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Air quality is not just a “covid” topic. Regardless of the
ongoing pandemic, we know that improving air quality,
both indoors and outdoors, significantly impacts human
health. Sometimes, we all have an unexpected coughing
fit or headache after breathing the same air for a while.
It is easy to forget about the quality of the air when we’re
living away from sources of irritation - but the truth is that
there are many factors and invisible contaminants that
contribute to air quality.
This book is meant to provide a practical guide and raise
overall awareness about air quality. Our bodies, minds, and
immune systems deserve to take the next step in indoor
wellness. Read on to find out all key components to build
more resilient communities and secure more sustainable
futures.

Time to confess – we tried only to have 13 components,
but there were just too many worthy things to highlight.
So, bear with us, and you will find more in our blog. Here
are some of the bases of air quality that are the core of
revolutionizing the building industry.
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1
Indoor Environmental
Quality (IEQ)
Indoor environmental quality (IEQ) refers to
quality conditions inside the building in relation
to the health and well-being of occupants.

Air Quality

Thermal Health

Ventilation

Moisture

Dust&Pests

Safety&Security

Lighting&Views

Acoustics

Most of the time, occupants are subject to multiple
contaminants without even realizing it (in the
form of particles and gases), just as contaminants
from office machinery, household items, cleaners,
furnishings, cosmetics, cigarette smoke, building
materials, constructions activities, microbial
growth, insects, plus outdoor pollutants.
There is often no single factor that determines
the quality of IEQ. Due to its multifactorial nature,
IEQ is highly complex and challenging to impact
health, well-being, mood and stress, safety,
operational efficiency, and economics. According
to Harvard T.H. Chan School of Public Health, the
nine core elements whose are all play a part in
determining IEQ1:
•
•
•
•
•
•
•
•
•

Air Quality,
Thermal health,
Ventilation,
Moisture,
Dust and pests,
Safety and security,
Lighting and views,
Acoustics,
Water quality

Water Quality
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These nine elements interact to build a unique occupant experience.
When we say good, in other words, healthy IEQ can improve the life
quality of occupants, raise the building’s market value, and minimize
liability for building owners. Also, it is strongly linked with the economy
of energy use and global warming as a critical world problem.
When we look at how long people spend indoors, it is essential to
understand and control these indoor quality elements as complex and
interdependent systems in all spaces. The complexity is emphasized
by the different characteristics of the indoor spaces, which include a
changing outdoor environment, different buildings characteristics
and functions, number of occupant populations, and patterns of their
activities. This is why a holistic, system-based approach will help people
to work and live in different places comfortably and safely.
Moreover, since spaces and their use change over time, it is critical
that these spaces are continuously and dynamically monitored and
managed for both occupancy health and space energy efficiency.
For example, museums, churches, and school buildings should be
considered different cases because of their different IEQ requirements
or in the office, the cooling needs during the working hours and in
the evenings are not the same. While specific conditions may lead
building/facility managers to focus more on one element than the
others, such as COVID-19, indoor air quality is the hot topic to build
healthy spaces in offices, hospitals, and schools.
It is possible to conduct a walkthrough, identify and control all those
elements and features that help define the IEQ of the building.
Although standards, guidelines, and certification schemes provide
many techniques to evaluate IEQ, just one thing, there is no universally
accepted way for rating IEQ in buildings.
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2
Indoor Air Quality (IAQ)
As one of the crucial elements of IEQ, indoor air
quality (IAQ) is defined by the air in and around
buildings. Air quality is often defined as the types
& concentrations of contaminants found in the
indoor environment.
WHY SHOULD YOU WORRY ABOUT IAQ?

First, IAQ directly affects occupant health,
comfort, and productivity. When IAQ is poor,
that means it contains high levels of pollutants.
Well established, common health impacts
are building-related illnesses such as asthma,
weariness, irritability, and headache can
affect occupants. Modern lifestyles and the
COVID-19 lead us to constant contact with the
inside ambient conditions, most of our time
in offices, schools, and houses. It is easy to say
that inhalation exposure is ongoing, and our
most extensive exposure to pollutants occurs
indoors.
The air quality is typically considered a health
indicator, but another primary concern is
the strong relationship between building
energy efficiency and IAQ, especially in
commercial and institutional buildings.
Heating, Ventilation, and Air Conditioning
(HVAC) systems are among the largest energy
consumers in buildings. The term “HVAC”
refers to equipment that can heat, cool, filter
outdoor air, and manage humidity in the
building to maintain comfortable conditions.
The IAQ heavily depends on HVAC performance,
and proper air exchange is essential for energy
efficiency and IAQ in buildings. It’s a welldocumented fact that IAQ is like a provision
for occupants and energy efficiency.
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FACTORS AFFECTING INDOOR AIR QUALITY

IAQ is affected, for better or worse, by many factors. The key factors affect the indoor air
quality, including:
- The outdoor climate;
- Human activities;
- Building components and furnishings,
- The building’s heating, ventilation, and air conditioning (HVAC) system;
It is essential to understand the role of each of these factors in preventing, investigating,
and resolving indoor air quality problems.
Many pollutants are found indoors that can harm our health. Understanding and
controlling some of the common pollutants present in workplaces, hospitals, schools,
and homes help improve indoor air quality and lower occupants’ risk of health problems
associated with IAQ.

A WIDE RANGE OF DIFFERENT POLLUTION SOURCES

Various sources cause air pollution. These include vehicle traffic, shipping emissions,
building heating, industrial production, agricultural emissions, fossil fuel, biomass
energy generation, etc. Although outdoor air pollution is often on the headline, indoor
air pollution doesn’t seem like breaking news. Even more, the harsh reality is that indoor
air is more contaminated than outdoor air.
In addition to pollution in the outdoor air, indoor pollutants source from human breath,
cleaning and cooking products, toxins emitted by paints, walls, floor coverings, and more.
There is no end to the list of common indoor pollutants known as particulate matter,
benzene, organic volatility, formaldehyde, ozone, allergies, etc.
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3
Thermal Comfort
According to ANSI/ASHRAE Standard 55,
Thermal comfort is the condition of mind
that expresses satisfaction with the thermal
environment and is assessed by subjective
evaluation. Thermal neutrality is maintained
when the heat generated by human
metabolism is allowed to dissipate, thus
maintaining thermal equilibrium with the
surroundings.
Feeling comfortable in an interior space
directly impacts people’s moods. Working in
optimal conditions enables people to think
and perform better, and thermal comfort
contributes not only to well-being but even
to productivity. Eliminating potential health
hazards is also a crucial aspect of maintaining
ideal thermal comfort.
According to the Fanger Method, which
is accepted as the most common thermal
comfort assessment method worldwide, six
factors affect thermal comfort.

PERSONAL FACTORS

ENVIRONMENTAL FACTORS

Metabolic rate (met): The energy
generated from the human body

Air temperature: Temperature of the
air surrounding the occupant
Radiant temperature: The weighted
average of all the temperatures from
surfaces surrounding an occupant
Air velocity: Rate of air movement
given distance over time
Relative humidity: Percentage of
water vapor in the air

Clothing insulation (clo): The amount
of thermal insulation the person is
wearing
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There are many different solutions to provide thermal comfort for building occupants
while keeping energy consumption low. Here are a few examples*:
Give occupants some control over their immediate environment- Occupant control
must be carefully integrated with the overall comfort strategy to avoid situations in
which energy is wasted. For example, sometimes occupants change thermostat settings
drastically in a misguided effort to get quick results.
Use air movement to increase comfort- Ceiling fans, desk fans, and outdoor breezes
can all make people comfortable in conditions that would otherwise be too hot, leading
to savings in energy use for cooling.
Use displacement ventilation- Introducing cool air at the floor and exhausting it in
the ceiling removes heat from the ceiling plane rather than mixing it back into space.
Because lights generate heat and warm air tends to rise, removing this warm air from
high in the space and exhausting it to the outdoors can reduce the amount of cooling
needed.
Capture humidity in ventilation air- Humidity is difficult to control without using a
lot of energy. In mechanically ventilated buildings, devices such as enthalpy wheels can
transfer moisture from incoming air to outgoing air (or vice versa). This reduces the need
to dehumidify or add moisture allowing cooling equipment to be downsized.
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Outdoor Air Pollution
The term “air pollution” refers to harmful particles suspended in the air or gases in the
atmosphere that we breathe in almost all of the time.
Air pollution is also known as the fourth leading risk factor for death and disability
worldwide in 2019, mainly due to increased mortality from stroke, heart disease, chronic
obstructive pulmonary disease, lung cancer, and acute respiratory infections.2
Clean air is a fundamental requirement of human health and well-being. However,
according to WHO, nearly 9 out of 10 people are exposed to air pollution levels, putting
them at increased risk for diseases including heart disease, stroke, chronic obstructive
pulmonary disease, cancer, and pneumonia. 3

WHERE DOES AIR POLLUTION COME FROM?

Outdoor air is polluted with a complex mixture of pollutants that arises from both natural
and human-derived (anthropogenic) sources.
Historically, air pollution has been affected by natural phenomena such as volcanic
eruptions, wildfires, dust storms in deserts, biogenic emissions from vegetation (pollen
and mold spores).
In contemporary times, pollution sources have multiplied, thanks to fossil fuels, electric
power generation, industry, home heating, and motor vehicles.
The importance of outdoor air pollution was first recognized in the 20th century, when
cars, trucks, and other vehicles emitted “smog,” or photochemical pollution, and public
health crisis developed as a result of intense pollution, such as the London “killer fog” in
1952.

H E A LT H E F F E C T S O F O UT D O O R A I R P O L L UT I O N

Air pollution has a negative impact on human health, and it affects everyone, from unborn
babies to the elderly. Individual characteristics, such as age, cardiovascular capacity,
lifestyle, can all influence the pollution effects on overall health.
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HVAC System
HVAC energy consumption accounts for more than
40% of a commercial building’s total energy use.
There is no doubt that it is an essential element of
building to provide better indoor air quality.4
To understand HVAC systems more clearly, let’s look
at different components.

Field Level

THERMOSTATS AND BUILDING
MANAGEMENT SYSTEM

The whole system works according to the
occupant’s thermostat commands and pre-defined
scenarios created on Building Management System
(BMS).
BMS is an intelligent microprocessor-based
system that centralizes and simplifies the control,
monitoring and operation, and management of
HVAC and other building systems to achieve:
Automation Level

1. Safe and Comfortable Environment
2. Energy Saving and Efficient Control
3. Saving Maintenance Cost
BMS architecture consists of three levels:

Supervision Level

1. Field Level (consisting of field devices like sensors
and actuators)
2. Automation Level (Consisting of programmable
DDC controllers)
3. Supervision Level (Supervisory workstation
computer containing graphics for control and
monitoring of complete system)
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AIR HANDLING UNITS

Air handling units (AHU) are used to mix the exhausted air collected all over the building
with outdoor air and circulate air as part of an HVAC system. Air handlers are generally
connected to a ductwork ventilation system to distribute the air throughout the
building. Just like our lungs absorb oxygen, changing the state of air, AHU has the same
functionality for HVAC systems.
FILTERS

The HVAC filters have an essential job to do. They filter dust, pollen, pet dander, and other
small particles out of the air that building occupants breathe. These particles are trapped
in the filter to prevent them from being recirculated throughout the building. We will
explain filters in detail in Section 7.
Return Air
Air being taken into the HVAC system by Air Handling Units.
Supply Air
Air being blown back out into the building via the ductwork distributed throughout the
building.
VARIABLE AIR VOLUME

Variable Air Volume (VAV) regulates the quantity of air provided by AHU. It regulates
the air that enters rooms with the use of its damper. This damper is set in a constantly
changing position, and it controls the amount of air that passes through the VAV unit.
FAN COIL UNITS

A fan coil unit (FCU) is a standalone system that circulates the existing air in a small space
(2-3 rooms). It’s a singular system that can operate independently to circulate air in an
area without ductwork. One significant difference between FCUs and AHUs is that AHUs
can bring outside air and heat or cool it. However, FCUs can only condition the air already
present in the area by pulling it in and moving back out through its heating or cooling
coil.
www.sensgreen.com
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REFRIGERANT

Refrigerants are a series of chemicals whose compression/thermal qualities are useful
for transferring thermal energy from one area to another.

CHILLER

Chillers generate chilled water, which is used to provide air conditioning in buildings.
Chillers use refrigerant gas to move the unwanted heat between the evaporator and the
condenser. The chilled water is generated in an evaporator and this is sent around the
building by a pump to collect the unwanted heat and bring it back to the evaporator to
be cooled down.

PUMPS

A pump is a device that will move water from one place to another by raising the pressure
at the outlet of the pump so that it is higher than the pressure at another place in the
system. It moves the cooled water from the chiller to the cooling coils in the air handling
unit where it cools the air being re-circulated in the building.

COILS

Coils are a component formed by tubes of different materials through which a fluid
passes, while these have external contact with the air, which allows an exchange of heat.
Coils are used for cooling during summer days and heating during winter days.
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Ventilation
Ventilation is necessary for buildings to remove stale air and replace it with fresh air.
This helps to:
•
•
•

Moderate internal temperatures.
Reduce the accumulation of moisture, odors, and other gases that can build up
during occupied periods.
Create air movement, which improves the comfort of occupants.

VENTILATION TYPES

•
•
•

Mechanical ventilation tends to be driven by HVAC systems.
Natural ventilation is driven by ‘natural’ pressure differences from one part of the
building to another.
Mixed-mode ventilation systems use both mechanical and natural processes. The
mechanical and natural components may be used simultaneously, or at different
times of day, or in different seasons of the year.

Mechanical
ventilation

Natural ventilation

www.sensgreen.com
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RECOMMENDED VENTILATION RATES

The ASHRAE 62.1 (“Ventilation and Acceptable Indoor Air Quality in Buildings”)
recommends homes receive no less than 0.35 air changes per hour of outdoor air to
ensure adequate indoor air.
For other spaces like offices, shops, and schools, the ASHRAE 62.1 standard doesn’t give
a fixed number. Instead, airflow rates based on the size of a room, its use (e.g., school,
office, sports arena), and the number of people inside are provided. These can be used to
calculate exact airflow requirements for a specific space.5

LOCATION TYPE

SUGGESTED OUTDOOR AIR VENTILATION RATE (Air changes per hour)

FUTURE DEVELOPMENT IN VENTILATION

This important field of HVAC has a direct impact on people’s health and productivity. It
has the potential for more significant development since some commonly used methods
are not always suitable for delivering the IAQ demanded by the building occupants
and meeting stricter energy performance guidelines. As awareness of the impact of
ventilation on human health and productivity increases, it is expected to become more
topical. It is anticipated that more advances in the delivery of fresh air to occupants will
be foreseen to meet people’s aspirations. It would be expected, therefore, that:
•

More comprehensive application of demand control ventilation (DCV), i.e., a direct link
of fresh air supply to IAQ
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•

More reliance on using simulation tools for visualizing room air movement, such as
computational fluid dynamics (CFD), to improve our prediction of the performance of
ventilation systems at the design stage

•

More advanced algorithms that control BMS systems to regulate ventilation rates
dynamically during the day with the improvements on artificial intelligence and IoT
devices

•

Move toward more energy-efficient methods of room air distribution

•

Improvement of the quality assurance and maintenance procedures for ventilation
systems by using IoT systems

COVID-19 AND VENTILATION
Remaining socially distant from each other is a huge part of stopping COVID-19
from spreading, but the risk of an aerosol cross-infection beyond 1.5m from an
infected person can also be decreased with a well-designed ventilation system.
Ventilation is a very important way of diluting some of the airborne pathogens that
carry the virus. There is strong evidence that demonstrates that occupants of a room
are more at risk of catching an illness in a poorly ventilated room than in a wellventilated room. This is because a poorly ventilated room means that the occupants
of the room are exposed to a much higher concentration of airborne pathogens.
It is observed that if an influx of people makes CO2 jump from 800 to 1600, the
risk of Covid transmission triples.6 Additionally, the risk for the room occupants will
increase with a greater amount of time spent in such an environment.
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Air Filtration
The most effective approaches to improve your
indoor air quality are to minimize or remove
polluting sources and to ventilate with clean
outdoor air. Furthermore, research indicates
that filtration can be a great alternative to
source control and ventilation.
IAQ can be improved by using a portable air
cleaner and/or the air filter in a central furnace
or central heating, ventilation and HVAC system.
Portable air cleaners, well known as air purifiers
or air sanitizers, are useful for filtering the air
in a single. The clean air delivery rate (CADR)
which is a metric for delivery of essentially
clean air given in cubic feet per minute. Filters
for central furnaces and HVAC systems are
designed to filter the air throughout a home
rather than just in a single space. Minimum
Efficiency Reporting Value (MERV) ratings are
useful for abstract comparison of products
ranging from MERV 1 to MERV 16 based on the
average removal efficiency across three particle
size ranges.
Two important tips for air filtration are:
No air cleaner or filter can remove all of
the pollutants in air. It is important to note that
most filters are designed to filter either particles
or gases. As a result, many air cleaners have two
filters, one for particles and one for gases or use
a lot of adsorbents or chemisorbents medium,
to filter both particles and gases.
All filters must be replaced on a regular
basis. If a filter is unclean and overloaded, it will
not function properly.7
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8
Air Quality Guidelines and
Standards

GUIDELINE
A guideline is described as any type of
recommendation or instruction on the
protection of humans from the harmful
effects of air pollution. Air quality
guidelines generally aim to set the
exposure limit of air pollutants to protect
public health and eliminate/reduce
them to a minimum.
Several international organizations e.g.,
European Collaborative Action (ECA), the
World Health Organization (WHO), and
the International Agency for Research on
Cancer (IARC), have published reference
documents and guidelines such as the
WHO has established universal healthbased recommendations on the level of
air pollution that is considered “safe and
healthy”. American Society of Heating,
Refrigerating
and
Air-Conditioning
Engineers (ASHRAE) has developed
an indoor air quality (IAQ) guide
includes recommendations for design
and operating aspects. The guideline
addresses moisture and dirt in HVAC
systems, a lack of proper ventilation,
inadequate air filtration, and sources
of indoor contaminants from building
materials, equipment, and activities.8

Another fundamental requirement for
correct understanding of the air quality
pollution issues with systematically
collected information on the quality,
quantity, and origin of the pollutants,
according to well-established procedures.
In this regard, air quality standard is
defined and established as enforceable
by a regulatory authority. Both guidelines
and standards serve the same purpose
with reduction the number of pollutants
existing in indoor environments and to
control the quantities of chemicals that
can be emitted from various materials
in order to limit the adverse effects on
IAQ. As such, special attention should be
given to the activities of the European
Committee for Standardization (CEN)
and the International Organization for
Standardization (ISO) which provide a
series of precise standards on how to
perform the checks. The activities of
these standardization bodies are essential
references because standardized detection
methods allow for better comparison
of the different indoor air quality at the
European level. For instance, standards
for characterization and determination on
many pollutants (e.g., European Standards
(EN) ISO 16000: Indoor air quality, European
technical specification (CEN/TS) 16516: For
construction products, determination of
emission into indoor air).9

STANDARDS
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Setting an air quality target is fundamental
because it creates both the need to act
and the level of action necessary. Many
national and subnational governments
have established national regulatory
standards for air quality and also different
regulatory bodies have different threshold
limit values.
The EU Ambient Air Quality Directive
(2008/50/EC) set pollution limits for
outdoors and imposed on European
member states by the European
Commission. In the United States, the 1970
amendments to the Clean Air Act required
the Environmental Protection Agency
(EPA) to set National Ambient Air Quality
Standards (NAAQS) for certain pollutants
known to be hazardous to human health.
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9
Green Building and
Standards
A “green” building is integrated building practices that significantly reduce/eliminate the
negative environmental impact of a building and maintain/improve the quality of life of
our environment and in our climate.
It is not enough to simply build a green building; the method considers the complete life
cycle of a building: planning, design, construction, operation, maintenance, refurbishment,
and destruction. Furthermore, the green building practices focus on many common
elements, especially energy, water, materials, waste, indoor environmental quality and
health, that can be addressed separately.
A critical issue is how far you have to go to be called a green building. Consequently,
rating systems have been established to evaluate the level of sustainability of buildings.
The purpose of the rating system is to certify the different aspects of sustainable
development. The more sustainable aspects included in a project, the higher the level of
certification that could be awarded.10
Various rating systems worldwide verify green building projects, and more will be added
regularly. Some of the most common are LEED, Green Globes, and BREEAM (BRE
Environmental Assessment Method). While each is unique, they all share the same
purpose and general structure.
It is safe to say that there is no consistent use or definition of the term “standard” in
the building community. Any standard can be adopted as a voluntary or mandatory
program.
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Sick Building Syndrome
SBS (sick building syndrome) is the general naming for situations where the occupants
of the building are experiencing comfort and health effects related to the time they spent
in a building. Yet, neither the cause nor the specific illness can be identified, according to
EPA. 11 These complaints from the building occupants may be localized in one particular
area or can be widespread through the building.

SBS HEALTH EFFECTS

•

Common symptoms of SBS can be listed
as headache, eye, nose, or throat irritation,
itchy skin, dizziness, nausea, difficulty in
concentrating, fatigue, chest tightness, or
wheezing. Most of these symptoms and
complaints are reduced or gone after leaving
the building and eliminating the exposure.

•

Air pollution in indoor areas typically occurs
from the sources inside the buildings. Some
of the examples for these sources can be
carpeting, adhesives, some wood products,
and cleaning agents, which can spread certain
chemical contaminants and VOCs into the air
we breathe.12 Also, mold is one of the leading
causes of Sick Building Syndrome. They are
responsible for almost 80% of the SBS cases
and the leading cause of the illnesses.13

•

In a research focusing on the relation of indoor
air parameters with SBS, it’s been found that
increased
CO2
levels
due to inadequate
ventilation and recycling the air in rooms via fan
coils are the prime causes of malaise among the
occupants, which is one of the most common
symptoms of SBS.14

Itchy skin

Throat irritation

Headache

Eyes irritation
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WHAT MEASURES CAN BE TAKEN AGAINST SBS?

•

Increasing the air distribution and ventilation rates in a building is
one of the important preventive measures against SBS. Designing
the HVAC systems according to building standards & codes, and the
regular maintenance of these systems is crucial to provide the needed
ventilation rates. However, if the building or the area is contaminated
with strong pollutants in addition to these, venting the air to the outside
is a highly recommended method to prevent the accumulation of the
pollutants in these areas such as printing facilities and restrooms.15

•

Instead of using solvent-based paints, using water-based paints, or storing
the compulsory cleaning agents in air-tight containers16 at separate
places where human contact is minimal and similarly, relocating the
printers to separate rooms or replacing them with low emission-rated
ones can be examples of other precautions to minimize the risk of SBS.

•

Above all, monitoring the indoor air quality (IAQ) on your premises and being
aware of the high levels is key. By monitoring the IAQ in your premises regularly,
you will be able to see if your indoor air is safe or not. This will allow you to
take action before it becomes a bigger problem and start affecting every
occupant in the building. Exposure to high levels of indoor air contaminants
can be extremely harmful to human health. By monitoring and viewing the
data, it is possible to avoid SBS by making educated decisions and creating
healthier buildings for the occupants.
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Air Quality Monitoring
Indoor air quality monitoring is the process of
gathering continuous data on the particles,
gasses, and chemicals present in your air.
The goal of collecting this data is to identify
trends, spot problem areas, and make
adjustments accordingly. Building owners
and facility managers gain benefits from
satisfied occupants as a result of enhanced
indoor air quality that contributes to holistic
indoor environmental quality. Continuous
indoor air quality monitoring will provide
actionable insights for facility managers
to prevent problems at a fraction of the
expense and effort that will be required to
solve them.
Some of the more typical applications for
indoor air quality monitoring include:
•
•
•
•
•
•
•
•
•

IAQ complaint investigation and analysis
Overheating or overcooling detection
HVAC system performance monitoring
Air quality engineering analysis
Mould investigation and remediation
Health and comfort assessment
Airport lounges, shopping malls, offices
Schools and kindergartens
Hospitals and elderly care facilities
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CO2
Temperature
Humidity
tVOC
Air Pressure
PM 2.5
PM 10

.WHICH INDOOR PARAMETERS SHOULD BE MONITORED AND WHY?

•

CO2 is dependent on various factors such as the number of people in the building,
occupation time of the area, size of the room, and the amount of fresh air entering
the site

•

Temperature monitoring is vital for many reasons, comfort, mold & bacteria, and
energy efficiency. By monitoring the indoor air quality, we can see historic and current
data of the indoor environment, current and projected outside weather, building,
and HVAC equipment specifications to optimize indoor air quality and temperature
management while considering energy consumption of the building.

•

Humidity levels (RH) should be kept below 60% in order to prevent molds from
growing on the premises and ideally should be kept between 30%-50%.

•

Volatile Organic Compounds(VOCs) can generate adverse effects on human health
by causing illnesses or increasing the severity of sick building syndrome.

•

Pressure takes a critical role for ventilation. Positive Pressure will help keep hot outside
air from penetrating into the building during the summer. Negative pressure during
the winter will allow outside air into the building to maintain humidity. Control of the
air pressure inside the building is key to keeping the building comfortable.

•

PM2.5 and PM10 levels are a great indicator of how well your filtration system is
performing. During the pandemic, filtration has become more important than ever.
Experts from ASHRAE and the CDC recommend key changes to filter maintenance.
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Internet of Things (IoT)
IoT or Internet of Things is integrating the digital world with the physical world through
real time data available from digital systems linked together. Any device that can be
connected to the internet can be a part of IoT and thus a network of these things is
formed for exchanging real time data. This device could be anything from cell phones,
laptops to coffee maker, car, lamp, headphones etc. In some cases, even an airplane
engine is a part of IoT. By 2021, 35 billion IoT devices will be installed around the world.The
number of total connected devices in 2021 will be 46 billion.17

SENSORS AND IOT

Sensors are one key factor in IoT success, but these are not conventional types that
simply convert physical variables into electrical signals. They have needed to evolve into
something more sophisticated to perform a technically and economically viable role
within the IoT environment.
Sensors have traditionally been functionally simple devices that convert physical variables
into electrical signals or changes in electrical properties. While this functionality is an
essential starting point, sensors need to add the following properties to perform as IoT
components:
•
•
•
•
•
•
•
•
•

Low cost, so they can be economically deployed in large numbers
Physically small, to “disappear” unobtrusively into any environment
Wireless, as a wired connection is typically not possible
Self-identification and self-validation
Very low power, so it can survive for years without a battery change, or manage with
energy harvesting
Robust, to minimize or eliminate maintenance
Self-diagnostic and self-healing
Self-calibrating, or accepts calibration commands via wireless link
Data pre-processing, to reduce load on gateways, PLCs, and cloud resources
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HOW IOT TECHNOLOGY REVOLUTIONIZED INDOOR AIR QUALITY MONITORING MARKET?

Before the IoT had a massive impact all over the world, there were two methods to
measure indoor air quality: handheld devices or BMS sensors. Despite the high accuracy
of handheld devices, facility management teams just monitor air quality a few times
a year by using those devices due to it’s not easy to use or carry with you. The teams
could not get required insights with those devices due to lack of correct collected
data. Secondly, Traditional BMS vendors focus on the wired hardware leaving Facility
Managers with extremely complicated, costly and clumsy dashboards on the software
side. Consequently, facility management teams fail to achieve their KPIs in terms of
indoor air quality. Facility Managers must always stay ahead of the curve when it comes
to regulating indoor air.
IoT technology provides a scalable, affordable and configurable disruptive solution to
this problem. IoT technology has provided following advantages to indoor air quality
monitoring market:

$
Affordable Sensors

Network and Security

Data Intelligence

Integration Between
Building Systems

a) Affordable sensors: Affordable and reliable sensors are making IoT technology
possible for almost all building owners.
b) Network and Security: An end-to-end encrypted, independent, low power, reliable
network must exist between sensors to collect data in a scalable yet risk-free manner.
Network Architecture transmits encrypted data over radio frequency signals and decrypts
it back only in the cloud. Therefore sensor data is out of access for unauthorized visitors.
c) Data Intelligence: AI combined with intuitive digital tools to transform the massive
incoming data into actionable insights by the building staff. Most of the facility
management teams cannot follow and analyze all of these parameters. They don’t have
relevant background and appropriate training to make use out of it.
d) Integration Between Building Systems: Most building systems and sensors do not
provide default integration for different systems. Separately working systems are not
able to create effective outcomes to optimize air quality and HVAC management in the
building.
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13
LoRaWan
Until recently, the Building IoT Market has been dominated by wired sensors using
Modbus and BACnet protocols. In recent years, different wireless communication
technologies such as Zigbee, EnWave, Bluetooth have entered the market. Despite the
hype behind them, their short-range, security risks, and hard-to-configurable network
architecture make them disadvantageous due to the complex nature of commercial
buildings. Sensgreen fostered the recently emerged wireless communication protocol
“LoRaWAN” for ease of installation and scalability.
LoRaWAN is a non-cellular wireless communication protocol. LoRaWAN enables longrange communication. LoRaWAN is both the communication protocol and system
architecture for IoT networks. The LoRaWAN technology stack is the best choice for
connected cities because of its long signal range and minimal power requirements. 18

LoraWan
Devices

Gateway
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LoRaWAN brings different advantages into market:
Ultra-low energy consumption: Compared to other
data transmission protocols, LoRaWAN smart city requires
little power, preserving the battery life of devices.
Range: The wider the coverage, the better and cheaper
the IoT infrastructure. With LoRaWAN, depending on
conditions, signals can reach 10 to 15 kilometers in urban
areas, and 1 km in buildings.
Cost efficiency: LoRaWAN smart building architecture
is comparatively easy to deploy within IoT infrastructure.
Deployment on frequencies that don’t require licensing
and low-cost base stations make LoRaWAN applications
economically viable. Add to this the low cost of LoRaWAN
IoT devices that can run for years on the same battery and
reduced site visit costs for device maintenance.
Open-source: Being an open-source protocol, LoRaWAN
covers all the community best practices. LoRa Alliance
members do their part to propel LoRaWAN-powered IoT
initiatives.
Bi-directional communication: LoRaWAN-enabled IoT
network units (sensors, for instance) can both transmit
and receive data. Sending data to networks and receiving
information in return, LoRaWAN equipment can deliver
status messages even to remote locations.
Good building penetration and low path loss: LoRaWAN
radio waves can pass through obstacles and reach sensors
indoors, such as those placed in elevators, basements, or
underground parking garages.
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COMPARISON TABLE OF DIFFERENT COMMUNICATION TECHNOLOGIES

Zigbee/

Handheld

Traditional

Sensor Type

Bluetooth

GSM

Devices

HVAC

LoraWan

Range

150 meters

25 km

None

Cabled

10 km

Yes

No

-

Yes

No

No

No

-

Yes

No

Power

Low

High

Average

High

Ultra Low

Accuracy

Average

Average

Very High

High

Average

Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

Yes

High

Low

-

High

Low

Average

High

Low

High

Low

Power
Cabling
Data
Cabling

Data
Logging
3rd Party
Integration
Network
Complexity
OPEX
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