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Abstract

The Metropolitan Area of Misiones does not have an adequate treatment of construction and demolition waste 
(CDW) by the municipalities that comprise it, so they do not reach the bases of sustainable development. The aim 
of the article was to present a model for the quantification of CDW, developing a case study corresponding to the 
foundations of 154 social housing units located in the reference area by applying the Weighted Transfer Method. The 
adoption of this method was based on using different construction cost bases and quantifying the CDW expected 
to be generated in the work, obtaining the information of each element, material of the specifications and the 
spreadsheet, and the project budget and then organizing it according to the codification of the European Waste 
List. Finally, the mathematical model generated from the Weighted Transfer Method was applied to convert the 
resources consumed into the volume of concrete, steel and soil waste generated during the foundation of 154 
social housing units. It was concluded that the model fulfils the premises of the work and that its application will 
support decision making regarding CDW management.

Keywords: Construction and demolition waste (CDW); Waste management; CDW classification; Weighted Transfer 
Method. 

Resumen

El Área Metropolitana de Misiones no cuenta con un adecuado tratamiento de residuos de construcción y 
demolición (RCD) por parte de los municipios que la integran, por lo que no alcanzan las bases del desarrollo 
sostenible. El objeto del artículo fue presentar un modelo para la cuantificación de RCD, desarrollando un caso de 
estudio correspondiente a la cimentación de 154 viviendas sociales ubicadas en el área de referencia mediante la 
aplicación del Método de Transferencias Ponderadas, la adopción de dicho método se basó en emplear distintas 
bases de costos de construcción y cuantificar los RCD que se espera generar en la obra, obteniendo la información 
de cada elemento, material del pliego y la planilla de cómputo, y el presupuesto del proyecto para luego organizarla 
según la codificación de la Lista Europea de Residuos. Finalmente, se aplicó el modelo matemático generado a 
partir del Método de Transferencias Ponderadas, lo que propicio convertir los recursos consumidos en volumen 
de residuos de hormigón, acero y tierra generados durante la cimentación de 154 viviendas sociales. Se concluyó 
que el modelo cumple las premisas del trabajo y que su aplicación permitirá apoyar la toma de decisiones respecto 
a la gestión de RCD.

Palabras claves: Residuos de construcción y demolición (RCD); Gestión de residuos; Clasificación de RCD; Método 
de Transferencias Ponderadas. 



32 Cesar G. Sambiasi et al.: Sustainable management of construction waste in the Metropolitan Area...

RECyT / Year 24 / Nº 37 / 2022

Introduction

Currently, the disproportionate growth in the volume 
and complexity of waste is endangering the capacity of 
nature to sustain our needs and those of future generations.

According to the Municipal Solid Urban Waste Mana-
gement Plan - Posadas [1], construction and demolition 
waste (CDW) represents more than 15% of all waste 
generated in Posadas. 

In Latin America, 75.3% of the population resides in 
cities with more than 10,000 inhabitants and almost 60% 
in large urban agglomerations with more than 100,000 
inhabitants [2]. 

Particularly in Argentina, the level of urban population 
is 92%, with 21 Metropolitan Areas of more than 100,000 
inhabitants [3].

Within this context, the Metropolitan Area of Misiones 
Province (AMPGC) is highly urbanised, with 98% of its 
population living in the cities of Posadas, Garupá and 
Candelaria. 

According to the National Population, Household and 
Housing Census [3], the number of private homes surveyed 
in the AMPGC was 81,536.

The report on Territoriality, City Economy and Social 
Structuring [4] shows that, considering only the three large 
conglomerates of social housing, built by the Provincial 
Institute for Housing Development (IProDHa) and the 
Yacyretá Binational Entity (EBY), which exceed 10,000 
dwellings each, 40% of the construction typology of the 
AMPGC is concentrated in the AMPGC. This does not 
include the smaller neighbourhoods built by both organi-
sations in the rest of the Metropolitan Area.

Currently, the CDW generated in the AMPGC is dispo-
sed of in open dumps, causing pollution of the physical-
natural, socio-economic and cultural environments.

It is therefore essential to create systematic processes of 
data collection, processing and analysis to support decision 
making, evaluation, control and improvement of waste 
management systems.

Numerous research studies have developed models 
that estimate the volume and characteristics of CDW from 
the project design stage. In this way, the possible types 
of waste generated at the construction site are established 
[5]-[7].

Other researchers have established indicators and 
estimation parameters describing CDW [8], [9].

Entre estos estudios existe un trabajo en el cual se 
presenta un sistema basado en Building Information 
Modelling (BIM) para la Estimación y Planificación de 
la Demolición y Renovación de Edificios en Hong Kong 
[10], con limitaciones basadas en el proceso y la tecnología 
que no permiten expresar en forma exacta el volumen de 
los RCD.

Consecuentemente, existen trabajos que incorporaron 
TIC para cuantificar los materiales consumidos en los 

proyectos de construcción [11].
Among these studies, there is a paper presenting a 

Building Information Modelling (BIM)-based system 
for Estimation and Planning of Building Demolition and 
Renovation in Hong Kong [10], with limitations based on 
process and technology that do not allow the volume of 
CDW to be accurately expressed.

Consequently, there are works that incorporated ICT to 
quantify the materials consumed in construction projects 
[11].

Accordingly, it is essential to reduce CDW before it is 
generated and to treat the resulting waste as a resource in 
order to minimise the environmental impact and preserve 
natural resources; therefore, it is interesting to know the 
CDW that will be generated in a project, which will allow 
waste management plans to be established according to 
its size.

This research makes it possible to identify and quantify 
accurately, in the project phase, the CDW, as well as its 
origin in relation to the construction materials, by applying 
the Weighted Transfer Method.

The purpose of this method is to determine, during the 
planning stage of the construction project, the amount of 
CDW that will be generated, following the hypothesis that 
the waste is proportional to the amount of materials con-
sumed during the execution stage of the work. Therefore, 
the coefficients used to measure the amount of materials 
consumed were obtained from the study of different cons-
truction processes, which are used as a reference in the 
original research [12].

Although there are currently different ICT develop-
ments that allow the parameters of construction elements 
and materials to be obtained automatically from a BIM 
model using the measurement of 3D objects or the 
construction elements of the project, which speeds up the 
design process and the execution of construction tasks, 
they do not take into account the packaging materials of 
each element. 

Therefore, the main objective of this article is to 
present a method for the quantification of construction 
and demolition waste, analysing the information of each 
material element and then organising it according to the 
proposed weighting rules and methods, and the determined 
measurement criteria.

Materials and Methods

The development of the CDW quantification model was 
carried out using the Method of Weighted Transfers (MTP), 
using as a starting point a known structure of classification 
and characterisation of CDW generated in the project. 

Regarding the choice of the social housing prototype, 
IProDHa Resolution N°195/17 [13] was considered, which 
replaced the MD/10 prototype of the tendered works to 
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be built throughout the province with the Che Roga 14 
prototype. The prototype does not include galleries, walls 
or perimeter fences, among other details, which presents a 
simpler design that facilitates future remodelling.

The research quantified and classified the waste ex-
pected to be generated in the construction of 154 social 
housing units with the Che Roga 14 prototype [14] in 
the Itaembé Guazú housing development in the city of 
Posadas.

Although the waste generated by the selected prototype 
is independent from the implementation site, the total was-
te may differ due to the volume of waste generated in the 
movement of soil necessary for the settlement of housing 
in the specific location.  

On the other hand, the province of Misiones has a high 
housing deficit throughout its territory, which is even more 
evident in its metropolitan area, due to the concentration of 
inhabitants, which is reflected in a greater implementation 
of social housing in the cities of Posadas, Garupá and 
Candelaria.    

The social housing units analysed consisted of units 
intended for social housing that conform to the Che Roga 
14 prototype, with the following technical characteristics: 
(i) ceramic brick masonry construction; (ii) exterior 
carpentry complete with latticework; (iii) galvanised iron 
sheet roofing N°27; (iv) thermal insulation in ceilings; (v) 
interior and exterior plastering; (vi) cold water installation; 
vii) Electrical installation; viii) Installation for electric 
shower; ix) Tiles in bathroom, kitchen and laundry room; 
x) Glazed ceramic floors in bathrooms; xi) Latex paint in 
interiors and exteriors; xii) Protective perimeter pavement.

Figure 1 [14] shows the façade plan of the Che Roga 
14 social housing.

The case study of this article presents the structural 
foundation of reinforced concrete slabs and reinforcement 
beams of the external perimeter of the slabs of this house.

Figure 1: Façade plan of Che Roga 14 social housing.

Classification of CDW 

In the absence of a system for the classification and 
characterisation of CDW at national or regional level, the 

European Waste List [15] was used to make this research 
more representative.

In order to identify the waste-generating elements, 
the method is based on the data contained in the tender 
documents and in the calculation and budget form sub-
mitted by the bidder to the Provincial Institute of Housing 
Development (IProDHa).

After coding each element of the project with the 
capacity to generate waste, the quantity of CDW expected 
in the execution stage of the work must be determined. 

Although most of it will be construction materials, the 
previous cleaning and soil movement works will also be 
considered.

Conversion of consumed resources into generated waste 

Once all the elements with the capacity to generate 
waste have been identified and quantified, the indirect 
measurement by the Weighted Transfer Method is applied, 
which serves as an instrument for determining the amount 
of CDW, based on the measurement of the construction ele-
ments that generate them. For this purpose, the following 
formula 1 [16] is used, a mathematical model generated 
from the MTP in which the hypothesis of proportionality 
between the amount of waste generated and the amount of 
product consumed is accepted.

Qr=qx∑Qmn= (CRm x CTm x CCm) x ∑Qmn (Formula 1)

Where:
Qr = Quantity of waste
q = Coefficients of the material
Qmn = Amount of material provided by the waste for 

each category. 
CRm = Material coefficient to measure the part of the 

source base or auxiliary item that becomes waste. 
CCm = Material coefficient for converting the unit of 

measure of the source basic or auxiliary item into the unit 
of measure of the destination item. 

CTm= Coefficient of the material to convert the measu-
rement criterion of the source basic or auxiliary item into 
the measurement criterion of the destination item.

Quantification of the construction waste generated.

Finally, the waste generated in the foundations of the 
154 Che Roga14 social housing units in the Itaembé Guazú 
housing estate is quantified, expressing the results in the 
units of measurement associated with the calculation and 
budget spreadsheet presented, in order to finally classify 
and group the different CDW.

To carry out the case study and thus obtain the quan-
tities of waste during the execution of the foundations of 
154 social housing units, the process to be followed is as 
follows:
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Classification of CDW

The waste generated in the structural foundations of 
reinforced concrete slabs was extracted from the European 
Waste List and found:

- 17 01 01 Concrete 
- 17 04 05 Iron
- 17 01 05 Excavated soil

To identify the waste-generating elements, the data set 
out in the tender documents and in the project budget were 
used.

From the tender documents: given the topographical 
characteristics of the AMPGC, the soil movement aims to 
create reasonable slopes between the street, pavement and 
housing terrace, which do not affect pedestrian or vehicular 
access to the houses and ensure the drainage of rainwater 
from the bottom to the front of the lots and does not spill 
over to neighbouring lots.

From the project spreadsheet and budget: Excavation 
of foundations 172.48 m3.

From the bidding specifications: Reinforced concrete 
roof, minimum thickness: 0.10 m of H° A° 1:3:3 with a 
reticulated mesh of 1 Fe of 6 mm every 0.15 m in both 
directions and external perimeter reinforcement beams of 

0.20 m x 0.20 m with 4 Fe of 8 mm and stirrups of Fe of 
6 mm every 0.15 m.

From the project spreadsheet and budget: Reinforced 
Concrete Roof of 0.10 m - 357.48 m3.

- The excavated soil waste produced during the exe-
cution of the work corresponds to the total volume of soil 
removed as waste.

Waste generated:
- The concrete waste produced during the execution of 

the work corresponds to the volume of concrete that is not 
definitively integrated into the structure and is removed 
as waste.

- The iron waste produced during the execution of the 
work corresponds to the weight of iron that is not definiti-
vely integrated into the structure and is removed as waste.

Figure 2 [14] shows the foundation plan of the external 
perimeter reinforcement slabs and beams.

Conversion of consumed resources into generated waste 

17 01 01 Concrete 
CR is equal to 0.01. The loss ratio that becomes a 

residual is 1%. The overall losses usually considered for 
determining the amount of components in the unit prices 

Figure 2: Foundation plan of external perimeter reinforcement slabs and beams.
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are 5%, but of these five percentage points only one be-
comes a residual. 

CC1 is equal to 1.00 because the unit of measurement 
of the element (m3 of concrete) is the same in the construc-
tion project as in the waste management plan. 

CT is equal to 1.10 for Concrete.
In table 1, the waste measurement of reinforced con-

crete is presented.

Table 1: Measurement of reinforced concrete waste.

MEASUREMENT

IDENTIFICATION DIMENSIONS RESULTS

Code Building 
Element

Quantity CR CC CT Partial 
[m3]

Total
[m3]

17 01 01 
Concrete

Reinforced concrete slabs 0,1 m thick and external 
perimeter reinforcement beams 0,2 x 0,2 m

1019,48 0,01 1,00 1,10 11,21 11,21
Source: Own elaboration.

17 04 05 Iron
CR is equal to 0.01, the coefficient of losses that beco-

mes waste is 1%.
CC1 is equal to 2.82 because the unit of measurement 

of the element (m2 of slab) is different in the construction 
project than in the waste management plan (the weight of 
the chasm mesh of 0.15 x 0.15 x 0.006 m of 6 x 2.40 m = 
40.60 kg = 2.82 kg/m2) is 2.82 kg.

As the project budget only refers to the concrete of the 
slabs, to calculate the iron of the reinforcement beam, the 
perimeter of the 154 slabs (obtained from the prototype 
plan) is considered and multiplied by the 4 8mm irons that 
make up the beam.   

CC2 is equal to 0.395 because the unit of measurement 
of the element (m of beams) is different in the construction 
project than in the waste management plan (weight of a 
12 m bar of 8 mm iron = 4.74 kg/12 m = 0.395 kg/m) - 
Perimeter of the slab 29.80 m. 

In relation to the stirrups, the perimeter of the 154 slabs 
is considered and multiplied by 6.66 (which is the number 
of stirrups every 0.15 m that fit into 1 m) and multiplied 
again by 0.6 m which is the perimeter of the stirrups for a 
beam of 0.20 m x 0.20 m. 

CC3 is equal to 0.222 because the unit of measurement 
of the element (m of ties) is different in the construction 
project than in the waste management plan (weight of a 
12 m bar of 6 mm iron = 2.664 kg/12 m = 0.222 kg/m) - 
Perimeter of the slab 29.80 m.

CT is equal to 1.00 for iron.
The measurement of Structural Iron residues is presen-

ted in table 2.

Table 2: Measurement of structural iron residues.

MEASUREMENT

IDENTIFICATION DIMENSIONS RESULTS

Code Construction 
element

Quantity CR CC CT Partial 
[kg]

Total
[kg]

17 04 05 Iron Iron 6 mm cross-linked mesh

8510,04 0,01 2,82 1,00 239,98

17 04 05 Iron Iron 8 mm iron

Viga Per. 
4 Fe

18356,80 0,01 0,39 1,00 71,59

17 04 05 Iron Iron 6 mm iron

Beam Per.
0,15 Fe

18338,44 0,01 0,22 1,00 40,44 352,01

Source: Own elaboration.

- 17 01 05 Excavated soil
CR is equal to 1.00 when the soil is not used as backfill 

and is extracted as waste. 
CC is equal to 1.00 because the unit of measurement 

of the element (m3 of soil) is the same in the construction 
project as in the waste management plan. 

TC takes into account the change in soil volume after 
excavation, which takes place during clearing and excava-
tion. The coefficient is 1.25, an average expansion value 
for different soil types.

In table 3, the measurement of foundation excavation 
waste is presented.

Table 3: Measurement of foundation excavation waste.

MEASUREMENT

IDENTIFICATION DIMENSIONS RESULTS

Code Construction 
element

Quantity CR CC CT Partial
[m3]

Total
[m3]

17 01 05 
Excavated soil

Excavation of foundations 

172,48 1,00 1,00 1,25 215,60 215,60

Source: Own elaboration.

Results and Discussion

The application of the Weighted Transfer Method de-
monstrates that it is possible to quantify the CDW expected 
to be generated during the construction phase of a building 
project. 

Its development in a case study determined the quanti-
ties of waste concrete, steel and excavated soil generated 
during the execution of the foundations of 154 dwellings, 
as well as the total amount of material resources consumed 
in their execution.

The results show that of the 357.48 m3 of reinforced 
concrete consumed in the foundation of 154 reinforced 
concrete slabs and external perimeter reinforcement 
beams, 11.21m3 of concrete waste will be generated, of 
the 8,510.04 m2 of reticulated mesh plus the 36,695.24 m 
of structural iron, necessary for the reinforcement of the 
slabs and perimeter reinforcement beams, 352.01kg of iron 
waste will be generated.
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In addition, for the remedial works, of the 172.48 m3 
of excavation for foundations, 215.60 m3 of waste will be 
generated.  

Table 4 shows the coefficients of the weighted transfer 
equation determined for the entire project.

Table 4: Coefficients and origin of the waste generated in the cons-
truction of 154 social housing units Che Roga 14.

Resources Consumed
Waste 

Generated
CR CC CT

17 01 01 Concrete (Reinforced 
concrete slab)

losses 0,01 1,00 1,10

17 01 01 Concrete 
(Tensioning column)

losses 0,01 1,00 1,10

17 01 01 Concrete (Top chain beam) losses 0,01
1,00 
10-1

1,10

17 01 01 Concrete (Top 
chaining comb)

losses 0,01
1,00 
10-1

1,10

17 01 01 Concrete (Counter 
floor pavement access)

losses 0,01
1,00 
10-1

1,10

17 01 02 Lightweight 
bricks (18x18x25)

losses 0,06
1,80 
10-1

1,30

17 02 01 Wood (Pallet) containers 1,00 1,37 1,00

17 02 03 Plastic (Film) containers 1,00
7,7 

10-1
1,00

17 01 02 02 Bricks (12x18x25) losses 0,06
1,20 
10-1

1,30

17 02 01 Wood (Pallet) containers 1,00 1,37 1,00

17 02 03 Plastic (Film) packaging 1,00
7,7 

10-1
1,00

17 01 03 Ceramic materials 
(Tiles 15x15)

wastage 0,06
5,00 
10-3

1,30

17 02 01 Carton (Box) packages 1,00
2,64 
10-2

1,00

17 01 03 Ceramic materials 
(Ceramic 33x33) 

losses 0,06
8,50 
10-3

1,30

17 02 01 Carton (Box) containers 1,00
3,39 
10-2

1,00

17 01 05 Excavated earth excavation 1,00
1,00 
10-2

1,25

17 01 07 Mixtures (external flogging) wastes 0,05
5,00 
10-3

1,10

17 02 01 Paper (Bag) containers 1,00
3,00 
10-3

1,00

17 02 03 Plastic (Bucket) containers 1,00
5,80 
10-3

1,00

17 01 07 Mixtures (interior 
plastering, voids)

wasted 0,05
2,00 
10-2

1,10

17 02 01 Paper (Bag) wasted 1,00
1,20 
10-2

1,00

17 01 07 Mixtures (Coarse 
internal plaster)

wastage 0,05
3,00 
10-3

1,10

17 02 01 Paper (Bag) containers 1,00
8,00 
10-3

1,00

17 01 07 Mixtures 
(Undercoating plaster)

losses 0,05
1,50 
10-2

1,10

17 02 01 Paper (Bag) containers 1,00
1,20 
10-2

1,00

17 01 07 Mixtures (plaster 
under coating)

losses 0,05
2,00 
10-2

1,10

17 02 01 Paper (Bag) containers 1,00
1,20 
10-2

1,00

17 02 03 Plastic (Bucket) containers 1,00
2,30 
10-2

1,00

17 01 07 Mixtures (Horizontal 
insulating layer)

losses 0,05
2,00 
10-2

1,10

17 02 01 Paper (Bag) containers 1,00
2,00 
10-2

1,00

17 02 03 Plastic (Bucket) containers 1,00
2,30 
10-2

1,00

17 01 07 Mixtures (Access 
pavement folder)

wastes 0,05
2,00 
10-2

1,10

17 02 01 Paper (Bag) containers 1,00
2,00 
10-2

1,00

- 17 01 07 Mixtures (Binder 
with water-repellent)

wastes 0,05
2,00 
10-2

1,10

17 02 01 Paper (Bag) containers 1,00
2,00 
10-2

1,00

17 02 03 Plastic (Bucket) containers 1,00
2,30 
10-2

1,00

17 01 07 Mixtures (Interior 
smoothing cement)

wastes 0,05
2,00 
10-2

1,10

17 02 01 Paper (Bag) packaging 1,00
2,00 
10-2

1,00

17 02 01 Wood (Machihembre ½¨) losses 0,05
1,25 
10-2

1,00

17 02 03 Plastic (Film) packaging 1,00
6,40 
10-2

1,00

17 02 01 Wood (Skirting boards) losses 0,05
1,25 
10-3

1,00

17 02 01 Wood (Nailers) losses 0,05
1,87 
10-3

1,00

17 02 02 Glass (Transparent 3 mm) losses 0,01
3,00 
10-3

1,00

17 02 03 Plastic (PVC 110 mm) losses 0,05
9,50 
10-3

1,00

17 02 03 Plastic (PVC 63 mm) losses 0,05
3,10 
10-3

1,00

17 02 03 Plastic (Sigas 32 mm) losses 0,05
8,50 
10-4

1,00

17 02 03 Plastic (PPP 13 mm) losses 0,05
1,80 
10-4

1,00

17 02 03 Plastic (Isopor Cornices 3x3) losses 0,05
4,50 
10-4

1,00

17 02 01 Cardboard (Box) packaging 1,00
2,10 
10-3

1,00

17 02 03 Plastic (Pipes: 
plastic 16 mm)

losses 0,05
3.10 
10-4

1,00

17 02 03 Plastic (PVC 63 mm) losses 0,05
1.90 
10-3

1,00

17 04 04 Zinc (galvanised 
sheet metal No. 25)

losses 0,01 4.25 1,00

17 04 04 Zinc (side metal sealing) losses 0,01 1.20 1,00
17 04 04 Zinc (Valances) losses 0,01 1.20 1,00
17 04 04 Zinc (ridge) losses 0,01 3.00 1,00
17 02 04 Plastic containers 
with traces of latex

containers 1,00
1.01 
10-2

1,00

17 04 05 Iron and steel (6 
mm reticulated mesh)

losses 0,01 2,82 1,00

17 04 05 Iron and steel (8 mm iron) losses 0,01
3.85 
10-1

1,00

17 04 05 Iron and steel (6 mm iron) losses 0,01
2.22 
10-1

1,00

17 04 09 Containers with 
traces of synthetic enamel

containers 1,00
1.50 
10-2

1,00

17 04 11 Cable 1,5 mm losses 0,05
1.80 
10-6

1,00

17 02 03 Plastic (coil) containers 1,00
3.70 
10-4

1,00

17 04 11 Cable 2,0 mm losses 0,05
3.10 
10-6

1,00

17 02 03 Plastic (coil) containers 1,00
3.70 
10-4

1,00

17 04 11 Cable 6,0 mm losses 0,05
2.80 
10-5

1,00

17 02 03 Plastic (coil) containers 1,00
9.60 
10-3

1,00

17 06 04 Insulation materials losses 0,05
3.80 
10 2

1,25

17 02 03 Plastic (coil) containers 1,00
4,60 
10-3

1,00

17 08 02 Gypsum-based 
construction materials

wastage 0,05
1,25 
10-2

1,00

17 02 01 Paper (edge tape) containers 1,00
2,80 
10-3

1,00

Source: Own elaboration.

Conclusions

In accordance with the main objective of this work, the 
applied method allows the quantification of construction 
waste, analysing the information of each material element 
and then organising it according to the proposed weighting 
rules and the determined measurement criteria.

That is why its application will support decision 
making, evaluation, control and improvement of waste 
management systems, being able to selectively correlate 
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the source material with its environmental impact or its 
cost.
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