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Abstract: This study aims to assess the environmental impacts of different construction systems
employed in a single-story low-income housing development utilizing Life Cycle Assessment (LCA).
The LCA was applied to the roof, wall, coating, and floor systems, considering the initial and re-
curring impacts from extraction to material replacement. Data were quantified using the CML 2001
method with OpenLCA 1.9 software. The analyzed impact categories are the potential for the deple-
tion of abiotic resources—non-fossil (ADP); potential for the depletion of abiotic resources—fossil
(ADP f); soil and water acidification potential (AP); eutrophication potential (EP); global warming
potential—100 (GWP); stratospheric ozone layer depletion potential (ODP); and photochemical oxida-
tion potential (POCP). The results highlight the impacts related to the maintenance and replacement
of materials as the most significant, with walls being the system with the highest concentration of
impacts, presenting the highest results among five of the seven categories. In the GWP category,
the wall system resulted in 42% of total impacts (initial + recurring impacts). These findings show
that the selection and definition of construction materials in the design phase can either mitigate
or exacerbate environmental burdens. Therefore, this research contribution lies in pinpointing the
environmental impacts of each construction system of low-income housing to support architects and
engineers in addressing environmental impacts when making project decisions.

Keywords: environmental impacts; life cycle assessment; low-income housing; construction materials

1. Introduction

The built environment’s contribution to climate change is significant and plays a
fundamental role in both greenhouse gas emissions and adaptation to climate change
consequences. The built environment encompasses buildings, infrastructure, and urban
spaces, and its interactions with the climate are complex and extensive, spanning both the
mitigation of greenhouse gas emissions and adaptation to climate change impacts. Accord-
ing to the latest “Global Status Report for Buildings and Construction” [1], the construction
and building sector accounts for over 34% of energy demand and approximately 37% of
CO2 emissions.

As identified in the 2022 Global Status Report for Buildings and Construction [1],
and based on the Guide for Incorporating Building Actions into NDCs, actions including
sustainable material choices and building design, urban planning measures, adaptation
and resilience plans, clean energy transitions, and building operations and renovations
offer opportunities to achieve the goals of the Paris Agreement, namely, to keep the global
temperature increase well below 2 degrees Celsius, and preferably below 1.5 degrees
Celsius, by the end of the century.
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According to the UN-Habitat [2] (p. 78) report, “currently about 1.6 billion people or
over 20 per cent of the global population live in inadequate, crowded and unsafe housing.
Another two billion people are expected to be living in slums in the next 30 years”. In
the same report, it is stated that this scenario is worse in developing countries and that
affordable housing for low-income households is needed.

In Brazil, according to a survey carried out in 2019 by the João Pinheiro Foundation
in partnership with the Ministry of Regional Development, the Brazilian housing deficit
was 5.9 million homes in the country, which represents 8% of all Brazilian households [3].
To solve this problem, it would be necessary to build 1.18 million housing units per year
throughout the country to supply the housing deficit in ten years.

Through the Brazilian national subsidy program for the acquisition of housing by
low-income families called the Minha Casa Minha Vida Program (PMCMV—My House
My Life Program—our translation), 4 million housing units were built to alleviate housing
difficulties in Brazil [4]. In this way, the importance of the civil construction sector becomes
evident, significantly impacting people’s lives and the environment [5].

In this sense, the importance of encouraging buildings with lower environmental
impacts is highlighted so that, in addition to minimizing the housing deficit, it is possible
to build homes with lower environmental impacts. In this sense, it is possible to measure
the environmental impacts of a product or process with the Life Cycle Assessment (LCA).
The LCA makes it possible to analyze products and inputs to better understand their cycles
and thus contribute to proposing solutions that reduce their impacts on the environment.
Silva et al. [6] (p. 11) define the LCA as an “Assessment used to quantify the environmental
burden of a product from the removal from nature of the elementary raw materials that
enter the production system (cradle) to the disposal of the final product (grave)”.

Thus, the LCA emerges as an important tool for analyzing environmental impacts
in civil construction, a methodology that can guide sustainable practices throughout the
entire life cycle of a building. Based on analysis carried out using the LCA methodology,
Chamasemani et al. [7] highlight the use of sustainable materials as an essential strategy to
reduce the carbon footprint during the construction process. The authors conclude that
sustainable materials can significantly reduce the carbon footprint of reinforced concrete
buildings, with a 41% decrease. Furthermore, the research reveals substantial reductions
in pollution levels in several categories, highlighting the importance of carefully choosing
materials in the search for more sustainable construction practices.

In another study focused on the LCA of reinforced concrete structures, Mostafaei
et al. [8] mention cement as the main contributor to the impacts incorporated in the sys-
tems analyzed and highlight the influence of design parameters on the carbon footprint
of buildings.

Besides the construction phase, the LCA can also be used to assess environmental
impacts in the building’s end-of-life phase, seeking to identify carbon saving strategies and
promote sustainable construction. Lei et al. [9,10] explore these strategies, analyzing the
benefits of recycling, remanufacturing and reuse in different types of construction.

A review of the literature on low-income housing LCA studies highlights a pre-
dominance in simplified life cycle analysis, with a particular focus on embodied energy
consumption and CO2 emissions [11–17]. Studies such as those of Caldeira [15] and Macias
et al. [16] provide valuable insights into the impact of energy consumption in different con-
struction systems, highlighting the importance of a pre-operational phase in determining
environmental impacts. However, a significant gap is observed in relation to the scope
of analysis throughout the complete life cycle of housing, with little research extending
to the maintenance phase of buildings, indicating the need for deeper investigations in
this regard.

Furthermore, the literature reveals a growing concern with expanding analysis beyond
energy consumption and CO2 emissions, exploring other impact categories, such as the
consumption of non-renewable resources, toxicity, and resource depletion [18–20]. Studies
such as that of Oyarzo and Peuportier [21] demonstrate an integrated approach, combining
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the LCA with thermal simulations, aiming to implement strategies to reduce environmental
impacts from the design phase. However, gaps persist in relation to the complete approach
to the phases of the life cycle of buildings, highlighting the need for additional research for
a more comprehensive and holistic understanding of the environmental impacts associated
with low-income housing.

New research on the LCA of low-income housing units can significantly contribute
to filling these gaps and providing valuable insights for decision-making in the design
and management phases of these housing units. Therefore, it is important to expand
the analysis of environmental impacts beyond energy consumption and CO2 emissions,
covering other categories of environmental impacts. Furthermore, it is necessary to further
investigate the role of maintenance in contributing to the total impacts throughout the life
cycle of buildings in order to develop effective strategies to reduce these impacts.

Another relevant aspect to be taken into consideration is the building envelope ele-
ments, such as walls and roofs, and their impact on the LCA results. The analysis of different
construction systems and materials can reveal opportunities to improve the environmental
efficiency of low-income housing.

Thus, the objective of this research is to assess the environmental impacts of different
construction systems employed in a low-income housing development utilizing the Life
Cycle Assessment (LCA). Therefore, this research can contribute to a more comprehensive
and accurate understanding of the environmental impacts of low-income housing buildings,
bringing new perspectives on environmental impacts, and new analysis on buildings’
envelopes that can support decisions in the design stage.

2. Methodology

The LCA of this work was based on a case study of low-income housing located in the
city of Passo Fundo (Brazil). The selected project refers to housing units at Residencial Canaã,
which benefited two hundred and ten low-income families. The housing units in the allotment
were implemented through the Minha Casa Minha Vida Federal Program (PMCMV).

The development covers 5.8 hectares, where 210 single-story housing units were built
that follow the same building pattern. The housing units in the allotment have an area
of 45.19 m2, a living room, a kitchen with an integrated service area, two bedrooms, a
bathroom, and an open garage. The house floor plan is presented in Figure 1.
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In the present study, as a form of delimitation, the elements of the envelope and floor
of the house were divided into five parts for a better understanding of the elements, namely,
the slab, roof, walls, coatings, and floor (Figure 2).
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The elements and their quantities are described in the inventory survey stage (Table 1).
The method for applying the LCA followed the guidelines of ISO 14040 [23] and ISO
14044 [24]. These international standards establish guidelines and principles for the Life
Cycle Assessment (LCA). ISO 14040 defines the principles and structure of the LCA,
including the objectives, scope, definitions, and requirements for carrying out an LCA.
ISO 14044 establishes detailed requirements and guidelines for the implementation of
the LCA, including methodological aspects, inventory analysis, impact assessment, and
interpretation of results.

The main objective of the LCA in this study is to evaluate the environmental impacts
of construction systems of residential buildings to assist in decision-making in the design
stage, aiming at future constructions with less environmental impacts. The product system
adopted in the present study is the life cycle of the construction systems of single-family
low-income housing with an area of 45.19 m2. The study period adopted for the building
was a 50-year life cycle, taking into account the time used found in the literature [20,25].
The functional unit used in this study was the square meters (m2) of floor area.

Due to the absence of a specific Brazilian standard for the application of the LCA in
buildings, the life cycle phases considered follow the guidelines of the European standard
EN 15978:2011 [26]. This European standard establishes principles and requirements for
the Life Cycle Assessment of buildings and infrastructure. It provides a set of guidelines
and methodologies to quantify and evaluate the environmental performance of a build-
ing throughout its entire life cycle. Its aim is to provide a standardized framework for
evaluating and comparing the environmental performance of different buildings and in-
frastructure, enabling decision-making to minimize the environmental impact throughout
the entire project life cycle.

The scope adopted for the life cycle comprises the stages of raw material extraction,
production of construction materials (including transport from the factory to the distributor
and later from distribution to the construction site), construction of the building, waste of
materials during construction, and maintenance of building systems (Figure 3).
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This study covers LCA levels A1, A2, A3, A4, A5, B3, and B4 of buildings specified
in the mentioned standard (Figure 3). Levels A1 to A3 refer to cradle-to-gate processes,
that is, the production stage of construction materials, covering the stages of raw material
extraction, transportation to the factory, and manufacturing [26]. Levels A4 and A5 include
the transportation of necessary materials for construction to the construction site and the
construction of the building itself. In this research, as the focus is to analyze construction
systems, only the transportation of construction materials to the site and its construction
were surveyed, and elements such as the transportation of workers and machinery were not
evaluated. In the building use stage, the levels called B3 and B4 were analyzed, stages that
are equivalent to components’ maintenance and replacement according to their specified
useful life.

For the life cycle impact assessment stage, the OpenLCA 1.9 software was used to
calculate the impact assessment. The selected impact method follows the approach of the
Institute of Environmental Sciences (CML—Centrum voor Milieuwetenschappen Leiden)
created by the University of Leiden in The Netherlands, in 2001 [27]. All the input and
output parameters are presented in Supplementary Materials.

The impact categories used are those recommended by EN 15804 [28], which describes
indicators to be used in the analysis of the environmental impacts of construction prod-
ucts. The categories of analyzed impacts are the potential for the depletion of abiotic
resources—non-fossil (ADP); the potential for the depletion of abiotic resources—fossil
(ADP f); soil and water acidification potential (AP); eutrophication potential (EP); global
warming potential—100 (GWP); stratospheric ozone layer depletion potential (ODP); and
photochemical oxidation potential (POCP). The description of each category is presented
in Table 1.
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Table 1. Impact categories used in this study. Source: adapted from EN 15804 [28].

Impact Category Description

ADP and ADP f

Consumption of non-biological, fossil, and non-fossil resources.
Consumption is characterized by the number of resources that are
exhausted; therefore, it depends on the consumption and quantity
of resources and the extraction rate (Acero et al., 2015) [27]. It is
responsible for damages to natural resources and imbalance in the
ecosystem.

AP

Impact related to acid rain. It occurs due to the emission of acidic
pollutants in the form of acid rain; they affect soil and water, flora,
and fauna, in addition to affecting buildings (Moraga, 2017) [18].
They are ammonia (NH3), nitrogen (NOx), and sulfur (SOx). The
method also considers acidification caused by the use of fertilizers
and pesticides, according to the Intergovernmental Panel on
Climate Change (IPCC).

EP

Responsible for the excessive nutrition of ecosystems with
nitrogen (N) and phosphorus (P), increasing the amount of algae
in the water and reducing the available oxygen, causing an
imbalance in this biome (ILCD, 2014) [29]. Direct impacts are
calculated by the production of soil fertilizers and indirect
impacts according to the IPCC method, estimating emissions
to water.

GWP

Pollutant emissions that increase global warming. These
emissions are related to CO2 gases, hydrocarbons, NOx, etc.,
forming what is called CO2 equivalent. “Carbon dioxide
equivalent is the result of multiplying the tons of GHG emitted by
their global warming potential” (MINISTRY OF THE
ENVIRONMENT, 2019, p. 1) [30].

ODP

Indicates the decrease in the ozone layer. This impact category
defines the potential for depletion of the stratospheric ozone layer
(ODP) in relation to emissions of chlorofluorocarbon-11 (CFC-11)
substances. The ODP is characterized by the World
Meteorological Organization (WMO) and has a reference unit in
kg CFC-11 equivalent (Acero et al., 2015) [27].

POCP

Photochemical ozone forms in the presence of heat and sunlight
by the reaction of volatile organic compounds and nitrogen
oxides. Its concentration factor depends on the amounts of carbon
monoxide (CO), sulfur dioxide (SO2), nitrogen oxide (NO),
ammonium, and NMVOC (non-methane volatile organic
compounds) emitted. The POCP has a reference unit of kg of
ethylene (C2H4) equivalent (AAcero et al., 2015) [27].

The inventory survey was carried out using primary data referring to the project and
secondary data available in the Ecoinvent version 3.6 database using the cut-off system
model. Brazilian data were prioritized; however, in the absence of national data, GLO and
RoW data were used. For the inventory survey in the first stage of this research, the cut-off
system model with Market processes was used. In the second stage, the transformation
and transport data of the elements were surveyed separately.

The quantitative inventory of the materials used is shown in Table 2. To obtain
information on the materials used and their quantities, data were gathered from the
descriptive memorials of Residencial Canaã, from SINAPI [31] (data from 2020), and from
manufacturers. Waste materials on site are already accounted for in the inventory and
are indicated by SINAPI. For the analysis of the first stage, transport was calculated with
Market data, and in the next stage, it was considered as a separate process.
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Table 2. Quantitative inventory for 1 m2 of the construction systems. Source: authors (2023).

System Items Kg/m2 Vol m3

Roof
Concrete - 0.11

Steel mesh 1.80 -
Colonial ceramic tiles 38.4 -

Walls

Ceramic blocks; 8 holes; 11.5 × 19 × 19 cm 82.5 -
Cement 2.45 -

Lime 2.18 -
Sand - 0.01

Concrete (mooring strap, lintels, and counter lintels) - 0.09
Steel (mooring strap, lintels, and counter spars) 0.4 -

Roughcast—cement 3.60 -
Roughcast—sand - 0.02
Plaster—cement 13.50 -

Plaster—sand - 0.08
Plaster—lime 12.00

Coatings
Tiles on the hydraulic walls of the kitchen

and ½ wall bathroom shower, dimensions 30 × 30 cm 13 -

ACI adhesive mortar for ceramics 4.86 -

Floor
Concrete subfloor - 0.055

Ceramic floor, 30 × 30 PEI 4 commercial 13 -
ACI adhesive mortar for ceramics 4.86 -

For the construction stage of the building, the electrical consumption by equipment
for the execution of construction systems was considered. For the execution of the areas
in concrete, slab, and subfloor, the use of ready-mixed concrete was considered. The
preparation of the laying mortar and mortar for roughcasting and plastering was carried
out on site. The electric consumption to the execution of 1 m2 was used to calculate the
total consumption of each system (Table 3).

Table 3. Electric consumption for the analyzed construction systems. Source: authors (2024).

System Consumption 1 Per m2 Area Analyzed (m2) Total Consumption 1

Slab concreting 0.08 3.75 0.30
Subfloor concreting 0.07 46.57 3.26

Mortar preparation—mortar 0.02 75 1.50
Mortar preparation—coating 0.06 150 9

1 Units in kw/h.

To define the scenario for the maintenance and replacement of the analyzed building
materials, over the 50-year useful life of the building, the guidelines established in NBR
15.575-1: residential buildings: performance: Part 1: General requirements [32] and the
minimum design lifetime (VUP) were used. Table 4 defines the minimum VUP of the
construction systems studied and the number of replacements required during the 50-year
life cycle of the building.

Table 4. Project lifetime (VUP) and number of substitutions. Source: adapted from NBR 15.575-1 [32].

Description of Materials VUP Minimum (NBR
15.575-1) in Years Substitutions

Ceramic tiles 13 3
Internal coating mortar 13 3
Exterior coating mortar 20 2

Wall tiles 13 3
Ceramic floor 13 3
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3. Results and Discussions

To conduct the analyses, this study was separated into two stages: first, the evaluation
of 1 m2 of all systems, and later, the analysis of the system with the greatest total impacts in
detail to determine which elements of the system in question have the greatest influence
on the impact generation. The results were interpreted for 1 m2 of each of the building
systems, namely, the roof, walls, floors, and coatings (Figure 4).
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Analyzing the results in Figure 4, in the abiotic resource depletion (ADP) category, the
floor and coating systems are the ones that have the most impact with 47% and 46% of the
total impacts, respectively. The wall system contributes 4% of the total impacts, with 2% for
initial embedded impacts and recurring ones, while the roof has the smallest share, with
1% for initial impacts and 2% for recurring impacts.

In the eutrophication potential (EP) category, the floor system has the highest total
impact, with 9% of initial impacts and 21% of recurring impacts, followed by the coating
system with 7% of initial impacts and 21% of recurring impacts. The walls contribute 13%
of initial impacts and 8% of recurring impacts, while the roof registers the lowest impacts,
with 9% of initial impacts and 8% of recurring impacts.

In terms of global warming potential (GWP), walls stand out with 42% of total impacts,
while the roof contributes 10% of initial impacts and 12% of recurring impacts. The flooring
and covering systems have similar recurring impacts with 13%, while the initial impacts
for flooring are lower, representing just 4% of the total share of results.

In the depletion of the stratospheric ozone layer (ODP), in the photochemical oxidation
potential (POCP), and in the acidification potential (AP), it is observed that the contributions
vary between different construction systems, with coating and flooring systems presenting
the smaller shares in the total impacts, while the walls and roof stand out with significant
contributions.

In general, it is possible to identify that recurring impacts have a decisive influence
on the share of each system. Another point to be considered is that systems with greater
total mass also presented greater impact results. Furthermore, the results show that the
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construction system referring to the walls presents the greatest impact contributions for
five of the seven categories analyzed. Therefore, this system will be analyzed in greater
depth in the next section.

3.1. Initial and Recurring Embedded Impacts of the Wall System

In this step, the results referring to the analyses of the initial and recurrent embedded
impacts of the case study wall system were analyzed. For a more complete and detailed
analysis, the wall system was divided into four subsystems referring to each element
used for the execution of the present system: sealing, roughcast, plastering, and transport
of materials. The results of each subsystem in the seven impact categories analyzed are
presented in Figure 4.

There is no need for maintenance on the sealing set. Thus, for this item, only the
initial embedded impacts of the materials used and initial embedded impacts for their
transportation were considered. This set expresses results that vary between 20% and
50% of participation in the total impacts. Among categories, this element is the largest
contributor to the ADP; the smallest participation occurs in the ODP category.

The set of roughcast elements refers to mortar elements used to carry out this stage of
masonry. Mortar for roughcast is composed of cement, sand, and water. Water was not
analyzed in this study, taking into account that at the time of execution of this work, the
site already had piped water infrastructure. The set for roughcast showed the smallest
participation in the seven impact categories; the total results (EI + ER) of this set participate
in portions of between 1% and 7% of the total impacts. The lowest participation is observed
in the ADP category and the most representative in the GWP. Comparing the initial and
recurring embedded impacts of this set, it is noted that the recurring results double the
initial ones.

Data representing the plastering subsystem are highly representative of the selected
impact categories. In this study, plaster-coating mortar is composed of sand, lime, cement,
and water. As demonstrated by Maia de Souza et al. [33], for the category related to climate
change (GWP), the greatest impacts are concentrated in coating mortar elements—plaster—
mainly due to the large presence of cement in this element. In the same sense, Mostafaei
et al. [8] also identified that cement is the main contributor to environmental impacts on
construction elements. Furthermore, for the authors, an increase in the use of cement is
linked to an increase in toxicity.

In the GWP category, this subsystem participates in 48% of the total impacts. Likewise,
the plaster expressed the highest impact results in the POCP category, where it participated
in 50% of the impacts. It is important to reinforce that the major impacts of the plastering
subsystem are influenced by its replacements throughout life.

Total impacts related to the transport of materials showed the highest results in four of
the seven categories analyzed (Figure 5). However, it is possible to notice that the greatest
contribution in the transport results occurred in the ODP category, with 42% of the total,
due to its great contribution to the burning of fuels. The ODP category is mainly related to
the production of petroleum-derived fuels, such as diesel used in transport trucks.

Given that the sealing subsystem plays a significant role in the impacts related to
transportation and that substitutions are not considered within this subsystem, it is evident
that the initial embedded impacts in transportation were higher in all analyzed categories
compared to recurring impacts (Figure 5). This can be explained by the direct contribution
of the total mass participation of the elements to transportation-related impacts, as the
sealing subsystem accounts for 70% of the total mass in the wall system (Figure 6).
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According to Moraga [18] and Caldas et al. [14], greater mass participation also leads
to higher impacts. Thus, a comparative analysis was conducted, as illustrated in Figure 6,
where it is possible to correlate the total mass of each element with its initial embedded
impacts, confirming that for the studied elements, the higher the mass participation of an
element in the system, the greater its initial embedded impacts.

According to Kim et al. [34], the main impacts of cement are generated during lime-
stone extraction and clinker transformation, where large amounts of polluting gases are
emitted, mainly due to cement production using high-temperature kilns, thus requiring a
lot of energy in the process and the heavy consumption of fossil fuels.
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Related to that study, analyzing Figure 7, the participation of cement in the impacts of
roughcast and plaster subsystems is remarkable. In both mentioned subsystems, cement
did not show the highest results only in the ADP category. However, the impacts in GWP
category stand out, where cement results were higher. For the roughcast subsystem, results
referring to cement reach 76% of the total impacts. In the plastering subsystem, cement
impacts vary between 18% and 50% of the total. In the sealing subsystem, cement results
were not expressive due to the small amount used.
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In the plastering subsystem, impacts related to lime are also significant, with expressive
results in all impact categories. The POCP category stands out, where it accounts for 45%
of the total impacts, the largest share among the materials in the set. Based on the data
used in this study, lime calcination follows similar processes to clinker production. Thus,
another aspect to be considered is that the trace of the mortar directly interferes in the
impacts generated, since, mainly in the plastering subsystem, cement and lime play a large
role, that is, mortars with a greater presence of these elements result in a greater impact.

Although the greatest impacts of concrete are in cement production processes, the
extraction of aggregates used in the concrete mixture directly impacts the ecosystem, mainly
causing erosion of the soil where extractions are carried out [34]. However, it is important to
specify that additives also have a great participation in the impacts. Concrete, used only in
the sealing subsystem, showed more expressive results in the AP and GWP categories, with
the lowest participation of concrete being found in the ADP impact category. In this way, the
concrete results vary between 13% and 30% of the total impacts of the sealing subsystem.

Still, regarding the sealing subsystem, the ceramic blocks participated significantly in
the results of all impact categories, highlighting the ADP, GWP, and ODP categories where
it obtained the largest share of the subsystem impacts. As for the impacts of GWP and ODP,
a significant portion of emissions is derived from block-burning processes. Ceramic blocks
presented portions of between 20% and 55% of the total impacts of the sealing subsystem.
These results are linked to their mass participation in the analyzed subsystem.

The results of transport impacts also showed an important participation in the ana-
lyzed categories. Regarding transport inventory data, data referring to trucks with a size
class of 3.5–7.5 tons, 16–32 tons, and greater than 32 metric tons of gross vehicle weight
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were used. The datasets used refer to the entire transport life cycle, taking into account
the infrastructure of the road network and trucks, materials needed for maintenance, fuel
consumption, transport services, and, finally, emissions to air, soil, and water.

The transport data used in this study are available at Ecoinvent and represent average
European load factors; thus, in all data used in this step, the Euro III emission class was
defined for this study. According to Moraga [18], this class is similar to Brazilian emissions
class P5, which is the vehicle emissions control in force between the years 2009 and 2011.
The transport results range from 20% to 70% of impacts on each subsystem. As cited
by Caldas et al. [14] and Moraga [18], elements with greater mass representations are
responsible for greater impacts on transport. Caldas et al. [14] also point out that, logically,
greater distances also result in greater environmental impacts.

3.2. Comparison with Related Works

In this subsection, related studies are examined, and it is found that some of them
employed different methodologies compared to this study. For example, Sposto and
Paulsen [11], Pedroso [12], Caldeira [15], and Macias et al. [16] quantified and analyzed
the embodied energy (EE) in specific materials used in residential buildings using the Life
Cycle Assessment (LCA). As a result, their findings cannot be directly compared to the
conclusions of this research, since this dissertation did not assess the embodied energy in
the analyzed construction systems due to methodological choices.

Regarding the methodologies used, Lira et al. [13] and Caldas et al. [14] also em-
ployed simplified LCA methodologies to analyze energy consumption and CO2 emissions.
However, due to substantial methodological differences, especially in terms of inventory
data collection, the results of these studies are not directly comparable, even though they
resulted in CO2eq emissions in the global warming potential (GWP) category. Moraga [18]
asserts that there is still ongoing debate surrounding the methodologies of LCA-CO2 and
LCA-EE, as different studies using these methods often yield discrepancies among au-
thors. As a result, a consensus has not yet been reached in the literature regarding the
comparability of results from the full LCA, LCA-EE, and LCA-CO2, as noted by Chau
et al. [35].

Braga [17] also investigated global warming potential, one of the impact categories
considered in this study, by comparing concrete walls with conventional partition walls.
The author employed two methods: one utilizing secondary data and conducting a hybrid
assessment and the other using the GaBi software educational version (Database Edition
2017) with data from its database to assess the global warming potential of the analyzed
systems. Since the author also evaluates the conventional wall system, which consists of
ceramic blocks and mortar, some similarities in results with this research may be found.

Consistent with the findings in the second stage of this dissertation, Braga [17] indi-
cated that cement and ceramic blocks have a significant influence on CO2 emissions. The
author attributed this to their mass representation and the use of high temperatures in
their production processes. Similarly, Azevedo et al. [36] emphasized the significance of
cement as a major factor in the environmental impacts of construction systems. Morales
et al. [20] conducted studies that yielded similar results to our study. They found that the
masonry system also had significant environmental impacts, especially up to the build-
ing construction stage, with the use of cementitious materials being the main contributor
to global warming potential. However, it is important to note that Morales et al. [20]
conducted their study using data adapted to Brazilian reality, which may result in some
differences in the results. Moraga [18] conducted a Life Cycle Assessment (LCA) on a
low-income housing unit that is comparable in terms of area and construction systems
to our case study. However, the author utilized different materials and adapted the data
to the Brazilian context. While a direct comparison is not feasible, there are similarities
found when examining Moraga’s LCA. Specifically, both studies emphasize the influence
of cement in the embedded impacts of construction systems, as well as the significance
of systems with greater total mass in terms of material transportation impacts. Moreover,
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Moraga’s findings regarding the maintenance stage align with our own, illustrating that
the higher the need for material replacements, the greater the recurring embedded impacts
of a building.

Therefore, our interpretation of the Residential Canaã LCA results affirms and re-
inforces the findings of previous studies. The initial embedded impacts of a system are
directly influenced by its total mass, and the impacts associated with maintenance activities
can often surpass the initial impacts, leading to an escalation in the overall impacts of the
construction system.

3.3. Strategies for Project Decision-Making

Analyzing the results obtained, it is possible to highlight strategic decisions for reduc-
ing environmental impacts in construction systems and, in this way, point out paths that can
be taken into account in the design decision-making process, as shown in Figure 7. As ob-
served in the present study and studies by Morales et al. [20] and Evangelista et al. [19], the
total mass of a building system can lead to greater environmental impacts, both concerning
building materials and their transportation. Thus, in order to reduce environmental impacts
influenced by the total mass of the system, it is important to invest in lighter materials.

Regarding impacts related to transport, in addition to studying the use of lighter
materials, a strategic decision is to prioritize the use of local materials or those that come
from locations closer to the construction site because, as observed in the results of this
study and according to Caldas et al. [14], the greater the distance between the product
and its final destination, the greater the impacts, since this distance directly impacts fuel
consumption and also emissions.

As for construction systems, it is clear that to reduce the initial impacts embedded in
the materials, it is important to invest in technological and alternative materials which have
a cleaner production process and are less aggressive to the environment. In this sense, it is
also necessary to look for materials that have lower energy consumption and use renewable
energies in their production.

Furthermore, in order to reduce the impacts embedded in materials, another aspect
considered is the definition of materials that use less cement in their composition, opting
for materials with cleaner raw materials or even that have recycled materials in their
composition. Still, regarding the use of cement, one strategy is to implement the use of
alternative mortars or those with reduced cement content, such as the use of biomass or
polymeric mortars. Furthermore, another factor to be considered is the mortar trait, as this
directly interferes with the impacts generated, since, mainly in the plastering subsystem,
cement and lime have a large participation.

However, in addition to prioritizing elements that have lower initial impacts, it is
important to check in detail the information and specifications of materials and systems
used, since material maintenance was a decisive aspect for most elements, being the main
aggravating factor of impacts embedded in the construction systems analyzed. Often,
recurrent embedded impacts can be much higher than the initial ones. In this sense, pro-
fessionals involved in the project design must be aware of the specificities of the materials
used, in particular the maintenance and replacement of products used in their projects,
to identify advantages and disadvantages concerning the environmental impacts of the
elements used.

Furthermore, in order to reduce environmental impacts during the execution of build-
ings, designers/architects/engineers must act to avoid wasting materials on site. Thus, it is
important to prioritize the execution of rationalized works, avoiding waste and the greater
consumption of raw materials.

The mentioned strategies were determined from the results found in the LCA carried
out and studies available in the literature, in which critical points were found in the studied
elements and, thus, action decisions that could be implemented by professionals in the
area were identified. Based on information about the impacts of materials and construction
systems, professionals in the area and the interested population can use these strategies to
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develop their guidelines for the design of less impactful projects and possess autonomy in
decision-making regarding the sustainability of the project.

4. Conclusions

The establishment of new low-income housing holds significant importance for de-
veloping nations. Nonetheless, civil construction processes give rise to a multitude of
environmental impacts. Therefore, the objective of this research was to conduct analyses
aimed at mitigating the environmental impacts associated with widely used construction
systems in low-income housing. The LCA results and interpretations have enabled the
identification of strategic decisions to support architects, engineers, and other industry pro-
fessionals in addressing environmental impacts inherent in building construction systems.
The main conclusions are presented as follows:

• Upon comparison of the impact results across each analyzed system, it was evident that
the wall system exhibited the highest participation in five out of the seven categories
examined. Consequently, in the second stage of this study, this component was
subjected to separate analysis.

• In the wall subsystem analysis, data representing the plaster subsystem showed a
significant participation in the total impacts.

• The system mass participation directly contributes to the aggravation of its environ-
mental impacts, primarily due to material transportation.

• Certain materials, such as cementitious elements and ceramic blocks, predominantly
contribute to the environmental impacts of the system.

• For architects, engineers, and other industry professionals, it is imperative to opt for
products manufactured through cleaner production processes and utilizing renew-
able or environmentally certified raw materials. Additionally, minimizing the use
of cementitious materials and favoring locally sourced or regionally manufactured
materials emerge as crucial considerations.

• To mitigate environmental impacts during the maintenance and replacement phases,
a thorough assessment of the lifespan of materials employed in projects becomes
imperative. This entails evaluating the requisite maintenance and replacement needs
over the building’s life cycle, prioritizing materials and construction systems with
extended service life to reduce the replacement frequency.

• It is believed that equipping both construction practitioners and the general public with
pertinent information empowers them to pursue sustainable development objectives,
prioritizing the construction of buildings with minimal environmental footprints and
thereby contributing to sustainability within the civil construction sector.
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