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Abstract: Numerous studies have been done with the purpose of identify and try to reduce the
impact generated by the construction industry, mainly focused on the use stage in the search to
increase the energy efficiency. However, as these stage has been improved and the impact produced
has been reduced, it has become evident the need to focus the research on the elements and life cycle
stages that follow on the affectation scale. Therefore, the present research analyzes the importance of
the embodied energy and the affectation generated by the materials with a LCA perspective,
comparing one square meter of three different systems used as interior partition walls: hollow clay
brick (HB), hollow concrete block (CB) and gypsum board (GB). The analyzed stages are from
production of the materials to the building construction (stages A1-A5), using the Eco-invent
database with the LCA manager software. The results of the analysis indicate the values of the
environmental affectations and the consumptions made by each element during the analyzed stages.
The comparison allowed to find that the constructive solution with mayor environmental affectation
in the analyzed categories is the GB wall, and that is mostly done in the production stage (A1-A3).

Keywords: LCA; construction; partition walls; sustainable construction; materials

1. Introduction

The construction industry is a sector in constant development and growth, thus the
consumption of resources used for this purpose and the associated environmental impacts are
continuous. In Europe, this sector represents a third of the water consumption and the waste
generated, as well as half of the extracted raw materials and energy used [1]. With the purpose of
reduce the affectation of the sector, several actions and strategies have been implemented, to identify
and try to reduce the impact generated. Between those strategies is the Life Cycle Assessment (LCA),
which allows to determinate the consumptions made by an activity or process during all the Life
Cycle Stages (LC) and quantifies their environmental impact, stablishing an objective evaluation and
identifying the opportunity areas for improvement in the process.

LCA started at the end of the sixties [2] and is until 1997, that the International Standard
Organization (ISO) and the Society of Environmental Toxicology and Chemistry (SETAC) developed
the standardization of the methodology in the ISO 14000 series. In them, the concept of LCA is
defined as a methodology that studies the inputs, outputs and environmental impacts of a system
during its LC. Also, it stablishes four main phases: (1) Goal and Scope definition; (2) Inventory
analysis (LCI); (3) Impact assessment (LCIA) and (4) Interpretation [3,4]. The LCA study in the
construction sector has been done from different approaches, although it is based on a standard
methodology, the studies responds to different needs, which translates into a variation of the
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analyzed parameters (functional unit, LC stages, methodology, etc.). However, common trends can
be found during the comparison of different studies and their results. For example, numerous
studies focused on the use stage of the building and the operation energy consumption can be found.
They concluded that this phase has the highest consumption (90-95% of the total energy
consumption) [5,6], and highlights the need to increase the energy efficiency of HVAC systems and
the correct selection of materials used as the building envelope and insulation. Among these kind of
studies, can be find the analysis of different constructive systems applied to an element [7-10],
comparative analysis between traditional construction systems and ecologic materials [11,12] and
some other analysis study the incorporation of recycled materials [13-16].

Considering the complexity involved in the evaluation of the environmental behavior of the
construction, and in order to have a global perspective of the effects, it is necessary that the approach
is not limited to the analysis of energy used during one single stage, but it requires an analysis of all
the elements involved. And as the energy efficiency has increased and the consumption during the
use stage has reduced, other stages and elements gain importance, such as the embodied energy of
materials and the constructive elements used in the interior of buildings [17,18], which are studied in
the present investigation. Studies focused on interior elements can be found [19-21], where it is
shown that the difference between the affectations are usually related to the origin of the material
[22]. Specific analysis of interior walls can also be found, for being one of the elements with the
higher volume presence in buildings [23,24], and therefore with an important contribution in the
affectations made to the environment. It should be noted that the impact categories and the analysis
scopes are variated, which allows to observe the singularity of each study and that the development
of more analysis can complement the existing information.

The present research takes in consideration the importance of the embodied energy, starting
from the hypothesis that due to the nature and the process involving the elements of the different
constructive systems of interior walls, during the stages of production to construction (A1-A5),
different levels of affectation and consumption will be found. The main purpose of this paper is to
obtain information about the affectation and consumptions generated by the selected materials;
allowing to compare those elements and also provide information to designers and builders in the
decision-making process for the design and selection of building elements (but with a perspective
with environmental considerations).

2. Materials and Methods

Goal and Scope definition: The goal of the study is to identify and compare the environmental
impacts produced by three constructive systems, from different materials, used as interior partition
walls in Spain. Therefore, the location selected for the analysis is the city of Barcelona, for its
European representativeness [25]. The information obtained pretends to offer relevant data, from an
environmental approach, which complements the criteria of selection and design of materials, as
well as to identify areas of opportunity to improve the processes. The scope of the analysis includes
the module from cradle to gate with options (Stages A1-A5) [3]. The methodology used for the
elaboration of the LCA is the established in the ISO 14040-44 [4], and with the stipulations of UNE
EN-15804 [3]. The functional unit is one square meter of each interior partition wall system, the
selected unit responds to the needs of comparability between the characteristics and properties of
the samples, as it is a commonly used value in the construction sector and its regulations.

The interior partition walls are those constructive elements that separate the interior of a
building. These can be load-bearing or non-load-bearing, the three samples comply the Spanish
regulations [26], which establish that they must be able to support themselves and provide
soundproofing to the enclosures they separate [27]. As shown in Figure 1, the selected samples are:
Hollow clay brick wall (HB), concrete block wall (CB) and gypsum plasterboard wall (GB); each of
the samples have a total thickness of 10 cm and the layers are as following;:

1. Gypsum plasterboard wall (GB): drywall consisting on a galvanized cold formed Steel frame,
with a ceiling channel of 7 x 3 x 3 cm and vertical studs of 6.9 x 3.8 x 3.6 cm every 60 cm; with a
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gypsum plasterboard of 1.5 cm at both sides, the inner field with an insulation of a rigid panel
of volcanic Rockwool of 7 cm and joined by steel screws.

2. Concrete block wall (CB): hollow concrete block of 40 x 20 x 8 cm, received with cement mortar
(cement and sand ratio 1:8) and coated with 1 cm of gypsum plaster in both sides.

3. Hollow clay brick wall (HB): hollow clay brick block of 50 x 20 x 7 cm, received with cement
mortar (cement and sand ratio 1:8) and coated with 1.5 cm of gypsum plaster in both sides.
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Figure 1. Constructive details and description of samples.

LCA: In order to make the LCI, data collection and quantification of energy input-output were
required; as well as the affectation made by the analyzed systems. The database used for the LCI was
Ecoinvent V3.0 [28], which is of recognized use in various European investigations due to its
representativeness, evaluation transparency and accuracy of the data [9,13,29-31]. The Swiss Federal
Offices and the ETH Zurich developed this database, which has a global level, and contains a wide
spectrum of activities and systems; its selection for this research is because the information available
in the Spanish field is limited or null. Thus, a local adaptation was made for the transport evaluation.

For the LCI in the stages A1-A3, an analysis and inventory of the materials, needed for each
sample per functional unit, was required. The BEDEC database was used for establish the
quantification of materials [32], the standard values in the database were corroborated manually
(approximation and local technology). Since Ecoinvent uses different units for the evaluation (in
function of the analyzed material or product), a calculation of the weight of each material was
needed. The transport distances of materials were quantified (from factory to construction site), by
the traveled kilometers by the material needed to build one square meter of each sample. For the
above, the location of the factories and distributors, found in less than 100 km around of the selected
construction site, were considered and the distances were averaged (the distances were measured
with the Google Earth software) [33]. A truck of maximum 18 tons was considered for the
transportation, with diesel fuel and a lifetime of 54,000 km/vehicle; this type of vehicle satisfies all
the specifications for mobility of materials [34]. For the stage A4—A5, the need of lift the materials
was considered, using a tower crane with twenty-six meters high, thirty-three meters jib and a
lifetime of 10,000 h, to be used in a building with a high of 20.75 m according to the regulations in the
city of Barcelona [35]. Finally, for the construction of the interior walls, it's required a range of
manual techniques and not the use of specialized or with high impact machines; therefore the values
derived of the use of minor tools were not considered in the analysis.

LCIA: The LCIA was established with the quantifications made in the LCI and with the
software LCA Manager 1.3 (SIMPPLE, Tarragona, Spain). In this software, all the LCI data was
added to evaluate the magnitude and importance of the environmental impacts of each of the
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analyzed systems. The LCA Manager software, developed by SIMPPLE, performs an environmental
evaluation quantifying the environmental profile of process and products along all the LC; it is
based on the ISO 14040/44:2006 methodology, which has six stages for its calculation:
characterization, inventory, indicators, impacts, results and graphics [36]. For the environmental
evaluation, the impact categories selected were the described by Eco-indicator 99 methodology [37];
which from an approach in function of the damage, expressed by eco-points, presents in numeric
units a relation between the impact and the affectation caused for a process or material based on the
LCA data. It includes three types of damages that are of interest for the present research: Human
Health (HH) (climate change, ozone layer depletion, carcinogenic effects, respiratory effects and
ionizing radiation); Ecosystem Quality (EQ) (ecotoxicity, acidification, eutrophication and land-use);
and Resources (R) (which is the natural resources consumption, the energy needed to extract
resources and the depletion of agricultural and bulk resources).

3. Results

After the characterization of materials and the modelling of the data in LCA Manager software
(sustained by Ecoinvent data), the matrix of environmental impact were generated and produced
according to Eco-indicator 99, which are necessary for obtaining the LCA results. The analysis allow
to obtain the environmental profile of each of the samples and to identify which one of them causes a
minor affectation—as in which of the analyzed stages is intensified or the impact is mayor.

In Figure 2 the results obtained by stage of LC are analyzed; it can be observed that for the three
samples the stage in which a greater impact is generated is during A1-A3. In the case of GB, 1.98
points of affectation are generated, which is 1.24 more than the points obtained by CB and 1.09 more
points than HB. The analysis of the impacts by LC stages, allows to identify that the production of
the materials used in GB are those that require the improvement in their processing, which could be in
the production of volcanic rock wool insulation, the metal studs and in the gypsum plasterboard [31,38].
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Figure 2. Resume of Eco-indicators by LC stages.

Figure 3 shows the resume of the points obtained by each sample in the three analyzed
categories (HH, EQ and R) and also the indicators that compose them. Analyzing the main
categories, can be seen that GB causes an average of 2.81 times more impact on the environment,
than CB and HB. In addition, analyzing each sample is observed that GB gets twice as points in HH
than in R, while in EQ gets just 0.15 points. HB and CB, have the same amount of points of
affectation in HH (0.43 points) and in EQ, the affectation has minimum differences (obtaining 0.05
and 0.03 points respectively). Finally, HB has 60% more consumption of R than CB.
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Figure 3. Resume of main Eco-indicators for each sample.

In order to perform a comparative analysis of the three samples, with a better understanding of
the Figure 3, a description in detail of each indicator contained in the main categories is made:

e Land occupation: GB has three times more points than CB and five more than HB.

e  Ecotoxicity: GB has three times more points than CB, and seven times more than HB.

e  Acidification and eutrophication: GB has twice points than CB and HB.

e  Mineral extraction: GB has 0.04 more points than HB, and 0.02 more points than CB.

e  Fossil fuels: GB has 0.20 points more than HB and 0.38 more than CB.

e  Respiratory effects: GB has 2.73 times more points than HB and 3 times more than CB.

¢  Climate change: GB has 0.04 points more than HB and 0.03 more than CB.

e  Carcinogenic: GB has 0.09 more points than HB and 0.068 more than CB.

e  Ozone layer depletion and lonizing radiation are the indicators than generate the less impacts.

It can be seen that the GB sample is the one with the higher impact in almost all the categories;
this is related to the nature and composition of the materials in the samples. GB sample has three
main components that made the higher affections to the environment: gypsum plasterboard, steel
stud and insulation[31-38]. While HB and CB samples has only one central component that makes
the affectation, in the CB sample the principal contributor is the cement used in the block [39] and in
the HB sample, the higher contribution is done by the production of the clay bricks [40].

4. Discussion and Conclusions

Through the realization of the ACV of the three systems used as interior partition walls in
buildings and following the methodology established by the regulations, the impact generated by
each of the samples is obtained, fulfilling the main objective. The results indicate that GB sample is
the system with the mayor affectation in the three categories (HH, EQ, R), being HH the category
with the higher score. Likewise, HB is identified as the system with lower impact in the categories. In
addition, it was established that the extraction and production, is the stage that has the higher
impact for the three samples, this is due to the processes necessary to obtain the raw materials and
the production of elements [39]. In several studies described in the introduction, it has been
concluded that the affectations generated by each material are linked to the nature and
manufacturing process of the materials. In the present research, it is shown that these stages (A1-A3)
are the ones that generated the higher affectation. It is observed that the production of the GB sample
materials, gypsum plasterboard, insulation and steel studs, are the main contributors of affectation.
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The results of the research provide information to professionals in the construction sector that
will allow them to consider an environmental approach in the decision—making process (in
addition to the economic factor), thus fulfilling the second objective of the research. Finally, in the
analysis is not considered the incorporation of recycled materials in the manufacture of any of the
products used in the samples, if such incorporation is considered, it might be presented as a study
perspective of more environmental value and interest, where the reduction of the affectations could
be exposed trough the implementation of this measure.
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