboard      

Mixed waste, generic 590,000 483,000    

Mix of non-hazardous, non-inert 

wastes 
    1,661,000 

Mix of inert and non-hazardous, 

non-inert wastes 
    5,421,000 

Others  322,000    
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Soil   1,599,472 21,789,333 175,110,000 

Unpolluted 9,442,000 5,620,000    

Polluted  3,519,000    

Dredging spoil  11,000 14,945 2,461,959 2,600,000 

Unpolluted 130,000     

Polluted      

Track ballast  25,000   970,000 

Unpolluted 80,000     

Polluted      

Hazardous waste (excl. hazardous 

soil, dredging spoil, track ballast) 
369,791 104,000 11,562 152,224 1,546,500 

TOTAL CDW 14,422,791 14,162,000 2,874,514 26,123,210 252,951,500 

TOTAL EXCL. SOILS, DREDGING 

SPOILS AND TRACK BALLAST 
4,770,791 4,987,000 1,260,097 1,871,918 74,271,500 

 

  



 

267 

 

Table A-3 continued - Current CDW material fraction composition in 29 European countries, based on the initial list of 

31 material fractions (cf. Table 5, first column). Data are expressed as tonne CDW generated yearly. 

 Germany Greece Hungary Ireland Italy 

Reference year for data 2012 2018 2018 2018 2017 

Mineral waste 51,525,800 1,144,602 3,466,068 702,032  

Concrete 22,696,900     

Bricks 5,604,400     

Tiles and ceramic 1,230,700     

Other materials from road demolition      

Mixed/other mineral/inert waste 21,993,800     

Asphalt and bitumen-based 

products, tar-free) 
15,416,500     

Plastic 113,500 400 706 555 40,965 

Metal 7,925,700 291,598 36,570 4,926 4,856,920 

Mixed metals, incl. cables 360,700 96,939 611 4,320 122,317 

Ferrous 7,142,900 140,064 32,995 576 4,242,120 

Non-ferrous 422,100 54,595 2,964 30 492,483 

Glass 328,200 12 438 885 80,344 

Wood 2,995,400 1,899 2,088 18,104 175,413 

Gypsum 607,800     

Insulation 84,900     

Paper and cardboard      

Mixed waste, generic 3,703,900    37,128,551 

Mix of non-hazardous, non-inert 

wastes 
     

Mix of inert and non-hazardous, 

non-inert wastes 
     

Others      
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Soil  1,730,862 3,808,105 2,123,689  

Unpolluted 106,015,300    13,600,000 

Polluted 2,567,000     

Dredging spoil  - 36,742 - 17 

Unpolluted 2,308,900     

Polluted 53,200     

Track ballast      

Unpolluted 2,419,800     

Polluted 348,800     

Hazardous waste (excl. hazardous 

soil, dredging spoil, track ballast) 
4,930,600 1,671 14,687 7,243 762,886 

TOTAL CDW 201,345,300 3,171,044 7,365,404 2,857,434 56,645,096 

TOTAL EXCL. SOILS, DREDGING 

SPOILS AND TRACK BALLAST 
87,632,300 1,440,182 3,520,557 733,745 43,045,079 
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Table A-3 continued - Current CDW material fraction composition in 29 European countries, based on the initial list of 

31 material fractions (cf. Table 5, first column). Data are expressed as tonne CDW generated yearly. 

 Latvia Lithuania Luxembourg Malta Netherlands 

Reference year for data 2018 2018 2012 2018 2013 

Mineral waste 385,292 857,588 292,535 1,877,530  

Concrete   71,889  1,619,000 

Bricks   6,390  342,000 

Tiles and ceramic   8  8,000 

Other materials from road demolition      

Mixed/other mineral/inert waste   214,248  13,532,000 

Asphalt and bitumen-based 

products, tar-free) 
  203,599   

Plastic 25 841 880 1 186,000 

Metal 469 23,324 47,684 37,047 3,131,000 

Mixed metals, incl. cables 265 831 3,575 25 131,000 

Ferrous 200 22,261 42,009 33,508 2,488,000 

Non-ferrous 4 232 2,099 3,514 512,000 

Glass 78 193 5,997 13 77,000 

Wood 10 3,175 18,461 165 1,249,000 

Gypsum   5,584  65,000 

Insulation   656  16,000 

Paper and cardboard     53,000 

Mixed waste, generic   41,168  3,458,000 

Mix of non-hazardous, non-inert 

wastes 
     

Mix of inert and non-hazardous, 

non-inert wastes 
     

Others      
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Soil 4,571 44,297  65 7,766,598 

Unpolluted   4,322,163   

Polluted   159,318   

Dredging spoil 60,000 69,479,153 532,263 154 - 

Unpolluted      

Polluted      

Track ballast      

Unpolluted   3,970   

Polluted      

Hazardous waste (excl. hazardous 

soil, dredging spoil, track ballast) 
85 5,119 19,104 284 581,000 

TOTAL CDW 450,530 70,413,690 5,653,381 1,915,259 32,083,598 

TOTAL EXCL. SOILS, DREDGING 

SPOILS AND TRACK BALLAST 
385,959 890,240 635,667 1,915,040 24,317,000 
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Table A-3 continued - Current CDW material fraction composition in 29 European countries, based on the initial list of 

31 material fractions (cf. Table 5, first column). Data are expressed as tonne CDW generated yearly. 

 Poland Portugal Romania Slovakia Slovenia 

Reference year for data 2012 2018 2018 2018 2018 

Mineral waste    3,381,762   1,555,901      950,220      824,178     1,065,177  

Concrete           

Bricks           

Tiles and ceramic           

Other materials from road 

demolition 
          

Mixed/other mineral/inert waste          

Asphalt and bitumen-based 

products, tar-free) 
          

Plastic       174,506         4,672            312            457              665  

Metal       581,846        72,821         6,451         3,262         13,697  

Mixed metals, incl. cables      571,052       16,928            440             50             193  

Ferrous          5,419       52,638         5,951         3,118         12,871  

Non-ferrous          5,375         3,255             60             94             633  

Glass          1,013         2,838            108            160           2,973  

Wood        28,082        38,938         4,951         1,364           1,364  

Gypsum           

Insulation           

Paper and cardboard          4,266          

Mixed waste, generic           

Mix of non-hazardous, non-

inert wastes 
          

Mix of inert and non-hazardous, 

non-inert wastes 
          

Others       233,931          
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Soil       338,234      618,596   1,542,577     3,022,189  

Unpolluted  10,056,045          

Polluted        15,770          

Dredging spoil          3,358      445,937                1   11,319,007  

Unpolluted       726,399          

Polluted             315          

Track ballast           

Unpolluted           

Polluted           

Hazardous waste (excl. 

hazardous soil, dredging spoil, 

track ballast) 

      118,425        21,768         3,591        30,222           1,564  

TOTAL CDW  15,322,360   2,038,530   2,030,166   2,402,221   15,426,636  

TOTAL EXCL. SOILS, DREDGING 

SPOILS AND TRACK BALLAST 
   4,523,831   1,696,938      965,633      859,643     1,085,440  
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Table A-3 continued - Current CDW material fraction composition in 29 European countries, based on the initial list of 

31 material fractions (cf. Table 5, first column). Data are expressed as tonne CDW generated yearly. 

 Spain Sweden Norway UK 

Reference year for data 2018 2018 2019 2018 

Mineral waste  14,484,229     2,681,480      749,205     68,269,672  

Concrete         

Bricks 

  

      

Tiles and ceramic       

Other materials from road demolition         

Mixed/other mineral/inert waste         

Asphalt and bitumen-based 

products, tar-free) 
        198,247    

Plastic        22,680              753        11,110           98,284  

Metal        74,668         79,506      104,359       2,174,138  

Mixed metals, incl. cables        19,632         56,402           603,846  

Ferrous        41,831         17,511        1,156,855  

Non-ferrous        13,205           5,593           413,437  

Glass          8,835           6,189        10,628         104,198  

Wood       144,110        636,691      253,629         641,501  

Gypsum           77,763    

Insulation         

Paper and cardboard           21,929    

Mixed waste, generic         274,471    

Mix of non-hazardous, non-inert 

wastes 
        

Mix of inert and non-hazardous, non-

inert wastes 
        

Others           31,301    
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Soil  24,729,360     8,885,143   2,702,226     62,009,410  

Unpolluted         

Polluted         

Dredging spoil               -                  -                -                    -    

Unpolluted         

Polluted         

Track ballast         

Unpolluted         

Polluted         

Hazardous waste (excl. hazardous 

soil, dredging spoil, track ballast) 
       72,526        223,309      215,999         500,423  

TOTAL CDW  39,536,408   12,513,071   4,650,867   133,797,626  

TOTAL EXCL. SOILS, DREDGING 

SPOILS AND TRACK BALLAST 
 14,807,048     3,627,928   1,948,641     71,788,216  

 

 

  



 

275 

 

Table A-3 continued - Relative standard deviation (RSD) of the per capita CDW amounts for EU27 and EU27 + Norway. 
Values are based on the revised CDW composition for Italy (cfr. Table 8). 

Waste fraction EU27 
EU27 + 

Norway 

Mineral waste 132.0% 133.9% 

Concrete 40.9% 40.9% 

Bricks 62.6% 62.6% 

Tiles and ceramics 97.2% 97.2% 

Mixed/other mineral/inert waste 66.6% 66.6% 

Plastic 194.6% 186.7% 

Metal 135.0% 134.5% 

Mixed metals 139.6% 139.6% 

Ferrous 144.3% 144.3% 

Non-ferrous 211.2% 211.2% 

Glass 170.1% 164.2% 

Wood 143.8% 136.0% 

Gypsum 84.5% 75.1% 

Insulation 75.4% 75.4% 

Paper and cardboard 92.9% 69.7% 

Mixed waste, generic 68.5% 68.1% 

Hazardous waste (total, excluding hazardous soil and dredging spoil) 128.2% 122.6% 

TOTAL 105.9% 106.6% 
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Table A-4 – Summary table showing the results of the Monte Carlo analysis (250 iterations). 

year mean std min 5% 25% 50% 75% 95% max 

2020 131,956 32,669 86,179 94,643 103,027 132,304 157,063 184,827 206,098 

2021 135,122 33,408 88,314 97,156 105,352 135,288 160,602 188,958 211,374 

2022 140,362 34,361 92,255 101,307 109,742 139,894 167,405 195,959 218,694 

2023 144,214 35,163 94,973 104,424 112,720 143,437 171,898 200,982 224,695 

2024 147,714 35,954 97,354 107,252 115,336 146,692 175,890 205,505 230,424 

2025 153,610 36,946 101,931 112,008 120,342 151,828 183,480 213,212 238,489 

2026 157,542 37,756 104,787 115,195 123,560 155,390 188,085 218,266 244,671 

2027 161,200 38,541 107,397 118,159 126,510 158,714 192,287 222,920 250,613 

2028 166,579 39,504 111,508 122,499 131,196 163,371 199,118 229,933 258,271 

2029 171,089 40,363 114,891 126,202 134,987 167,376 204,458 235,633 265,142 

2030 177,592 41,436 120,015 131,450 140,827 172,848 211,872 244,142 273,925 

2031 181,561 42,214 122,978 134,758 144,158 176,379 216,312 249,244 280,082 

2032 186,778 43,113 127,041 139,123 148,760 180,902 221,810 255,994 287,530 

2033 191,132 43,943 130,312 142,794 152,449 184,953 226,620 261,577 294,183 

2034 195,536 44,784 133,627 146,355 155,957 189,493 231,484 267,211 300,912 

2035 202,925 45,885 139,681 152,274 162,789 197,197 238,877 276,786 310,566 

2036 208,213 46,835 143,835 156,436 167,532 202,693 244,457 283,669 318,211 

2037 214,149 47,785 148,671 161,098 172,922 208,894 250,629 291,210 326,524 

2038 219,141 48,680 152,601 165,001 177,238 214,104 255,982 297,566 333,960 

2039 226,048 49,739 158,296 170,403 183,497 221,373 262,956 306,395 343,321 

2040 232,649 50,817 163,678 175,367 189,413 228,360 269,609 314,924 352,447 

2041 240,738 52,042 170,403 181,135 196,838 236,923 277,512 325,424 363,037 

2042 246,262 53,021 174,802 185,357 201,670 242,800 283,247 332,468 371,224 

2043 252,981 54,151 180,270 190,215 207,780 250,002 289,914 341,188 380,623 

2044 258,907 55,184 185,029 194,706 213,091 256,378 295,777 348,770 389,310 
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2045 266,083 56,297 190,995 200,117 219,697 264,114 302,347 357,853 399,260 

2046 272,626 57,390 196,344 205,018 225,676 271,245 308,219 366,199 408,618 

2047 282,386 58,774 204,682 212,093 234,944 281,769 317,262 378,634 421,145 

2048 290,357 60,032 211,417 217,838 242,353 290,436 324,443 388,849 431,974 

2049 297,474 61,184 217,436 223,109 248,891 298,257 330,640 397,854 442,021 

2050 306,885 62,617 225,495 229,702 257,788 308,519 339,145 409,985 454,288 
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Table A-5 - List of the European organisations and companies that have provided input regarding the mapping of 

management and recovery options for individual CDW material fractions.  

Organisation 

Aimplas Technological Institute of plastic 

AQUAFIL Producer of Polyamide 6 

BIINC Composite innovation company 

Bouwendnederland Vlakglas Recycling Nederland 

Cembureau European Cement Association 

CEMENTBOUW (part of CRH) Cement, aggregates and concrete producer 

Cemex Cement, aggregates and concrete producer 

Cerame-Unie European ceramic industry association  

Concrete Sustainability Council (CSC) Concrete Industry Association 

EEB European Environmental Bureau 

EPPA Profiles European Trade Association of PVC Window System Suppliers 

ERMCO European Ready-mix Concrete Organisation 

EuCIA European Composites Industry Association 

EUMEPS European Manufacturers of Expanded Polystyrene 

Eurima European insulation Manufacturers Association 

Eurofer European Steel Association 

Eurofer European Steel Association 

Eurogypusm European Gypsum Association 

Euromortar European Mortar Industry Organisation 

European Aluminium  European Aluminium Association 

FIEC European construction industry Federation 

FIR Federation Internationale de Recyclage (FIR) 

Forschungsvereinigung Kalk-Sand eV. German calcium silicate industry research association 

Glass for Europe Glass for Europe 

https://www.aimplas.net/
https://www.aquafil.com/
http://biinc.nl/
https://www.vlakglasrecycling.nl/index.php?page=home-en
https://cembureau.eu/
https://www.cementbouw.nl/en/
https://www.cemex.com/
http://cerameunie.eu/
https://www.concretesustainabilitycouncil.com/
https://eeb.org/
https://www.eppa-profiles.eu/
https://ermco.eu/new/
https://eucia.eu/
https://eumeps.org/
https://www.eurima.org/
https://www.eurofer.eu/
https://www.eurofer.eu/
https://www.eurogypsum.org/
https://www.euromortar.com/home
https://www.european-aluminium.eu/
https://www.fiec.eu/
http://www.fir-recycling.com/
https://www.kalksandstein.de/verband-und-netzwerk/forschungsvereinigung-kalk-sand-ev/
https://glassforeurope.com/
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Heidelberg Cement, aggregates and concrete producer 

HESUS  Removal and recovery of soil, excavated material and CDW 

Lafarge Holcim Cement, aggregates and concrete producer 

PlasticsEurope Association of Plastic Manufacturers 

PRE Plastics Recyclers Europe 

PS LOOP PS recycling 

PU Europe Polyurethane insulation 

REKO Tar-containing asphalt treatment and recycling 

REMEX Recycling of mineral CDW 

ROCKWOOL Mineral insulation producer 

Saint-Gobain ISOVER Mineral insulation producer 

TEPPFA European Plastic Pipes and Fittings Association 

UEMEPS European Manufacturers of Expanded Polystyrene 

UEPG  European Aggregates Association 

Van Werven PVC recycling 

VINYLPLUS European Recycling Association for PVC 

WRA Wood Recyclers Association 

 

 

https://www.heidelbergcement.com/en
https://hesus.eu/
https://www.holcim.com/
https://www.plasticseurope.org/en
https://www.plasticsrecyclers.eu/
https://www.pu-europe.eu/
https://www.rekobv.eu/en/thermal-treatment-of-tar-containing-asphalt/
https://www.remex.de/en/
https://www.rockwool.com/group/
https://www.teppfa.eu/
https://eumeps.org/
https://uepg.eu/
https://www.vanwerven.nl/
https://vinylplus.eu/
https://woodrecyclers.org/
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Table A-6 - Qualitative mapping of available management and recovery options for the individual CDW material fractions, including, for each option: type of recovery operation, 

material, brief description, applicability, examples of application, qualitative assessment of uptake.  

ID Name Material Classification Short description Implementation/Applicability 
Examples of 

application 

Qualitative 

assessment 

of uptake 

1 
Concrete 

recycling 
Concrete 

Backfilling or 

Recycling 

The processing takes place in plants which usually 

consist of the following steps (for well-segregated 

CDW): reception, characterisation and identification of 

incoming CDW, (manual) preselection, screening of 

large materials, magnetic separation, screening for fine 

materials, crushing, screening and secondary crushing. 

This is a well-established recycling pathway that has 

little novelty, and that is used e.g. for production of 

recycled aggregates to use in road construction as a 

substitute for sand or other lower quality aggregates. 

However, a newer aspect could be to select high-quality 

concrete before the demolition, which if sorted can be 

used for production of high-quality recycled aggregates 

to use in new production of high-quality concrete in 

place of crushed rock (e.g. granite).  

Cement consumption when working with 

recycled aggregates in new concrete is a 

crucial parameter and needs to be 

optimised so that the use of recycled 

aggregates does not lead to an 

increased cement use, which would 

counteract the environmental benefits 

from recycling. Another important point 

is to minimise transport, which has an 

important role when dealing with inert 

waste (incl. avoided transport of natural 

aggregates). This means that the LCA 

quantification of this type of recycling 

cannot be generalised as it is highly 

dependent on case-specific parameters 

(concrete quality and source-separation 

level, recipe of the new concrete, 

transport distance for the waste/avoided 

products flows) and can easily swing 

from environmental benefits to 

environmental burdens. 

Specific cases 

exist where high-

quality concrete 

has been 

recycled (e.g. in 

Denmark), but 

the technology 

has nothing 

innovative in 

itself, it is just 

management 

and logistics that 

make this 

recycling 

pathway 

possible. E.g. 

Sydhavn 

Genbrugscenter  

Commercially 

implemented 

(TRL 9) 

2 Reuse of bricks Bricks 
Preparation for 

Reuse 

Selectively demolished bricks are sorted mechanically 

and manually, to obtain a fraction that is suitable for 

reuse in new construction (separation, cleaning and 

scraping of the mortar, etc.). The reprocessing process 

leaves a residual fraction consisting of bricks unfit for 

recycling mixed with mortar, sand and concrete. This 

Only bricks from before the 60ies are 

suitable for reuse, as the cement mortar 

used after this point is harder than the 

bricks themselves, which would therefore 

break when separated. Lime mortar used 

Gamle Mursten 

Commercially 

implemented 

(TRL 9) 

https://www.european-aluminium.eu/
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ID Name Material Classification Short description Implementation/Applicability 
Examples of 

application 

Qualitative 

assessment 

of uptake 

fraction is used as filling material with or without 

further crushing. The bricks ready for reuse can 

substitute virgin bricks in new construction. On-site 

processing is also possible. 

until the 60ies does not give such issues.  

3 

Recycling of 

hard PVC from 

window 

profiles and 

pipes 

Plastic Recycling Traditional mechanical recycling of PVC 

PVC used to be stabilised with lead 

compounds (such stabilisation is 

essential for processing and the 

durability). At the end of 2015 an EU 

voluntary phase out in favour of 

calcium-based stabilisers was 

completed, followed by a restriction 

proposal on lead compounds in PVC. 

According to PCV recyclers it is crucial 

that any legal restriction on lead in PVC 

has derogations for recycling. A complete 

ban on lead compounds in recycling 

would make it impossible.  

  Van Werven 

Commercially 

implemented 

(TRL 9) 

4 

High-quality 

recycling of 

steel 

Metal Recycling 

By holding liquid steel in a (near) vacuum for a long-

time unwanted metal contaminants vaporise. This 

enables production of high quality/specification 

products.  

Often, material flows and common 

technologies/practices around sorting, 

separation and reprocessing mean that 

downcycling remains prevalent. In this 

case, both scaling up of the technology 

and better practices to avoid mixing of 

materials both need to converge. This 

may seem obvious, but the narrative 

around many materials including steel is 

that we are unable to recycle effectively 

to deliver the quality/purity that primary 

production can deliver, but closed loop 

  

Commercially 

implemented 

(TRL 9) 

https://www.recyclingplastics.eu/
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recycling is viable with the right tech and 

practices.  

5 
Recycling into 

particleboards 
Wood Recycling 

Wood waste undergoes pretreatment shredding, 

sieving, milling, and sorting of metals), then it is dried 

until ~6% moisture content (mc – as wet weight, ww) 

and sprayed with urea-formaldehyde resin before being 

hot-pressed into a mat. Wood waste constitutes 80% 

ww of the feedstock for particleboard in Denmark (Vis 

et al., 2016), while urea-formaldehyde resin constitutes 

typically 10% ww of the final product  

The actual environmental benefits from 

this process might be highly dependent 

on the substituted energy and the 

displaced processes. The implementation 

of this practice is easier when supported 

by the waste management system (e.g. 

wood is collected separately and sent to 

recycling at particleboard production 

facilities 

Novopan 

træindustri 

Commercially 

implemented 

(TRL 9) 

6 

Reuse of 

structural 

wood 

Wood 
Preparation for 

Reuse 

Wooden beams are reused directly for structural 

purposes 

CE marking and legal aspects might be 

an issue 
 Næste 

Commercially 

implemented 

(TRL 9) 

7 
Gypsum 

recycling 
Gypsum Recycling 

Processing of waste plasterboard for the recovery of 

gypsum usually consists of the following steps (for 

well-segregated waste plasterboard): reception, visual 

check and classification, separation of unsuitable 

materials (e.g. metals), (if required) grouping of the 

panels according to size, paper and gypsum separation 

(through a grinding and sieving process) and sieving of 

Significant economic barriers: the 

recyclability of the waste plasterboard 

depends on the level of segregation at 

the site where it is generated and poor 

segregation leads to cost-inefficient 

situations. Moreover, transport costs of 

waste plasterboard over long distances 

Several 

companies all 

over EU work 

with gypsum 

recycling 

Commercially 

implemented 

(TRL 9) 

https://lendager.com/
https://lendager.com/
https://naeste.dk/
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gypsum. Recovered gypsum can then be used (usually 

up to 25 % of the total content) for the production of 

new plasterboard. 

may also affect the economic viability. 

8 

Chemical 

recycling of 

EPS 

Plastic/Insulation Recycling 

Norwegian company that collects used EPS (though 

likely not from construction), compress it and exports it 

to Italy and Germany, where it will be converted into oil 

to be used for virgin EPS production. 

The benefits and burdens need to be 

better evaluated from both an 

economical and an environmental point 

of view, as little is known about the 

chemical recycling technology so far. 

Vartdal Plast 

Commercially 

implemented 

(TRL 9) 

9 
Mineral wool 

recycling 
Insulation Recycling 

Clean and unpolluted mineral wool (no demolition 

waste, mostly leftover from construction) can be 

recycled as raw material into production of new mineral 

wool.  

 

In some countries, e.g. in Denmark, ROCKWOOL, in 

cooperation with waste collectors takes back used 

The benefits and burdens need to be 

evaluated from both an economical and 

an environmental point of view. It 

normally is the energy consumption, 

rather than the raw material, that is 

responsible for the environmental impact 

of mineral wool production, so the 

environmental effect of using a recycled 

ROCKWOOL 

Group and 

ISOVER 

Commercially 

implemented 

(TRL 9) 

https://www.aquafil.com/
https://eeb.org/
https://eeb.org/
http://www.fir-recycling.com/
http://www.fir-recycling.com/
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stone wool used in buildings and recycle it into new 

stone wool. Saint Gobain has recently launched a 

similar service in France for used glass wool.  

feedstock might be minimal.  
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ID Name Material Classification Short description Implementation/Applicability 
Examples of 

application 

Qualitative 

assessment 

of uptake 

10 
Reuse of entire 

bricks elements 
Bricks 

Preparation for 

Reuse 

Entire elements made of bricks are cut before 

demolition and stored for reuse. Often they need 

to be reinforced for stability (so the elements do 

not break apart), which has been done with e.g. 

cement. 

Use of cement as reinforcement is an 

extremely critical issue, and the 

benefits and burdens need to be 

evaluated from both an economical and 

an environmental point of view. 

Lendager Group 

Pilot-scale 

(TRL 7) 

11 
Reuse of entire 

concrete elements 
Concrete 

Preparation for 

Reuse 

Entire concrete elements are cut before 

demolition and stored for reuse.  

CE marking and legal aspects might be 

an issue. 
Superlocal 

Pilot-scale 

(TRL 7) 

12 Smart Crusher Concrete Recycling 

The Smart Crusher uses a combination of a wind 

sifter and the smart breaker to separate the 

hydrated cement fraction from the non-hydrated 

cement. When the recycled sand and aggregate 

are used together in a new concrete product, 

about 25% less cement is needed because of 

the increased quality.  

A deeper investigation is needed to 

check if claims are substantiated by 

scientific evidence. 

Smart Crusher 

Lab-scale 

(TRL 5) 

13 
ADR (Advanced Dry 

Recovery) 
Concrete Recycling 

ADR (Advanced Dry Recovery) technology is a 

mechanical system of sorting crushed wet 

concrete wastes according to their particle size. 

Can be combined with HAS (see technology 

described below). ADR technology is a 

mechanical system for extracting the fine 

fraction from moist crushed concrete 

aggregates. It uses kinetic energy to break the 

water bond formed by moisture with fine 

particles. ADR has two major units: The rotor and 

air sifter. The spinning rotor breaks water bonds 

 An industrial ADR installation was 

demonstrated in Hoorn in the 

Netherlands.  

 

According to (Gebremariam et al., 2020)  

the current limitations of the ADR and 

the HAS are related to capacity. The 

capacity of ADR is 50 t/h and that of HAS 

is 3 t/h. As such their capacity is not 

HISER Project 

Pilot-scale 

(TRL 7) 

https://kronospan-dk.dk/
https://www.superlocal.eu/superlocal/
https://vartdalplast.no/
https://www.concretesustainabilitycouncil.com/
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between grains, after which small and large 

grains are separated via ballistic separation into 

various size and composition. The cut point 

determines the quality and composition of 

classification. The ADR sorts out the input 

crushed concrete waste (0–12 mm) into three 

product streams: these are, the coarse product 

(4–12 mm), the fine product (1–4 mm), 

hereafter called airknife; and another fine 

product (<1 mm), hereafter called rotor. The air 

knife product is separated from the coarse 

fraction by using an air sifter; hence, lighter 

contaminants like wood and plastics are also 

part of this product. In general, the major 

products of ADR are the coarse aggregates (4–

12 mm) and the fine fraction products (0–4 

mm). Unlike conventional sieving methods, ADR 

technology has proved the possibility of sorting 

crushed aggregated into different product 

streams in relatively wet state. ADR has been 

patented. The current design of ADR has a 

capacity of 50 tonne per hour. While the coarse 

fraction (4–12 mm) can be directly used in a 

new concrete mix, the fine fraction (0–4 mm) 

must be further processed to extract the old 

cement paste from the sand. The most essential 

features of ADR technology are its mobility, 

flexibility and affordability in terms of 

technology (energy efficiency and simplicity 

compared to the conventional technologies 

developed earlier). The name ”Dry” implies the 

compatible.  
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process does not use water as compared to 

conventional aggregate washing plants. The 

innovative features of ADR are its ability to 

classify CDW aggregates independently of their 

moisture content (this reduces process 

complexity and avoids problems associated with 

dust or sludge). ADR is installed on a 13.2 m 

trailer so that it can be easily transported by a 

truck to a demolition site to process aggregates 

on site. 

14 

HAS (Heating Air 

classification 

System) 

Concrete Recycling 

HAS (Heating Air classification System) uses a 

combination of thermal and air classification 

methods to separate and activate the hydrated 

cement paste. Can be combined with ADR (see 

description above). The HAS setup is 

complementary to the ADR technology. The input 

material for the HAS technology is a mix of the 

airknife product (1–4 mm) and the rotor product 

(0–1 mm) that comes from ADR. The HAS 

technology is designed to further expose the 

fine fraction aggregates into a hot gas so as to 

dry the fine aggregates and to get rid of 

undesirable tiny CDW contaminants, mainly 

wood and plastic shards. The entire process 

involves the interaction of particle-gas system in 

a fluidised-type reactor, where air is used to 

carry the heat and at the same time classify 

fine aggregates based on their particle size. The 

use of heating is to dry the material and 

somehow activate the ultrafine particles, which 

According to (Gebremariam et al., 2020) 

the current limitations of the ADR and 

the HAS are related to capacity. The 

capacity of ADR is 50 t/h and that of HAS 

is 3 t/h. As such their capacity is not 

compatible. 

 

 

(Moreno-Juez et al., 2020) describes a 

study where the physico-chemical effect 

of the ultrafine recycled concrete 

particles and their potential use as SCM 

(Supplementary Cementitious Material) 

in new cement-based products is 

assessed by employing substitutions of 

up to 10% of the conventional binder. 

The ultrafine recycled concrete was 

treated in a pilot HAS technology for 

conversion into SCM. The results 

  
Pilot-scale 

(TRL 7) 
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are mainly composed of hydrated cement.  suggested that the overall environmental 

impact could be reduced by up to 5% 

when employing the ultrafine recycled 

concrete particles as SCM in circular 

cement-based products. 

 

15 
Electric Pulse 

Technology 
Concrete Recycling 

A promising technology for separation of fines 

from aggregates is the application of electric 

pulses to demolition waste of size 150 mm. It 

produces clean aggregates of high-quality. The 

method is being tested by Japanese researchers 

in Kumamoto University (Inoue et al., 2008). The 

dielectric breakdown of gas occurs in concrete 

by the pulsed electric discharge at first. Ionised 

gas forms plasma and explosive volumetric 

change tears concrete matrix. A shock wave is 

also generated at the same time. The shock 

wave generates the tensile stress at the 

boundary and mortar is separated from 

aggregate. This method is environmentally 

beneficial as compared to dry or wet methods. 

However, electric pulses will need to be 

controlled according to properties of demolition 

material. In another pilot project called COFRAGE 

coordinated by BRGM in France the same 

technique is used to produce clean aggregate 

and fines with the intention to produce recycled 

cement. The COFRAGE project also includes the 

use of microwave heating for cracking and 

fragmentation of concrete. Results from 

A deeper investigation is needed to 

check the current status of the 

technology 

  
Lab-scale 

(TRL 5) 
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laboratory produced high-quality clean 

aggregates (BRGM, 2014). These technologies 

show immense potential for development in the 

future and by 2050 they can be further 

improved to use less energy for separating 

aggregates from cement paste. There is also a 

possibility that these technologies can be 

coupled with innovative crushing technologies 

such as or Smart Crusher in the future. 

16 

Concrete recycling 

and CO2 utilisation 

(“enforced 

carbonation”) 

Concrete Recycling 

Selective separation and mechanical extraction 

of hardened cement paste from concrete waste 

to be used as a raw material for clinker 

production or a substrate for CO2 mineralisation 

(“enforced carbonation”). Other outputs from the 

process are high-quality aggregates and sand-

free hardened cement paste. 

It has to be tested whether all qualities 

of concrete can be processed. 
HeidelbergCement 

Selective 

separation:  

Industrial 

installation 

(TRL 8) 

 

Enforced 

carbonation: 

Lab scale 

validation 

(TRL 4) 

 

https://glassforeurope.com/
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17 

Concrete recycling 

(cracking – not 

crushing) 

Concrete Recycling 

The technology for cracking the concrete is 

normally used to extract precious metals. 

Concrete is broken into sizes of 8-10 cm, and 

then not crushed but cracked into smaller 

fractions. The technology depends on slower 

crushing and better screening. The output from 

the process is gravel and fines.  

 

The gravel can replace natural gravel for 

production of new concrete, but the compressive 

strength is expected to be 2-5% higher 

compared to natural materials, so less cement is 

foreseen needed. The increased compressive 

strength is caused by the aggregates being 

edged, whereas natural gravel in the 

Netherlands (where Cementbouw is located) is 

round.  

 

The fine fraction (0-4 mm) will be further 

processed and split into two fractions: sand and 

filler. Sand can be used again as sand in new 

concrete, and the filler can be used as filler as 

an alternative to, for example, fly ash and/or 

limestone.       

The technology needs to be tested and 

evaluated at full-scale in the coming 

years. 

Cementbouw 
Pilot scale 

(TRL 7) 

http://www.hiserproject.eu/index.php/library/archives-of-the-article/80-news/155-advanced-dry-recovery-adr-for-the-valorization-of-end-of-life-concrete-status-update
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18 
Submerged 

combustion melting 

Glass 

wool 
Recycling 

Sorting, milling and subsequent burning in 

submerged combustion melter. The carbon 

content in the binder, which in current furnaces 

creates technical problems, is burned off in the 

high temperature melter. 

The efficiency of the technology will be 

tested at full-scale the coming years. 
ISOVER 

R&D phase 

(TRL 6) 

19 

CreaSolv® 

Technology for 

recycling of PS 

insulation foam (EPS 

and XPS) 

Plastic Recycling 

Solvent-based Purification process (developed 

by Fraunhofer IVV in cooperation with CreaCycle 

GmbH), allowing the separation of polystyrene 

from legislated HBCD. HBCD is further treated in 

the Bromine Recovery Unit from ICL. 

In the CreaSolv® Process first the PS-foam 

demolition waste is dissolved in tanks containing 

a PS-specific liquid. The solid impurities (dirt, 

cement and the like) are separated through 

filtration and then incinerated. Next, another 

liquid is added, which transforms the PS into a 

gel, while the additive (HBCD) stays in the 

remaining liquid. The PS gel is then separated 

from the process liquids. Once cleaned, this gel 

is transferred into granulated polymer and the 

liquid, together with the additive, is distilled and 

re-used in a closed loop. The HBCD remain in the 

sludge treated in the Bromine Recovery Unit 

(BRU). The destruction of the HBCD additive that 

stayed in the sludge takes place in a high 

temperature waste incineration: the Bromine 

Recovery Unit (BRU) from ICL. During the last 

step the elemental bromine is recovered and can 

The benefits and burdens need to be 

evaluated from both an economical and 

an environmental point of view. 

PS Loop  

Pilot scale  

(TRL 7) 

https://www.slimbreker.nl/smartcrusher.html
https://polystyreneloop.eu/
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be re-used to produce new polymeric flame 

retardants to be applied in insulation products 

made from Loop-PS. 

20 Sand-2-Gravel Concrete Recycling 

Artificial aggregates are produced from fines 

from crushed concrete waste or other waste 

fines. The fines are mixed with water and 

sometimes chemical compounds. The advantage 

of the process is the targeted particle size 

distribution, the reduction of water absorption 

(around 4% vs. 10% for initial material) and the 

decreased cost of logistic in case of local lack of 

certain aggregate fractions. The technology is 

developed and in the process of deploying. 

Applications: concrete and road base.  

The technology is in the process of 

being deployed within CEMEX 
CEMEX 

Industrial 

scale (TRL 8-

9) 

 

21 

Returned ready-mix 

concrete to artificial 

aggregates 

Concrete Recycling 

Returned concrete. Artificial aggregates 

produced from ready-mix concrete (concrete 

that is batched for delivery from a central plant 

instead of being mixed at the construction site) 

returned from construction sites. Today, returned 

ready-mix concrete is usually crushed and used 

as subbase in roads. Currently, 1% of the global 

production of concrete is “lost” as returned 

concrete. In the development project, the 

returned concrete is pelletised in the truck, 

instead of being crushed, for production of 

recycled aggregates. It can potentially substitute 

The technology is widely applied within 

the concrete industry 
CEMEX 

Industrial 

scale (TRL 8-

9) 

https://www.cemex.com/
https://www.pu-europe.eu/
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up to 10% - 20% of natural aggregates in 

concrete without loss of workability and 

strength. The technology is developed, and 

deployed outside Europe, and in the process of 

adoption in Europe. Applications: concrete (main 

use) and road base 
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