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Abstract

The objective of this research is the application of a quantification model of C&D waste, elaborated by the autors in precedent researches, to
quantify the C&D waste generated in the construction of 2-storey spanish dwellings. A practical example has been carried out on ten dwellings
in Sevilla Spain, thereby allowing the identification and quantification of the C&D waste generated in their construction and its environmental
condition. This reference model enables: other researchers to establish comparisons between the various improvements proposed for the
minimization of the environmental impact produced in construction; new corrective measures can be proposed in future policy plans that

regulate the production and management of C&D waste in construction.
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Introduction

Construction and demolition waste (C&D waste) management
has become one of the principal environmental problems world-
wide, first in economically advanced countries and now in emer-
ging economies (Agamuthu 2008), and affects to a governmental
level, not only all participating agents in the building processes,
but also the users of these buildings.

Under current practices in architecture and construction, 40%
of material resources and world-wide energy is consumed in
construction (Lopez-Mesa et al. 2009), with the building industry
generating 35% of the total industrial waste worldwide (Hendriks
& Pietersen 2000). In 2006, the industry sector and the constru-
ction sector accounted for 81% of all waste produced by eco-
nomic activities (Statistical Office of the European Communities
2011).

In the European Union alone, 40% of the total consumption of
natural resources is used in the manufacturing of construction
materials, and the construction of buildings generates 40% of
the waste (Mercader et al. 2010). Europe generated approxima-
tely 890 million tonnes of C&D waste in 2008 (Villoria-Saez et al.
2011), while the level of recovery of materials was only 25% (Eu-
ropean Environmental Agency 2002). It is therefore necessary
to address the problem by means of the management process,
both in terms of the C&D waste generated, and the origin of the
waste, thereby affecting the selection and consumption of the
construction materials most frequently used in the construction
of the buildings that generate this waste.

The management models in place for C&D waste remain far
from achieving the aims, as outlined in the Waste Framework
Directive since current figures demonstrate that only 50% is re-
cycled (Soniego et al. 2010). These aims are considered one
of the pivotal European Directives (ED 2008/98/EC 2008), and
consist of recycling 70% of C&D waste generated in the EU by
the year 2020.

In an attempt to correct this situation, laws and plans for the su-
stainable management of C&D waste are being developed that
promote the culture of recycling and reuse, at international, Eu-
ropean and local levels: The waste management plan in the con-
struction projects established by the government of Hong Kong
in 2003 (Tam 2008); Resolution 307 of 5 July, 2002, of the Agen-
cy of environmental protection CONAMA, government of Brazil,

where the initialization of local plans are requi-
red for the sustainable management of C&D
waste (Brazilian Government — Environmental
Protection Agency 2002); the strategy of C&D
waste management generated in construction
in Bulgaria, by means of the use of advanced
methods of recycling used in the United States
(Hadjieva-Zaharieva et al. 2003); the strategy of
minimization of waste in the United Kingdom,
where more than 50% of waste comes from
construction (Ferguson et al., 1995); the law on
prohibition of eliminating recyclable waste in
dumps in France (Buyle-Bodin 1993).

These plans include the Royal Spanish Decree
105/2008 (RD 105/2008) (Spain MP 2008),
which aims to establish the legal framework for
the production and management of C&D waste,
in order to promote its prevention, reuse, recyc-
ling and other forms of recovery, and ensures
that waste destined for disposal receives sui-
table treatment and contributes towards the su-
stainable development of construction activity.
This concern extends to environmental profes-
sionals who develop and implement waste man-
agement models and involves: analysis of the
various models that exist in the management
of municipal waste in order to improve these
models (Morrissey & Browne 2004); proposal
of alternatives with the introduction of selective
waste collection specified into national plans
and ISO standards (Bovea et al. 2010); and the
development of models for the quantification
and management of C&D waste that predict the
volume of waste generated within the planning
and design phase of the project (Solis-Guzman
et al. 2009).

Hitherto, no official information on the genera-
tion and composition of C&D waste has been
created which is applicable to all EU members.
The Regulation Waste Statistic (Statistical Office
of the European Communities 2011) provides
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this information for only 2006 and 2008 and is limited to a few
countries.

The principal aim of this article is the development of a metho-
dology directed towards the quantification (in weight and in ton-
nes per m? of constructed area) of C&D waste, generated in the
construction of Spanish dwellings, by the application of models
developed in precedent researches. This methodology is based
on the quantification of material resources consumed in the con-
struction process and its practical application to the CCM defi-
ned. Furthermore, this model provides a tool that allows C&D
waste to be managed in response to the requirements set out
in the RD 105/2008 of 1! February, by providing information re-
lated to the choice of material resources for the development of
architectural projects.

Methodology

The development of the model of quantification of C&D waste
corresponds to an established hierarchical order, whereby the
achievement of the objectives of smaller rank has temporary pri-
ority, which in turn leads to the quantification of the construction
waste generated in the construction of the CCM defined.

Stage 0: Environmental Database. This stage satisfies the ob-
jectives of Level 0, through the selection of a sample of dwell-
ings that represent the 2-storey of the Conventional Constructive
Model (CCM), and the quantification of the Basic Material Com-
ponents (BMCs) consumed in their construction, expressed in
kilogram per square meter, kgm-2 of constructed area. The ty-
pological, morphological and constructive characteristics of the
CCM, dwellings that represent the current trend in the Spanish
construction of 2-storey dwellings industry are:

— Types of buildings designed to meet the required living condi-
tions for a slightly continental Mediterranean climate with variable
rainfall, very hot dry summers and mild winters, an annual average
temperature of 18.6°C, and average rainfall of 534 mm per year.
Morphological characteristics corresponding to residential
dwellings with two floors with inner courtyard and constructed
area between 120-150 m2.

— Construction characteristics with reinforced concrete struc-
ture, one-way spanning concrete slab, enclosure formed by an
outer brick layer with a cardboard-plaster interior cladding, flat
roof, and outer aluminum windows and door frames (Mercader
etal. 2011).

Ten implementation projects are selected in Seville, Spain,
whose characteristics coincide with those defined in the CCM.
The material resources consumed in the construction of the
CCM established in the sample set are quantified, in kgm-2 of
constructed area, based on the knowledge of the basic com-
ponents that constitute the constructive elements (Mercader-
Moyano 2010). The detailed development of the resources is fo-
und in the list of Basic Material Components (BMCs) consumed,
which constitutes the starting point for the development of the
next stage of the methodology.

Stage 1: Waste Management. This stage responds to the aim
set out in Level 1; the quantification of construction waste ge-
nerated in the construction of a CCM as a result of the material
resources consumed, by means of classifying and characteri-
zing the most relevant waste. The unit of measure chosen for the
waste is the tonne (t), and the results are expressed in tonne per
square meter, tm-2 of constructed area.

The model used is adapted to the characteristics of the waste,
using the practical application of the model described in Chap-
ter 6 of the book Giving a Construction Estimate (Ramirez-de-
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-Arellano-Agudo, 2010), called “Measurements
by Weighted transfer”. This model points to the
origin of the waste as a source of information
which is necessary and sufficient to tackle its
measurement and subdivides it into: 1. Excava-
ted soil; 2. Breakage in transportation and sto-
rage; 3. Packaging of materials and products;
4. Breakage and loss in production processes;
and 5. Dismantled or demolished building com-
ponents.

From the list of BMCs, the objective of this level
can be achieved by means of the development
of the following sub-steps:

— Classification of construction waste. Re-
sources consumed in the construction of the
CCM are classified in accordance with the waste
management classification from the Building
cost system in Andalusia, (Andalusian Construc-
tion Costs Database, 2009). Each of the Basic
Material Components (BMCs), consumed in the
construction of the CCM, is classified. The Ba-
sic Material Component (BMC) from which the
waste originates can be clearly identified and
this information can be incorporated into the
next stage of the methodology.

— Conversion of consumed resources into
generated waste. The waste generated by each
BMC is identified by applying a coefficient of
transformation called “CR*”, capable of measur-
ing the part of the constructive element which be-
comes waste, on the application of the methodol-
ogy called Measurement by Weighted Transfers,
that serves as a tool to help determine the amount
of C&D waste based on the measurement of the
constructive elements from which they originate,
using following equation, Eq. (1), developed in
(Mercader-Moyano et al 2013):

Qr = ¢ (Qm) = Qm (CR*) (1)
This equation accepts the hypothesis of propor-
tionality between the amount of waste generated
and the amount of product consumed, where:
Q. = amount of waste,

Q,, = amount of material from which the waste
originates.

CR* = the coefficient to measure the proportion
of every BMC consumed in the construction of
the CCM which is turned into waste. For those
BMCs to which it was possible to assign a co-
efficient from the table specified in (Ramirez-de-
-Arellano-Agudo et al 2002), coefficients were
determined specifically, thereby resulting in
(Mercader-Moyano et al 2013): a complete list
of BMCs consumed in the construction of the
CCM and their respective CR*.

— Quantification of the waste generated in
weight m-2 of constructed area. Various types
of waste generated in the implementation of
the CCM are quantified, and the results are ex-
pressed in tm-2 of constructed area. Finally, the
various waste materials generated are classified
and grouped.

Having transformed the quantities obtained of
every BMC into tm-2 of constructed area, the



detailed breakdown of material resources consumed in the con-
struction of the CCM is then required (Mercader-Moyano 2010).

Results and discussion

Following the proposed methodology, by the application of the
model to the sample of ten implementation projects of dwellings,
which are representative of the CCM in Seville, Spain, we obtain
the following results shown in percentages in Fig. 1.

The quantification model proposed enables measurement of the
proportion of each original BMC that has been turned into waste,
and the type of waste generated. This waste has been classi-
fied according its relevancy: steel, aggregates, cardboard and
paper, ceramics, concrete, wood, plastic, and others, whereby
this last category represents those types of waste with values <
0.00001 tm-2.

Here, the waste in the form of cardboard and paper, and of wood
and plastic are derived from the packaging in which the mate-
rials arrive at the work site, and the rest are losses produced
when construction materials are consumed during the constru-
ction process.

In view of the results obtained, it is evident that alternative solu-
tions must be sought to problems caused by the use of certain
materials in the process of construction: for example the use of
prefabricated materials. Furthermore, the transport of constru-
ction materials from the factory to the work site must also be
controlled, due to the great proportion of waste generated in
their packaging. This issue could be one of the measures, to be
addressed in future political plans of action, to complement the
set of actions arising from the application of the RD 105/2008
published on 1t February, 2008 by the Spanish Government,
which regulates the production and management of C&D waste
from the design phase to completion of the construction.

This work aims to develop a model of quantification based on
the identification of the material resources commonly used in
construction, the estimation of the proportions contained in the
measurements in the implementation projects, the classification
of the C&D waste generated, and its calculation through the ana-
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lysis of the origin of the waste and its source.
This work proposes an extension of the cited
RD 105/2008 to include not only the stage of
the manufacture of construction products, and
the implementation of corrective measures in its
transport to the work site, but also the applica-
tion of penalties for the incorrect choice of bui-
Iding materials in the design phase of projects
despite awareness, thanks to the application of
models such as that presented here, of the lar-
ge amount of waste that can be generated.

Conclusions

The following conclusions can be drawn from
the application of the model proposed for the
construction of the reference dwellingsgs:

1. Of the total waste generated, that which is de-
rived from the loss of materials in the process of
construction, (aggregates, cement and concre-
te) yields 85.13% of the total waste generated,;
followed by the waste derived from ceramic ma-
terials at 10.49%, and far exceed the tonnage of
waste generated from packaging.

2. Graphically (Fig. 2) represents the percenta-
ge of total waste generated by those material
resources that generate the greatest quantity of
waste in the construction of the CCM.

3. The proposed quantification model of C&D wa-
ste has enabled: quantification of the tonnes of
waste generated per m? of constructed area; the
classification of waste according to its nature; and
the identification of the consumed resources that
generate the greatest waste, including the iden-
tification of origin of the waste generated. This,
in turn, enables correct management of building
work, through the ability to determine the appro-
priate container, to establish a selective separa-
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il. 2. Material resources that generate the greatest quantity of waste in CCM

tion of waste, and the type and frequency of its withdrawal, and to
determine its transport to specialist plants for further treatment and
reuse in order to help prevent environmental degradation.

4. The model is applicable to any building type and country, and
the results of this case study on a Spanish dwelling makes it
a reference model against which to compare other research in
the same field.
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