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The quality of housing condition plays
a decisive role in the health status of
the residents, as many health problems
are either directly or indirectly related
to the building itself, the construction
materials that were used, and the
equipment or the size/structure of the
individual dwellings.
The World Health Organization

Published by
Society for Indoor Environment (SIE)
Design and layout:
GAPS Digital Solutions
E-mail: info@gapsenco.com
2

Vol. 2 | Issue 1

Content Table

July - September, 2020

Previous Newsletters

Our Desk
04 Editorial Note
05 Editorial Committee

Articles
06 Modern History of Indoor Air Quality
by Donald Weekes

Energies In Indoor Hvac System
10 Renewable
by Praveen Babu
Pravaah, CLEAN AIR - not a Luxury
18 Project
By Mohit Bansal

Activities
24 Collaborations
25 Social Media

3

Society for Indoor Environment

EDITORIAL
note
by

Dr. Priyanka Kulshreshtha
Editor

The Covid 19 pandemic has revamped our
necessities in indoor environment. The
history of research on Indoor Air Quality (IAQ)
done from 1973 to its ongoing research on
Indoor Environmental Quality (IEQ) has time
and again emphasised on the importance of
acceptable ventilation, as rightly emphasised
by our guest author Mr. Donald Weekes.
This pandemic has validated and reinforced
the need to understand and implement
the appropriate ventilation systems in
the present scenario. However, indoor air
quality and energy efficiency are walking
on a tight rope, trying to manage a balance.
Dr. Praveen Babu has rightly indicated the
possible applications of renewable energy to
improve the performance of HVAC systems
in order to reduce energy consumption in
indoor environments, in our current edition.
The matter of indoor environmental quality
is not restricted and confined within the
boundaries of research and industry only.
Realising its due importance, it has percolated
amongst our youth, for whom it is a matter
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of a healthy and sustainable future. Project
PRAVAAH, is one such initiative by Enactus,
Sukhdev Singh College of Business Studies,
University of Delhi, which aims at providing
holistic indoor air purification solutions
at affordable prices by using innovative
methods, sensitizing the community and
empowering the skilled unemployed youth.
With the National Clean Air Program(NCAP)
highlighting the importance of bringing
together the guidelines on Indoor Air Quality,
the path ahead is clear and emerging. What
we need to do is, is to keep moving towards
sustaining it.
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Modern History of

Indoor Air Quality
(1973-Present)
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For many indoor air quality (IAQ)
professionals, a career in this field was not
necessarily planned. For many, this was a
choice after university that was surprising
since there are very few IAQ courses offered
in school. Also, the IAQ field is relatively new,
with most of the increased interest occurring
in the recent past.
However, there is a history to the IAQ field
that can be traced to specific documents in
different time periods. The three ages overlap,
and the type of research and field practice in
each age can also be seen in the other ages.
The three ages of indoor air quality (IAQ),
mold and indoor environmental quality (IEQ)
are ongoing. For the initial indoor air quality
(IAQ) age (1973-1998), there is one series of
standards that defined the IAQ age, namely
the ASHRAE Standard 62-73 on ‘Acceptable
Ventilation for Indoor Air Quality’ published
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in 1973. This Standard has been updated
and revised every three years, and the most
recent edition was issued in 2019 under the
title, ‘Ventilation for Acceptable Air Quality.
ASHRAE Standard 62-73 was the first
document to be issued that defined
acceptable indoor air quality on the basis
of the maximum allowable contaminant
concentrations for a select number of
airborne contaminants, including nitrogen
oxide, carbon dioxide, sulphur dioxide and
particulates. This was ground breaking
work based on the research on indoor air
quality dating back over the decades. It was
particularly important due to the oil embargo
that was taking place in 1973 which resulted
in shortages and increased attention on
energy use.
The Standard also set minimum ventilation
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standards for offices at 15 cubic feet per
minute (CFM), and a recommended level of
25 CFM. This was for mechanically supplied
ventilation, and it was again the first time that
a ventilation standard had been published
for offices buildings. Prior to this Standard,
the ventilation rates were based on the
reduction of body odours in buildings.
From this starting point, indoor air quality
became an important consideration in the
construction and renovation of buildings,
particularly commercial buildings.
In the late-1970’s and in the 1980’s, energy
prices began to rise, and new shortages of
oil-based products occur. These factors were
instrumental in the reductions in ventilation
rates in office buildings, schools, and housing
units. The ASHRAE acceptable ventilation
rate in Standard 62.1 went down to 5 CFM.
The building materials began to change
from solid cement and concrete walls to
cellulose-based wallboard. Windows and
doors were made airtight using sealants
and other methods to reduce infiltration of
outdoor contaminants.
Soon thereafter, the occupants of these
newly energy efficient buildings began to
file complaints about the indoor air quality.
These complaints were generally about
the lack of ‘fresh’ air, noticeable odours in
8

the office space, temperature variations in
different parts of the building, and elevated
noise levels. A number of governmental
agencies worldwide began to discuss indoor
quality in buildings. Publications from WHO,
USEPA, INIVE and ASHRAE concerning certain
aspects of IAQ were issued. These documents
helped to spark the field of indoor air quality
inspections and measurements.

Indoor Air Quality
became an important
consideration in the
construction and
renovation of buildings,
whether it is residential
or commercial.
In the 1990’s, the concerns about indoor
air quality changed to include microbial
contamination in buildings. This was the
second age of indoor air quality, the time
period that focussed on mold, specifically
in homes and office buildings (1998-2015).
In 1999, a publication from the American
Conference of Governmental Industrial
Hygienists (ACGIH) was issued entitled,
‘Bioaerosols’. This book helped to define
this age, particularly for researchers,
practitioners and building owners. This book
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outlined in detail the building assessment and
evaluation for mold contamination. Also, it
highlighted the mold remediation methods,
including post-remediation verification.
Also, in the 1990’s, key professional
organizations focussed on various aspects
of IAQ and microbial contamination were
formed, including the International Society
of Indoor Air Quality and Climate (ISIAQ),
the Indoor Air Quality Association (IAQA),
and United States Green Building Council
(USGBC). These organizations served
different purposes, with ISIAQ focussed on
IAQ research, IAQA on the IAQ professional,
and the USGBC on green buildings and
materials.
In the age of mold, there was an enormous
growth in concerns about homes and
dwellings about mold wherever water
damage could be seen. In addition, there was
concern about the building materials such as
wallboard that were found to be more likely
to exhibit mold growth than previous building
materials such as cement or concrete. There
was also concerns in schools and other
public places (e.g., theatres, gyms, places of
religious worship, etc.) that was a potential
for mold growth, particularly where there
was water intrusion.
The age of mold (1999-2015) was reinforced
by other publications of interest, including
the AIHA Green Book, also known as
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‘Recognition, Evaluation and Control of
Indoor Mold’. This was published in 2008,
and a second edition has been recently
published in early 2020. For the many
practitioners, researchers and remediations
handling mold growth in building, this book
clarified what needed to be done in buildings
with mold growth. The latest IAQ age is
the age of Indoor Environmental Quality
(IEQ – approximately 2015-present). Other
environmental factors in buildings were
recognized as potential sources of occupant
complaints, including exterior air pollution
such as particulate matter (PM10, PM2.5, PM
1.0), indoor plant chemicals, animal hair and
dander, SVOC’s, acoustics, lighting (overhead
,and exterior), thermal comfort, inadequate
ventilation, and ,electromagnetic radiation.
These possible sources are being studied
extensively by researchers, and they are
becoming accepted by practitioners as the
basis for occupant discomfort and illness.
The IEQ age has to date not resulted in a
definitive book or document like the ASHRAE
Standard 62.1 or the ACGIH Bioaerosols
book. A new professional organization
called the Indoor Environmental Quality –
Global Alliance (IAQ-GA) has been recently
incorporated in Belgium. Two of its member
organizations are based in India, the Society
for Indoor Environment (SIE), and the
Indian Society of Heating, Ventilation and
Refrigeration Engineers (ISHRAE). The future
is bright for Indoor Environmental Quality.
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Assistant Professor
Department of Civil Engineering
Amity University, Haryana
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Abstract
In India, the energy demands are increasing gradually due to booming industries, information
and technology and new buildings. With rapid growth in these economic sectors results
into high energy consumptions for operation of heating, ventilation and air-conditioning
(HVAC) to maintain the thermal comfort within the buildings. The countrywide electricity
consumption in commercial buildings since 2003 has gone up by 13% annually. This poses a
challenge to the overall energy supply and on the environment.
The present article reviews that the possible applications of renewable energy, different
technologies/approaches and demonstrates their capability to improve the performance
of HVAC systems in order to reduce energy consumption in indoor environments. Energy
efficient HVAC systems can be created by re-configuring traditional systems to make more
strategic use of existing system parts. Recent research has demonstrated that a combination
of existing air conditioning technologies can offer effective solutions for energy conservation
and thermal comfort in energy efficient buildings.
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Introduction
The renewable energy could have a significant
role in reducing the emissions and increasing
the energy efficiency of the global economy.
With modern technologies, instrumentations
and visualization tools offered by renewable
energy could allow to optimise the use
of existing physical resources taking into
account the many factors that influence the
energy demand. In 2002, Department of
Energy (DOE) – Building Technology Program
(BT) commissioned a study to characterize
and assess opportunities for energy savings
in commercial building HVAC systems with a
specific focus on select technology options

Cooking
0.30
Computers
0.78

and its technical energy savings potential
and barriers to wide adoption (Roth, et al.,
2002). Furthermore, there is an increased
level of consumer awareness of climate
change and interest in energy efficiency
options. According to Building Energy Data
Book, the U.S. commercial building sector
consumed 18.35 quadrillion Btu’s (Quads)
of primary energy in 2010 (US DOE, 2011).
Energy consumption associated with HVAC
equipment (i.e., space heating, space
cooling and ventilation) accounts for nearly
40% of the total energy consumption at 7.16
Quads.

Miscellaneous
2.96

Space Cooling
2.19

Water Heating
0.97
HVAC
7.16

Electronics
0.96
Refrigeration
1.45

Lighting
3.76

Figure-1: U.S. Commercial Building Sector
Primary Energy Consumption for the year 2010
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Figure-2: Renewable energy based applications

1.1 Energy & Economy: Indian
context

India ranks sixth in the world in terms of
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energy demand accounting for 3.5% of
world commercial energy demand in 2001.
With a gross domestic product (GDP)
growth rate of 8% set for the Tenth Five Year
Plan (2001 – 2006), the energy demand is
expected to grow at 5.2%. Still, at 479 kg
of oil equivalent (kgoe), annual per capita
energy consumption is low even compared
to other developing countries. The country
has seen an expansion in total energy use
during the last five decades, with a shift from
non-commercial to commercial sources
of energy. Accordingly, the production of
commercial sources of energy has increased
significantly. Table 1 indicates the trends in
production of various primary commercial
energy resources.

Production
1960-61

1970-71

1980-81

1990-91

2001-02

2006-07

Coal

mt

55.67

72.95

114.01

211.73

325.65

405.00

Lignite

mt

0.05

3.39

4.80

14.07

24.30

55.96

Crude Oil

mt

0.45

6.82

10.51

33.02

32.03

33.97

Natural Gas

BCM

-

1.44

2.35

1.79

29.69

37.62

Hydro Power

BkWh

7.84

25.25

46.54

71.66

82.80

103.49

Nuclear Power

BkWh

-

2.42

3.00

6.14

16.92

19.30

Wind Power

BkWh

-

-

-

0.03

1.70

4.00

Table 1 Trends in commercial energy production in India
Source: Planning Commission (2002)
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1.2 Electricity use in Indian building sector

During the last decade, in the residential and commercial sector, there has been a rapid
increase in the consumption of electricity at a rate of about 13.2%. Growing electrification
and more comfortable style of living have been the main causes of this increase. The ectricity
consumption in this sector is essentially in buildings and building establishments various
uses, the distribution is illustrated in Figure 3 (a&b).

Refrigeration
13%
EV Cooler
4%

Fans
34%

TV
4%

Other
10%

HVAC
32%
Lighting
28%

Air-Conditioning
7%

Figure 3 (a) Residential building sector Annual
consumption = 116 TWh (Source: CMIE (2001)

1.3 Energy efficiency policies in India

Lighting
60%
Others
8%

Figure 3 (b) Commercial building sector
Annual consumption = 33 TWh (Source: CMIE

Due to the increase in economic activity and the concurrent increase in energy intensity,
energy supply could not follow energy demand particularly in the electricity sector. After
the Government’s measures in the second half of 1990’s aimed at restoring the financial
viability of state owned power utilities were unsuccessful, a new Electricity Act was passed in
June 2003. Moreover the Energy Conservation Act has provided a framework for promoting
energy efficiency in the country. The Bureau of Energy Efficiency (BEE) has been set up to
facilitate implementation of the provision of the Act. Launching the BEE action plan for
promoting energy efficiency in the country all the Government Organizations should bring
down their energy consumption by 30% and Private Organizations by 20% over a period of
5 years. Improvement in the building sector is one of the agenda in the BEE’s Action Plan.
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Source Renewable energy
Solar energy | Wind energy | Hydro energy | Geothermal energy
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Measures to reduce building energy use

The following measures can be considered:
• Reducing the energy demand in air-conditioned buildings while maintaining comfortable
living conditions – use automatic energy systems.
• Reducing the electricity consumption in non-air-conditioned buildings through natural
cooling (ventilation and earth air tunnel systems) and energy efficient fans.
• Reducing the lighting energy demand through energy efficient light systems.
• Switching to solar and other renewable sources of energy.

Conclusion

Energy efficient HVAC system designs depend on new configurations of traditional systems
that make better use of existing parts. One effective way of achieving energy efficiency
in the design of HVAC system configurations that combine a range of different traditional
HVAC system components. Recent research has demonstrated that a combination of
existing air conditioning technologies can offer effective solutions for energy conservation
and thermal comfort. Each HVAC discipline have specific design requirements and each
presents opportunities for energy savings. It must be understood, however, that different
configurations in one area may augment or diminish savings in another. The amount of fresh
air for a building is dependent on the type of activities taking place in the building. However,
in the case that a building needs more fresh air to produce positive pressure inside the
space, using a heat recovery system is the best option.
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CLEAN AIR
Project Pravaah, an initiative by Enactus
SSCBS, aims at providing holistic indoor air
purification solutions at affordable prices
while reducing the harmful effects of stubble
burning by using innovative methods,
sensitizing the community and empowering
the skilled unemployed youth.

Fig. 2 Logo of Project Pravaah and Enactus SSCBS

People often decipher air pollution as a
normal phenomenon, but it’s much worse
than even the coronavirus pandemic. Deaths
due to COVID-19, till 13th September, float
at around 0.9 million, air pollution on the
other hand takes 5 million lives every year.
I am in no manner saying COVID is a normal
flu, but my point is that air pollution should
be equally taken seriously. Air pollution
accounts for about 9% of deaths globally.
According to WHO, 21 out of the 30 most
polluted cities in the world are from India. In
India, the average life expectancy is expected
to decrease by 2.6 years just because of the
exposure to high AQI levels!

Polluted air consists of two major
components: particulate matter (PM) and
volatile organic compound gases (VOCs). PM
are fine inhalable particles with diameters
ranging from 1µm3 to 10µm3. VOCs are
gases that are emitted from certain solids or
liquids which are commonly available in our
households too.
One of the major reasons for high air
pollution is stubble burning in Haryana
and Punjab. Stubble Burning, a globally
prevalent practice of setting crop residue on
fire, releases 3 kg particulate matter, 60 kg
of carbon monoxide, 200 kg of ash, and 2 kg
of Sulphur dioxide for every tonne of stubble
burned. Almost 11 million tonnes of stubble
were burnt last year. In 2019, 46% of Delhi’s
air pollution was attributable to it.
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Air pollution as a normal
phenomenon, but it is
much worse than even the
coronavirus pandemic.
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While outdoor air pollution is recognized
by all, the air quality indoors, where we
are presently spending almost 100% of our
time is 3.5 times more harmful and exposes
us to a dangerous concentration of VOCs,
particulate matter, and dust particles.
Due to this, many terms indoor air pollution
as a silent killer, it is slowly affecting our body
and over time the effects start to show as
various diseases such as asthma, bronchitis,
stroke, heart attack, kidney diseases, etc.
that trap us in a vicious circle of lifetime
medication. Keeping in mind the severity,
there are multiple things we can adopt
that can help reduce indoor air pollution
significantly, and also act as additional
precautions for the pandemic. These are
simple tips that can assist in elevating our
mood, prevent various diseases, and also
improve our cognitive abilities.
Firstly, Ventilation, It is an important means
of achieving good indoor air quality in
buildings, as it removes or dilutes pollution
and moisture. As newer buildings have
become more airtight and well insulated,
there is an increased focus on the ventilation
system, either natural or mechanical, to
ensure good indoor air quality. Secondly,
have a separate pair of shoes/sandals for
outdoor and indoor use. Footwear is known
to bring more than 50% of dust, diseasecausing microorganism, and outdoor
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chemicals into our homes. For this reason,
the practice of removing footwear at the
door is among the simplest ways of reducing
indoor air pollution. Frequent mopping and
wet dusting with water are highly advisable.
Next, get rid of odors, don’t mask them.
Most people try to avoid indoor odors by
masking them with artificial fragrances
and air fresheners. It simply worsens the
problem as the artificial fragrance or air
fresheners contain VOCs which can harm
your health even more. Instead, find the
source of the odor and clean the area with
homemade cleaners or with baking soda.
Artificial air fresheners have allergens that
circulate in the indoor air and are associated
with asthma and allergy attacks. Opting
for fragrance-free products like Roll-on
deodorants help reduce indoor air pollution.
Remove carpeting if possible, Carpets
act as a harbor for small dust particles
and pet dander that increases indoor air
pollution. Removing the carpeting is a sure
way of reducing indoor air pollution. Use
charcoal bags in your cars and air purifying
plants in closed spaces to control air
pollution. Wear masks when you go out or
when you travel. These were some everyday
tips, but the air pollution in India is so severe
that these alone cannot clear all unwanted
things out of your home. These are some
bare minimum things we request everyone
to follow.
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To have a better indoor environment, we
must invest in indoor plants and air purifiers.
Everyone would agree with plants, but
these cannot be just any plants. A study by
NASA found out a list of plants that act as
succulents and absorb all the VOCs in the air
and make your indoors not only safe but also
beautify your indoor décor.
As stubble burning is a critical problem
causing huge air pollution, we at Pravaah
had set our goal to help eliminate this. While
analyzing existing solutions, we found out
the ex-situ and in-situ methods of stubble
management had various flaws. In-situ
solutions caused problems to the farmers in
the next crop season while ex-situ solutions
caused environmental damage. Seeking a
perfect solution, we, with our knowledge
partner-Deutec, identified a method that
takes the best of both in-situ and ex-situ
techniques, the pseudo-in-situ method.
Stubble from the field is extracted and,
with the help of Deutec’s technology, we
convert them into pots. These pots provide
the necessary nutrients to the plant for
its growth and development. Watering
plants in these pots would also require less
frequency. Manufacturing these pots by
upcycling stubble is one of the best solutions
for stubble burning and keeping your plants
greener, that’s one shot for two birds!
Plants work well in trapping VOCs, but are
inefficient while eliminating particulate
22
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matter, a huge component of indoor air
pollution. Investing in an air purifier has
therefore become a necessity. The majority
of air purifiers range anywhere between
Rs. 13,000 to Rs.1,50,000, making them
unaffordable for almost 65% of the Indian
households. Pravaah, with its holistic value
offering, provides an air purifier with a triplelayered filter technology consisting of a prefilter, an activated carbon filter, and an H13
HEPA filter. The purifier has an efficiency of
92% and is at par with various air purifiers in
the market.
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Pravaah offers its air purifier, indoor air
purifying plants and stubble pots at an
affordable price so that maximum people
can prevent themselves from air pollution
and live a healthy and happy life. The new
improved air purifier, along with the indoor
plants and stubble pots, will be dropping on
October, 2020 on our social media pages. If
you are interested in these or want to learn
more about air pollution and health, you can
follow us on Facebook (Project Pravaah) and
Instagram (@projectpravaah).

Fig. 2 Pravaah air purifier and indoor air purifying plants
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Collaborations
NEERI

SIE President Dr. Arun Sharma and Head of
CSIR NEERI Delhi Zonal Centre, Dr. S.K. Goyal
signed the MoU for a constructive research
collaboration.

Enactus - SSCBS

SIE is pleased to announce its collaboration with
ENACTUS SSCBS, (Shaheed Sukhdev College
of Business Studies, University of Delhi) for
Project Pravaah. We look forward to a fruitful
contribution to our environment together.

ENACTUS - LSR

SIE is pleased to announce its collaboration
with ENACTUS LSR, (Lady Shri Ram College) is a
community of passionate students committed
to creating a new generation of socially
responsible leaders.

IEQ - GA

SIE is happy to announce its affiliate
membership to IEQ Global Alliance(IEQ-GA)
IEQ-GA is an international consortium of
government and non-government organizations
across Europe and USA working towards
providing an acceptable indoor environmental
quality (thermal environment-indoor air qualitylighting-acoustic) to occupants in buildings
and places of work around the world. This
collaboration will make sure that the knowledge
from research on IEQ gets implemented in
practice across the globe.
24
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Social Media
Let’s rekindle a light
with the care of your loved ones wellbeing
We can pick the nature of the food and water, yet we need to
construct quality Air together.
Stay away from firecrackers this festive!
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www.societyforindoorenvironment.com

Society for Indoor Environment (SIE)
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The research findings and opinions presented in the SIE newsletter are solely the author’s prerogative.
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