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SUMMARY: Construction and demolition waste (CDW) is one of the major waste streams in 

industrialized economies. Therefore, the recycling of this waste may significantly reduce the use of 

primary resources and landfill space. To make use of this reduction potential buildings play a 

crucial role, as they on the one hand are responsible for a large share of the overall CDW and on the 

other hand are much more complex with regard to their material composition compared to civil 

infrastructure (e.g. roads, railways, pipe networks). This fact also makes material recycling, aiming 

at the production of high-quality secondary raw materials, much more complex. Information about 

the material composition of different building types may represent an important step towards 

assessing the overall material stock in buildings in a region. This data together with information 

about the renewal rate of the building stock allows predicting the potential of secondary resources 

made available from demolition activities. In this study, approaches for characterizing the material 

composition of different building types (construction period & utilization) in the city of Vienna are 

described, as a prerequisite for efficient recycling of CDW. 

1. INTRODUCTION 

Construction and demolition waste (CDW) is responsible for about 22 % (excavation material 

excluded) of the overall waste amount generated in Austria (BMLFUW, 2011). Due to the high 

potential to reduce the use of primary resources and landfill space the European Comission (2014) 

defined recycling targets for CDW for all member states. Accordingly, a minimum of 70% (by 

weight) of non-hazardous construction and demolition waste (soil and stone excluded) shall be 

prepared for reuse or be recycled or undergo other material recovery by the year 2020. To reach this 

target the recycling of waste from building demolition will play a crucial role. Compared to most 

civil infrastructure (e.g. roads, railways, pipe networks), buildings are much more diverse in their 

material composition, making the costs for demolition and the achievable recycling rate of materials 

hardly predictable. Detailed knowledge on the composition of buildings is, therefore, required. 

Hence, the study presented herein is aimed to develop and apply a methodology for characterizing 

the material composition of buildings in detail. 

In existing studies different approaches have been applied to gain knowledge about the material 

composition of buildings: 

 (a) using information about the materials that are used to construct the buildings, 

 (b) analysing the generated waste streams after demolition, or 
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 (c) investigating the buildings prior to their demolition. 

Görg (1997) considered the legal requirements and the valid norms in the referring period of 

construction to develop a model that allows predicting future demolition wastes, whereas Kohler et 

al. (1999) investigated buildings in Germany on a national level regarding the mass flows and the 

costs based on macro-economic input-output data and by assigning specific mass flows to the 

buildings, building parts and materials. Gruhler et al. (2002) and Deilmann and Gruhler (2005) 

defined and characterized different building types regarding the material and the energy intensity, 

and Baccini and Pedraza (2006) developed the ARK-House method to assign different material 

intensities to building types, differentiated by age and usage. By using this method a virtual house 

with characteristic structure and size is created for each each building type. This approach was also 

applied by Lichtensteiger and Baccini (2008) to determine the bulk materials in buildings (minerals, 

steel, and wood). Furthmore, Wittmer and Lichtensteiger (2007) utilized this approach to calculate 

the anthropogenic copper stock in Swiss buildings. In the present study (a) and (c) are applied as 

described in the following chapter. 

2. METHOD 

Based on the investigation of buildings prior to their demolition and information about the materials 

that are used to construct the buildings, the material composition of different building types in 

Vienna are analysed.  

2.1 Case studies 

In the first step, 14 buildings of different utilization and construction period are investigated 

regarding their material composition prior to their demolition (see Kleemann et al., 2014). Built-in 

materials are quantified before the demolition of the building through:  

 analysis of available documents (construction plans, expert´s reports) and 

 on-site investigation and selective sampling. 

Available documents usually included construction plans about the existing buildings, but also 

reports for waste authorities such as investigations about pollutants built-in (e.g. asbestos)   or waste 

management concepts, already focusing on the demolition of the building, can be utilized. 

During the on-site investigation, data about built-in materials is collected through measurements 

and selective sampling prior to the deconstruction/demolition of the building. It includes the 

dismantling, weighting, and measuring of components such as windows, doors, partitions, ceiling 

suspensions, floor and roof constructions, wires, pipes, etc. Depending on the conditions on-site the 

following strategies are applied: 

 Sampling of representative areas such as dwelling units or floors. 

 Investigation of rising and distribution mains to efficiently collect data about sanitary and 

electrical installations. 

 Investigation of the material composition of typical units such as doors, windows, partitions, or 

heaters, which are common in a building. 

 Notional sections set length- and crosswise (in some cases also horizontally) through rooms with 

numerous installations (e.g. central heating room). Along the sections, all orthogonal running 

wires, pipes, and other installations are counted and dimensions are documented. For the length 

of the installations the dimensions of the particular room (perpendicular to the cross section) is 

assumed (Figure 1). 

 Material inventory of specific areas of buildings. 
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Based on the collected data, information about the different built-in materials is aggregated, and 

the mass is calculated based on volume, area or number of the particular material and on data about 

its specific density or weight. Relevant information on density of building materials or weight of 

installations is either obtained by sampling or from literature about construction methods and design 

norms. The results, which were compared with data reported by the deconstruction companies after 

demolition, were furthermore divided by the gross volume (GV) of the buildings in order to 

determine specific material intensities per volume (kg/m³ GV). 

 

Figure 1. Notional sections in areas with many installations. 

2.2 Construction plans of demolished buildings 

In order to acquire a higher number of buidlings sampled, in a second step available construction 

documents (mainly construction plans – Figure 2) of all buildings reported to be demolished in 

Vienna in the years 2013 and 2014, are analyzed leading to an additional sample of 60 buildings. 

Depending on the quality of the documents, building materials used for wall, ceiling and sometimes 

also for roof or floor construction can be determined. Data gaps, mostly regarding materials of low 

concentration (e.g. plastics in installations and fittings, copper for electricity, wood/aluminium/PVC 

for windows), are filled by using specific material intensities taken from the 14 buildings analysed 

in detail.  

 

Figure 2. Documents of demolished buildings in Vienna. 
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2.3 Data about new buildings and literature 

Not all building types with regard to utilization and construction period could be covered with the 

first two steps described. In order to complete the data set, the third step in this research acquired 

secondary data on the material composition of buildings not covered so far (e.g. buildings 

constructed after the year 2000. This data was derived from sources documents of buildings 

constructed in Vienna such as life cycle assessments, tendering documents, construction plans, and 

accounting documents.  

To put the collected data in context to other studies carried out, data about the material 

composition of buildings reported in the literature was used. In Germany studies were carried out 

by Albrecht et al. (1984) and Gruhler et al. (2002). Focusing on the federal state of Baden-

Würtemberg a guidline was prepared by Rentz et al. (2001) to estimate material amounts and 

connected deconstruction costs. Schulze et al. (1990) assessed buildings of the former German 

Democratic Republic, whereas Wedler and Hummel (1947) characterized buildings very detailed in 

order to reuse debris in German cities after air raids in World War II. More recent studies were 

carried out by Baccini and Pedraza (2006) in Switzerland, and Blengini (2009) in Italy who 

conducted a study that documented  waste streams of a building during the demolition process in 

detail. 

3. RESULTS 

The methods applied in the case studies (CS – 14 buildings in Vienna) enabled a detailed 

quantification of all materials built in. Through the available documents it was possible to quantify 

the bulk of the mineral material (used for walls, ceilings, roofs, etc.). To quantify materials in lower 

concentration with regard to the overall material intensity, on-site investigations as described in 

chapter 2.1 were necessary. Table 1 summarizes the material composition and main characteristics 

of the CS investigated. The different buildings of CS2 are displayed separately according to their 

age. CS2.1 combines data from four similar buildings of CS2. Figure 3 and 4 show the material 

origin of mineral and non mineral materials of CS6.  

Table 1. Material composition [kg/m³ GV] of the investigated case studies (round to two significant 

digits) 

 

CS1 CS2.1 CS2.2 CS2.3 CS3 CS4 CS5 CS6 CS7 CS8 CS9

GV [m³] 60000 62000 7200 11000 21000 40000 3700 20000 150000 1500 97000

Utilization Residential Commercial Commercial Commercial Industrial Residential Residential Residential Commercial Residential Commercial

Construction year 1970 1870 1960 2003 1930 1878 1859 1952-53 1970-76 1925 1979

Mineral material 430               420               410               320               260               410               450               400               300               370               390               

Steel 7,6 5,1 4,6 9,5 5,8 3 0,97 3,3 7,6 0,85 9,4

Aluminium 0,22 0,049 0,057 0,22 0,03 0,047 0,14 0,15 0,32 0,54

Kupfer 0,11 0,15 0,16 0,24 0,0019 0,069 0,062 0,034 0,099 0,0022 0,15

PVC 0,52 0,19 0,21 0,18 0,0093 0,48 0,2 0,093 0,33 0,1 0,12

Wood 2,3 4,3 2,2 0,62 3,6 1,5 20 4,2 0,69 13 1,2

(Cement) asbestos 1,5 0,040 0,14 0,24 0,12 0,092 3,4 0,0057

Other Plastics 1,3 0,16 0,35 4,9 0,14 0,066 0,46 0,35 0,23 0,11

Other  1,1 0,54 1,2 0,54 0,43 0,93 0,13 0,26 2,7 0,63

Total 440 430 420 340 270 410 470 410 310 390 410
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Figure 3. Material origin of mineral materials of CS6 

 

Figure 4. Material origin of non-mineral materials of CS6 

Data about the material composition derived from documents of demolished buildings, as 

described in chapter 2.2 are summarized in Table 2. Depending on the quality of the available 

documents the information about the material composition varied. Some of the documents were too 

poor in information to be used and were excluded. The other documents gave at least information 

about base, bearing walls, ceilings, and roofs. In some cases also the composition of partitions, 

floors, doors, and windows could be derived from the construction plans. To complete the material 

composition, however, data from the case studies about floors, doors, windows, ceiling suspensions, 
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heaters, pipes, wires, ect. is necessary. Thus, mostly mineral materials could be quantified. In 

addition it has to be mentioned that not all building types (construction periods, utilization) are 

represented evenly as some building types are demolished more often than others (see number of 

buildings). 

Table 2. Material composition of different building types derived from documents of demolished 

buildings [kg/m³ GV] (round to two significant digits) 

 

Until now data for only two new buildings could be included in the data base about the material 

composition of different building types (Table 3). Both datasets were received from building 

companies, who derived the information about the built-in materials from final bills of completed 

projects. Additionaly, test datasets from Life Cycle Assessments (LCA) were collected and 

analysed with regard to their suitability to efficiently derive information about the material 

composition. Following that, LCA data of 15 building projects will be analysed in the future. 

Furthermore, data from developers in form of tender documents or final bills will be collected and 

analysed regarding the material composition of the buildings constructed after the year 2000. 

The combination of all data collected and analysed resulted in building type specific material 

intensities, expressed in material mass [kg] per volume [m³ GV]. The general structure of the data 

base and preliminary results are shown in Table 3. The material categories (mineral, organic, metal) 

are further divided in specific materials such as concrete, bricks, glass, asbestos, wood, plastics, 

bitumen, iron, aluminium or copper. Based on the data collected and analyzed for each material a 

certain value is specified. The current data set comprises data of the case studies, construction plans 

of demolished buildings, new buildings and from literature mentioned in chapter 2.3.  

  

Construction period -1918 1919-1945 1946-1976 1977-1996 -1918 1919-1945 1646-1976 1997- -1918

Utilization Residential Residential Residential Residential Commercial Commercial Commercial Commercial Industrial

Number of Buildings 11 5 14 4 3 1 1 2 1

Concrete 20 170 220 270 63 200 280 270 48

Bricks 250 160 130 170 280 290 250 6,1 290

Mortar 56 37 31 39 62 67 58 1,4 65

Plaster 26 33 23 19 26 23 35 6,1 23

Glass 0,23 0,43 0,58 0,077 0,35 - 1,4 0,69 1

Rock wool 0,012 - 0,056 1,1 - - 1,2 2,7 -

(Cement) asbestos 0,36 1,4 0,47 1,7 - - - 0,65 -

Other minerals 0,025 8,7 8,3 6,4 4,7 - 1 1,5 -

Wood 15 11 10 14 9,1 4,9 20 7,8 16

Plastics - - 0,19 0,044 0,16 - 2,1 0,79 -

Steel 1,1 2,6 3,2 3,3 1,5 3,2 3,2 5,2 9,3

Aluminium 0,0053 - 0,0096 - 0,07 - - 0,077 -

Total 370 420 430 520 450 590 640 300 450
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Table 3. Material composition of different building types expressed as material intensity, given in 

[kg/m³ GV] 

Period of 

construction 

Utilization Mineral 

materials   

Organic 

materials  

Metals  Total  

-1918 

residential 380 17 3 400 

commercial 360 3 3 366 

industrial 270 5 7 282 

1919-1945 

residential 450 11 6 467 

commercial 270 7 6 283 

industrial 320 30 3 353 

1946-1976 

residential 420 5 10 435 

commercial 350 6 6 362 

industrial 340 - 13 353 

1977-1996 

residential 430 7 12 449 

commercial 380 1 13 394 

industrial 170 - 15 185 

1997- 

residential 450 5 13 468 

commercial 320 6 10 336 

industrial - - - - 

Not surprisingly Table 3 indicates a dominant share of mineral materials within buildings. In 

contrast organic materials and metals occur in rather low concentrations. Newer buildings tend to 

have higher metal contents (mainly because of reinforcement steel) and a lover content of organic 

material (mainly due to a decreasing usage of wood).  

5. CONCLUSIONS AND OUTLOOK 

The described approaches for characterizing the material composition of different building types are 

quite different depending on the circumstances. With this procedure various sources can be covered 

and, therefore, data can be collected efficiently. The data will be used to estimate the overall 

material stock in building in Vienna by linking material intensities with data about the building 

structure (construction period & utilization) of the city. Combining the thereby generated data about 

the material stock with informatoin about the demolition activity in Vienna will allow quantifying 

the amount and composition of CDW and thus also the materials potentially available for recycling. 

The data basis on specific material intensities of different building types will be improved with 

ongoing research in this field. This is especially important, as at this stage, not all building types are 

represented evenly. Finally, the development of a resource cadaster mapping the location and 

quanities of materials in buildings in the city of Vienna is planned. An outlook of how such cadaster 

could finally look like is given in Figure 5.  
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Figure 5. Resource cadaster with material information on a building level 
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