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Abstract

The building sector is one of the major producers of greenhouse gases and construction waste. In 2018, the construction industry
produced 39% of carbon dioxide, 11% of the global CO: emission from building materials and construction, and 28% from building
operations. Promoting green buildings can solve the increasing demand for infrastructural development in a fast-growing economy
such asindia. Green facilities worldwide, including India, are defined and certified by various green rating systems against different
evaluation criteria. In this study, the most recent rating criteria for green buildings were addressed and contrasted, such as Leadership
in Energy and Environmental Design (LEED) of USA, German Sustainable Building Council (DGNB) of Germany, Evaluation
standard for green building (ESGB) of China, Green Star of Australia Green Rating for Integrated Habitat Assessment (GRIHA),
and Indian Green Building Council (IGBC) of India, based on general factors, critical standard criteria, and triple-bottom-line. The
study proves the equal importance of the three pillars of sustainability in an ideal green rating system. The study provides scope for
policymakers to improvise and encourage the green rating systems to make them better suitable for builders to adopt.
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Abbreviations: industry (Roderick et al., 2009). According to research, among
BREEAM - Building Research Establishment Assessment other industries, building materials and construction are
Method accountable for 11% of global CO; emissions (see Fig. 1) (IEA
CASBEE - Comprehensive Assessment System for Building and UNEP, 2018).According to the study, the second-largest
Environmental Efficiency contributor of building waste and greenhouse gases (GHG) is the
CO; — Carbon-di-oxide construction industry (CARB, 2021; Jain 2021). The process of
DGNB - German Sustainable Building Council making cement, a crucial ingredient in concrete, results in the
ECBC - Energy Conservation Building Code release of CO; gas (Flower et al., 2007). Around the world, green
ESGB - Evaluation standard for green building buildings are graded utilizing various rating systems and
GBRS — Green building Rating System assessment techniques. The rating systems are made to evaluate
GHG- Greenhouse gases the green building's performance or design. Most of developing
GRIHA - Green Rating for Integrated Habitat Assessment countries and developed countries have multiple green rating
IGBC - Indian Green Building Council systems for evaluation. Hence, the users lack a standardized
LEED - Leadership in Energy and Environmental Design green rating system (Ahmed et al., 2019). While it is possible to
PRS - The Pearl Rating System draw another advanced country's rating tool, structure, and
SVAGRIHA - Simple Versatile Affordable Green Rating for methodology. Each country has designed the GBRS according
Integrated Habitat Assessment to the respective region, economy, and climatic pattern
TERI — The Energy and Research Institute (Mitchell et al., 2010). This creates aneed to evaluate the
USGBC - United States Green Building Council effectiveness of these rating systems.

1. Introduction

A ® Transportation
Forestry, water, ground cover, and energy are the main resources

being drained for the building's development and proper ® Industry

functioning (Parikh, 2016). However, it is conceivable to create

structures that may accommodate occupant needs while using " Building Operations

less energy and resources while still providing the same level of | 28%
comfort. The idea of "green buildings" was developed for the = Duilcing Mtcripls (8
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same purpose. Usmg an energy ratlng approach to examine

buildings has become essential with the rise in the
acknowledgment of sustainable development in the construction
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The global building performance standard, or GBRS, was
developed in several nations and focuses on a variety of
construction-related  issues, such as  environmental
considerations, building performance, user comfort, etc. The first
green building grading system was BREEAM (Building
Research Establishment Assessment Method), which was
introduced in the UK in 1990. LEED (Leadership in Energy and
Environmental Design), which was developed in the USA, then
it was considered the industry standard. BREEAM also had an
impact on the development of Green Star in Australia and
CASBEE (Comprehensive Assessment System for Building
Environmental Efficiency) in Japan (Doan et al., 2017). Other
rating systems, such as the ESGB (Evaluation Standard for Green
Building), which was launched in China in 2006, the DGNB
(German Sustainable Building Council), which was launched in
2007, and the PRS (The Pearl Rating System) of Estidama, which
was launched by the Abu Dhabi government in 2010, turned their
attention to factors related to construction management and life
cycle assessment (Qadir et al., 2019).

The Confederation of Indian Industry (CII) established the IGBC
(Indian Green Building Council) in India in 2001. In 2006, the
council created LEED 2011 by modifying the grading system to
fit the Indian context based on the ClI-Sohrabji Green Business
Centre, Hyderabad, the country's first LEED Platinum-rated
green building (LEED India, 2011). Later, The Energy and
Resources Institute (TERI) significantly contributed to reducing
greenhouse emissions, reducing resource consumption, and
promoting the use of renewable resources by the construction
industry. This was made feasible by several activities that were
crucial for mainstreaming and successfully implementing
sustainable habitats. The Energy and Resource Institute (TERI)
has more than 20 years of expertise in ecologically friendly and
energy-efficient construction, and it was crucial in developing
the Green Rating for Integrated Habitat Assessment (GRIHA),
which the Indian government created as its National Rating
System for Green Buildings in 2007 (Roy Varghese, 2015).
Rating systems have been more important in public policy over
the past several years because of the government's incentive
programs that encourage building ratings and enforcement in
accordance with green building standards to stimulate the
movement of green buildings. This necessitates the urgent need
for a performance-based assessment system based on an
appropriate green building code to guarantee that it is
accomplishing its stated goals (CSE, 2021).

Many studies do not frequently consider the DGNB system of
the German Sustainable Building Council, the Evaluation
Standard for Green Building (ESGB) of China, and the Green
Rating for Integrated Habitat Assessment (GRIHA) of India.
These three rating systems have been chosen expressly to
evaluate the variations in the rating systems in mature,
developing, and rising economies. Furthermore, a lot of research
did not compare the importance of the three sustainability pillars.
There is a necessity to do a comparison study of the modern types
of green building rating plans since a few new plans are
developing and the existing ones are being periodically updated.
The natural aspects of sustainability are often at the forefront in
assessments of green buildings. To promote the creation of new
evaluations, it is now required to determine whether social and
economic issues should be taken into account in green building
grading systems (Zhuo et al., 2014).

This study provides a relationship between six green building
grading systems commonly used in America, Europe, Australia,
and Asia using the most recent revisions of the accessible
designs. This study aims to compare several green building rating
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systems, assess how each scenario categorizes features and
categories, and assess how closely these plans correspond to the
principles of sustainable development. This study's scope is
limited to six green building rating systems: LEED (U.S.A)),
DGNB (Germany), GRIHA (India), IGBC (Indian Green
Building Council), ESGB (China), and Green Star (Australia).

2. Literature review

For enforcing sustainable development goals, the most pragmatic
solution is green buildings. This presentation of a literature
review is about sustainable development objectives and their
emphasis on green building rating systems. The idea of
construction in cooperation with the environment dates to the rise
of humankind. In the early years, building designers or architects
used local and natural materials to explore how natural elements
such as wind, water, soil, and sun influenced their creations.
However, the architects or engineers did not have an overview of
the opposite side, which means how the constructed buildings
would affect the elements and climate (Brown et al., 2008).

The three pillars of sustainable development—the environment,
the economy, and society are referred to as the "triple-bottom-
line" (Basiago et al., 1998). It is suggested that green buildings
be used to lessen the overall effects of development on the
economy, society, and the environment. Green building ratings
have been devised to examine, classify, and rate green structures
at various levels. These three pillars have been utilized in many
certification systems. The three pillars are interdependent on one
another. Most of the rating systems focused on environmental
and technical factors initially. Nevertheless, social factors were
introduced later as they were equally important. These methods
offer immediate and long-term benefits to mankind, enhancing
population health, safety, and well-being while preserving the
environment. Utilizing green building rating systems, the triple
bottom line concept will be included in the development of
buildings.

A comparison analysis is the most appropriate method for
assessing green building rating systems. As a result, a
comparative analysis of different rating systems is used to
evaluate them based on a variety of variables, including their
history, the importance of the criteria, and sustainability
considerations. It was discovered that different rating systems
vary in terms of the primary elements (Mattoni et al., 2018). This
credit structure's heterogeneity is a significant barrier to
comparability. Due to the stark differences in green building
grading systems' treatment of sustainability indicators, several
important standards have been established and used as a starting
point for comparative research. Energy conservation, water
conservation, material conservation, interior environmental
quality, site selection, and outside environment are the primary
considerations. The Analytical Hierarchical Process (AHP) ranks
the significance of common building elements in terms of their
contribution to long-term sustainability (Verma et al., 2019).
Several comparative studies have identified certain crucial areas
where green building rating systems need to be improved. Many
projects that use energy efficiency as their primary criterion have
been found to achieve only partially some of the SDGs. The
literature usually emphasizes the need of addressing the
environmental, economic, and social elements of green
buildings. The differences between several grading scales that
apply to the same circumstance must be compared.

3. Research methodology
This study analyses six green building rating systems used across
the USA, Germany, India, China, and Australia. The rating
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systems and their latest versions are used for the study. They are
(8 LEED (USA): Building Design + Construction: New
Construction and Major Renovation, version - 4.1 (LEED, 2019);
(b) DGNB (Germany): New Construction, Buildings for
international use, version — 2020 (DGNB System, 2020); (c)
GRIHA (India): New Construction with area > 2500 m2, version
— 2019 (GRIHA India, 2019); (d) IGBC (India): Green New
Buildings, version — 3.0 (IGBC, 2019); (e) ESGB (China): New
Construction, version — 2019; (f) Green Star (Australia): Design
& As Built, version — 2019.

Fig. 2 shows the research methodology used in the study. The
comparison is made based on three factors: general, standard criteria,
and triple bottom line. The following definitions of each sort of
comparison:

Type 1 — General considerations, including history, certification level,
and point distribution.

Type 2 — Common vital criteria such as water, materials, energy, site
parameters and indoor environmental quality. The significance of
these standard criteria is produced as graphs.

Type 3 — Triple-bottom-line comparison using Analytical
Hierarchy Process (AHP) is made. The three pillars of
sustainability, the environment, the economy, and social
concerns, are each given a certain number of points in the ranking
system. Their weighted percentages are contrasted and
graphically represented.

Research
Methodology

1 1 1
Identification of
rating system for

the study

1
Methodology for
comparative
analysis

Comparison

[Literature Review] X
based on:

1. General factors

2. Common key
criteria

3. Triple-bottom-
line

Fig. 2. Research methodology
4. Results & discussion

4.1 Comparison based on general factors:

One of the earliest green grading systems is LEED, created by
USGBC in 1993. It follows ‘Certified, Silver, Gold, Platinum’
with ‘Certified’ as the lowest certification level with 40 — 49
points and ‘Platinum,’ the highest certification level with 80
above points. IGBC, formed in 2001, secured a license from
USGBC to provide LEED certification in India, known as LEED
— India. The rating system follows the certification level similar
to LEED except for 'Super Platinum’ that gives ‘Global
Leadership’ recognition with 90 — 100 points. The German
Sustainable Building Council (DGNB) was established in 2007
by 16 founders and worked with the Federal Ministry of
Transport, Building, and Urban Affairs to create (BMVBS). The
certification levels available are Bronze, Silver, Gold, and
Platinum, with Bronze being the lowest and Platinum being the
highest. In 2003, the Green Building Council of Australia
(GBCA) introduced the Green Star environmental grading
system. This rating system follows a star level rating system with
1 star for the achievement of 10 — 19 points as the lowest and six
stars for 75+ points as the highest level of certification. GRIHA
is India’s other green rating system, and TERI developed it in
2005. It offers a five-star ranking system to categorize green

buildings with 1 star at the lowest level with 25 — 40 points and
five stars at the highest level with 86 + points. China's Ministry
of Housing and Urban-Rural Development adopted the
evaluation standard for green buildings (ESGB) in 2006. The
rating scale uses a three-star system, with one star (50-59 points)
representing the lowest rating and three stars (>=80 points)
representing the highest. This analysis indicates that the
certification level is different for each rating system. While
LEED, IGBC and DGNB provide 'Certified' or 'Bronze' to
'Platinum’ level, GRIHA, ESGB, and Green Star follow a star
rating system. Each rating system has different upper and lower-
level points for certification. Hence it is difficult to compare with
points given to each system. Moreover, each rating system has
undergone up-gradation to consider various indicators to
evaluate green buildings. These indicators vary from one rating
system to another and are difficult to compare.

4.2. Comparison based on common critical criteria
Energy-related factors are given a lot of weight in all rating
systems, except for the DGNB system. This emphasizes
important energy protection. Prerequisites outlined in the LEED
USA, IGBC Framework, and Green Star grading systems ensure
a minimum level of performance before credits are granted to any
classification. Like the energy characteristic, except for the
DGNB system, all other rating systems consider water-saving an
essential criterion for rating (see Fig. 3). The same trend that is
shown in the energy and water criteria is found in the material
aspect of each of these rating systems. Here, DGNB is the rating
system that provides the least priority to material handling and
saving. DGNB and Green Star have given high priority to indoor
environmental quality. Other rating systems also provide enough
importance for indoor ecological quality making it an essential
criterion for certification. The lower limit of scores needed to be
achieved for certifying the structure in many rating systems may,
in general, leave a critical piece of the sustainability targets
unaccomplished. For example, the combined points needed for
achieving a single category are more than those needed for
certification. This could lead designers and builders to focus
during certification on problems with higher scores while
ignoring the other relevant areas.

4.3. Comparison based on triple-bottom-line

The three pillars of sustainability — environment, economy, and
socio-cultural factors- have proven significant in the
evaluation. Most of the grading systems taken into
consideration in the study, as shown in Fig. 4, place a
significant emphasis on environmental aspects while only
minimally considering social and economic issues. DGNB
system is the only rating system that provides equal importance
of 22.5% to the three elements. Among the social and economic
factors, the latter seems to be neglected by the different rating
systems. While LEED, GRIHA, and IGBC give an average of
3.5% weightage, ESGB and Green star have not considered the
factor in their rating system for evaluation. Other factors do not
fall in any of the three elements, such as evaluation procedure,
innovation, and design perspective, providing extra points to
the users. DGNB stands out from other rating systems based on
the comparison due to its detailed design and structure. The
analysis also shows that GRIHA and IGBC of India are far
behind considering social and economic factors. The data
provides a vivid understanding of how each rating system has
significance to sustainability.
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5. Conclusions

The comparative study indicates that each rating system differs
in its structure, indicators, and level of certification based on its
specific requirements. Even with geographical differences,
most rating systems give energy consumption critical
significance. This could be due to its massive share in the daily
operation and construction of the building by users across the
globe. However, the triple-bottom-line comparison showed

Site Parameters

16 14.55

that most grading systems. The lack of importance given to
social aspects and complete negligence of economic aspects
surrounding a green building manifests the equal importance of
the three pillars of sustainability in a green rating system.

Data Availability Statement
All data, models, and code generated or used during the study
appear in the submitted article.
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