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The Green (Sustainable) Building 

Green building is defined by the Office of the Federal 
Environmental Executive as “the practice of: (i) 
increasing the efficiency with which buildings and 
their sites use energy, water, and materials, and (ii) 
reducing building impacts of human health and the 
environment, through better siting, design, 
construction, operation, maintenance, and removal 
throughout the complete life cycle” [1]. 

The green building is a new emerging trend in the 
field of Renewable Energy. These days builders, 
Architect and developers are focusing on providing 
eco-homes to their tenants. The green building 
movement earlier started in early nineteenth century 
starting from solar passive architecture to green 
building. In earlier days, buildings like ventilation 
through roof were provided and underground 
cooling chamber through tunnel was used to 
maintain the Comfort Zone in Indoor Air 
Temperature of the Building throughout the year [2]. 
In twentieth century many buildings including 
skyscrapers like New York’s Flatiron Building and the 
New York Times Building employed deep-set 
windows to shade the sun. In 1930s Chicago’s Carson 
Pirie Scott department store had canvas overhang 
(retractable awnings) to block the sun which are still 

in practice today in various commercial shops in 
India [3]. With up rise of necessities, new 
developments started coming in the field of 
technology which transformed the urban landscape. 
These technologies included structural steel, air 
conditioning, low-wattage fluorescent lighting, and 
reflective glass made possible building envelop to be 
heated and cooled with massive HVAC systems [4]. 

Green Building Market Observation 

Throughout the world, in all countries, the following 
are major market drivers that lead to growth of 
Green Building: - (i) Positive Impact on Human 
Health (ii) Protect Natural Resource (iii) Better Indoor 
Air Quality (iv) More Rent on leased space (v) 
Stringent Environmental Laws (vi) Client Demand (vii) 
Lower Operating Cost (viii) Corporate Influence (ix) 
Support Domestic Economy. At the same time there 
are factors that retard growth of Green Building: - (i) 
Lack of public awareness (ii) Concerns about 
corruption (iii) Paucity of public Incentives (iv) 
Slackness in Government Officials (v) Lack of trained 
and educated professionals (vi) Concerns about 
affordability (vii) Mind-set that Green Building is only 
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recommendations for future improvements. The common aspect of all the rating system is to create a 
sustainable architecture in all respect so as to minimize negative environmental impact upon the 
environment. Certain analysis and data has been represented in this paper with the help of case study 
to highlight ambiguities and shortcomings in the weighting, scoring, and rating, which is mentioned 
in discussions. The three most prevailing rating system in India LEED, IGBC and GRIHA has been 
studied and compared with Maximum Points, Mandatory Criteria and points obtained in Case Study. 
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for high end projects (viii) Lack of green product 
solution in the market [5]. 

In order to promote Green Concept in Building, the 
Government of each country should make an 
assessment upon the factors which retards the 
growth and should try to cross those barriers to 
nurture the concept in their respective country. 

Study of Green Building in Relation to Indian 
Context 

India has diversified climatic zones, namely, (i) Hot 
and Dry (ii) Warm and Humid (iii) Moderate (iv) 
Composite (v) Cold and Cloudy (vi) Cold and Sunny 
[6]. Keeping these zones in mind, guidelines of Green 
Building has to be designed as per the local climatic 
zone. The following parameters are to be kept in 
mind while formulation the guidelines: 

a) It should be easy for builders, designers, 
architects, building occupants to understand. 
b) It should have considered the geographic, 
topographic and climatic variation aspect as per the 
location of the building within the country. 
c) The local material / raw material used for 
constructing a building differ from place to place 
within the country. Hence the rating system 
guidelines should be such to encourage the usage of 
locally available resource. 
d) Water is a big issue raising its head in India. 
Some places especially near rivers have abundant of 
water leading to its misuse and at some places 

people are forced to buy the water from the local 
market. A rating system should be developed taking 
the parameters as occupancy, size of building, water 
consuming activity of building and water usage 
should be in coherence with the set standards / base 
case. 
e) To provide comfort conditions (Temperature: 24 
°C, Relative Humidity: 60% and wind speed less than 
1 m/s) within the building premises. 
f) The guidelines for New Construction as well as 
for Existing Building should be developed.   
g) For New Construction, the system should be able 
to be applied to all phases of building lifespan 
including: pre-design, design and post-design. 
h) Educating general people, architects, builders 
and engineers to promote “Green Building” concept. 
 
Categorization of Theme 

Critical analysis of most of the Rating System of the 
world can be summarized in the following themes: 

a) Site Selection Planning & Design 
b) Water Efficiency 
c) Energy Efficiency 
d) Building Material 
e) Waste Management 
f) Indoor Air Quality 
g) Innovation & Others 

 

Table 1: Checklist of the Themes Prevailing in the different Rating System of the World 

Themes / 

Rating System 

Energy 
Use 

Indoor 
Environm

ental 
Quality 

Water Material Site 
Selection 

Waste 
Manageme

nt 
Innovation 

BREEAM              

HQE             

LEED - USGBC               

IGBC               

CASBEE-UD             

Green Star              
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GBCI               

Three Star           

DGNB           

GBC               

GRIHA               

VGBC               

SCBC           

 

Table 1 shows the summary sheet of all the Rating 
Systems of the world theme wise. We can observe 
that Energy Use, Indoor Environmental Quality, 
Water and Material are included in all the Rating 
Systems whereas Site, Selection, Waste Management 
and Innovation become the part of only few Rating 
Systems. 

Methodology 

After selecting the seven themes, the major focus is 
given upon LEED, IGBC and GRIHA in Indian Context. 
Maximum and Mandatory Points of each theme has 
been calculated. Along with this a case study has 
been taken to make a comparative analysis. 
Maximum Points of each theme has been analysed 
and calculated as their Weightage in Percentage. 
Mandatory Points has been also calculated as per 
their Weightage in Percentage.  

Case Study of Identified Building 

The project building of IREO Forest falling under 
Composite Climate has been considered in the case 
study.  

Total Site Area: 31191.00 square meter 

Total building Area (including all the floors): 
106033.851 square meter 

Landscape Area: 6263.00 square meter 

Reduction in Water Consumption for Domestic 
Purpose: 

Annual Water Consumption (Design Case): 
121597560 Litres 

Annual Water Consumption (Base Case): 414932000 
Litres 

It was found using low flow water fixture, the 
reduction in water consumption was reduced by 
70.86% than the base case.  

Reduction in Water Consumption for Irrigation: 

Design Case: 7314459.644 LPD 

Base Case: 20170761.73 LPD 

Using Water Efficient Techniques in Irrigation, the 
water consumption requirement was reduced by 
63.74% than the base case. 

Sewage Treatment Plant: 

The total water requirement for domestic use, 
flushing, AC / DG Cooling Water Requirement and 
Horticulture was found to be 584 KLD out of which 
375 KLD could be treated with the help of Sewage 
Treatment Plant. 

Embodied Energy Reduction Calculation: 

Reduction in Steel and Cement has been achieved 
along with replacement of Solid Bricks with AAC 
Blocks. This gives an overall reduction in embodied 
energy by 20.64% 

Energy Simulation Report: 

The Simulation was performed on Design Builder 
Software. 

Table 2: Energy Performance Index Report 

Description 
Energy Consumption in 

kWh 

Lighting 3314148 

Cooling 2257476 

Heat Reject 236828 
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Pump & 
Auxiliaries 108170 

Ventilation Fans 292027 

Total 6208649 

 

A reduction in 61.88% has been achieved from the 
GRIHA Benchmark. 

Peak Heat Gain Calculation: 

Table 3: Building Envelop Peak Heat Gain 

components 

Building Envelop Peak Gain Components 
(Watts) 

Building Envelop Heat Gain Watts 

Wall Conduction Gains 109980 

Roof Conduction Gains 48580 

Window Glazing + Frame Conduction 
Gains 529220 

Solar Gains Exterior Windows 337370 

Total 102515
0 

Envelop Area of the Building: 44329 m2 

ECBC Benchmark for Peak Heat Gain: 40 W / m2  

Energy Savings: 42.20% 

Usage of BIS Recommended Waste Material: 

25.60% Carbon offseted by Fly Ash in Structure 

60.00% offsetted by Fly Ash in Building Blocks 

26.23% of Cement offsetted by Fly Ash in Plaster and 
Masonry 

Treatment of Organic Waste: 

In order to treat this Organic Waste, the following 
machine units have proposed to be installed within 
the site: 

1) Organic Waste Crushing Machine  
2) Squeezy De-watering Machine 
3) Horticulture Waste Shredding Machine 
4) Mulcy Bulchy System for Curing 

The manure generated from it can be used to 
maintain the fertility of the soil into the proposed 
garden. 

Run-off Water Calculation from the Project Site: 

Table 4: Rain Water Harvesting Pit Calculations 

Description Detail Unit 

Area     

Roof / Terraces (a1) 10809.3 m2

Road, Paved and Utility Area 
(a2) 12062.7 m2 

Landscaped Green Area (a3) 8318 m2 

Run-Off Coefficient     

Roof / Terraces (c1) 0.95   

Road, Paved and Utility Area 
(c2) 0.75   

Landscaped Green Area (c3) 0.2   

Hour Intensity of rainfall 
considered (I) 90 mm/hour

Anticedent Precipitation 
Factor (APF) 1.5   

Quantity Flow Rate = 
C*I*A*APF     

Roof / Terraces 1386.2 m3 

Road, Paved and Utility Area 1221.3 m3 

Landscaped Green Area 224.5 m3 

Run-off Volume of Natural 
Land Condition 2832.2 m3 

Size of Pit     

Diameter 11 m 

Depth 10 m 

Volume of 1 Pit 950 m3 

Number of pits 3   
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Renewable Energy Utilization for Building 
Internal Needs: 

Annual Energy Requirement of total internal artificial 
lightening + Space Cooling / Heating: 6608828.29 
kWh / annum 

Rated Capacity of Proposed Solar PV System on Site: 
416.00 kWp 

Annual energy generation potential of the on-site 
renewable energy system installed: 719000 kWh / 
annum 

Energy offset by Renewable Energy System: 10.87 
% 

Post Construction Waste Management Plan: 

 

Figure 1: Post Construction Waste Management Plan 

Mandatory Criteria 

Just fulfilling the mandatory criteria does not fully 
comply with the “sustainability” or we can say the 
term “greenness” for that matter of the building. As 
Table 5 indicate, all the green building rating systems 
weather it is LEED or IGBC or GRIHA has inculcated 
provision of mandatory / prerequisite criteria along 
with the minimum number of points which are 
required to be fulfilled in order to just achieve a 
margin to get the building certified. Such a provision 
has be included in order to make these system 
market driven providing the building with an 
“environmental friendly” label. Analysis of the 
scorecard shows the developers who wishes to just 
attain the marginal sustainability level often tends to 
avoid the criteria carrying fewer points and which are 
costly to achieve without addressing all the 
dimensions simultaneously. Although, there are 

chances that the mandatory / prerequisite 
requirement may be eliminated by making all the 
criteria awarding some marks to the building. This 
will give help the planners to chalk out better 
approach, best scenario and appropriate action plan. 

Maximum Points 

In order to check the sustainability of any object 
weather living or non – living, we need some bench 
mark to evaluate this. Hence as discussed in the 
previous section, the criteria in all the three rating 
system are composed of both mandatory ad non – 
mandatory which are awarded points according to 
their importance. Each rating system gives different 
points for the same criteria which they have 
considered. In this way, criteria rating may depend 
developers point of view and in one rating system for 
the one criteria it may carry more point and in 
another rating system for the same criteria, it may 
carry little lesser or more points. For example, in 
LEED, criteria which ensures optimize energy 
performance has got 18 points while other criteria 
like integrative process, sensitive land protection, site 
assessment, reduced parking footprint, open space, 
light reduction pollution has been given 1 points [9]. 
While in IGBC, criteria of energy efficiency has been 
awarded 15 points while criteria of integrated design 
approach, basic amenities, proximity to public 
transport, low emitting vehicles, outdoor light 
pollution reduction, basic facilities for labor, waste 
water reuse during construction, management of 
water system, eco-friendly refrigerant, CO2 emission 
monitoring, occupant well-being facilities, outdoor 
views, minimize indoor and outdoor pollution, 
handling of waste during construction, optimization 
of structural design has been awarded only 1 points 
each [8]. Similarly, in GRIHA rating system, criteria of 
minimum energy efficiency has been given 13 points 
while the criteria of site selection, site imperviousness 
factor, labor safety and sanitation, monitoring 
devices, etc., each has been awarded with 1 point [7]. 

From the above analysis, it can be concluded that the 
green building concept started with high 
consumption of non – renewable resources by the 
building but it is good to see that other socio-
economic concepts have also been introduced along 
with it thus making it a heavy platform for the 

10.2348/ijset0517085 89



Himanshu Agarwal et al. International Journal of Science, Engineering and Technology, 2017, Volume 5 Issue 3 
ISSN (Online): 2348-4098 , ISSN (Print): 2395-4752  

developers to implement it strategically from the 
initial phase.  

Results 

The mandatory Criteria, Maximum Points and points 
achieved by building in Case Study can be 
summarized as below: 

Mandatory Criteria Analysis 

Table 5: Percentage of Mandatory Criteria in LEED, IGBC & GRIHA 

LEED IGBC GRIHA 

Theme Mandatory 
Criteria 

Weightage 
in 

Percentage 

Mandatory 
Criteria 

Weightage 
in 

Percentage 

Mandatory 
Criteria 

Weightage 
in 

Percentage 

Site Selection, Planning 
& Design 

1 11.111 2 20.000 6 31.578 

Water Efficiency 1 11.111 2 20.000 2 10.526 

Energy Efficiency 4 44.444 2 20.000 8 42.105 

Building Material 0 0.000 0 0.000 0 0.000 

Waste Management 1 11.111 1 10.000 0 0.000 

Indoor Environment 
Quality 

2 22.222 3 30.000 3 15.789 

Innovation & Others 0 0.000 0 0.000 0 0.000 

Total 9 100.000 10 100.000 19 100.000 

 

As mentioned earlier in section of mandatory criteria, 
themes were formulated and accordingly criteria 
were distributed in those themes. In those criteria, 
some credits forms the mandatory part and rest are 
optional. So to check the percentage of each theme, 
sum of mandatory intents were taken into 
consideration and analysed parallel to each theme. 
Here from the above table we can conclude that 

maximum points have been devoted to Energy 
Section and zero points to Building Material and 
Innovation. It proves that Green Building stands 
upon the pillar of Enhancement of Energy Efficiency 
within the building while Building Material and 
Innovation may be neglected if building developer in 
only planning to achieve just a tagline to its new 
construction. 

 
Maximum Points Analysis 

Table 6: Percentage of Maximum Points in LEED, IGBC & GRIHA 

LEED IGBC GRIHA 

Theme Maximum 
Points 

Weightage in 
Percentage 

Maximum 
Points 

Weightage 
in 

Percentage 

Maximum 
Points 

Weightage 
in 

Percentage 

Site Selection, Planning 
& Design 

22 20.000 18 18.000 20 19.230 
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Water Efficiency 14 12.727 19 19.000 19 18.269 

Energy Efficiency 33 30.000 27 27.000 26 25.000 

Building Material 11 10.000 13 13.000 14 13.461 

Waste Management 2 1.818 3 3.000 6 5.769 

Indoor Environment 
Quality 

16 14.545 13 13.000 12 11.538 

Innovation & Others 12 10.909 7 7.000 7 6.730 

Total 110 100.000 100 100.000 104 100.000 

 

All the optional criteria form the base to achieve the 
benchmark for the building. Hence optional criteria 
were again selected and matched against the 
selected themes to get the maximum points into 
percentage. Now from table 18, 19, 20 we can 
observe that main focus is given to Energy Efficiency 
with highest score of 33 in LEED, medium score of 27 
in IGBC and least among the three in GRIHA with a 
score of 26. This again proves that Green Building is 

actually green if it scores well in Energy Optimization. 
However, it is also necessary that site selection, 
Planning & Design concept is also kept in mind while 
going for sustainability as it is the next highest score 
in all the three rating system. Waste Management is 
of mere importance in all the three rating systems 
with a score of 2, 3 and 6 in LEED, IGBC and GRIHA 
respectively. 

 
Analysis of Case Study 

1. Table 7: Points attempted by Building in LEED, IGBC & GRIHA 

LEED IGBC GRIHA 

Theme Maximum 
Points 

Attempted 
Points 

Maximum 
Points 

Attempted 
Points 

Maximum 
Points 

Attempted 
Points 

Site Selection, 
Planning & Design 

22 11 18 14 20 17 

Water Efficiency 14 14 19 20 19 18 

Energy Efficiency 33 31 27 25 26 26 

Building Material 11 9 13 11 14 10 

Waste 
Management 

2 2 3 3 6 6 

Indoor Environment 
Quality 

16 13 13 9 12 8 

Innovation & 
Others 

12 3 7 5 7 4 

Total 110 83 100 87 104 89 

Percentage 75.4 87.0 85.5 

Outcome Platinum Rated Building Platinum Rated Building 5 – Star Rated Building 
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After performing the mandatory point analysis and 
maximum point analysis, let us check their practical 
applicability as per the themes selected. Consider a 
project Building IREO Forest located at Gurgaon, 
Haryana, India whose occupancy is considered to be 
1600 and site area is 31191.00 square meter. The 
point attempted to get the certification are 83 in 
LEED, 87 in IGBC and 89 in GRIHA. So, looking at 
LEED and IGBC the building is liable to get Platinum 
Certification and in context to GRIHA, the building is 
liable to get 5 - Star Rating. 

Comparative Aspects of Green Building 
 
1) Comparative analysis of systems shows IGBC 
system covers additional domains like local building 
regulations and basic facilities for construction 
workforce. It shows site selection is a critical criteria 
and need to verify through maximum aspects as 
prescribed in IGBC rating system. 
2) This comparison demonstrates a clear distinction 
regarding consideration of role of ozone depleting 
material in deciding energy use in built environment. 
IGBC considers ozone depletion substances as a 
mandatory requirement while GRIHA denies its 
contribution in system. IGBC also signify importance 
of commissioning plan for building equipment and 
systems which will further assist in improving energy 
monitoring. USGBC is more descriptive and also 
focuses on refrigerant management and emission 
reduction. 
3) Above comparison GRIHA and IGBC covers 
common aspects with both systems taking post 
occupancy responsibility of rating program in 
sustaining its rating like Post occupancy waste 
management. Details of on-going consumables are 
also included in USGBC. 
4) IGBC criteria is distributed in specific 
requirements as shown while GRIHA considers 
general requirements, this  major head of rating 
system is to be evaluated under post occupancy 
stage. 
5) GRIHA provides extra Floor Area Ratio (FAR) for 
their projects achieving 4-Stars or above ratings. 
IGBC and USGBC uses slightly more descriptive 
approach and projects are internationally recognized. 
 
Scope of Improvement 

The pilot survey resulted in the final list of 7 themes 
attributes, including new attributes suggested by 
experts:  

1) Emergency Services and Code Compliance  
2) Smooth Communication system for efficient 
running of the building facilities 
3) Electronic Key & Access Service  
4) Space Information Management System 
5) Waste Heat Recovery 
6) Growing of plants within the building premises 
to maintain indoor air quality 
7) Need for Water Simulation 
 
Conclusion 

In this paper, the primary three most prevailing 
rating systems were considered under study by using 
the thematic approach of the categorized criteria 
under each domain of the rating system. Despite 
each rating system has its goal to achieve 
sustainability and to create an environmental balance 
in the eco system but they largely differ with each 
other in their approach. The large number of 
difference can be explained in terms of data required 
in format as prescribed and pre-defined in rating 
system chosen. They composed of checklist of 
weather a credit or a pre-requisite is attempted to 
meet the compliance. This checklist contains more 
number of quantities that are optional in nature than 
the criteria carrying prerequisite intent. Although, 
there may be some criteria awarded with some 
points in two or more rating system but looking from 
the construction point of view it may be weighted 
heavily thus making the rating process subjective 
and leading an open debate. 

Abbreviations 
The following abbreviations have been included in 
this paper: 
 
a) BREEAM: Building Research Establishment 
Environmental Assessment Method 
b) HQE: Haute Qualité Environnementale 
c) LEED – USGBC: Leadership in Energy and 
Environmental Design – U. S. Green Building Council 
d) IGBC: Indian Green Building Council 
e) CASBEE – UD: Comprehensive Assessment 
System for Built Environment Efficiency 
f) GBCI: Green Business Certificate Inc. 
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g) DGNB: Deutsche Gesellschaft fur Nachhaltiges 
Bauen 
h) GBC - Brasil: Construindo UM Futuro 
Sustentavel 
i) GRIHA: Green Rating for Integrated Habitat 
Assessment 
j) VGBC: Vietnam Green Building Council 
k) SCBC: Sweden Green Building Council 
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