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Abstract  
 
Development of urban areas leads to need for liquidation of industrial facilities after a long exploitation. The 
total volume of waste from the demolition of buildings and structures is determined from building overall 
dimensions, type of building materials and the demolition technology. Determination of resource potential of 
waste is important aspect for definition of its amount.  
The amount of demolition and dismantling waste contained toxic substances is determined by the characteristics 
of the technology and facts of emergency situation at the exploitation period.  
For volume of landfilling and recycling possibility determination it is important to analyze the material flows of 
generation of building waste 
Material flow analysis is systematic assessment of flows and stocks of materials (substances) within the defined 
boundaries of space and time parameters. For these purposes Material Flow Analysis (MFA) methods with 
«STAN Beta 2.0» (Austria) software are used. The program allows to construct a graphical model, to allocate 
processes and flows of different materials. We consider three scenarios for liquidation of research object. The 
using of MFA-method and «STAN» program were allowed to determine the total volume of waste from 
liquidation of industrial facility, to assess an amount of unusable waste and waste with high resource potential. 
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1 Introduction 

Liquidation of industrial sites is obligatory stage of life cycle of any building after exploitation. Environmental 
safety of processes occurred during liquidation of industrial sites can be assessed according to resource saving 
and minimization of environmental stress. The aim of this study was to analyze the material flows of waste from 
liquidation of industrial objects using the software «STAN Beta 2.0». 
To achieve this purpose the following problems have been solved: 
- Types, composition and hazard of building waste generated during liquidation of buildings and structures of 
industrial objects were determined; 
- Material flows of building waste for several various types of liquidation work of industrial object were modeled. 
 

2 Material and Methods 

2.1  Methods  

Material Flow Analysis (MFA) is analysis of flows and stocks of materials in the system, limited in space and time 
parameters, running on the basis of the mass conservation law. The basis of MFA is construction of material 
balance equations set, which includes all the stocks, incoming and outgoing flows of matter or product. 
Meanwhile the concept of MFA is going beyond a simple analysis of the balance the "input-output" for 
individual processes, because any anthropogenic system involves not only the existence material flows and 
stocks, but also some space, energy and information exchange, social and economic aspects. Therefore MFA 
provides tools for integration with energy analysis, economic analysis, considering characteristics of urban 
planning and etc. 
MFA-method convenient to use in the analysis of waste streams in any industry for assessing of the recyclability 
waste and prediction of the environmental stress. MFA-method is one of effective instruments of waste 
management. The MFA includes the following steps: 
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1. Formulation of the problem and respective research tasks. 
2. Determination of related aspects of analysis (energy, information, etc.) 
3. Determination of space and time boundaries of investigated system. 
4. Determination of levels of study of waste streams and secondary materials. 
5. Choosing of substances, components, materials, categories and waste fractions which will examine. 
6. Determination of significant processes, flows and stocks. 
7. Quantitative assessment of chosen characteristics for all significant flows of specific flows and stocks. 
8. Identification and assessment of uncertainties, reconciliation of date, summing the total mass balance of 

flows and stocks (if necessary identification of sensitive indicators (markers) and sensitivity analysis).  
9. Visualization and presentation of research results. For Material Flow Analysis software «STAN Beta 2.0» 

is used which allowed visually and objectively to assess material flows of the different components of demolition 
and dismantling waste [1]. 

 

3 Results and Discussion 

MFA-analysis of liquidating production project and build documentation allowed to determine total volume and 
component composition of waste from demolition and dismantling of buildings and structures. 
Volume of building waste determines by one of two ways: 
1 – according to object passport (project documentation for object construction);  
2 - according to results of technical survey of the object after measure building parameters, and calculation mass 
(volume) based on an average density of each building material, established regulatory documents. 
For calculation of total waste volume the first way is used. The analysis of project-build documentation of 
liquidating object allowed to determine total waste volume, which amount was about 25 000 tn. (Table 1). 
Calculated component composition of building waste from liquidation presented at the Figure 1.  
 

Table 1:  The amount of waste from demolition and dismantling of factory 

Type of waste 
Amount of waste, tn. 

Building №1 Building №2 Building №3 Total 

Concrete 3756,29 4880,33 1992,62 10629,25 

Ferroconcrete 2944,86 3505,84 572,06 7022,77 

Calcium 
silicate bricks 

2500,23 2746,30 570,01 5816,55 

Metal 714,57 376,73 23,28 1114,58 

Soft roofing 0,02 0,00 0,01 0,03 

Felt roofing 0,00 0,01 0,00 0,01 

Sandstone tile 53,03 55,75 9,19 117,97 

Glass 6,07 7,30 1,33 14,70 

                           Total mass of building waste, tn.:  24715,84      

 

 

Figure 1: Composition of waste from demolition and dismantling of factory, % mass. 
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The silicate brick, building structures of concrete and ferroconcrete, metal are dominating in the waste 
composition. Contaminated building waste that require neutralization and disposal and non-differentiable waste 
is more than 10% of weight 
In order to choose liquidation method for the object three ways have been considered. For a comparison of the 
main ways the functional modeling with allocation waste material flows was realized. 
Way 1 was a combined method of liquidation (Figure 2). For structures with a high hazard and wear degree the 
method of caving by undermining is proposed. For structures that have low hazard and wear degree, high 
resource potential the method of mechanical decomposition is proposed. 
 

Figure 2: Scheme of material flows for Way 1 
 
Materials from mechanical decomposition should be directed to recycling, waste from undermining should be 
directed to disposal. This way has maximal amount of waste directed to disposal. 
Way 2 is not a combined method of liquidation. In this case method of mechanical elementwise decomposition 
with preliminary neutralization of finishing materials and contaminated areas has chosen as main way. 
Neutralization has included removal of building material layer of walls, floor and overhead structures to a 
penetration depth of pollutant [3]. Glass, wood and metal wastes were sent for recycling. After neutralization for 
waste with a high hazard degree disposal is proposed. Schematic diagram of the second way is presented at 
Figure 3. When using Way 2 the most of the materials are directed to recycling and reuse. At the stage of building 
decomposition contaminated fractions allocated, which helps to minimize the amount of waste to be disposed. 
Way 3 assessed flows of materials and waste during realigning of industrial complex (Figure 4). The process 
included a mechanical decomposition building constructions with high depreciation degree, neutralization of 
hazardous building constructions  and reconstruction of buildings. After removal of elements of building 
constructions with a high wear degree and removal of finishing materials which have accumulated hazardous 
substances in themselves, the building can be reused and reprofiled. 
Third liquidation way make waste management simply, because waste volume tends to a minimum, but way 3 can 
not completely get of building waste for disposal. When using Way 3 for providing of health safe working 
environment is necessary to use a complex of measures for assess of hazardous substance emissions in the 
working area air and prevent of them by removing the most contaminated layer of building materials and 
stabilization of surfaces by water-repellent solutions. 
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Figure 3: Scheme of material flows for Way 2 
 
 

Figure 4: Scheme of material flows for Way 3 
 
For comparing the following estimated figures have been considered: 

1) directions of use for this industrial area; 
2) technical condition of building structures; 
3) depth and area of preliminary mechanical refining of surfaces for decrease of environmental stress; 
4) amount of waste for recycling, reuse and disposal; 
5) types of environmental stress;  
6) technical and economic indicators (work period, technical and instrumental provision and etc.). 
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The main directions of use for this industrial area: residential construction, agricultural use, recreation area, industrial 
construction, reprofiling to administrative objects and industrial reprofiling. 
The reprofiling of buildings to administrative objects is not permitted without preliminary decontamination of 
premises and hydrophobisation of walls’ surfaces because finishing materials accumulated a significant amount 
of contaminants. 
According to existing practice of the management of closing industrial sites in Russia, all the ways can be realized 
for industrial construction or object reprofiling. Liquidated production is part of a large industrial complex, and 
it is located near the boundaries of the enterprise. The liberated territory can be used for planting, reducing the 
size of the sanitary protection zone. 
In assessing the technical condition of buildings the constructions were characterized with minor damage, presence of 
cracks in some areas, partial damage of corrosion protection. The buildings can be reprofiled with preliminary 
extraction of material fractions contaminated with chemical agents. Repair, eliminating local damage is required 
without strengthening construction.  
The need of preliminary mechanical processing of the room surfaces identified experimentally, according to quantity and 
depth of penetration of the pollutant in the materials of building structures [3]. 
Way 1 doesn’t include the preliminary decontamination of surfaces that makes this method more fast. But it 
should be noted that wastes generated by undermining without extracting of contaminated fractions are more 
hazardous to environment and characterized as Hazard Class 3 (moderate hazard), so placement of waste at 
landfills is making more expensive.  
The preliminary decontamination of walls’ surfaces is an advantage of Way 2 and Way 3. In both cases there is 
exempting of building structures from finishing materials (tile, plaster, paint, etc.) and removing of contaminated 
layer of material. 
The Way 2 (Table 2) is characterizing with maximal amount of waste for recycling and reuse. In terms of using of 
resource potential of wastes from liquidation Way 1 is the most ineffective. The Way 3 has minimal amount of 
waste for disposal (Table 2). 
 
Table 2: Building waste management for different Ways of plant liquidation 

Liquidation 
Way  

Amount of waste 
for disposal, tn. 

Amount of waste for 
recycling, tn. 

Percentage of waste 
for disposal, % 

Percentage of waste 
for recycling, %  

№ 1 20838,68 3876,97 84,31 15,69 

№ 2 2549,15 22166,69 10,31 89,69 

№ 3 1376,82 5712,30 5,57 23,11 

 
To the types of environmental stress from liquidation assigned: air pollution, a negative effect on top soil, 
contaminated of hydrosphere. 
Way 1 includes the three most hazardous processes so environmental stress will be maximal. Way 2 and Way 3 
contains two processes which have a negative impact on the environment. 
However, taking into account the insignificant volumes of disposal waste and only partial mechanical 
decomposition when using the Way 3 environment stress will be lesser. Given the waste mass not for disposal,  
amount of the prevention environmental damage: for Way 1 – 114 759 euro, for Way 2 – 656 142 euro, for Way 
3  – 690 844 euro. 
As the technical and economic indicators [2] for each of Ways were considered the following: labor productivity; the 
number of additional expendable materials; technical and instrumental support; weight of waste to be 
transported; the mass of waste to be disposed; the mass of waste to be processed. 
According to the final comparison of variants for liquidation based on criteria listed above are optimal: the 
elementwise mechanical method of decomposition with a preliminary neutralization of walls’ surface facilities 
(Way 2) and the method of reprofiling (Way 3). 
Results of the assessment allowed concluding that in terms of environmental safety of the last stage of the life 
cycle Way 3 is the safest. Way 3 has some singularities: clearance, reconstruction and repair of buildings with a 
view to further reprofiling. This Way provides a minimal waste amount destined for disposal that is an important 
task of environmental safety. The main disadvantage of Way 3 is long period of work, the time required for 
decontamination and renovation works at the industrial site.  
Way 2 can reduce the time costs; achieve environmental security of the liquidation process; minimizing the waste 
weight for disposal; maximum amount of building materials recycles.  
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4 Conclusions 

The tree liquidation ways were analyzed by MFA-method for industrial buildings. Priority in terms of technical 
and economic efficiency and environmental safety was given to Way 2, which includes: elementwise mechanical 
demolition with a preliminary mechanical removal of the maximaly contaminated layer of materials and reusable 
resource potential of low-hazard waste. 
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