Sharma and Tarig, J Archit Eng Tech 2023, 12:5

Journal of Architectural
Engineering Technology

Research Article Open Access

*Corresponding author: Umang Sharma, M. arch Scholar, Department of
Architecture, Aligarh Muslim University, India, E-mail: umangsharma.amu@gmail.co
MGUERODQGUHSURGEQDDQPHGRSURYGHGHMRUIQDODRUDQG

J Archit Eng Tech, an open access journal Volume 12 « Issue 5 « 1000347
ISSN: 2168-9717



Citation:

Exchanges of air, etc

Role of energy e cient materials towards heat gain in building

e thermal characteristics of materials used as building envelopes,
such as speci ¢ heats (kJ/(kg K), thermal conductivity (W/(m K)), and
density (kg/m3), have an in uence on the formation of the thermal
comfort within the buildings.

e substance serves as a building's exterior, internal framework,
pavement, decorative features, and more. Following the purpose of
the interior area, the building envelope serves as a barrier between the
exterior and inside environments. Heat transfer occurs via the building's
structural elements, such as the walls, roof, and oor, whenever there
is a temperature di erential between the conditioned interior area of
a building and the surrounding outside air. Depending on whether
heat is being transferred to or from the structure, this is referred to as
fabric heat gain or loss. Radiation heat transmission by fenestration is
not included in the fabric heat transfer, which only covers sensible heat
transfer through all structural components of a structure. [2]

Modelling the energy transfer between a building and its
surroundings is what is referred to as a building's thermal performance.
Materials that are thought to have strong thermal performance also
frequently have good insulating properties, meaning that heat is not
easily transferred through them. Contrarily, materials with poor
thermal performance tend to be greater heat conductors, allowing
heat to transfer from, instance, a heated building to a cooler exterior
environment more quickly.

Due to the use of materials with high thermal conductivity on
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building facades, heat is transferred from the outside to the inside of the
structure by radiation and conduction, creating a signi cant cooling
load that raises energy costs for thermal comfort.  erefore, using
energy-e cient materials is crucial from an energy-saving perspective
as well as for reducing heat gain in buildings to achieve thermal comfort
inside the building spaces.

ermal storage/ thermal capacity

ermal capacity, also known as heat capacity, the amount of heat
necessary to increase a substance's temperature by one degree Celsius
or one Kelvin. (It gauges a substance's capacity to store thermal energy.
e thermal capacity of a substance depends on its mass, speci ¢ heat
capacity, and temperature. e unit of thermal capacity is joules per
degree Celsius (J/°C) or joules per Kelvin (J/K).

e formula to determine a substance's thermal capacity is
Q=mcT.

Where Q is the needed quantity of heat energy, m is the substance’s
mass, C is its speci ¢ heat capacity, and T is the temperature change.

e following methods can be used to enhance the thermal
performance of walls:

Adding an air space between walls and hollow masonry blocks
Increasing wall thickness.

Adding insulation to the exterior surface.

Painting the exposed side of the wall with light-colored distemper.
ermal conductance

According to Cengel and Ghajar, ermal Conductivity is the rate
of heat transfer through a material's unit area and unit thickness caused
by a unit temperature di erential on the two sides. W/mK, or Watt per
metre degree Kelvin, is the unit. For insulators, the conductivity value
ranges from 0.03 W/mK to 400 W/mK for metals. As they are better
insulators and would lessen the external heat gains from the envelope,
materials with lower conductivity are preferred.

Speci ¢ heat of material

e speci ¢ heat capacity is de ned as the quantity of heat (J)
absorbed per unit mass (kg) of the material when its temperature
increases 1 K (or 1 °C), and its units are J/(kg K) or J/(kg °C). e
higher the speci ¢ heat, the more resistant the substance is to changes
in temperature. Materials like wet mud, clay, granite have more speci ¢
heat.
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Structural components (Figure 3)

Both conduction heating from outside air and solar radiation
are included in the total heat gain via the building wall. Based on the
temperature di erential across the wall, the wall heat transmission
coe cient is used to determine the amount of heat gained via the wall.

e suitable heat transmission coe cient for each wall and roof surface
must be evaluated in order to determine the overall building heat gain.

e sol-air temperature idea is a useful way to take solar heat
input into consideration. According to ASHRAE (2013), the sol-air
temperature is the equivalent air temperature that results in the same
heat gain through a wall as the heat gains via conduction and solar
radiation. As a result, it is a measurement of the impact of both the
in uence of ambient air temperature and the sun heating e ect. e
direction of the wall, the outside solar heating for the location and time
of year, cloudiness, wind, and the re ectiveness of the surface all have
an impact on how much solar heat is gained via a given roof or wall
surface. Obviously, facing the sun will result in greater solar heating
collection than facing away [3].

Complex and dynamic, conduction, convection, and radiation
together make up the heat transfer process through a building wall. For
instance, when sunlight strikes an external wall surface throughout the
day, some of it is released into the environment while the rest is absorbed
and channeled through the material. e room air and other surfaces
are then heated by convection and radiation from the internal surface
of thewall.  ese heat transmission techniques control the temperature
of the interior air, which a ects the level of thermal comfort (Figure 4).

Energy-e cient materials serves as thermally e cient for
buildings ere are several energy-e cient materials available for walls
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Structural insulated panels: A layer of foam insulation is adhered
between denser layers of cement, wood, or other protective material
to create structural insulated panels (SIPs). It may save as much as
50% more on heating and cooling than conventional materials and is
extremely re resistant (Figure 6).

Polyurethane insulation (PUR): A solid, cellular polymer with a
high heat resistance is polyurethane insulation. It is created by injecting
polyurethane foam between two layers of a face material, such metal or
plasterboard and are typically put in as insulation on the oors, ceilings,
walls, and roofs of new and renovated buildings. e thermal insulation
o ered by polyurethane is 700% greater than the one supplied by bricks
and 50% better than the one provided by glass wool when compared
to other materials since these provide a low thermal conductivity with
minimum thickness (Figure 7).

Vacuum insulated panels: It is a form of thermal insulation
consisting of a gastight enclosure surrounding a rigid core, such as
silica or berglass, from which the air has been evacuated. It is used
in building construction, refrigeration units, and insulated shipping
containers to provide high insulation with very low thickness is
required; thermal conductivities up to 10 times lower than traditional
thermal insulation materials (Figure 8).

Autoclaved Aerated concrete blocks: AAC is a precast, lightweight
foam concrete building material that may be used to create blocks-like
concrete masonry units. Cement, lime, sand, and water are combined to
make it, and aluminium paste or powder is used to aerate the mixture.

e thermal e ciency is two to three times better than clay brick and
ten times better than aggregate concrete (Figure 9).

Expanded Polystyrene (EPS): It made from expanded polystyrene
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Figure 12: Phenolic foam insulation.

M2 1inéral wool
Figure 13: Mineral wool.

of constructions. ey provide 20%—25% more thermal insulation than
red bricks. Red bricks have a thermal conductivity between 0.6 and 1.0
W/mK, while y ash bricks have a thermal conductivity between 0.3
and 0.4 W/mK (Figure 14).

Cellulose insulation: It is manufactured from recycled paper
materials like newspaper and has received re retardant treatment. It
is well recognized to have a high level of insulation and be simple to
install (Figure 15).

Hempcrete: It made from hemp bers and a lime-based binder.
It is a lightweight material that provides excellent insulation, is mold-
resistant, and has a negative carbon footprint (Figure 16).

Criteria for selecting the energy e cient materials for
simulation

Several factors are considered for selecting the wall materials which
serves thermally e cient for buildings are:

ermal performance of material
Energy e ciency
Locally available
Natural
Embodied energy consumption
Life cycle or durability
Aesthetics
Ease in installment
Maintenance

Waste reduction
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Figure 14: Mineral wool.

Figure 15: Mineral wool.
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Figure 16: Hempcrete.

Recycle & Reusability etc. (Shahzad et al., 2021)

e table displays the sustainable selection criteria for the energy-
e cient materials included in this study.

e four materials are selected from above table which shows more
positive properties in terms of their thermal e ciency as well as local
availability for the purpose of simulation are as follows:

Vacuum insulated panels

Aerogel panels

Polyurethane foam

Polystyrene foam

Case study: Frank & Debbie Islam management complex, A.M.U.

e Department of Business Administration and Faculty of
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Management Studies and Research are housed at the Complex. is
structure was built on a 3 Acre block of land in the Sir Syed House
Complex.

General information

Owner : Aligarh Muslim university
Location : AMU Campus Aligarh
Climate . Composite climate

No. of oors :G+1
Typology . Institutional

Aligarh Muslim University's management complex is an innovative
project funded by alumni. is construction project seeks to give the
Faculty of management studies and research, a agship institution of
AMU, state-of-the-art physical infrastructure.

(Figure 17) (Figure 18)
Building drawing
(Figure 19)
Building modelling
Geometrical description

e complex consists of ve rectangular, two-story buildings, four

of which have been built and one of which is still under construction.
ere are connecting tunnels between each of the construction pieces.
Asseenin g.22, the blocks are organised along an Amphitheatre court

[4].
(Figure 20)
Material description
Model generated on the Autodesk Ecotect analysis 2011 so0 ware

e Autodesk Ecotect so ware is a powerful simulation tool for
buildings and their surroundings. Its main purpose is to improve
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energy e ciency in various climatic conditions, including sunlight
exposure[4].s73pn00 42.5197 517.3374 ee.
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ese gures show the graphical results of fabric heat transfer in
the existing administrative block of Frank & Debbie Islam management
complex. In the given graph, the various colour codes depicts heat
transfer values through building fabric to interior spaces

(Figure 23)
(Figure 24).
Result of fabric heat gain of existing building model

e graphs depict the heat gain distribution of the building's
fabric. Figure 27 shows the average monthly heat gain of the existing
administrative block of management complex. e maximum overall
heat gain through building fabric in existing building is comes out
to be 41922.7 watts (i.e. 42 KW) during the month of May and can
be reduced substantially by using alternate energy e cient materials
which have better thermal performance than existing.

Simulation result of base model (with exterior stone cladding on
both oors)

Internal heat gain

ese gures show the graphical results of fabric heat transfer in
the existing administrative block of Frank & Debbie Islam management
complex. In the given graph, the various colour codes depict heat
transfer values through building fabric to interior spaces [5].

(Figure 25)
(Figure 26)
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Result of fabric heat gain of base model (with exterior stone
cladding on both oors)

e graphs depict the heat gain distribution of the building's
fabric. Figure 29 shows the average monthly heat gain of the existing
administrative block of management complex. e maximum overall
heat gain through building fabric in existing building is comes out
to be 40070.2 watts (i.e. 40 KW) during the month of May and can
be reduced substantially by using alternate energy e cient materials
which have better thermal performance than existing.

Simulation result of building model using VIP panels
(Model A)

Internal heat gain

ese gures show the graphical results of fabric heat transfer in
the administrative block using VIP panels over brick wall of Frank &
Debbie Islam management complex. In the given graph, the various
colour codes depict heat transfer values through building fabric to
interior spaces.

(Figure 27)
(Figure 28)

Result of fabric heat gain of building model using VIP
panels over brick wall

e graphs depict the heat gain distribution of the building's fabric.
Figure 31 shows the average monthly heat gain of the administrative
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block of management complex by modelling 40mm thick VIP panels
over 345 mm thick brick wall.  en the maximum overall heat gain
through building fabric building is reduced to be 34566.4 watts (i.e. 34.5
KW) [6, 7].
J Archit Eng Tech, an open access journal Volume 12 « Issue 5 « 1000347

ISSN: 2168-9717



Citation:

the administrative block using Aerogel panels over brick wall of Frank
& Debbie Islam management complex. In the given graph, the various
colour codes depict heat transfer values through building fabric to
interior spaces.

(Figure 29)
(Figure 30)

Result of fabric heat gain of building model using Aerogel
panels over brick wall

e graphs depict the heat gain distribution of the building's fabric.
Figure 33 shows the average monthly heat gain of the administrative
block of management complex by modelling 40mm thick Aerogel
panels over 345 mm thick brick wall.  en the maximum overall heat
gain through building fabric building is reduced to be 36566.5 watts
(i.e. 36.5 KW).
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Figure 30: Heat transfer through the walls of administrative block, Frank & Debbie Islam management complex, A.M.U using aerogel panels (Ecotect analysis 2011).
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Figure 32: Heat transfer through the walls of administrative block, Frank & Debbie Islam management complex, A.M.U using polyurethane panels (Ecotect analysis 2011).

Result of fabric heat gain of building model using polystyrene
foam panels over brick wall

e graphs depict the heat gain distribution of the building's fabric.
Figure 37 shows the average monthly heat gain of the administrative
block of management complex by modelling 40mm thick Polystyrene
foam panels over 345 mm thick brick wall.  en the maximum overall
heat gain through building fabric building is reduced to be 39573.2
watts (i.e. 39.6 KW).

Comparative result of fabric heat gain of building of existing
model with the selected alternate materials

e graphs depict the heat gain distribution of the building's fabric.
Figure 27 shows the average monthly fabric heat load of existing
model (i.e. Base Model) with same speci cations and materials of the
administrative block of management complex. e maximum overall
heat gain through building fabric in existing building is comes out
to be 41922.7 watts (i.e. 42 KW) during the month of May. And the
maximum overall heat gain through building fabric in Base model
(with stone cladding on both oors) with same speci cations of
the administrative block of management complex is comes out to be
40070.2 watts (i.e. 40 KW) during the month of May as shown in gure
29.
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Figure 33: Wall material details of administrative block, Frank & Debbie Islam management complex, A.M.U using polystyrene foam panels.
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Figure 34: Heat transfer through the walls of administrative block, Frank & Debbie Islam management complex, A.M.U using polystyrene panels (Ecotect analysis 2011).

Similarly, the Figures 31, 33, 35 & 37 shows the average monthly
fabric heat load of Model A, Model B, Model C and Model D
respectively are 34566.4 watts (i.e. 34.5 KW), 36566.5 watts (i.e. 36.5
KW), 37607.1 watts (i.e. 37.6 KW) and 39573.2 watts (i.e. 39.6 KW).

Where,

Model A: VIP insulated panels are used on outer side over 345 mm
thick external brick wall

Model B: Aerogels insulated panels are used on outer side over 345
mm thick brick wall

Model C: Rigid Polyurethane foam panels are used on outer side
over 345 mm thick brick wall

Model D: Polystyrene panels are used on outer side over 345 mm
thick brick wall

Inferences ( ndings from simulation analysis)

From all the above models, Model A with VIP insulation panels
over 345 mm thick external brick wall (U value 0.08 W/m2 K) is tested
to prove to be a better insulation material among all models.
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through building fabric in Base model (with stone cladding on both
oors) with same speci cations is comes out to be 40070.2 watts (i.e.
40 KW).

While the model A with VIP insulation panels over external
wall has resulted in the minimum heat transfer i.e. 34566.4 watts
(i.e. 34.5 KW). In the models B, C & D the fabric heat gain load is
minimum in model B is 36566.5 watts (i.e. 36.5 KW) than in model
Cis37607.1 watts (i.e. 37.6 KW) and maximum in D is 39573.2 watts
(i.e. 39.6 KW).

e nal result in terms of better thermal e ciency or better heat
gain reduction is as follows:

Model A > Model B >Model C > Model D > Base Model (with
exterior stone cladding on both oors) > Base Model Existing

Where,

Model A: VIP insulated panels are used on outer side over 345 mm
thick external brick wall

Model B: Aerogels insulated panels are used on outer side over 345
mm thick brick wall

Model C: Rigid Polyurethane foam panels are used on outer side
over 345 mm thick brick wall

Model D: Polystyrene panels are used on outer side over 345 mm
thick brick wall

From all the models, the maximum heat gain reduction is achieved
by Model A with VIP insulation panels over external brick wall (U
value 0.08 W/m2 K) is tested to prove to be a better insulation material
among all models.

In summary, the use of advanced energy-e cient materials
and insulation on building facades can signi cantly reduce heat
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gain and promote the development of high-e ciency buildings. As
demonstrated by the ndings of this research, the implementation of
various energy-e cient materials can e ectively decrease heat gain
through a building's structure, particularly when the building's longer
side faces north-south in a composite climate. Model A, which utilizes
VIP insulation panels over the external brick wall, resulted in the
greatest reduction in heat gain among all the models tested, making it
the most e ective insulation material. It is clear that the construction
industry must prioritize the development and implementation of such
energy e cient materials and continuously improve their technology to
ensure a better future for humanity.
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