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ABSTRACT

The construction industry is responsible for some of the most severe forms of local and
global pollution, whose effects include climate change. So, it faces pressure to mitigate such
negative impacts through increasing the sustainability of building practices, as reflected in the
development of green building (GB) rating systems. Existing rating methods can be applied
to different regions by addressing additional aspects such as varied climatic conditions and
regional variations. This study proposes a rating system for the Indian context. To achieve
this aim and promote GB construction, the study set five objectives: (1) to identify and
evaluate various attributes for measuring the greenness of a building, (2) to develop a GB
rating framework consisting of components, attributes and parameters to evaluate the green
building index (GBI) and thereby rate a building for its greenness, (3) to identify the cost of a
GB, (4) to benchmark GB attributes, and (5) to evaluate GB attributes by the environmental,
social, and economic pillars of sustainability. For the sake of convenience, these objectives
are achieved in five phases based on various research methods, including principal
component analysis (PCA), analytical hierarchy process (AHP), fuzzy measures, fuzzy
integrals, data envelopment analysis (DEA), and entropy.

The PCA has extracted nine components and 34 attributes. These are used for
developing a framework for measuring the greenness of building in developing countries
such as India. The nine components are: (1) site selection, (2) environment, (3) building
resources and reuse, (4) building services and management, (5) innovative construction
techniques, (6) environmental health and safety, (7) mechanical systems, (8) indoor air
quality, and (9) economy. The GB rating system developed consists of the GBI at the top
level, nine components at the middle level, and 34 attributes at the bottom level. To measure

the attributes, 68 parameters were determined. The rating system was converted into a user-
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friendly JAV A based software, which makes it easy to implement.

To promote the GB, it is vital to focus on those attributes which cost less while
contributing more towards reducing the negative impact of construction on the environment.
The outcomes of this study showed that investing in green building is economically profitable
as it saves the emission of carbon dioxide (CO;). The financial analysis of GB projects
demonstrated that the percentage increase in the cost for a five stars green rating for
integrated habitat assessment (GRIHA) rated buildings varied from 6.43% to 16.35% with an
average of 8.50%. In the case of three star rated buildings, the percentage increase in the cost
varied from 1.63 to 3.63% with an average of 2.85%. From the study, it was observed that the
average payback period for GBs rated three stars was 2.53 years and for GBs rated five stars
it was 5.5 years. The average discounted period for a five stars GB was 5.23 years and for a
three stars GB, 7.56 years. The increase in cost per square meter for a five stars GB varied
from Rs. 827.56 to Rs. 2280.51 and the average increase was Rs. 1,375.91. The increase in
cost per square meter for three stars GBs was from Rs. 512.25 to Rs. 1250.09 and the average
increase was Rs. 800.16.

The DEA benchmarked those GB attributes which can give more green points using
limited funds. These include operation and maintenance costs, material recycling, low-impact
construction site techniques, locally available materials, soil pollution, light pollution,
plantation of adaptive plants, integrated project management—building information modelling
(BIM), environmental impact of materials, and a noise pollution efficient frontier.

However, if the users do not want to focus on the cost parameter alone, they may also
consider the environmental and the social pillars of sustainability. In that case, the most
substantial attributes are the occupant’s health, safety, and comfort, climatic conditions, the
cost of investment, operation and maintenance, and indoor air quality.

So the study contributes to theory and practice in the form of models and methods to



(1) assess the GB in India by JAVA based software; (2) find out the increase in initial cost,
payback period, and life cycle cost of a GB; (3) identify the GB attributes through which a
GB developer can achieve more green points with less cost; and (4) identify prominent
attributes by considering social, environmental, and economic pillars of sustainability.

The proposed approach can produce significant benefits for GB construction practices
that are not likely to result from conventional practices. Further, the framework suggested in
this research can be applied for countries having similar climatic conditions. The findings of

this study can aid designers and developers in their quest to achieve green development.

Keywords: Green Building; Rating System; Sustainable Development; Principal Component
Analysis; Analytical Hierarchy Process; Fuzzy Integral; Data Envelopment Analysis; Initial

Cost; Payback Period.
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