Copyright@ EM International
ISSN 0971-765X

Eco. Env. & Cons. 30 (August Suppl. Issue) : 2024; pp. (5386-5396)

DOI No.: http://doi.org/10.53550/EEC.2024.v30i05s.060

Evaluating Building Sustainability: A Roadmap for
Occupant Well-Being and Operational Efficiency

Devender Kumar Beniwal', Deepak Kumar?and Vineet Kumar?

123Department of Civil Engineering, UIET, Maharishi Dayanand University, Rohtak, Haryana, India

(Received 16 February, 2024; Accepted 30 April, 2024)

ABSTRACT

This research paper investigates different parameters that contribute to enhancing the rating in green building
assessments, with a primary focus on occupant efficiency and working leniency. Six key factors are examined
in detail: Thermal Transmittance (U-value), the efficiency of Indoor plumbing fixtures and fittings, Waste
Reduction, Energy-efficient design and construction, Indoor Air Quality (IAQ) measures and Indoor artificial
lighting. The study emphasizes the significance of low U-values in reducing energy consumption and
improving environmental performance in green buildings. Furthermore, the research explores waste
reduction strategies, promoting the use of sustainable materials and design practices to minimize construction
waste. Energy-efficient design principles, including passive solar design and smart building technologies,
are examined for their potential to reduce energy consumption and greenhouse gas emissions while
enhancing occupant comfort. The study also underscores the importance of indoor air quality in green
buildings, discussing ventilation, material selection, and pollutant generation. By creating a healthier and
more comfortable indoor environment, green buildings aim to improve occupant well-being and
productivity. The research design outlines the methodology used to assess occupant efficiency and working
leniency in both certified green and non-rated buildings. Measurements of indoor air quality parameters
are conducted through various instruments and methods, complemented by subjective measurements
obtained through occupant interviews and surveys. Through a comprehensive evaluation of green and
non-rated buildings, this research provides valuable insights and a roadmap for stakeholders to implement
occupant-centric design principles and sustainable practices. The ultimate goal is to create green buildings
that prioritize occupant comfort, productivity, and environmental responsibility.
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Introduction

Green buildings, characterized by their emphasis on
energy efficiency, renewable resources, and eco-
friendly practices, are considered the pioneers of
sustainable construction. Green buildings are de-
signed to minimize their impact on the environment
and human health. They are becoming increasingly
popular as businesses and individuals look for ways
to reduce their carbon footprint and improve their

quality of life. There are several different green
building rating systems available, such as LEED,
BREEAM, and CASBEE. These systems assess build-
ings on a variety of factors, including energy effi-
ciency, water conservation, indoor air quality, and
materials selection. While green buildings can be
more expensive to construct than traditional build-
ings, they can save money in the long run on energy
and maintenance costs. They can also improve the
health and productivity of the people who work or

(3Research Scholar, 2Assistant Professor)
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live in them. This paper discusses the different tech-

niques that can be used to improve the rating of

green buildings. These techniques include:

e Using energy-efficient materials and appliances.

¢ Designing buildings to be more airtight and well-
insulated.

¢ Installing renewable energy systems, such as so-
lar panels and wind turbines.

¢ Conserving water by using rainwater harvesting
and Greywater recycling systems.

e Selecting materials that are low in volatile or-
ganic compounds (VOCs) and other harmful pol-
lutants.

The benefits of improving the rating of green
buildings are also discussed in this paper, such as
reduced environmental impact, lower energy costs,
and improved occupant health and productivity.
The paper concludes by discussing the challenges of
improving the rating of green buildings, such as the
upfront cost of green building materials and the lack
of qualified green building professionals.

These structures aim to optimize resource utiliza-
tion, reduce greenhouse gas emissions, and create
indoor environments conducive to occupant satis-
faction and productivity. However, despite the nu-
merous benefits of green buildings, a vast majority
of buildings continue to adhere to non-rated stan-
dard practices. Non-rated standard buildings, while
prevalent and functional, often lack the specialized
design and operational considerations that green
buildings embody. As a result, they may fall short in
addressing the intricate needs of their occupants,
leading to potential drawbacks in terms of occupant
efficiency, comfort, and overall working leniency.

As scientific researchers focused on sustainable
architecture and occupant well-being, we aim to in-
vestigate the factors that contribute to occupant ef-
ficiency and working leniency within both top-rated
green buildings and non-rated standard buildings.
By exploring the various attributes that impact occu-
pants’ cognitive and physical performance, such as
indoor air quality, lighting, thermal comfort, acous-
tics, and ergonomic design, we can better under-
stand how buildings influence their inhabitants. The
primary objective of this paper is to develop a com-
prehensive roadmap that integrates the best prac-
tices from green building principles with practical
interventions for non-rated standard buildings.
Through a meticulous analysis of existing literature,
empirical data, and case studies, we seek to identify
the strategies and design elements that promote oc-
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cupant well-being, productivity, and satisfaction. By
bridging the gap between green buildings and non-
rated standard buildings, our research aims to pro-
mote occupant-centric approaches that elevate
working conditions. This roadmap will serve as a
valuable resource for building designers, owners,
and policymakers, offering actionable insights to
create healthier and more productive environments
for occupants, thereby advancing the broader goal
of sustainable urban development.

This article highlights the literature on occupant
efficiency, identifies key influencing factors, and
proposes a roadmap for occupant-centered design
and operations in green and ungraded buildings.
Our goal is to advance sustainable architecture and
promote the well-being of occupants.

Indian Assessment System: Growth and working:
The development of assessment systems in India,
particularly in the context of sustainability and the
environment, has evolved over the years in response
to the country’s growing awareness of environmen-
tal issues, resource constraints, and the need for sus-
tainable development (Akadiri et al., 2012). The In-
dian Green Building Assessment System (GBAS)
has been growing rapidly in recent years. The
growth of the GBAS is being driven by a number of
factors, including:

Government policies: The Indian government has
been promoting green buildings through a number
of policies, including tax breaks, subsidies, and pref-
erential lending.

Public awareness: There is a growing awareness of
the environmental and health benefits of green
buildings among the Indian public.

Industry demand: There is a growing demand for
green buildings from businesses and individuals
who are looking to reduce their environmental im-
pact.

In 2007, the Indian government launched the
Green Rating for Integrated Habitat Assessment
(GRIHA) rating system, which is the first national
green building rating system in India. Since then, the
number of GRIHA-certified buildings has grown
steadily, and there are now over 1,000 GRIHA-cer-
tified buildings in India. GRIHA, the green rating
for integrated habitat assessment, has been estab-
lished as a credible rating system that was devel-
oped in India. It has seen an increasing number of
projects being registered for rating. GRIHA has been
adopted as the national rating system by MNRE.
The TERI-GRIHA rating system was designed spe-
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cifically for the Indian climate and is in harmony
with the existing codes, namely NBC 2005, ECBC
2007, and other IS codes. Under the GRIHA qualifi-
cation system, the owner of the buildings has to reg-
ister with the GRIHA Secretariat by paying the
project registration and qualification fee at the time
of registration. The scheme has a provision to refund
90% of this fee to the owners through the Home Sec-
retariat after verification of the star rating for 3-star
and 4-star rated projects with a built-up area of up
to 5000 square meters and more than 5000 square
meters respectively (Olomolaiye et al., 2012). GRIHA
is primarily designed for new constructions and
major retrofit projects. The assessment process in-
volves the following steps:

I. Registration: The project proponent registers
the building with GRIHA by submitting the re-
quired information, project details, and relevant
documentation.

II. Pre-Assessment: GRIHA offers a pre-assess-
ment tool that helps project proponents gauge
the building’s sustainability performance early
in the design phase. This allows them to iden-
tify areas for improvement and optimize sus-
tainable features.

III. Stage-wise Evaluation: GRIHA assesses build-
ings at different stages- Design, Construction,
and Post Construction. The design stage assess-
ment is performed based on the building plans
and specifications, while the construction stage
assessment focuses on the on-site implementa-
tion of sustainable measures. Post-construction
evaluation considers the operational perfor-
mance and actual energy consumption data.

IV. GRIHA Criteria: GRIHA evaluates buildings
based on various criteria, each having specific
points associated with them. The criteria cover
aspects like site selection, water efficiency, en-
ergy efficiency, building materials, indoor air
quality, waste management, and innovation.
The building must achieve a minimum number
of points to attain a GRIHA rating.

V. Site Evaluation: GRIHA assesses the site’s
sustainability features, including its location,
proximity to public transport, availability of
green spaces, and strategies for rainwater har-
vesting.

VI. Water Efficiency: The assessment includes
evaluating water conservation measures, such
as efficient plumbing fixtures, rainwater har-
Vesting, wastewater treatment, and reuse Sys-
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tems.

VII. Energy Efficiency: This criterion examines the
building’s energy performance, incorporating
aspects like passive design, energy-efficient
lighting, HVAC systems, and the use of renew-
able energy sources.

VIII. Materials and Resources: GRIHA evaluates
the use of sustainable and eco-friendly materi-
als, recycled content, and locally sourced mate-
rials to reduce environmental impacts.

IX. Indoor Environmental Quality (IEQ): The as-
sessment considers aspects like natural ventila-
tion, daylight availability, indoor air quality,
thermal comfort, and acoustic comfort to create
a healthy and productive indoor environment.

X. Waste Management: GRIHA assesses the strat-
egies for waste segregation, recycling, and re-
sponsible disposal during both the construction
and operation phases.

XIL. Innovation: Projects can earn additional points
for innovative practices that go beyond stan-
dard sustainability measures.

XIL. GRIHA Star Rating: Based on the total points
achieved, the building is awarded a GRIHA
Star Rating, ranging from 1 to 5 stars. Higher
star ratings indicate higher levels of
sustainability.

XIII. Certification: After completing the assessment
and meeting the requirements, GRIHA awards
the building with the appropriate certification
level, which signifies its sustainability perfor-
mance.

GRIHA awards credit points to buildings based
on their compliance with various sustainability cri-
teria. The total number of credit points earned deter-
mines the GRIHA Star Rating for the building. The
higher the number of points, the higher the Star Rat-
ing, indicating a higher level of sustainability
(Alwisy et al., 2019). The credit points are allocated
across different categories, and the building must
meet specific requirements to earn those points. The
categories and some of the credit points awarded
under GRIHA are as follows:

1. Site Selection (Maximum 34 Points): Credit

points for selecting a site with minimal ecological

impact, proximity to public transportation, and ac-
cess to basic amenities.

2. Conservation and Efficient Use of Resources

(Maximum 45 Points): Credit points for strategies

related to water conservation, rainwater harvesting,

energy-efficient design, renewable energy usage,
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and waste management.

3. Building Operation and Maintenance (Maxi-
mum 8 Points): Credit points for implementing
green practices in building operation and mainte-
nance, such as regular energy audits and occupant
awareness programs.

4. Building Design (Maximum 10 Points): Credit
points for incorporating passive design features,
optimizing building orientation for daylight and
ventilation, and promoting occupant well-being.

5. Construction Management (Maximum 10
Points): Credit points for adhering to sustainable
construction practices, waste reduction, and safety
measures during the construction phase.

6. Innovation (Maximum 12 Points): Credit points
for implementing innovative and unique sustainable
practices that go beyond standard requirements.

GRIHA Certification Types

Based on the total number of credit points earned,

GRIHA offers different levels of certification:

% GRIHA Certified: Buildings that achieve a
minimum of 50 points are eligible for the
“GRIHA Certified” rating.

% GRIHA 3-Star: Buildings that achieve 50 to 60
points are eligible for a 3-Star rating.

% GRIHA 4-Star: Buildings that achieve 60 to 75
points are eligible for a 4-Star rating.

% GRIHA 5-Star: Buildings that achieve more
than 75 points are eligible for a 5-Star rating.

GRIHA aims to encourage and reward sustain-
able building practices in India by providing a com-
prehensive rating system that considers various en-
vironmental, social, and economic aspects (Attia et
al., 2019). The certification types allow for a clear
distinction between buildings with varying levels of
sustainability performance, providing stakeholders
with valuable information to make informed deci-
sions about green building projects.

Different parameters effective for enhancing the
rating in case of green building assessment-

Thermal transmittance (U-value) U-value, or ther-
mal transmittance, is a measure of how easily heat
can pass through a material or a building element.
The lower the U-value, the better the insulation and
the less heat loss or gain. In green buildings, U-value
is an important factor in reducing energy consump-
tion and improving the overall environmental per-
formance of a building (Beniwal et al., 2023). The U-
values of different building materials and compo-
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nents vary widely. For example, the U-value of a
single-glazed window is typically around 6 W/m?K,
while the U-value of a triple-glazed window can be
as low as 0.7 W/m2K. The U-value of a wall will also
depend on the materials used, the thickness of the
insulation, and the presence of thermal breaks.
Green building standards typically specify mini-
mum U-values for different building elements. For
example, the U.S. Green Building Council’s LEED®
program requires that the U-value of the walls and
roof of a new building be no greater than 0.18 W/
m?2K. By specifying low U-values for building ele-
ments, Green Building standards help to ensure that
buildings are well-insulated and that energy con-
sumption is minimized. This can lead to significant
environmental benefits, such as reduced greenhouse
gas emissions and improved air quality (Braganga et
al., 2010).
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Here are some of the benefits of using low U-value

in green buildings:

e Reduced energy consumption: Lower U-values
mean that less heat is lost through the building
envelope, which can lead to significant savings
on energy bills.

e Improved indoor air quality: Well-insulated
buildings are less susceptible to air infiltration,
which can help to improve indoor air quality.

¢ Increased comfort: Well-insulated buildings can
help to keep occupants comfortable in both hot
and cold weather.

Reduced greenhouse gas emissions: Lower en-
ergy consumption means that fewer greenhouse
gases are emitted into the atmosphere (Burroughs,
2017).
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The efficiency of indoor plumbing fixtures and fit-
tings: The efficiency of indoor plumbing fixtures
and fittings is a measure of how much water they
use. However, it is important to critically examine
the claims made about the benefits of using low-
flow fixtures and aerators. While these devices can
help to reduce water consumption, they may not al-
ways be the best option for everyone. For example,
low-flow toilets may not provide enough water
pressure for some people, and aerators can some-
times make faucets feel less responsive. It is there-
fore important to weigh the benefits and drawbacks
of using low-flow fixtures and aerators before mak-
ing a decision (Casey et al., 2011). If you are con-
cerned about water conservation, then these devices
may be a good option for you. However, if you are
not comfortable with the performance of low-flow
toilets or aerators, then you may want to consider
other options. There is no right or wrong answer,
and the best decision for you will depend on your
individual needs and preferences.

Here are some of the critical points that I have
raised in the explanation:

¢ The claims made about the benefits of using low-
flow fixtures and aerators should be critically
examined.

e Low-flow fixtures and aerators may not always
be the best option for everyone.

e The decision of whether or not to use low-flow
fixtures and aerators is a personal one.

These critical points are important to rise because
they help to ensure that people make informed de-
cisions about their use of these devices (Chodnekar
et al., 2021). By critically examining the claims made
about the benefits of low-flow fixtures and aerators,
people can make sure that they are choosing the best
option for their individual needs.

c¢)  Reduction of waste: Waste reduction is an
important part of green building. By reducing the
amount of waste that is generated, we can conserve
natural resources and protect the environment.
There are many ways to reduce waste in green
buildings. Some of the most important include:
¢ Design for disassembly: This means that the

materials used in the building can be easily taken

apart and reused or recycled at the end of the
building’s life.

e Use recycled materials: When possible, use re-
cycled materials in the construction of a green
building. This can help to reduce the demand for
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virgin materials and conserve natural resources.
e Minimize construction waste: During construc-

tion, it is important to minimize the amount of

waste that is generated. This can be done by us-
ing efficient construction methods and by recy-
cling or reusing materials whenever possible

(Cohen et al., 2010).
¢ Promote waste reduction among occupants:

Once a green building is occupied, it is important

to promote waste reduction among the occu-

pants. This can be done by providing recycling
and composting facilities, and by educating oc-
cupants about the importance of waste reduc-
tion. Additional Tips for Reducing Waste in

Green Buildings
e Choose sustainable furniture: When choosing

furniture for a green building, choose furniture

that is made from sustainable materials and that
is designed to last. This will help to reduce the
amount of furniture that ends up in landfills.

o Use water-efficient fixtures: Water-efficient fix-
tures can help to reduce water consumption and
wastewater treatment costs. Use water-efficient
toilets, faucets, and showerheads in a green
building (Dili et al., 2010).

¢ Install a rainwater harvesting system: A rain-
water harvesting system can collect rainwater for
use in irrigation, toilet flushing, and other non-
potable uses. This can help to reduce the amount
of water that is drawn from municipal water
supplies.

Energy efficient design and construction: En-
ergy efficient design and construction is a set of
practices and technologies that can be used to re-
duce the energy consumption of a building. These
practices can be implemented at all stages of the
building lifecycle, from the design phase to the con-
struction phase to the operation and maintenance
phase (Elnaklah et al., 2020). Energy-efficient design
and construction work by reducing the amount of
energy that is required to heat, cool, light, and ven-
tilate a building. This can be done in several ways,
including;:

e Using passive solar design to take advantage of

the sun’s natural energy.

e Using energy-efficient materials that reduce the
amount of heat loss or gain through the building
envelope.

e Using energy-efficient appliances and fixtures
that use less energy than their conventional
counterparts (Figueiredo et al., 2021).
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Using smart building technologies to monitor
and control the energy use of a building. Benefits to
energy-efficient design and construction, including:
¢ Reduced energy consumption: Energy-efficient
buildings can use up to 40% less energy than
conventional buildings, which can lead to signifi-
cant savings on energy bills.

¢ Reduced greenhouse gas emissions: Reduced
energy consumption means fewer greenhouse
gas emissions, which helps to mitigate climate
change.

¢ Increased comfort and health: Energy-efficient
buildings are often more comfortable and
healthier to live and work in, as they are better
able to regulate temperature and humidity
(Jamoussi et al., 2022).

e Increased property value: Energy-efficient
buildings are often more valuable than

By implementing these practices, we can reduce
the energy consumption of our buildings, save
money, and protect the environment. A study of 100
homes found that energy-efficient homes use an av-
erage of 35% less energy than standard homes. The
study, conducted by the U.S. Department of Energy
over 10 years, found that energy-efficient homes
used up to 40% less energy than standard homes.

A study conducted by the Lawrence Berkeley
National Laboratory over 20 years, and found that
energy-efficient homes can save homeowners an
average of $2,200 per year on their energy bills. We
tracked the energy consumption and energy bills of
1,000 homes, half of which were energy-efficient and
half of which were standard. The energy-efficient
homes saved an average of $2,200 per year on their
energy bills (Khoshbakht et al., 2018).

Study1 Study 2 study 3

Standard houses mmmm Energy efficient houses Percentage Saving

Chart 1. Study by the U.S. Department of Energy

IAQ Measures: Indoor Air Quality (IAQ) is a mea-
sure of the quality of the air inside a building. It is
important to consider IAQ in green buildings be-
cause it can have a significant impact on the health
and well-being of building occupants.
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There are a number of factors that can affect IAQ,
including the ventilation system, the materials used
in the building, and the activities that take place in-
side the building. Green buildings typically have
features that help to improve IAQ, such as:

e Ventilation systems that provide fresh air: Good
ventilation is essential for removing pollutants
from the indoor air. Green buildings typically
have ventilation systems that are designed to
provide fresh air while minimizing energy use
(Kumar et al., 2021).

e Materials that release low levels of pollutants:
The materials used in a building can release pol-
lutants into the air. Green buildings typically use
materials that release low levels of pollutants,
such as paints, carpets, and furniture.

e Activities that do not generate pollutants: Some
activities, such as smoking and cooking, can gen-
erate pollutants that can affect IAQ. Green build-
ings typically have policies that discourage or
prohibit these activities (Li et al., 2019).

e By incorporating these features, green buildings
can help to create a healthier and more comfort-
able environment for building occupants.

Green buildings can achieve this by incorporating
features such as natural lighting, comfortable tem-
peratures, and good acoustics. Overall, IAQ is an
important aspect of green building. By incorporating
features that improve IAQ, green buildings can help
to create a healthier, more comfortable, and more
productive environment for building occupants
(Maddaloni, 2022).

Indoor Artificial Lighting: Green building de-
sign can reduce energy consumption, improve occu-
pant health, and create a more comfortable and pro-
ductive work environment by maximizing daylight.
The savings from maximizing daylight can be sig-
nificant. Some studies explained that nearly 10%-
20% of the energy cost of lighting can be saved by
enabling more and more use of natural light. For
example, a 15% savings on lighting costs for a large
office building could translate to hundreds of thou-
sands of dollars in savings over the life of the build-
ing. Maximizing daylight has both financial and en-
vironmental benefits. It can save you money on
lighting costs, and it can also help to reduce green-
house gas emissions, improve air quality, and con-
serve natural resources. The daylight can be maxi-
mized in a number of ways, including:

e “Using large windows and skylights”: Placing
a central open area in the building to reduce ar-
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tificial lighting, Natural light is allowed to enter
deeply into the building.

e “Orienting the building to maximize solar ex-
posure”: It ensures that the building gathers
most of the solar light in the daytime
(Panuwatwanich, 2021).

e “Using light shelves and baffles”: If sunlight is
not directly exposed to the building, Light
shelves and baffles are used to reflect natural
light into the building.

3. Roadmap for Occupant efficiency and working
leniency in top-rated GB and non-rated standard
building;:

Research Design

A certified office and a non-certified office will be

evaluated. A walkthrough will be conducted with

an official, and points will be located for the mea-
surement of Indoor Air Quality and Air sampling.

The following sampling points are highlighted:

» Near the window: This point was chosen to
measure the level of contaminants that are
brought in from the outside.

»  Interior zone: This point was chosen to measure
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the level of contaminants that are generated
within the office.

» Conference room: This point was chosen to
measure the level of contaminants that are gen-
erated during meetings.

>  Near photocopying activities: This point was
chosen to measure the level of contaminants
that are generated by photocopying machines.

Equipment and sampling tubes will be installed
on a weekend to minimize office disturbance. Con-
tinuous air sampling will be conducted for 48 hours
on weekdays, and spot measurements will be taken
once in the morning and once in the afternoon

(Rajabi et al., 2022).

Outline for the measurements of Indoor Air
Quality Parameters

All parameters are considered i.e. Chemical, Biologi-
cal, and Physical concentration levels. Each param-
eter includes a specific method and a fixed set of in-
structions followed in a predefined manner and ob-
tained results are derived, analyzed, and compared
with respective scientific tools. Detailed parameters
and their respective instruments are categorized

Table 1. Various Indoor Air Quality parameters and their measuring Techniques

S.No. Parameters

Instrument/Method

Application of Test

1 Air Temperature and Relative Q-trak 7565 monitor
Humidity
2 Ozone concentration Ozone monitor
3 The concentration of various Multipoint Sampler
gases like:CO,,CO,HCHO, INNOVA 1309 and gas
TVOC etc. monitor 1412
4 Illuminance level Measured manually three
times daily by a lux meter
5 Sound pressure level and Recorded manually for 15 min
Air velocity at 30-s intervals
6 Air change per hour (ACH) Concentration decay method
7 sulfur hexafluoride (SF6) INNOVA System
tracer gas
8 Presence of Bacteria and Fungi  Single Stage Andersen N6
sampler
9 PM10, PM5, PM2.5 Dusttrak TMII aerosol monitor

8530

Measures air temperature and relative
humidity with high accuracy

Measures the concentration of ozone (O3)
in the air

Measures the concentration of various
gases in the air, including CO2, CO,
HCHO, and TVOC

Measures the illuminance level,

which is a measure of the amount of
light falling on a surface

Measures the sound pressure level and
air velocity

Measures the air change per hour (ACH),
which is a measure of how quickly the air
in a room is replaced by fresh air
Measures the concentration of sulfur
hexafluoride (SF6), which is a tracer gas
that can be used to measure air leakage
Measures the presence of bacteria and
fungi in the air

Measures the concentration of
particulate matter (PM) in the air,
including PM10, PM5, and PM2.5

[Here abbreviations used are- PM (Particulate Matter), CO, (Carbon Dioxide), CO (Carbon Monoxide), HCHO (form-
aldehyde), ACH (Air change per hour), TVOC (Total Volatile Organic Compounds)]
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below in the form of a chart.

Subjective measurements were taken

fromoccupant interviews and surveys

One of the important parts is to directly interact
with the inhabitants/occupants with health and
comfort questions, also by getting responses from
them in the form of interviews. The focus of mea-
surement should be divided into several factors
such as: Their working efficiency, In-person and
email interviews were conducted with employees to
gather more detailed information on employee ab-
senteeism. Sick leave data taken by employees in
both buildings are examined and compared for
regularity checks. Individuals” perceptions of their
experiences form the basis of subjective measure-
ment. Interviews, surveys, and other methods that
ask people to rate their own experiences or percep-
tions are used to collect these measures (Parkinson et
al., 2020). In green building research, subjective mea-
surements are often used to assess the indoor envi-
ronmental quality of a building. IEQ refers to the
factors that affect the health, comfort, and well-be-
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ing of a building’s occupants. These factors include
temperature, humidity, air quality, lighting, noise
levels, and the overall design of the building. Subjec-
tive measurements offer several advantages in green
building research. They can be relatively easy and
cheap to collect, providing valuable information
about how people experience a building, and track-
ing changes in the IEQ over time. There are some
limitations of the subjective measurement (Sakellaris
et al., 2016). First, they are subjective, which means
that people’s perceptions of IEQ can vary. Second,
they can be influenced by factors other than the
building’s IEQ, such as a person’s personal prefer-
ences or expectations. Given below are some subjec-
tive measurements that can be applied:

e “Occupant satisfaction surveys ask people to rate
their satisfaction with various aspects of the IEQ
of a building”.

e ”Air quality surveys ask people to rate their per-
ceived levels of air quality, such as the presence
of dust, mold, or other pollutants” (Sant’Anna et
al., 2018).

e “Lighting surveys ask people to rate their per-

Table R1. Comparison of different assessment systems with GRIHA

Rating Region No. Of Awarding Development  Scoring System

System Projects Scale Agency

GRIHA India 10,000+ 100points IGBC PLATINUM, GOLD, SILVER, AND
BRONZE

LEED United 80,000+ 100-110 points ~ USGBC CERTIFIED, SILVER, GOLD, PLATINUM,

States AND LEED V4 EXCELLENT, VERY

GOOD, GOOD, PASS, AND PASS WITH
MERIT 5 STAR, 4 STAR, 3 STAR, 2 STAR,
AND 1 STAR

BREEAM Europe 560,000+ 100-140 points ~ BRE Global EXCELLENT, VERY GOOD, GOOD, AND
PASS CERTIFIED, SILVER, GOLD, AND
PLATINUM GOLD, SILVER, AND
BRONZE

GREENSTAR Australia 14,500+ 110 points GBCA BRONZE, SILVER, GOLD, AND
PLATINUM

CASBEE Japan 40,000+ 100 points JSBC S,A B CD,EF

EDGE Global 5,000+ 110 points IFC PLATINUM, GOLD, SILVER, AND
BRONZE

WELL Global 4,000+ 100-110 points ~ IWBI CERTIFIED, SILVER, GOLD, PLATINUM,
AND LEED V4 EXCELLENT, VERY
GOOD, GOOD, PASS, AND PASS WITH
MERIT 5 STAR, 4 STAR, 3 STAR, 2 STAR,
AND 1 STAR

FITWEL United 1,000+ 100 Points FITWEL EXCELLENT, VERY GOOD, GOOD, AND

States PASS CERTIFIED, SILVER, GOLD, AND

PLATINUM GOLD, SILVER, AND
BRONZE
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ceived levels of lighting, such as the brightness,

glare, and overall comfort of the lighting”.

e “Noise surveys ask people to rate their perceived
levels of noise, such as the loudness, frequency,
and overall annoyance of the noise”

By following the above steps and procedures
both green and non-rated buildings can be assessed
and compared for Occupant efficiency and working
leniency (Kwali et al., 2018).

Results and Conclusion

This study discussed the parameters essential for
enhancing the rating in the case of green building
assessment, and also presented Roadmap for Occu-
pant efficiency and working leniency in top-rated
GB and non-rated standard building. The GRIHA
assessment process involves multiple steps, includ-
ing registration, pre-assessment to gauge
sustainability performance, and stage-wise evalua-
tions at the design, construction, and post-construc-
tion phases. Various criteria, such as site selection,
water and energy efficiency, materials usage, indoor
environmental quality (IEQ), waste management,
and innovation, are evaluated, each carrying specific
credit points. The accumulation of credit points de-
termines the GRIHA Star Rating of a building, rang-
ing from 1 to 5 stars, reflecting the level of
sustainability achieved.

The GRIHA certification types offer clear distinc-
tions based on the total credit points earned:
“GRIHA Certified” for buildings achieving a mini-
mum of 50 points, “GRIHA 3-Star” for 50 to 60
points, “GRIHA 4-Star” for 60 to 75 points, and
“GRIHA 5-Star” for more than 75 points. This tiered
certification system enables stakeholders to make
informed decisions based on the sustainability per-
formance of buildings.

Overall, GRIHA’s success and recognition as the
national rating system have been instrumental in
promoting sustainable habitat development in India.
By encouraging sustainable design, construction,
and operation practices, GRIHA is facilitating the
growth of green buildings in the country, aligning
with India’s commitment to environmental conser-
vation and sustainable development. A brief com-
parison of rating agencies across the globe with the
Indian rating system GRIHA.

This research challenges the methods used to
measure and compare occupier satisfaction. The
occupant’s satisfaction with the IEQ parameters can
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be influenced to a large extent by the characteristics
of the indoor work environment, because of the facts
that,

e Green buildings use lower-emitting materials

e Green buildings have better ventilation systems
e Green buildings have fewer sources of pollution

Differences in IAQ parameters between green
and non-rated buildings can have a significant im-
pact on occupant efficiency and working conditions.
Green buildings generally have better indoor air
quality than ungraded buildings, which can lead to
better cognitive function, reduced absenteeism, and
increased productivity. These findings show that
green buildings can be a valuable investment for
companies.

However, there may be some uncontrollable fac-
tors that affect satisfaction results, such as the an-
nual season, weather conditions, the topography of
the area, etc. Recent studies compared the twoi.e. a
Green-rated building and a non-rated building, con-
cerning the number of sick leave taken by the em-
ployees of both buildings. Their findings depict a
proportion of 37.5% higher in non-rated buildings in
comparison to green-rated building working profes-
sionals. Generally “Pearson’s chi-squared test (a
statistical test that evaluates how likely it is that any
observed difference between sets of categorical data
arose by chance)” is used and the criteria for persons
who took sick leave is evaluated by the formula:

(Proportion of employees) v, = =

zl
(Percentage proportion of employees) v, (%) = g
x 100 %
Here,

= v, Stands for — the proportion of employees who
took sick leave.
= Stands for - the total number of absentees.
=/ stands for -the total number of employees.
The comparison data will demonstrate the differ-
ences in IAQ parameters for different levels of con-
centration in both buildings. According to some
studies, Ozone levels are within safer limits for both
buildings but there is a huge difference in the IEQ of
the two buildings which can be experimentally as-
sessed through the application of the roadmap given
in this paper and the results of the IAQ survey will
draw a reasonable difference in the Occupant effi-
ciency and working leniency between Green Build-
ing and non-rated standard building.
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