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Abstract: Relative concepts of sustainability are more and more influenced by societies around the world. The
construction industry, especially for building construction development, is being accused of promoting environmental
impacts that range from excess use of resources to pollution generation. This paper present an application of the sustainability
concept applied to buildings, as well as, a contribution to the development of practices, methodology and tools for evaluation
of already existing buildings. In order to achieve that, this study will detail how current systems to evaluate building
performance operate, and how can we improve them. The Analytic Hierarchy Process (AHP), a multi-criteria method, is used
as a tool to investigate the relative importance of the criteria, sub-criteria and families of indicators established by the
researcher and interested parties, and adjust the proposed system to the local culture. AHP usage allowed a deeper insight into

the problem.
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1. Introduction

The term sustainable development can take on different
meanings among them "quality of life" allowing people to
aim to live life in a wholesome environment and design the
continuous improvement of the social, economic and
environmental conditions for current and future
generations[ 1].

As a result of this awareness process, a significant part of
the society is considering the construction sector as one of
the main sources of impacts to the environment, taking into
account for example, the excessive consumption of
resources and the generation of pollution in the phases of
construction and use[2] of building materials.

When the occupation period of buildings exhaust 80% of
all the energy expected to be consumed throughout its life
cycle, this represent the primary target for the actions aimed
at energy efficiency and thereby contribute to reduce the
adverse impacts caused by them to the environment, human
health and the economy][3].

It should be noted that while the buildings are the largest
contributors to environmental degradation they are both
important for the sustainability of business and as city
dwellers spend 80% to 90% of their time indoors may thus

contribute significantly to the quality of life[3, 4].

At this point it is important to note that a green building
can behave in a certain way when subjected to a certain
number of requirements. They are expected to minimize the
disturbances to the ecosystem and other improvements
throughout the life cycle, as well as the optimization of
resource management efficiency and operational
performance beyond the minimization of risks to human
health and to the environment[5].

This focus on reducing environmental impacts raises the
need to use a tool for monitoring environmental
performance goals that must take into account a set of
verifiable criteria and goals for the owners and designers
align themselves with high environmental standards([2, 6].

It is worth emphasizing that should be avoided any
possibility of mere import of existing methods based on the
success achieved in countries with different contexts[7].

Developing nations must address interventions related to
sustainable development, primarily for social and economic
segments as these issues are at the top of their agendas[8].

Given the potential for significant contribution of
universities to find solutions to reverse the trend of
environmental degradation in 2005 three hundred deans and
university presidents involving forty countries signed a
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document setting out measures in various areas especially in
relation to the establishment of programs for the production
of knowledge in environmental management[9].

In this respect the design, construction and operation of a
school building four aspects of performance are particularly
important[10]:

a) Prioritize the use of concepts;

b) Consider seriously the management requirements of

the operation and maintenance;

¢) Supplement the needs and habits of occupants, and

d) Design new facilities or expansions considering

changes and uncertainties.

Due to the importance of the construction industry to the
economy of Brazil associated with the issue of increasing
search for more efficient buildings we highlight the fact that
one of the priorities in research management is the
restructuration of this segment of organizations regarding
the evaluation of sustainability for new and existing
buildings.

It is put as central problem to answer the following
question: What are the criteria, sub criteria, families of
indicators and relative levels of importance attached to a
method of assessing the sustainability of existing buildings,
customized for use in the metropolitan region Rio de
Janeiro?

2. Buildings Sustainability Assessment

There are basically two models for the analysis of
environmental performance for buildings. The first and
majoritarian model builds on a system that awards points to
a select number of parameters, the so-called indicators,
according to a scale ranging from a "small impact" to the
gradation "huge impact" environmentally[11].

These indicators have weights, explicit or not, that depict
the main local environmental problems[7, 8, 11, 12].

Table 1. Comparison between the most important green building rating systems in terms of the weights used in the main categories of evaluation

Green building rating system

Assessment criteria LEED IPT
Energy efficiency 21,7% 20,0%
Water efficiency 7,3% 20,0%

Indoor environment quality 18,8% 6,0%
Waste and material management 18,8% 20,0%
Eco management 10,1% 0,0%

BREEAM CASBEE GBTOOL
8,3% 9,6% 4,0%
4,5% 9,1% 4,0%
12,4% 22,4% 23,0%
9,8% 21,1% 12,0%
14,1% 0,0% 10,0%

Legend:

Green Building Assessment Tool (GBTooL).

Leadership in Energy and Environmental Design (LEED).
Technological Research Institute of Sdo Paulo (IPT).

Comprehensive Assessment system for Building Environmental Efficiency (CASBEE).
Building Research Establishment Environmental Assessment Method (BREEAM).

Table 1 shows the weights used for the main categories
of evaluation of the most important green building rating
systems [13].

The second model utilizes the methodology LCA - Life
Cycle Assessment, to indicate the best solution in design,
materials and options for local utilities, namely: energy
supply, waste management, and types of transport[11].

It is worth mentioning that most of the tools focuses
almost exclusively on the environmental dimension of
sustainability[7, 11, 12].

The most obvious reason for this type of strategy with
regard to the sustainability agenda in developed countries
absolutely focused on that fruit size of the development
model used, which on the one hand led the society to a
good quality of life, on the other hand caused marked
elimination of natural resources around the globe[7].

Another reason would be the concept of recognizing the
right of the "other" that exists in developed countries, be it
a neighbor, a worker or a neighborhood, which results in a
practical outcome the high level of regulation and
democratization in decision making, which is oriented to
the production, maintenance and renewal of the urban built
environment[7].

In this regard, developing countries must address the
interventions towards sustainable development, primarily
for the social and economic segments[7, 12].

3. The Multi Criterion Analysis

Decision-making is not an act required or clearly
identifiable, but a process, i.e., a decision process that
includes not only the final act of choice between
alternatives, but a complete process of decision with four
phases: intelligence, design, choice and review[14].

The decision situations can be classified as choice,
classification, ordering, ordered classification, and
prioritization. Regarding the decision situations they can be
described as follows[15]:

a) Choice: selecting an alternative from a set of feasible

alternatives;

b) Classification: classifying viable alternatives in

predefined categories;

¢) Ordering: establish an ordering of preference for

viable alternatives according to a criterion;

d) Ordered classification: determine the classification of

alternatives in preset ordered categories;
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e) Priorization: establish a priority order for the elements
of a set of alternatives.

The method used in different fields of research is the
AHP as it provides the treatment of complex problems with
multiple criteria, stakeholders and decision makers, in a
scenario of high uncertainty and high risk[15, 16].

The AHP provides a good compromise between the
target, understanding and objectivity to the extent that is a
tool supported by the basic mathematics that enables
ordinary people to order tangible and intangible factors in a
process of conflict resolution or order of priorities[15, 16,
17, 18, 19].

Moreover, AHP increases transparency and objectivity in
decision-making in that works with multiple agents that can
express their preferences, and facilitates the detection of
controversial items and provides the establishment of
agreements[15, 16, 17, 18, 19].

In practice often results obtained with the use of AHP are
corroborated when compared with results obtained by other
tools that use more time and resources[16].

At this point, it is important to note that AHP is a method
for choosing the best alternative that incorporates
qualitative considerations and quantitative factors to the
subjective process of decision-making, i.e., allows the
decision maker to work with the intuitive, rational and
irrational at the same time[18, 19].

The AHP model involves four stages, namely: creation of
the decision problem, measurement and data collection,
establishment of standard weights, and presentation of
summaries of findings solutions to the problem[15, 18, 19].

In other words are developed four steps: creation of the
hierarchy in order to identify the main objective, criteria,
sub criteria and alternatives for data collection value
judgments issued by experts, the calculation of the priority
of each alternative, and analysis consistency[18, 19].

The hierarchical structure used in the formulation of the
AHP model allows each member of the group of experts
view the issue in a systematic way in terms of relevant
criteria and sub criteria. Experts may revise the proposed
hierarchical structure if necessary[18, 19, 20, 21].

For the construction of the hierarchy, starting point of the
modeling should be met the following steps, as shown in
Fig.1[18, 19]:

a) Identification of the central purpose or focus;

b) Determining the set of criteria, properties or
viewpoints for the evaluation of sub-criteria, if any, or
the alternatives;

c) Determining the set of sub-criteria, if any, for the
evaluation of alternatives;

d) Determining the set of feasible alternatives.

It should be noted that the construction of a hierarchy
requires knowledge and experience in the study area, and
should be performed carefully to represent reliably the
problem being treated[18, 19].

After the hierarchical structuring of the problem starts
the phase of collecting the value judgments, This phase
seeks to answer three main questions: What will be judged?

Assessing the Sustainability of Existing Buildings Using the Analytic Hierarchy Process

How to judge? Who should judge?[15, 18, 19].

With regard to the first question the appraiser must
conduct a pairwise comparison of the elements of a same
layer of the hierarchy in the light of each of the elements in
connection positioned on the layer immediately above[15].

Fig. 1 shows the hierarchical structure and Fig. 2 shows
the pairwise comparison of the elements of a same layer of
the hierarchy[18, 19].

Main
Objective
Criterion 1 Criterion 2 Criterion |||
~ 1 —]
— |
Sub - Sub - Sub
criterion 1 criterion 2 criterion n

\'. ./4 Mx !
Alternative Alternative
1 n

R

Figure 1. Structuring of the hierarchy

Figure 2. The pairwise comparison of the elements of a same layer of the
hierarchy

For the purpose of the trial must be considered the
fundamental scale, as shown in Table 2, which employs
nine intensity levels of importance that correspond to the
numbers 1 through 9[18, 19].
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Table 2. The fundamental scale of judgment

Verbal scale

Numerical scale

same
slight
little
a lot

extremely

O 9 W W

2,4,6 e 8-intermediate levels

With regarding, selection of evaluators is essential that
they have a broad knowledge about the study area, as well
as some experience in the issue of value judgments[15, 18,
19, 22].

A good choice of experts contributes significantly to the
achievement of good results, since the AHP enables the
capture and synthesis of information present in the minds
of those experts regardless if qualitative, quantitative,
tangible, intangible, subjective or objective[15, 22].

Once the structure was built calculations are then
performed in order to establish the prioritization of
alternatives. The matrices are then calculated from the
lowest level in the hierarchical structure of the AHP
framework[15, 16, 18, 19].

Although the employment of specialists for the
realization of value judgments, the AHP provides the
possibility that these judgments may be inconsistent. In this
sense, the AHP allows to assess the consistency and
determining the degree of inconsistency in a matrix of
parity judgment[18, 19].

Finally, the global valuation of each alternative is
performed according to the method of weighted sum.

4. Research Steps

During the review of the literature related to
sustainability assessment of buildings, the first phase of this
research, it became apparent that there are few works
related to the processing of assessments of sustainability in
existing school buildings. Such observation served as the
basis for indicating the use of this type of building for the
application of the model.

Also in this first phase were analyzed the main
sustainability evaluation systems in order to establish a set
of variables necessary for structuring tool evaluation from
the following assumptions
a) Self-administration by managers directly involved;

b) Success factors when implementing in various contexts.

In the next phase were carried out field visits in order to
identify key social, economic and environmental context of
the local city of Rio de Janeiro, based on the researcher's
observations and the results of informal interviews with key
stakeholders in question, namely: sustainability experts’
buildings; maintainers, teachers and students, etc...

The third stage consisted of reviewing the bibliography
of multi-criterion analysis methodologies, which resulted in
the choice of AHP, for reasons previously treated.

This indication enabled the implementation of the fourth
stage which consisted of the construction of AHP hierarchy
that includes the decomposition of the problem in their
common characteristics and the formation of hierarchy
itself.

It is worth mentioning that given the importance for
developing countries, a holistic approach to the issue of
sustainability criteria were defined as the economic,
environmental and social aspects.

In this phase were also selected experts for value
judgments ranging from undergraduates, users of the
facilities, until PhDs in management, environment,
economy and safety engineering.

The use of individual judgment of each expert for the
entire hierarchy is not convenient the extent that they have
much knowledge of a single discipline, and therefore
should not be called to answer for branches of the hierarchy
over which they do mnot possess the necessary
knowledge[15, 16].

It is noteworthy that in this research was adopted
exclusive evaluator for the value judgments of the criteria
in light of the main objective.

Likewise were adopted exclusive evaluators for the value
judgments of the sub-criteria against each criterion and of
the families of indicators for each sub-criterion.

The fifth stage was the procedure for data collection that
has developed from personal interview with the experts
following the presentation of the subject as well as the
evaluation framework for sustainable school buildings.

Note that before the application of the instrument experts
could make inquiries and suggestions for modifications
according to their respective experiences and opinions[15].

In the next step the data obtained were processed and
checked with respect to the test of consistency of AHP and
in case of inconsistency the expert was then asked to
perform a new fill.

At this point, it is important to note that the result of the
evaluation of sustainability as shown in Fig. 3 drawn from
the note received by each of the families of indicators,
drawn from three possible levels: 0.0 - does not meet the
basic requirements, 0.5 - meets the basic requirements and
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exceeds 1.0 the basic requirements[12].

Feesult of the family

of indicators.

Weight of the
family of indicators.

INote obtained by the family of indicators.

Fesult of the sub

criterion.

the sub criterion.

Total result of the families of indicators in

Fesult of the

criteriomn.

criterion.

Total result of the sub criteria in the

Fesult of the

evaluation.

Fesult of the
criterion: social

aspects.

Fesult of the
criterion:

Eeesult of the

criterion” economic
envirormmental
aspects.

aspects.

Figure 3. Determination of the final result of the evaluation

Table 3. Matrix of criteria, sub- criteria and families of indicators

Main objective Criteria

Sub criteria

Families of indicators

Economic
aspects

Weightings of
assessment criteria,
sub criteria and
families of indicators

Environme
ntal aspects

Operacional
investments

Operacional
expenses

Eco management

Water efficiency

Energy efficiency

Materials and
resources

Waste and pollution

Sustainable site

Annual budget development
Use of automatic systems
Budget plan/actual
Performance planning
Replacement of devices in end of live
Replacement by other similar devices
Budget plan/actual
Development of annual budget timing
Performance planning
Replacement of devices by other more efficient

Water management system
Waste management system

Energy management system

Water use performance
Innovative reduction water technologies
Water efficient landscape
Leak detection system
Use of automatic system
Renewable energy
Use of automatic system
Energy-efficient
Innovative reduction energy technologies
Recycle material use
Local and regional materials
Renewable material
Resource reuse
Recycle material collection
Solid waste production performance
Emission generation performance
Innovative reduction waste and pollution technologies
Waste water production performance
Other waste production performance
Infrastructure efficiency
Alternative transportation system
Land use
Relation between the building and its immediate
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Landscape design
Thermal comfort
Acoustic and noise control

Comfort
oo Visual quality
Social Smell comfort
aspects Indoor air quality performance
Health and safety Indoor water quality pefformance
Indoor occupant health quality performance
Indoor occupant safety quality performance
Table 4. Weightings of assessment criteria and sub-criteria
Main objective Criterion/ Weight Sub criteria Weight
Operational i tment: 0.215
Economic aspects / 0,430 pera %ona fvestments
Operational expenses 0.215
Comfort 0.024
Social aspects / 0,140 oo
o Health and safety 0.116
Wf:lgbtlngs oif zi.ssessment Eco management 0.129
criteria, sub criteria and W ffici 0,155
families of indicators - ater ¢ ;tfle'ncy 0'052
. nergy efficiency d
E tal ts / 0,430 ;
RS Materials and resources 0.013
Waste and pollution 0.064
Sustainable site 0.017

Based on the categorization criteria set out in the
performance world-class systems is possible based on the
percentage of points earned on the total number of points
involved in the evaluation provide the following proposal
for performance levels[12].:

a) Very sustainable - 80% to 100%
b) Sustainable - from 50% to 79%, and
c) In the path of sustainability - from 0% to 49%.

Table 3 shows the evaluation framework for sustainable

school buildings obtained in this study.

5. Analysis of Results

In respect to the results of the interviews, the weightings
of the assessment items were calculated. The weightings of
the criteria and sub-criteria are defined in Table 4.

As can be seen in the first level of the assessment matrix,
environmental and economic aspects were ranked at the
same importance, each one represents 43% of the total, and
more important than the social aspects that represents only
14% of the total.

In the second level the result of the sub-criterion "water
efficiency”, considered the most important, demonstrates a
good level of fitting to the local context, since the
difficulties and costs involved with the systems of water
supply in big cities.

Note that the result obtained for the sub-criterion "health
and safety", indicates the awakening of the sense of
importance and significance to the theme so necessary in
developing countries.

Table 5 shows the differences obtained in the levels of
importance to key aspects of the proposed methodology
compared to the values found in the main systems available.

Table 5. Comparison: main systems (average) X model

Assessment criteria

Model main systems

Energy efficiency
Water efficiency
Indoor environment quality
Waste and material management
Eco management

5,2% 12,7%
15,5% 8,9%
14,0% 16,5%
8,7% 16,4%
12,9% 11,4%

6. Conclusions and Recommendations

Initially it should be noted the complexity observed in
the process of assessing the sustainability of buildings to
the extent that it happens in a context of multiple variables
simultaneously acting as well as personal interpretations of
multiple actors who are buoyed by their respective
experiences and preferences.

The holistic approach used in this study fully customized

to the context of the metropolitan region of Rio de Janeiro
can produce significant positive impacts on social and
economic area since it does not focus so heavily on
minimizing environmental impacts as traditional models.

Also accordingly to the observations and findings carried
out during the research is able to confirm that the process
of assessing the sustainability of buildings effectively
depends on several environmental, economic and social
factors that vary from region to region, depending on the
prevailing local context.
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Multi criterion analysis implemented with the AHP, to
determine the relative importance of the aspects involved in
a sustainability assessment of existing school buildings and
supported by the opinion of experts and stakeholders,
revealed it adequate to the extent that the situation
demanded a perspective holistic and multidisciplinary.

From the evidence found during the search was
concluded that the AHP method eases the understanding of
decision-making by the actors involved and the meanings
of the results.

The employment of the specialist unique for each
segment of the hierarchical structure, with proven
knowledge of the local context, showed to be adequate and
simplified the mathematical treatment of data of value
judgments by avoiding the use of complementary tools to
AHP.

Regarding the results obtained for the first hierarchical
level was possible to observe that there was no the expected
uniform distribution of relative importance between the
economic, environmental and social aspects.

The inferiority of the relative weight obtained by the
criterion "social aspects" denotes not an inappropriate
choice but an alignment of experts with standards
implemented in developed countries where the social
aspects do not have a significant weight since the majority
population already have their basic needs met.
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