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Good morning, welcome to this lecture as part of this ongoing online course on Sustainable
Architecture. And in this week we have been discussing about the indoor air quality for
sustainable buildings or green buildings. So, when we talk about the Indoor Air Quality or
rather Indoor Environment Quality, there are several parameters which in the first lecture

of this week we have already seen.

In the previous lecture, we discussed about the ventilation as part of the indoor air quality.
But that is not all. There are several other factors and features which we have already seen.
So, in today’s lecture we will largely be discussing about the VOC of the materials, the

finishes which are going to be used.

(Refer Slide Time: 01:14)

Low VOC Compounds

*  Many building products contain compounds that have a negative impact on indoor
air quality (IAQ) and the Earth's atmosphere.

* The most prominent of these compounds—volatile organic compounds (VOCs)-
contribute to smog generation and air pollution as well as adversely affect the
well-being of building occupants.

* Low-emitting materials have a positive impact on both outdoor and indoor air
quality,

Environmental Issues

* VOCs react with sunlight and nitrogen oxides (NOx) in the atmosphere to form
ground-level ozone, a chemical that has detrimental effects on human health,
agricultural crops, forests, and ecosystemsk.

= This ground-level ozone damages lung tissue, reduces lung function, and sensitizes the lungs
to ather irritants, Additionally, ground-level ozone is also a major component of smag.

So, we are discussing about how to limit the VOC compounds inside the building. Now,
what is VOC? VOC is Volatile Organic Compounds and they contribute to smoke
generation and also air pollution. And they also adversely affect the well-being of human
beings or the buildings occupants. So, VOC has been found after a lot of research that they

contribute towards the towards several illnesses in human beings. So, they are the prime



reason why we have certain specific types of diseases and they are found mainly related

to the respiratory problems.

So, for any building to be a sustainable building a green building VOC compounds should
be limited so that not only is the environment good, but it is good for the human beings or
buildings occupants. So, the intent is to reduce the VOC compounds in the building interior
that is by selecting the materials carefully. So, certain materials emit more VOC
compounds while others they emit less VOC compounds. So, we have to reduce the VOC
compound by selecting appropriate material.

Now, the environmental issue because of VOC compound is that VOC they react with
sunlight and nitrogen oxides in the atmosphere and they form a ground level ozone. And
this particular ground level ozone has negative effects on human health and well being and
not just human health and well being but also agriculture crops, forests and ecosystem at

a large.

So, it is not just in building interiors that we should be limiting it that is prime for human
health, but at a larger level of the ecosystem level also the VOC compounds should be
controlled they should be limited. Now, if we look at the economic issues because of VOC
compounds we can directly relate the health hazards to human beings with that of

economic losses.

So, if the buildings occupants are not healthy and they are not in high spirits, in good
health, the illnesses will cause them or will lead to more absenteeism because of the illness
related issues and that will be a detrimental effect on economy. So, the materials which
have high VOC content should be reduced for economic reasons as well. And overall a

low VOC compound building will improve the productivity of the occupants.
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Low VOC compounds - Adhesives & Sealants
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So, how do we decide that what compounds should be used and how much are the VOC
limits for different types of materials? So, there are different agencies, organizations across
the world. The one from which the data is commonly used is called ICC Evaluation
Service, ICC ES. And they publish the guideline or the values for the cutoff limits of VOC

compounds for different materials.

See often most of the green building rating systems refer to these organizations, it is not
the only one, but the data from ICC ES is commonly used by several green building rating
programs. So, they take out a limit which can clearly be seen here. So, for different
categories of the products for example, adhesives and sealants, the VOC limits in grams

per liters are specified.

So, for different types of diesels which are going to be used, for different types of processes
like welding for using as a primer for plastics, for using as a special purpose adhesives.
So, for adhesives and sealants these VOC limits have been specified. When we go on to
select a particular adhesive or sealant we check the manufacturers label and then from
there we can find out about the VOC limit of that particular product and choose a product
which has VOC less than the specified limit.



(Refer Slide Time: 06:06)

I
Low VOC compounds - Paints & Coatings

Other Building Interior Applications for Low VOC compounds:

* Architectural paints and coatings applied to interior walls
and ceilings

* Anti-corrosive and anti-rust paints applied to interior
ferrous metal substrates

* Clear wood finishes, floor coatings, stains, primers, sealers
and shellacs

(http:/fwww saveprogram icc: s.0rg/guidelines/)

Similarly, for other products for example, paints and coatings they are associated with very
high VOC compounds. You must have already seen that there are several paints in the
market which are which have come up which have low VOC compounds; such paints they
need to be selected carefully. The limits for paints and coatings are also to be found from

the database.

Now, here we have to carefully select the architectural paints and coatings. The anti
corrosive and anti rust paints often have higher VOC compounds as compared to the
architectural paints, the paints which are applied on walls. So, not just the paints on walls,
but also the anti corrosive and anti rust paints or even the clear wood finishes, the floor
coatings stains primer sealer and shellacs, all of these they have the VOC limits specified

prescribed.



(Refer Slide Time: 07:11)

I @4
Low Emitting Materials - Flooring Systems

+ Al carpet installed in the building interior must
demonstrate equivalence to the emissions test
criteria of the CRI Green Label Plus Carpet Program.

+ All carpet cushion installed in the building interior
must demonstrate maximum emissions factors less
than stated

+ Al carpet adhesive must meet the requirements of
IEQ Credit 4.1: Adhesives and Sealants, which
includes a volatile organic compound (VOC) limit of
50g/L

+  All'hard surface flooring must demonstrate maximum
emissions factors less than or equal to those stated

So, we select the products carefully. We also have to be careful about the flooring systems,

Carpet Rug Institule. Seal

so what kind of flooring system is going to be used? In India carpeting is not a very
common feature, we often have floors which are not carpeted. However, in the European
context or in the western context where it is coming from a cold climate the carpets are

essential.

And carpets because of the adhesives which are used, because of the sealants which are
used along with the carpets they are associated with very high VOC. So, in case we are
going for the flooring system where carpets are being installed we have to take at most

care of what are the adhesives and sealants being used along with the carpets.
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Low Emitting Materials -

Composite Wood and Agrifiber products

+ Composite wood and agrifiber products used on the interior of the
building (i.e., inside the weatherproofing system) must contain no
added urea-formaldehyde resins.

= laminating adhesives used to fabricate on-site and shop-applied
composite wood and agrifiber assemblies must not contain added
urea-formaldehyde resins.

+ Composite wood and agrifiber products are defined as
particleboard, medium density fiberboard (MDF), plywood,
wheatboard, strawboard, panel substrates and door cores.

- Materials considered fixtures, furniture and equipment (FF&E) are not
considered base building elements and are not included.

We also have composite wood and agrifiber products. So, because of the sustainability
aspect where we encourage the use of composite wood and agrifiber products because they
are more sustainable, they do not threaten the forests. And they also low on embodied
energy because of all these benefits the composite wood and agrifiber products are being

promoted these days.

But, these composite wood and agrifiber products, they are bound together with the help
of a synthetic product which is like an adhesive. And it binds this wood and agrifiber
together to form it in the form of a proper product, again it slowly releases the VOC this

adhesives.

So, what kind of synthetic mix has been used in the composite wood and agrifiber product
that has to be properly identified and the composite wood and agrifiber product be
carefully chosen. So, we cannot just go ahead and buy any composite wood just because
it would prove out to be sustainable it might come with a lot of health hazard for the

building occupants, so we take care of that.

Besides selecting the materials we also have to control the indoor chemical and pollutants
and that is at source itself. So, there may be certain processes in the buildings which release
these chemicals and pollutants, not necessarily VOC here, but hazardous materials. So,

one very common activity which takes place in our office buildings is photocopy.



So, we have these photocopier machines and the ink that is going in these photocopier
machines is very harmful for the human health. So, if we constantly get exposed to the
photocopier machine and the chemicals which are going in it will in the long run cause the
health hazard. So, so this is a point source we know where what the source is. So, the intent
of this is to minimize the exposure of building occupants to these potentially hazardous

particulates and chemical pollutants.

And what we would do is? We can we can control we can limit this chemical pollution,
these pollutants by designing the space in such a manner that the pollutants are either
directly exhausted out. And they do not come in contact with the human beings, the
buildings occupants or they are absorbed at the source itself. So, what we can do is? We

can employ permanent entryway systems.

Now, this is at the entryway not for the point source. But at the entryway the permanent
entryway systems can be employed which will capture the dirt and particulates which are
entering the building from the outside from the exterior entrance. So, we design and we
install propagates and drills and slotted systems that allow for cleaning underneath or even
the rollout mats are acceptable if they are maintained on a weekly basis.

(Refer Slide Time: 11:32)
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Indoor chemical and pollutant source control

+ Sufficiently exhaust each space where hazardous gases or chemicals may
be present or used (e.g., garages, housekeeping and laundry areas,
copying and printing rooms) to create negative pressure with respect to
adjacent spaces when the doors to the room are closed.

- provide self-closing doors and deck-to-deck partitions or a hard-lid ceiling.

~ The exhaust rate must be at least 0.50 cubic feet per minute (cfm) per square
foot (0.15 cubic meters per minuté per square meter) with no air recirculation

- The pressure differential with the surrounding spaces must be at least 5
Pascals (Pa) (0.02 inches of water gauge) on average and 1 Pa (0.004 inches of
water) at a minimum when the doors to the rooms are closed.

If they are not being maintained then they would rather absorb more dirt more pollutants
and keep them there. In addition to that what | was mentioning about the photocopier

machine it has to be such spaces, they have to be sufficiently exhausted. So, that the



hazardous gas or chemical whatever is present or is being produced it is directly exhausted

out and in the process of exhaustion it is also absorbed by the filter.

So, other spaces which are similar to this photocopier machine and the space are garages.
The areas where all the housekeeping stuff is kept, the laundry areas, because the
chemicals which are used for washing clothes, the laundry, they are emitted in huge
volumes. And so, similar areas they need to be properly, sufficiently exhausted. And the
exhaust rates are specified depending upon the areas and also the concentration of the
hazardous chemical, the pollutant.

So, the exhaust rates they must be at least 0.5 cubic feet per minute. So, 0.5 cfm per square
foot has to be ensured and this air should not be recirculated, it is only the exhaust. This
exhaust should not be mixed with the incoming air. Also the pressure differential with the
surroundings surrounding spaces must be at least 5 Pascal’s. So, that the hazardous

chemicals from these areas are not transferred onto the other habitable areas.

To ensure this besides maintaining the pressure difference self closing doors and deck to
deck partitions are also to be provided. So, this has to be done to ensure that the chemicals
or the pollutants, the hazardous chemicals, they are controlled and they are directly
exhausted outside. The intent is that human beings, the buildings occupants should not be

exposed to such pollutants and hazardous chemicals.

(Refer Slide Time: 13:35)

Indoor chemical and pollutant source control

* In mechanically ventilated buildings, each ventilation system that
supplies outdoor air shall comply with the following:

- Particle filters or air cleaning devices shall be provided to clean the

outdoor air at anyTocation prior to its introduction to occupied spaces.

- These filters or devices shall be rated a minimum efficiency reporting

value (MERV) Of_‘_l_wjjghﬂ in accordance with ASHRAE Standard™

52.2.(0R) Equivalent filtration media with a minimum duct spot
efficiency of 80% or higher and greater than 98% arrestance on a
particle size of 3-10 pg.

- Clean air filtration media shall be installed in all air_systems after
completion of O 10 T0 0ccupancy.




In case we have a mechanically ventilated building the ventilation system has to comply
with certain prescriptive requirements. First is particle filter or air cleaning device shall be
provided to clean the outdoor air and that is at any location before it is allowed inside the
occupied spaces. So, it is not only for the hazardous chemicals or pollutants, but in general

whenever the outdoor air is being brought inside it should be properly cleaned and filtered.

Also the minimum efficiency which has to be reported the MERV value as we say for
these filters or devices it should be at least 13 or higher. This is in accordance with the
ASHRAE standards and it has to be maintained. Also the clean air filtration media shall
be installed in all air systems. So, not just where the hazardous chemicals are being
produced inside the building, but also when the outdoor air is being brought inside, the air
should be cleaned properly, the dirt, the pollutants from outside should not be allowed to

enter inside.

This is being done, the intent is to ensure that the buildings occupants, the human beings
who are inside the building are not exposed to pollutants and they remain healthy and
sound. Now, besides this indoor environment quality where we have largely focused upon
how much of air should be brought in, the air should be cleaned the hazardous chemicals

and pollutants should be exhausted and filtered and humans should have good air.

So far ,we have just been talking about the quality of air, but indoor environment quality
is not just about the quality of air or clean air we need many other things to feel comfortable
in an environment. So, the other thing which we need is the lighting; we also need to have
proper acoustics, we need to have thermal comfort. Now, all these we will discuss a little
later how to design these systems? What are the limits we have already talked about
thermal comfort; we have already talked about the lighting requirements as part of this
course in previous lectures. But, besides having good light and comfortable thermal
environment we also have to ensure that the occupants are able to control these systems.
Because, all the time all the building occupants will not be comfortable at the same level

of lighting or thermal comfort, quality of air would be appreciated.

But one occupant might like might prefer to work in little lower levels of lighting while
others may want a lot of bright light. So, how should we ensure that there is lighting which
is sufficient for all occupants and there needs. To ensure that, we have to ensure, that the

minimum lighting requirement as per the code here in our case it is NBC. So, the minimum



lighting requirement as per NBC are being provided for. But in addition to that there is a

control of the lighting system which is available in the hands of the occupants.
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Controllability of systems-lighting

* Intent: To provide a high level of lighting system control by
individual occupants or groups in multi-occupant spaces
(e.g., classrooms and conference areas) and promote their
productivity, comfort and well-being.

~ Provide individual lighting controls for 90% (minimum) of the
building occupants to enable adjustments to suit individual task
“needs and preferentes.
— Provide lighting system controls for all shared multi-occupant
spaces to enable adjustments that meet group needs and
preferences.

So the intent is to provide a high level of lighting system control by individual occupants

or groups in multi occupant spaces. And this is necessary to promote the productivity,
comfort and well being of the occupants. So, how do we do it? We provide individual
lighting controls for 90 percent that is the minimum, 90 percent of the building occupants
to enable adjustments to suit their individual tasks their needs as well as preferences. So,
we provide lighting system controls for all shared multi occupant spaces to enable

adjustments.
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Controllability of systems-lighting
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Workstations with Individually Adjustable Task Lighting Shared Multioccupant Space with Access to Lighting Contro

So, how can we do that? To ensure that everybody is able to control their personal space
or environment in an open plan office. For example, that is the most difficult one to handle,
because there are multi multiple occupants and everybody might have a different
preference. So, the common lighting is designed as per the NBC’s requirement.

So, the common areas the circulation areas they will have the minimum NBC requirements
being fulfilled. However, in the space which is personalized the occupants are given the
control where they can control the desk lighting which is the task lighting they can have
more light or less light.

So, the simple thing to do is segregate the common area lighting and the task lighting
distinctly. And the controls to task lighting can be in the hands of occupants. So, this would
ensure that the minimum circulation, the minimum amount of light which is required in
the circulation area is also there. However, the individual controls are also given in the

hands of occupants.
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Controllability of systems-thermal comfort

* Intent: To provide a high level of thermal comfort system control8
by individual occupants or groups in multi-occupant spaces (e.g.,
classrooms or conference areas) and promote their productivity,
cOmfort and well-being.

* Provide individual comfort controls for 50% (minimum) of the
building occupants to enable adjustments to meet individual needs
and preferences.

- Operable windows may be used in lieu of controls for occupants
located 20 feet (6 meters) inside and 10 feet (3 meters) to either side
of the operable part of a window.

= Provide comfort system controls for all shared multi-occupant spaces
to enable adjustments that meet group needs and preferences.

The similar thing is to be done with thermal comfort systems. So, often you might have
seen that in large open plan offices some portion of the office would remain very cool
because it is close to a lot of supply ducts while certain portion will become a hot area
where the cooling does not reach. So, there is a variability.

So, one is that this air conditioning system or the thermal comfort system we design in
such a manner that the space is uniformly maintained. In addition to that even when that
is done some occupants will complain that oh we are feeling too cold and others would
complain that it is still very warm. So, to ensure that, similar to what we have done for

lighting the similar kind of control needs to be provided for thermal comfort.
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Controllability of systems-thermal comfort
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Underfloor Air Distribution System with Individual Controls for Air
Velocity and Temperature

So, how do we do that? We can do that by designing innovative systems. For example,
this is an under deck mechanical duct, the supply air duct. Here for each workspace which
is an individual workspace an opening of the supply air is being given. Now, depending
upon the requirement of the user the occupant the user can control the opening how much

of the air is being supplied in.

So, this is totally user control, the occupant control; if | feel warmer | may have more air
supplied in, if I feel cooler 1 may reduce or | may totally block. The overall environment
of the space, indoor environment of the space will be maintained at certain temperature as
per the codes. However, individual controls will also be provided to the buildings

occupants not just this much that you are able to control the supply duct.

In addition to that there may also be a ceiling fan which can be controlled. So, if | feel
warmer | may turn on the fan which is only for my space and some such functions. So,
here the intent is to control, to allow the controls in the hands of occupants both for lighting

as well as thermal comfort.

So, we would stop here for this particular lecture and in the next lecture we would talk
about the thermal comfort design. So, when we are talking about the controllability of
systems for thermal comfort how do we ensure that thermal comfort is achieved in a
building design? So, we would see that in the next lecture and see you then thank you for
being with us today.



