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� An analysis was made of the sustainability index of window materials in Vitória.
� The goal was to define the sustainability index of materials used in windows.
� The method involved the use of a field survey and the ISMAS tool.
� Materials with different properties could have the same sustainability index.
� The issue of sustainability needs to be included in the design process.
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The materials used in construction, such as those used in windows, currently require different procedures
when making a choice that go beyond the aspect of functionality and take into account the need for effi-
cient use guided the prerogatives of sustainability. Among other requirements, design specification
guidelines, in this regard, indicate material selection based on criteria related to the consumption of
raw materials, waste generation and its management. The purpose of this research was to define the sus-
tainability index of the materials used or with a potential for use in windows in multifamily residential
buildings located in Vitória, Espírito Santo, Brazil, using ISMAS – Instrument for the Selection of More
Sustainable Materials – as a tool. The study consisted of two steps, one in the field and the other in ana-
lyzing the sustainability index of the materials. Among the 23 types of identified windows, it was found
that the most commonly used materials are aluminum, wood, PVC, and glass. The results demonstrate
that materials with different compositions and properties can achieve the same sustainability index
when assessed using the ISMAS approach, giving the designer different options when making a selection.
The research also showed that the functional, aesthetic, and economic criteria traditionally adopted by
architects and designers are not sufficient to improve a building’s performance when the issue of sustain-
ability is introduced into the process.

� 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

A few decades ago, the importance of revamping the training of
decision-makers in the construction area was announced and,
hence, design practice to strike a balance between natural and con-
structed environments, also taking into account the need to train
human resources in an increasingly demanding market. In various
industries, governments have sought to punish and ban practices
that cause significant environmental impacts, and legislation is
becoming increasingly stringent in an attempt to minimize such
impact. In this context, defining what is effectively impactive or
sustainable in construction-related activities is fundamentally
important.

As the construction industry has developed, so has the demand
for materials that meet new profiles for different concepts, such as
sustainability. Thus, considering the need for changes in
performance relative to the market, designers should include
new procedures in the design process, in particular considering
immediate environmental impacts and those that take place over
time to contribute to improved building performance [1].

Currently, suitability in the choice of building materials is
related to the construction technologies’ potential to minimize or
eliminate the buildings’ excessive energy consumption, thereby
reducing the need for raw materials, waste production, and a wide
range of environmental impacts. In this context, some tools may
help in the selection process; however, the importance of having
available instruments that present clear technical information
and a user-friendly interface is undeniably important as it leads
to finding more concise information [2]. Thus, the choice of a prac-
tical selection method that would reduce investment in technology
without requiring specialized knowledge may be enough to
achieve certain goals such as lower cost and a reduction in time
[3], even if it does not achieve the level of analysis accuracy of
more complex tools used by experts.

Currently, the information found in the environmental assess-
ment tools has become a benchmark for sustainability projects.
Each method has specific characteristics, differing in items such
as changing environmental agendas, design and construction prac-
tices, and changes in economic and cultural issues. The main tools
in use are as follows: BREEAM – Building Research Establishment
Environmental Assessment Method – England [4]; GREEN STAR,
in Australia [5]; CASBEE – Comprehensive Assessment System for
Building Environmental Efficiency – Japan [6]; HQE – Haute Qualité
Environnimentale – France [7]; LEED – Leadership in Energy and
Environmental Design – United States of America [8]; SBtool – Sus-
tainable Building Tool – International Consortium [9]; among
others. Furthermore, there are some specifications used in Brazil
such as AQUA – Alta Qualidade Ambiental [10], which was devel-
oped from HQE, and ASUS – Avaliação de Sustentabilidade [11],
developed to address the reality in Espírito Santo.

There are also digital tools used to support decision-making and
assist in choosing materials [2]. They consist of systematic proce-
dures used to measure and assess impact and broaden the range
of choices. Athena (Canada) assesses and compares the impact of
materials in various scenarios [12]. BEES (USA) presents impact
categories and provides a way to balance the environmental and
economic performance of different materials [13]. SimaPro (The
Netherlands) identifies, calculates, and quantifies environmental
aspects related to the energy embedded in the materials [14]. In
Brazil, MateriaBrasil is an example of an assessment tool focused
on materials, a collection of materials available online and free of
charge that has associated sustainability indicators [15].

Several other methods have been and are being developed to
help designers increase design effectiveness [16,17]. However, to
be effectively used, in addition to the need for clarity, information
must be easy to use and enable objective responses. Highly com-
plex tools tend to result in expensive products that require hiring
experts who know how to use them [3].

The need for a practical method arises when reviewing the lit-
erature, methods that use arrays and complex numerical calcula-
tions to choose a material. Examples include multiobjective [18];
multiple criteria [19]; index-based classification [20,21]; and other
quantitative methods such as the cost-benefit ratio [22]. However,
in light of architectural firms’ need for practicality, the existence of
methods or instruments to assist in the selection of materials
based on sustainability, consistent with the dynamics of design
concepts, is still in the initial stages [3].

As recommended by Mateus and Bragança, an instrument’s pro-
posed simplification should be related to the presentation of a
user-friendly, easy-to-understand language, usability, and practi-
cality [23]. Otherwise, if it proves to be too time-consuming, the
architect will rarely use it on a regular basis. Consequently, select-
ing a suitable approach and applying specific techniques can signif-
icantly reduce the simulation runtime [17]. In addition, ease of
handling helps users absorb the significance of the concepts at
their own pace and expand their knowledge.

The ISMAS instrument proposed by [24] Bissoli-Dalvi exempli-
fies this context, since it aims to provide simplified criteria to
define the sustainability index of the materials in favor of creating
an easy-to-use system, as also recommended by Pinter, Hardi and
Bartelmu, Ding, and Mateus and Bragança [23,25,26]. In this sense,
ISMAS proposes a context for conceptual fragmentation with an
emphasis on sustainability analyses that target specific topics such
as savings on the use of raw materials and waste generation and
management. Some assessment methods are limited in range, as
they do not cover all types of impacts, but rather choose those
deemed the most important or have a specific business focus
[27]. Although there is a tendency to adopt many criteria when it
comes to choosing materials, a smaller, properly selected set tends
to be more effective [25], also keeping in mind that, currently,
there is no universal set of criteria that is equally applicable to
all analyses [28].

Particularly with regard to building envelopment, in addition to
the materials that comprise closed spans, it is necessary to know
the characteristics of the frames and their respective materials to
understand the properties that favor the search for the best perfor-
mance and satisfactory levels of sustainability.

Within this context, this study aimed to define the sustainabil-
ity index of the materials most commonly used or that could be
potentially used in windows of multifamily residential buildings,
taking into account the layout of Vitória, Espírito Santo, Brazil,
using ISMAS.
2. Construction materials and sustainability

The materials selection stage requires design professionals to know the various
aspects traditionally related to visual, tactile, thermal, acoustic, and olfactory per-
ception, along with fitness for use, to the economic, technical, physical, mechanical,
and chemical requirements [29].

Technically, there are many factors to be considered, such as cost, reliability,
durability, availability, market trends, cultural and aesthetic aspects, social con-
cerns, and user interaction with aspects such as appearance and emotions
[30,31,29,32]. Social concerns are related to thermal and acoustic comfort, good
indoor air and aesthetic quality, keeping in mind that these aspects are related to
human perceptions [33]. The choice of material means weighting different factors
[34], which also include ease of operation/maintenance and durability.

Materials manufacturers are increasingly investing in developing products with
minimal impact, concomitant with the emergence of a new design method guided
by the principles of sustainability [35]. Considered a recent, even unknown, issue,
many decision-makers believe that the subject relates only to the basic principles



Table 1
Model spreadsheet of the photographic, descriptive, and quantitative record of
window types [50].

Region – district:

Window type –
picture

Template Characteristics Quantity

A1 Natural aluminum/colorless
glass

A2 White aluminum/colorless
glass

A3 White aluminum/green glass
A4 Black aluminum/smoked glass
A5 Bronze aluminum/smoked

glass
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of environmental comfort or consumption of raw materials, with some initiatives
relying on ‘‘fads” and the benefit provided by real estate marketing, without using
criteria that relate to sustainability [36].

When aspects of sustainability in construction are linked to environmental
comfort, the performance of the building’s envelopment and construction compo-
nents is of key importance, especially the acoustic characteristics of the specified
materials [37]. Nicol and Humphreys regard the indoor environmental quality as
an important factor in energy consumption, the occupant’s quality of life, and sus-
tainability [38].

As part of the envelopment, windows specifically developed in typology and
construction technology, linked to the need to integrate the internal and external
environment, establishing thermal, acoustic, and lighting exchange relationships.
As the building component is, in many cases, the part of the envelopment that more
interferes in internal thermal conditions and, therefore, is a key element in achiev-
ing the lowest energy consumption, it is also accountable for much of the environ-
mental heat losses and gains [39].

Choosing materials and components that prioritize lower energy consumption
and better performance reflect responsible attitudes, which should culminate in
design solutions that encourage the adoption of strategies according to the poten-
tial of each region. Faced with such choices, there is not always a single selection
criterion and the designer needs to consider and asses the aspect that is deemed
to be a priority in the design, particularly when it comes to sustainability, where
there is a multitude of variables to be examined.

At the same time, the dissemination and use of tools for assessing a building’s
sustainability contribute to that knowledge being put into effective in practice since
they provide designers with a referential base and encourage better sustainability
practices.

Thus, today’s professional must be guided by numerous variables, such as the
search for healthy, comfortable, affordable space that are responsive to social needs,
while respecting natural systems and fostering the selection of materials. Further-
more, professional constantly need updating from with regard to new technologies,
concepts, and paradigms [36]. An aspect of great importance to encouraging designs
based on the best performance is directly related to public policies, whether in the
form of programs or specific legislation.

Agenda 21 [40], for example, calls for authorities to stimulate the intensive use
of environmentally sound building materials. Act No. 6938, Article 2 and 170,
Brazilian law, indicate a direction regarding environmental maintenance and com-
plement the defense of the environment, control of impacts, preservation of
resources, and requirements for the sustainable use of resources.

Given that, in Brazil, the sustainability requirement is also part of Performance
Standard NBR 15575 [41], the question of material specification is approached from
minimum performance requirements that include durability, low maintenance, and
reducing a building’s environmental impact. These factors are also assessed in rela-
tion to user behavior in how the building and its components are used, which fur-
ther increases the responsibility of professionals when choosing materials suitable
for the type of use, the local culture, and environmental characteristics.

Assuming that the requirement of NBR 15575 is the adoption of such concepts
in design practice, the selection of materials used in construction – including mate-
rials used in the manufacture of windows – should also be in line with such prerog-
atives. In Brazil, the quantity, quality, reliability, and degree of information detail is
below the minimum required for decision-making, and often the price at the time of
purchase is the only objective criterion available [42]. For the effective incorpora-
tion of new values in construction, the criteria adopted for the materials selection
stage should be extended, covering considerations that go beyond the customary
ones [33,35].

Act 8.666 from Brazilian law addresses the selection of materials used in public
works in Brazil, which considers choosing the most advantageous bid, i.e., the low-
est cost is still determining factor to define materials. However, the lowest price
may not be a suitable approach for the best performance over the useful life of
the material in relation to its intended use [43], since the purchase price is the only
consideration, and aspects related to the maintenance costs and durability are
infrequently presented as additional criteria for making a choice.

Also noteworthy is a tendency among building designers to select traditionally
used materials, either because their use has been firmly established over time or
they are easy for laborers to handle [44]. Given that there is a predisposition to
replace underperforming materials in today’s society, designers need to consider
new criteria such as recyclability and the impact these materials have on the
environment.

As society becomes more demanding, a design is likely to need to be developed
more quickly, by including computer in the design technique, interfaces, and repre-
sentation. Thus, considering current design practices, the incorporation of new
requirements in the choice of materials should be made expeditiously and without
generating additional costs related to the time spent doing so.

The adoption of methods for choosing materials involves new techniques and
tools that collaborate with the new commitments to be met. With the global energy
crisis that began in the 1970s [45], major problems concerning environmental
impact began to emerge, requiring initiatives aimed at making an environmental
assessment of buildings, accompanied by the development of indicators and meth-
ods for assessing sustainability [46].
3. Method

The methodological procedures were developed in two stages.
The first one – a field survey – aimed to identify the materials used
in the bedroom windows of multifamily residential buildings in
Vitória, Espírito Santo, Brazil, considered to be the place where
studies have been directed with regard to ISMAS structuring. Bed-
roomwindows were chosen to be part of an environment classified
as long-term by the local government building codes [47], whose
habitability condition suggests greater stringency when compared
to other rooms in the building. The area defined for making a sur-
vey of window types considered the following criteria: (I) locations
with growth in the construction area; (II) areas with high multi-
family housing density; and (III) areas with statistical records of
growth and investment in the housing sector.

In light of the established criteria, the parameter of the sample
area was defined by the Construction Industry Trade Union in the
State of Espírito Santo – SINDUSCON, ES – [48], corresponding to a
total of nine districts: Bento Ferreira, Praia do Suá, Santa Lúcia,
Praia do Canto, Barro Vermelho, Santa Helena, Enseada do Suá, Jar-
dim da Penha, Jardim Camburi, and Mata da Praia.

The selected regions are also characterized by having open
areas and land with single-family buildings that are potentially
favorable to new ventures. The districts have a history of about
60 years of occupation and are made up of a mix of recent and
old buildings. The types of windows in multifamily buildings in
use located in the sample area were recorded and all of them were
classified.

At this stage, a systematic observation of facts was applied to
get data that require a precise description of phenomena,
necessitating the prior preparation of an observation plan [49].
To carry out this that this type of procedure, it was deemed impor-
tant to define what to observe and how to record and organize
information.

A map of the region was used to collect the data and a table was
drawn up (Table 1) with a record of the types and characteristics of
windows classified as the most sold in Vitória by Nico-Rodrigues
[50]. The table was updated during data collection; photographic
and descriptive records were also used for the field survey.

It is noteworthy that the window element to consider for anal-
ysis consists of a window trim, panes, and sealing elements, with
the window frame being composed of beams and crossbeams;
the panes being either the fixed or movable parts of the window
to which the sealing elements are attached, and the sealing ele-
ments are usually made of glass, louvers, venetian blinds, and
others [51]. The material in its natural composition, without added
components such as pigments that alter the aesthetics, were con-
sidered when defining the sustainability indexes.

Although not identified in the field survey as one of the usual
materials on the windows, an analysis was conducted of synthetic



Table 2
Adopted parameters and respective points with an analysis example of a criterion [24].

Criterion Coverage of the criterion to drive sustainability Complexity to assess
the criterion

Impact of the criterion
on the environment

Points
assigned

6 3 0.5 2 1 0 2 1 0
Comprehensive
coverage

Average
coverage

Little
coverage

High Average Low High Average Low

It is possible to be reused, in whole or in
part

3 0 1 4

Fig. 1. Adjusted scale of points assigned to weights.
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wood (WPC – Wood-Plastic Composites), also known as plastic
wood or ecological wood. This decision was motivated by the
results obtained by Dias et al. [52], which identify the great poten-
tial of using this material, especially for the specific environmental
conditions found in coastal areas. WPC emerged in Europe in the
1970s and began to be used in the United States in the early
1990s, when the market began to accept technologies that used
recycled plastics for molds, thus replacing natural wood in decks
and fences [53].

The second stage of the survey aimed to define the sustainabil-
ity index of the identified materials. It is observed that various
methods, grounded in a solid scientific foundation, have been
and are being developed to contribute to this process [16,17]. In
Brazil in particular, some difficulties are encountered due to the
lack of databases on the environmental impacts of the materials
or the high cost of the processes [54]. Moreover, the lack of basic
information to feed the simulations and assess the impact through-
out the materials’ life cycle is seen as a barrier [55]. Often it is nec-
essary to simplify the methods and make adaptations and
approximations regarding the available data [56].

Simplifying and reducing means selecting essential information
to improve the performance of a given situation or is related to a
dimension of sustainability [57]. Some assessment methods have
limited range, since they do not cover all types of impacts, but
select a few that are deemed important or necessary to meet speci-
fic requests [27]. For instance, the Agenda calls attention to the fact
that the construction industry needs to propose measures to assist
in selecting materials that promote the economy of raw materials
and encourage the utilization of waste [40].

In this context, ISMAS was chosen as an assessment tool [24]. It
aims to help the designer select materials with an emphasis on
sustainability. ISMAS is a web format tool system whose structure
is organized from seven criteria with positive affirmations. Consid-
ering that the criteria have differentiated values, ISMAS adopts ref-
erences marks for each criterion, and suggested values are assigned
with the aid of a numerical grading scale, adopting the scales used
in tools like SBTool [9], which is a Green Tool [58], and ASUS [11] as
examples. The score for each criterion indicates three possible
response levels, in which each level presents a strategy and is tied
to a particular numerical value.

To achieve standard practice (level 0), the material proposes a
given situation, considered as a benchmark or best practices. As
one reaches better performance levels, the objectives to be
achieved are driven higher and receive a note of +1, which is
considered a positive practice. Conversely, when the aims of the
criterion are not met, it is regarded as a negative practice and
receives a score of �1.

How each criterion influences sustainability is neither consen-
sual nor immutable over time, highlighting the difficulty in
expressing sustainability in absolute terms [59]. Macías and
Navarro state the assessment of sustainability requires a score that
contributes to the definition of the weighting elements [58].
Selecting what would be the ‘‘best” material requires the profes-
sional to use various, at times contradictory, criteria, which lead
to weighing them individually for the purpose to which they were
intended. This optimization usually results in a better design solu-
tion [17].

Therefore, a weighting system needs to be considered in the
assessment tools [60], as proposed by ISMAS. For the definition
of the weights [24], numerical values were adopted on a gradual
scale, taking as a reference some conceptual parameters used to
define the points, which are presented in Table 2.

When the assigned points are added, the value is set to the cor-
relation weights shown in Fig. 1.

To define ISMAS weights, ranging from 0.5 to 4, the geometrical
progression was taken into account (Eq. (1)), characterized by a
numerical sequence wherein each term, starting with the second,
is equal to the previous product multiplied by a constant.

an ¼ a1 � qn�1 ð1Þ
Thus, the weight scale (Fig. 2) aims to numerically represent the

parameters and drive them gradually. As such, it was possible to
demonstrate and incite the maximum value to be considered with
greater emphasis.

Table 3 shows the organizational structure of IMAS. In each cri-
terion, the user selects a possible response, i.e., a level (�1/0/1)
that determines the respective reference mark. In this survey, the
analysis of each material was made by the authors, is not consid-
ered to be is opinionated, and therefore presents a result indepen-
dent of sample or statistical treatment.

To represent the final result, i.e., the sustainability index
achieved by the material within the selected theme, ISMAS pre-
sents a qualification scale (Fig. 3) with variations that range from
�1 to 1.
4. Results

All multifamily residential buildings in use were examined dur-
ing the field survey, i.e., 100% of such dwellings in a previously



Fig. 2. Proposed geometric scale to define the weights in ISMAS [24].

Table 3
Structure of the ISMAS [24].

Criterion Weight Level Reference marks

1 – It is possible to be reused, in whole
or in part

1 �1 Failure to meet minimum requirements established for level 0
0 It can be reused, but requires industrial processing
1 It can be reused with minimal processing or directly, without processing

2 – It is renewable 4 �1 The elements that constitute the material and are from a plentiful or renewable source are present in small
amounts

0 About half of the elements of the material are renewable and abundant raw materials
1 All material is renewable or consists of abundant raw materials

3 – Dispenses with additional materials
for finishing

0.5 �1 Failure to meet minimum requirements established for level 0
0 Needs different types of surface materials; however, this is considered just a protective material
1 Requires no additional materials for surface finish

4 – Has recyclable elements 2 �1 Has no recycled elements in its composition
0 Has recycled elements in its composition derived from the same material
1 Has recycled elements in its composition derived from different materials

5 – Durability independent of
maintenance

1 �1 Failure to meet minimum requirements established for level 0
0 It has minimum design life (MDL) established by NBR 15575, and requires periodic maintenance with the

use of new materials
1 Has MDL established by NBR 15575, and maintenance occurs only with cleaning

6 – Favors dismantling aimed at reuse 0.5 �1 Failure to meet minimum requirements established for level 0
0 It can be separated from other construction materials, but loss of material may occur because it uses

binders, adhesives, and agglomerates
1 It can be easily separated from the other materials because it uses mechanical fasteners such as moorings

and screws

7 – Favors low waste generation 1 �1 Failure to meet minimum requirements established for level 0
0 The material favors minimal waste in the construction stage
1 Meets the requirements of level 0, including the steps of use/operation and disassembly
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defined area by recording the window model used in each one,
resulting in twenty-three different types of windows in 1999
buildings in use observed in the nine districts, and four types of
materials used in the frame, panes, and sealing elements: alu-
minum, wood, PVC (Polyvinyl Chloride), and glass. It was deter-
mined that the percentages of the materials were 95% aluminum,
4% PVC, and only 1% in wood, with all window panes made of glass.

The prevalence of aluminum is related to lower cost, ease of
maintenance – especially given the coastal location of the city of
Vitória – durability, and suitability in relation to the volumetric
design of architectural typologies. It was observed that the use of
PVC is not adopted in significant amounts in the surveyed build-
ings, inferring that the main reason is related to the higher cost
of the final product when compared to the cost of aluminum. It
was also observed that some buildings, especially those built in
the 1960s and 1970s, have wooden windows, a material widely
used for this purpose at that time.

The sustainability index was defined for each material identi-
fied based on the results of the field survey (Table 4), also incorpo-
rating the WPC for the above reasons. Determining the level
considered for each criterion was based on information provided
by the manufacturers of each material.

The final analysis included the results of each criterion pro-
posed by ISMAS, and variations were highlighted with regard to
the considered specificities. In criterion 1, it was observed that
the aluminum, wood, PVC, and WPC used in windows are able to
be directly reused with minimal processing because they are easy
to remove for replacement and/or at the end of the building’s use-
ful life. However, the glass, which is an inherently fragile material,
is customarily installed with its own tape that hampers its removal
and this may lead to breakage and its reuse may require industrial
processing.

In criterion 2, aluminum, PVC, and glass were given an average
score for having approximately 50% of their elements from a
renewable or abundant source of raw materials. In criterion 3,
wood was the only material used as a surface finish and then only
for protection. It received the lowest score in criterion 4 for not
having recycled elements in its composition. In criterion 5, wood
was the only material characterized by requiring periodic mainte-
nance with the use of new materials. This reinforces the need for
the maturation of the sustainability concept regarding wood used
in construction, whose assessment, as proposed by ISMAS, goes
beyond the superficial concept of renewable material.

In criterion 6, glass drew attention because of its inherent fragi-
lity, which could result in losses while being removed to be reused.
In criterion 7, all of the materials were confirmed as favoring low
waste generation, especially given that the materials used in the
manufacture of windows have been pre-sized and prefabricated.
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Very low Low Average High Very High

Fig. 3. Possible results of the sustainability index proposed by ISMAS.

Table 4
Sustainability index for the materials analyzed by ISMAS.

Criterion Weight Level obtained for each material

Aluminum Wood PVC Glass WPC

1 – It is possible to
be reused, in
whole or in part

1 1 1 1 0 1

2 – It is renewable 4 0 1 0 0 1
3 – Dispenses with

the need for
additional
materials for
finishing

0.5 1 0 1 1 1

4 – Has renewable
elements

2 0 �1 0 0 1

5 – Durability is
independent of
maintenance

1 1 0 1 1 1

6 – Favors
disassembly
aimed at reuse

0.5 1 1 1 0 1

7 – Favors low waste
generation

1 1 1 1 1 1

Final sustainability
index

0.4 0.45 0.4 0.25 1

Related to savings in
the use of raw
materials; waste
generation and
management

High High High High Very
high
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Finally, there is the fact that sustainability encompasses broad
and diverse concepts, making it difficult for the materials analyzed
to achieve the highest levels in all the criteria. Regarding wood,
although the result was below initial expectations, the undeniable
potential that the timber sector plays in a sustainable development
strategy should be taken into account.

As for WPC, the construction industry is currently studying the
possibility of using this material in window frames and, based on
the concepts adopted by ISMAS, it was the material that presented
the best results in tests. It stands out as differentiators that drive
getting the best sustainability index. The fact that all of the mate-
rials that make up WPC are a renewable source or composed of
abundant raw materials; they do not require additional materials
for surface finishing; they have recycled elements in their compo-
sition derived from other materials; maintenance occurs only with
cleaning; they favor disassembly aimed at reuse (they can easily be
separated from other materials because they use mechanical fas-
tenings such as screws); and they favor low waste generation in
the construction, use/operation, and disassembly stages because
they are produced in pre-defined sizes for each type of use. Thus,
the sustainability index for WPC indicates it as a potential material,
being also considered a viable alternative due to its properties and
characteristics, which enhance its use for windows.

The results also showed that, while having a goal to obtain the
best score in one criterion, getting the best desired performance
may not be achieved in another one. Even if one could achieve
the maximum results in practice, theoretically or mathematically,
it is difficult to achieve a high performance high in all criteria,
because there are different priorities and constraints. Strategies
recommended for achieving good performance in some aspects
may conflict with other strategies. Thus, it is recommended that
the designer identify and pursue the best solutions for each specific
case.

5. Conclusion

The results showed that materials with different composition
and properties may have the same sustainability index when mea-
sured relative to the savings in raw materials and waste generation
and management, giving the designer different choices of materials
for intended use.

As the main guiding element, different factors need to be con-
sidered when selecting a material based on sustainable conceptual
foundations. The ISMAS instrument emphasizes only some aspects
judged to be of greater importance, especially in the thematic con-
text of this study. In this regard, it is noted that wood, when
assessed under specific aspects, and not only from the standpoint
of renewability, achieves lower levels of sustainability as compared
to other materials, mainly because it has no recycled elements in
its composition and requires constant maintenance.

Conversely, materials deemed unsustainable owing to certain
aspects should also be studied to get a better idea of the criteria
that drive sustainability. Within this context, the results presented
by WPC stand out as a possible driving material for sustainability
in construction, considering the concepts proposed by ISMAS.

Regarding ISMAS, the same criteria may be used in other parts
of Brazil or even in other countries, provided the aspects consid-
ered to be most relevant in the area defined herein are the same
for other locations. Eventually, there may be a need to establish
constraints and adaptations according to the characteristics of each
place. The results of the analysis for the same material may be dif-
ferent according to local conditions because issues related to the
savings with raw materials and encouraging the recovery of waste
may have different values in each region.

Faced with the undeniable finitude of key rawmaterials for con-
struction and the need to change the way in which to exploit nat-
ural resources, the search for improvements must be accompanied
by solutions that adopt traditional materials selection criteria, dri-
ven by criteria grounded in sustainable concepts.

The search for expanding sustainability assessment indicators
of materials is already underway, aimed at extending precision
and quantitative selection criteria, without losing sight of ISMAS’s
user-friendliness. The development of an instrument for use by
experts is also being assessed, considering the need for complex
evaluations and not necessarily linked to the design process.

Acknowledgements

The authors gratefully acknowledge support received from the
Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq), Fundação de Amparo à Pesquisa e Inovação do Espírito



M. Bissoli-Dalvi et al. / Construction and Building Materials 106 (2016) 357–363 363
Santo (FAPES) and Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior (Capes) Brazil.

References

[1] M. Cellura, S. Longo, M. Mistretta, The energy and environmental impacts of
Italian households consumptions: an input–output approach, Renew. Sustain.
Energy Rev. 8 (2011) 3897–3908, http://dx.doi.org/10.1016/j.rser.2011.07.025.

[2] P.S. Ramalhete, A.M.R. Senos, C. Aguiar, Digital tools for material selection in
product design, Mater. Des. 5 (2010) 2275–2287, http://dx.doi.org/10.1016/
j.matdes.2009.12.013.

[3] D. Castro-Lacouture, J.A. Sefair, L. Flórez, A.L. Medaglia, Optimization model for
the selection of materials using a LEED-based green building rating system in
Colombia, Build. Environ. 6 (2009) 1162–1170, http://dx.doi.org/10.1016/j.
buildenv.2008.08.009.

[4] BREEAM, BRE Environmental & Sustainability Standard, [S.I.], BRE Global, 2009.
[5] Green Building Council of Australia, Technical Manual: Green Star Office

Design & Office as Built, Version 3, Green Building Council of Australia, Sydney,
2008.

[6] Japan Greenbuild Council, Japan Sustainable Building Consortium, The
Assessment Method Employed by CASBEE, 2015.

[7] Guide pratique du referentiel pour la Qualité Environnementale des Bâtiments,
Certivéa, Paris, 2011.

[8] LEED, For New Construction and Major Renovation, U.S. Green Building
Council, Washington, 2009.

[9] International Initiative for a Sustainable Building Environment – IISBE, 2007.
[10] Fundação Carlos Alberto Vanzolini. Referencial técnico de certificação Edifícios

do setor de serviços – Processo AQUA: Escritórios e Edifícios escolares, FCAV,
São Paulo, 2007.

[11] C.E. de Alvarez, A.D.S. Souza, (Coord.), ASUS: Avaliação de Sustentabilidade,
2011.

[12] Athena, Sustainable Materials Institute, 2015.
[13] B. Lippiatt, A.L. Greig, Lavappa, P. Bees, Online, 2009.
[14] Simapro. Access: <http://www.pre-sustainability.com/simapro-lca-software>,

2015.
[15] Materia Brasil, 2013. Access: <http://www.materiabrasil.com/explore/

material>, 2015.
[16] Y.M. Deng, K.L. Edwards, The role of materials identification and selection in

engineering design, Mater. Des. 1 (2005) 131–139, http://dx.doi.org/10.1016/
j.matdes.2005.05.003.

[17] V. Machairas, A. Tsangrassoulis, K. Axarli, Algorithms for optimization of
building design: a review, Renew. Sustain. Energy Rev. 31 (2015) 101–112,
http://dx.doi.org/10.1016/j.rser.2013.11.036.

[18] M.F. Ashby, Multi-objective optimization in material design and selection, Acta
Mater. 48 (1) (2000) 359–369.

[19] P. Sirisalee, M.F. Ashby, G.T. Parks, P.J. Clarkson, Multi-criteria material
selection in engineering design, Adv. Eng. Mater. 6 (1–2) (2004) 84–92.

[20] L. Holloway, Materials selection for optimal environmental impact in
mechanical design, Mater. Des. 19 (4) (1998) 133–143.

[21] F. Giudice, G. La-Rosa, A. Risitano, Materials selection in the life-cycle design
process: a method to integrate mechanical and environmental performances
in optimal choice, Mater. Des. 26 (1) (2005) 9–20.

[22] M.M. Farag, Selection of Materials and Manufacturing Processes for
Engineering Design, Prentice-Hall, Englewood Cliffs, 1989.

[23] R. Mateus, L. Bragança, Sustainability assessment and rating of buildings:
developing the methodology SBToolPT–H, Build. Environ. 10 (2011) 1962–
1971, http://dx.doi.org/10.1016/j.buildenv.2011.04.023.

[24] M. Bissoli-Dalvi, ISMAS: a sustentabilidade como premissa para a seleção de
materiais, Doctoral dissertation, Universidad del Bío-Bío, Concepción, 2014.

[25] L. Pinter, P. Hardi, P. Bartelmu, Sustainable Development Indicators: Proposals
for a Way Forward, International Institute for Sustainable Development, New
York, 2005.

[26] G.K.C. Ding, Sustainable construction: the role of environmental assessment
tools, J. Environ. Manage. 3 (2008) 451–464, http://dx.doi.org/10.1016/
j.jenvman.2006.12.025.

[27] M.A.J. Huijbregts, L.J.A. Rombouts, S. Hellweg, R. Frischknecht, J.H. Dik Van de
Meent, A.M.J. Ragas, J. Struijs, Is cumulative fóssil energy demand a useful
indicator for the environmental performance of products?, Environ Sci.
Technol. 3 (2006) 641–648.

[28] J.W. Termorshuizen, P. Opdam, A. Van Den Brink, Incorporating ecological
sustainability into landscape planning, Landscape Urban Plan. 4 (2007) 374–
384, http://dx.doi.org/10.1016/j.landurbplan.2006.04.005.

[29] M. Hegger, H. Drexler, M. Zeumar, Materiales, Editorial Gustavo Gili, Barcelona,
2010.

[30] M. Ashby, K. Johnson, Materials and Design: the Art and Science of Material
Selection in Product Design, Butterworth-Heinemann – Elsevier, Oxford, 2002.

[31] N. Crilly, J. Moultrie, P.J. Clarkson, Seeing things: consumer response to the
visual domain in product design, Des. Stud. 6 (2004) 547–577, http://dx.doi.
org/10.1016/j.destud.2004.03.001.

[32] R.V. Rao, A material selection model using graph theory and matrix approach,
Mater. Sci. Eng. 2 (2006) 248–255, http://dx.doi.org/10.1016/j.msea.
2006.06.006.

[33] U.G.Y. Abeysundara, S. Babel, S. Gheewala, A matrix in life cycle perspective for
selecting sustainable materials for buildings in Sri Lanka, Build. Environ. 5
(2009) 997–1004, http://dx.doi.org/10.1016/j.buildenv.2008.07.005.
[34] C. Spiekermann, D. Donath, Digital support of material and product selection
in the architectural design and planning process, in: International Conference
on the Applications of Computer Science and Mathematics in Architecture and
Civil Engineering, 17, Wiemar. Anais. . ., Bauhaus Universität Weimar, Weimar,
2006, pp. 1–10.

[35] H. Huang, L. Zhang, Z. Liu, J.W. Sutherland, Multi-criteria decision making and
uncertainty analysis for materials selection in environmentally conscious
design, Int. J. Adv. Manuf. Technol. 52 (2011) 421–432.

[36] L.D. Martinez, S.R.L. de Amorim, Inserção de aspectos sustentáveis no projeto
de arquitetura unifamiliar e capacitação de profissionais de arquitetura em
Niterói, in: Congresso Nacional de Excelência em Gestão: Energia, Inovação,
Tecnologia e Complexidade para a Gestão Sustentável, 6, Niterói. Anais...,
Niterói, 2010, pp. 1–23.

[37] T. Chow, Z. Lin, K. Fong, L. Chan, M. He, Thermal performance of natural airflow
window in subtropical and temperate climate zones – a comparative study,
Energy Convers. Manage. 50 (2009) 1884–1890, http://dx.doi.org/10.1016/j.
enconman.2009.04.028.

[38] J.F. Nicol, M.A. Humphreys, Adaptive thermal comfort and sustainable thermal
standards for buildings, Energy Build. 34 (2002) 563–572.

[39] A. Jonsson, A. Roos, Evaluation of control strategies for different smart
window combinations using computer simulations, Sol. Energy 84 (2010)
1–9.

[40] Conferência das Nações Unidas sobre o Meio Ambiente e Desenvolvimento.
Conferência das Nações Unidas sobre o Meio Ambiente e Desenvolvimento: de
acordo com a Resolução n� 44/228 da Assembleia Geral da ONU, de 22-12-89,
estabelece uma abordagem equilibrada e integrada das questões relativas a
meio ambiente e desenvolvimento: a Agenda 21, Câmara dos Deputados,
Coordenação de Publicações, Brasília, 1995.

[41] Associação Brasileira de Norma Técnica, NBR 15.575-1: Norma de
Desempenho, Rio de Janeiro, 2013.

[42] Desenvolvimento com sustentabilidade, Câmara Brasileira da Indústria da
Construção, São Paulo, 2011.

[43] K. Maniya, M.G. Bhatt, A selection of material using a novel type decision-
making method: preference selection index method, Mater. Des. 4 (2010)
1785–1789, http://dx.doi.org/10.1016/j.matdes.2009.11.020.

[44] A. Jahan, M.Y. Ismail, S.M. Sapuan, F. Mustapha, Material screening and
choosing methods: a review, Mater. Des. 2 (2010) 696–705, http://dx.doi.org/
10.1016/j.matdes.2009.08.013.

[45] Balanço Energético Nacional 2008: Ano base 2007, EPE, Rio de Janeiro, 2008.
[46] A. Horvath, Construction materials and the environment, Annu. Rev. Environ.

Resour. 29 (2004) 181–204.
[47] Prefeitura Municipal de Vitória, Código de edificações da Prefeitura Municipal

de Vitória, Prefeitura Municipal de Vitória, Vitória, 1998.
[48] Sindicato da Indústria da Construção Civil no Estado do Espírito Santo,

Sinduscon-ES: Censo Imobiliário, Sinduscon-ES, Vitória.
[49] A.C. Gil, Métodos e técnicas de Pesquisa Social, 6a ed., Editora Atlas, São Paulo,

2008.
[50] E.A. Nico-Rodrigues, Janelas x Ventilação: modelo de apoio à escolha para

edificações multifamiliares em Vitória, ES, Master’s thesis, Universidade
Federal do Espírito Santo, Vitória, 2008.

[51] Associação Brasileira de Norma Técnica, NBR 10820: Caixilho para Edificações
– Janela, 1989.

[52] B.Z. Dias, F.M. Fukai, N. Dorio, C.E. de Alvarez, Concreto-PVC, madeira serrada e
madeira plástica: estudo comparativo de adequabilidade para construções em
ilhas oceânicas, in: Congresso Luso-Brasileiro De Materiais De Construção
Sustentáveis, Guimarães. Anais. . ., Universidade do Minho, Guimarães, v. 2,
2014, pp. 489–501.

[53] E.M.R. de Oliveira, E.M.R. de Oliveira, R.A. Costa, Dossiê técnico: madeira
plástica – apresenta informações técnicas sobre a fabricação e o uso de
madeira plástica, Instituto Euvaldo Lodi – IEL/BA, Salvador, 2013.

[54] R.F. de Souza Paes, Materiais de construção e acabamento para escolas
públicas na cidade do Rio de Janeiro: uma reflexão sob critérios de
sustentabilidade. 2008. 183f, Dissertação (Mestrado em Arquitetura) –
Programa de Pós-graduação em Arquitetura, Universidade Federal do Rio de
Janeiro, Rio de Janeiro, 2008.

[55] J.M. Evans, Sustentabilidad en arquitectura 1: compilación de antecedentes de
manuales de buenas prácticas para las obras de arquitectura, junto a
indicadores de sustentabilidade y eficiencia energética, Consejo Profesional
de Arquitectura y Urbanismo, Buenos Aires, 2010.

[56] G. Wadel, J. Avellaneda, A. Cuchí, La sostenibilidad en la arquitectura
industrializada: cerrando el ciclo de los materiales, Informes de la
construcción 62 (517) (2010) 37–51.

[57] L. Diaz-Balteiro, C. Romero, In search of a natural systems sustainability index,
Ecol. Econ. 49 (3) (2004) 401–405.

[58] M. Macías, J.G. Navarro, Metodología y HerramientaVerde para la evaluación
de la sostenibilidad en edificios, Informes de la Construcción 62 (2010) 87–
100, http://dx.doi.org/10.3989/ic.08.056.

[59] R. Mateus, L. Bragança, Avaliação da sustentabilidade da construção:
desenvolvimento de uma metodologia para a avaliação da sustentabilidade
de soluções construtivas, in: CONGRESSO SOBRE CONSTRUÇÃO SUSTENTÁVEL,
1, 2004, Porto, Anais..., Porto, 2004, pp. 28–37.

[60] H.A. Hikmat, F.N. Saba, Developing a green building assessment tool for
developing countries e case of Jordan, Build. Environ. 5 (2009) 1053–1064,
http://dx.doi.org/10.1016/j.buildenv.2008.07.015.


