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using nanoparticles, nanomaterials, nanocomposites or even Nano-
shapes. For example, a photo chromatic glass changes its colour
according to the outdoor temperatures, changing its appearance and
properties. Also, by the application of nanotechnology, conventional
materials properties can be improved. As a glass protected by a Nano
cover doesn't let infrared radiations to permit inside the building
spaces. [3]

Nanoparticle: Nanoparticles are atomic particles whose size is
measured in nanometers (nm). When nanoparticles are introduced into
bulk materials, they can signi cantly a ect the mechanical properties
such as sti ness and elasticity of the materials. In addition, while
reducing weight, it also increases stability and improves functionality.
Two nano-sized particles that stand out for their application in building
materials are titanium dioxide (TiO2) and carbon nanotubes (CNT).

(3]

Nanocomposites: Nanocomposites integrates new nanomaterials
with the conventional materials like steel, concrete, glass, and makes
it much stronger than conventional materials and it also improves the
performance, durability and strength-to-weight ratio of these materials.
For example, Nano-silica, Carbon nanotubes, Nano bers, etc. [3]

ere are number of nanomaterials and Nano products that can
be applied to various construction materials in view of improving their
properties, both physical and chemical.

Building materials developed with Nanotechnology
Nano based materials majorly used in buildings are:
Aerogels
Vacuum insulated panels
Nansulate insulated coating

Phase change Glasses (Glass with salts hydrate or aerogels, photo
chromatic glass)

Nansulate insulated coating
Phase change Glasses (Figure 1)
(Figure 2)

Aerogels

Aerogel is an open-pore, high-performance insulation that can be
used for very thin building insulation. It consists of silica nanoparticles
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separated by Nano pores and is composed mainly of air, making it an
excellent insulator. For example, if this material were used instead of
conventional insulation, the insulation in the walls of the building
would be about one-third as thick. [4]

Aerogel concrete is an ultralight concrete system based on aerogel
granulesor powder. Ito ershigh compressive strength with comparable
thermal conductivity, making it suitable for the construction of exterior
walls of high-rise buildings without the need for additionan
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Figure 3: (Left to right) Materials specifcation & Use of Aerogel in buildings.
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Figure 6: Schematic of VIP.
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ese used where summers and winters prevails equally, these
PCM'sare used. ese can be used for both heating and cooling as well.

[7]

Phase change material in concrete is the most used building
material in the world can help in reducing energy consumption for
buildings. Several uses of PCMs already exist in building materials,
such as in Drop ceilings, metal roofs, windows glazing, Doors and stud
walls etc.

Used in Buildings

Concrete phase change materials are the most widely used building
materials in the world and help reduce energy consumption in
buildings.  ere are already several applications of PCM in building
materials. Such as suspended ceilings, metal roofs, glazing, doors, stud
walls, etc.

(Figure 10)
Phase change glasses

Di erent types of nanotechnology-treated glass were 75% more
energy e cient, with a solar heat gain coe cient (SHGC) of less
than 0.25. is reduces the heat load transferred by indoor solar
radiation and reduces the HVAC load by 20%. is glass has high light
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Figure 8: Nano insulated coating.
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Figure 17: Door section.

Model D

(Figure 22)

Wall

Roof slab (Figure 23)
Model E

Wall (Figure 24)

Roof slab (Figure 25)
(Figure 26)
(Figure 27)

ese gures show the graphical results of heat transfer values,
thermal lag values and U value in the model A with conventional
materials as well as in nanostructured materials model B, C, D and E
respectively.
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Nanomaterial based models achieves the least amount of heat
transfer, highest amount of thermal lag and lowest U value as compared
to base model with conventional materials used.

Findings from Simulation Analysis

From all the above models, Model B with double glazed windows
with aerogel lled in between glazing (U value 1.040 W/m? K) is tested

to prove to be a better insulation material among all models.
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Model A: Base model with Brick wall, single glazed windows,
concrete slab roof and concrete oor above soil base.

Model B: Double glazed with aerogel granules lled in between was
used in windows.

Model C: Aerogel insulation panels over wall as well as underside
of slab was used.
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transfer through the building envelope.

is research shows that the maximum heat transfer is achieved
by Base model (i.e., Model A) with conventional materials, as it results
the maximum fabric gain inside the building is 1400 watts. While the
model B with double glazed with aerogel granules lled in between used
in windows has resulted in the minimum heat transfer i.e. 230 watts.

In the models C, D & E the fabric heat gain/transfer is minimum
in model E then in model C and maximum in D. From all the above
models, Model B with double glazed windows with aerogel lled in
between glazing (U value 1.040 W/m? K) is tested to prove to be a better
insulation material among all models.

So, the nal results show of heat transfer values of various models
along with base models in ascending order of heat transfer are as
follows:

Model B < Model E < Model C < Model D < Model A

e application of Nanotechnology in building materials has
made it possible to reduce signi cant amount of reduction in energy
consumption in buildings as well as achieving greater oor area by
reducing the thickness of insulation material along with increasing its
energy e ciency which overall results in the reduction of the cost of
the building.

is is a particularly important perspective given that a high
percentage of all energy consumed is consumed by commercial and
residential buildings (including heating, lighting and air conditioning).
However, the drawbacks in production are the intensive energy
consumption and the huge costs.

In research and development sector that improves the properties
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of building materials and introduces high-performance, state-of-the-
art insulation materials based on nanotechnology. e outcomes of
this research provide valuable insights and guidance for architects,
engineers, and policymakers involved in sustainable building design
and construction. e integration of advanced nano-based materials
can play apivotal role inachieving energy-e cientand environmentally
friendly buildings. As well as the advancements in nanotechnology
and ongoing research in nano-based materials hold the potential to
revolutionize the construction industry, leading to the development
of innovative, energy-e cient, and sustainable building solutions for
a greener future.
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