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The increasing demand for sustainable construction technologies is crucial in addressing climate
change and global energy crises. Integrating advanced materials into building designs plays a key
role in tackling these challenges and paves the way toward net-zero and net-positive energy
buildings. This research investigates the potential of Nano-based aerogel bricks to optimize energy
consumption in buildings situated in hot semi-arid climates, where heat gain and cooling demands
are significant. A detailed simulation analysis examines the im-pact of Nano-based aerogel bricks
on thermal performance and heat gain reduction in the Frank & Debbie Management Complex at
A.M.U., located in such a climate. Using Ecotect Analysis modeling software, the study compares
the heat transfer characteristics of traditional brick walls with those enhanced by Nano-based aero-
gels. The research considers several variables, including climate conditions, building orientation,
and occupancy patterns, to provide a holistic view of the building’s thermal behavior. The findings
demonstrate that Nano-based aerogel bricks reduce heat gain by 13.1%, resulting in a notable
reduction in cooling energy demand. The building achieves a monthly load of 36.5 kW, compared
to 42 kW with conventional bricks during peak summer months. This reduction highlights Nano-
based aerogels’ potential to enhance indoor comfort and significantly reduce energy consumption.
Additionally, the research examines the environmental and economic benefits of using Nano-based
aerogel bricks, which contribute to energy efficiency and the broader goal of reducing car-bon
footprints. By lowering cooling energy loads, Nano-based aerogels align with the movement toward
net-zero energy buildings, combining advanced materials with renewable energy principles. These
insights are valuable for architects, engineers, and policymakers focused on improving energy
performance in hot semi-arid climates.

Keywords: Nano-based Aerogel bricks, Energy optimization, Simulation modeling, Hot semi-arid
climates, Net-zero energy buildings.

1. Introduction
1.1 Background

The global population has precipitated a profound energy crisis, with Indian buildings
contributing a staggering 30% of annual global greenhouse gas emissions and consuming 40%
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of all energy [1]. An intensifying concern is the escalating heat gain in buildings, leading to
heightened energy consumption for heating and cooling, thereby increasing carbon emissions
and diminishing energy efficiency [2;3].

Traditional brick walls, prevalent in construction, exhibit limited thermal insulation properties,
facilitating substantial heat transfer [4;5]. The imperative for sustainable building design has
necessitated the exploration of alternative construction materials capable of effectively
reducing heat gain.

Nanotechnology, a pioneering research field, holds the potential to revolutionize building
efficiency through the manipulation of nanoparticles to enhance material properties at the
nanoscale. One such innovative alternative is Nano-based aerogel bricks, garnering attention
for their potential to significantly enhance thermal performance in construction [6]. Aerogels,
locally known as "frozen smoke," are highly porous materials acclaimed for their remarkable
thermal insulation properties [6]. This research explores into the transformative potential of
aerogel-infused bricks, aspiring to revolutionize in the construction industry.

This research uses a live building simulation model to examine the thermal behavior of the
Frank & Debbie Management Complex at A.M.U. Aligarh. The simulation of the traditional
bricks with Nano based aerogel bricks gives a detailed study on how it works in realistic case.
This study would help in understanding the potential of Nano based aerogel brick materials in
changing the shall of sustainable building and solving the heat gain problems.

1.2 Research Objectives

The main objective of this paper is to do a thorough simulation analysis in order to observe
the reduction of heat gain due to presence of Nano-based aerogel bricks in the walls of a living
educational building named Frank & Debbie Management Complex at A.M.U. which is
situated in hot semi-arid climate zone.

This research involves following objectives:

1. To evaluate the thermal performance of Nano-based aerogel-based bricks and compare with
conventional brick masonry walls.

2. To evaluate whether building materials for construction purpose with Nano aerogel bricks
blocks are highly cost effective.

3. To assess the environmental impact and benefits of using Nano aerogel technology in
sustainable construction Among all construction elements.

4. To meet these challenges, advanced modeling and simulation methodologies in heat transfer
will be utilized for simulating in conventional and Nano enhanced aerogel walls. Different
climates, different use profiles and orientations of the building will be analyzed in order to
obtain a broad overview of the thermal behavior of the building.

2. Literature Review
2.1 Nano-based Aerogel Bricks and Its Application

Nano- based aerogel bricks are an innovation in building materials to provide a solution
specifically for the heat gain problems in buildings. These bricks utilize nanotechnology to
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control the movement of particles, optimizing the properties of a material at the nanoscale [6].
The bulk of these bricks consist of silica aerogel, made up of silica gel which is well known
for its extraordinary thermal insulation properties as well as low density and high porosity [7;9].

Fig. 1. Nano-based Aerogel Bricks

To improve mechanical robustness and durability, fibrous reinforcements, such as glass fiber
or carbon fibers, are often incorporated in the formulation, also supporting the structural
integrity of aerogel-filled bricks [8;10].

Fillers of general fillers may be introduced to improve the mechanical properties and to
reinforce the bricks [8;10] which indicates the flexibility of composition.

Chemical adjuvants are also important, which help to stimulate certain properties of the bricks
in different applications. Such additives, fire retardants, water repellents and UV stabilizers,
among others, play a key role in improving overall performance and preserving the service life
of the innovative construction material [8;10]. Modifiers are added to shape the nanostructure
of the aerogel and adjust the pore size distribution and im-prove the thermal insulation
performance [11].

The bricks are designed to look like regular bricks, and can be used in regular construction
methods. This block formulation allows easy integrated construction with traditional building
systems in walls, roofs and other structural members of the building [11].

Nano-based aerogel bricks, having great applications on saving energy, can be flexibly used
in various applications. The enhancement of the thermal performance of the walls of buildings
is one of the most significant applications. The research examines the potential of Nano based
aerogel bricks to mitigate heat gain and in-crease energy efficiency when used in place of
conventional bricks.

The Frank & Debbie Management Complex of A.M.U. Aligarh is taken as a case where it has
been applied as living building model to check this phenomenon. More specifically, for the
walls of an educational building in this study we therefore aim to compare the thermal behavior
of the Nano-aerogel bricks and the conventional bricks. This real-world implementation
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clearly demonstrates the feasibility and the practical efficiency of integrating Nano Mixed
aerogel bricks in existing buildings.

In the context of this particular application, the research contributes to the wider knowledge
base related to sustainable building practice, and thus provides a potential means of addressing
heat gain and improving the energy performance of buildings. The centrality of Nano silicon-
based aerogel bricks is highlighted as these bricks are beginning to motivate transformation in
the construction industry to be a sustainable industry.

2.2 Thermal Conductivity and Insulation Properties of Nano-based Aerogel bricks

The low thermal conductivity of Nano Aerogel Bricks (typically <0.015 W/m.K) is one of the
most important properties. This characteristic makes them able to serve as effective insulators
that will minimize the heat spreading through walls. Several researches have shown better
insulation properties of these bricks that might allow for reduction of energy consumption in
buildings.

Table 1. Properties of Nano based Aerogel bricks

S.No. Property Description

1. Materials Composition Silica aerogel
matrix infused with
nanoparticles

2. Density (Kg/m?) Typically, 150-300
kg/m?

3. Specific Heat Capacity (J/Kg.K) Approximately
1000-1400 J/Kg.K

4. Thermal Conductivity (W/m.K) Typically, below
0.015 W/m.K

5. Thermal Resistance (R-value, High R-

value, providing
excellent insulation
m2.K/W)

2.3 Thermal Conductivity and Insulation Properties of Traditional bricks

As traditional brick walls have been widely used in construction but exhibit limited thermal
insulation properties. Traditional bricks, commonly used in construction, are primarily
composed of natural clay or shale, mixed with water to create a malleable mixture. Depending
on the specific requirements, additives like sand or grog may be included. After shaping, these
bricks undergo a high temperature firing process in kilns to enhance their strength and durability.
Brick walls allow significant heat transfer due to their high thermal conductivity, resulting in
increased energy consumption for cooling and heating. Enhancing the thermal performance of
brick walls is essential for reducing heat gain [9;10].

There are few types of wall elements (masonry units) commonly used in construction along with
their thermal parameters as shown in Table 2:

Table 2. Properties of Traditional bricks
S.No. Property Description
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1. Materials Composition Clay-based brick

2. Density (Kg/m?) Typically,1600-
1920 kg/m?

3. Specific Heat Capacity (J/Kg. K) Approximately,
840-1000 J/Kg. K

4. Thermal Conductivity (W/m. K) Typically, around
0.69 W/m. K

5. Thermal Resistance, (R-value, Moderate

R-value, providing
standard insulation
m2. K/W)

3. Live Case study: Frank & Debbie Islam Management Complex, A.M.U.
3.1 Introduction

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

3.2 General information

Owner : Aligarh Muslim university
Location : AMU Campus Aligarh
Climate : Composite climate
No. of floors : G+1
e Typology : Institutional
Aligarh Muslim University's Management Complex is an innovative project funded by alumni.
This construction project seeks to give the Faculty of Management Studies and Re-search, a
flagship institution of AMU, state-of-the-art physical infrastructure.

Fig. 2. Image showing aerial view of the management complex

3.3 Building Drawings Geometrical description

The complex consists of five rectangular, two-story buildings, four of which have been built and
one of which is still under construction. There are connecting tunnels between each of the
construction pieces.
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As seen in Fig. 3, the blocks are organized along an Amphitheatre court. And detailed building
drawing are shown in Fig. 4 & 5 respectively.

Legend

1. Reception Block

2. Administrative Block

3. Lecture Hall Block

4. Seminar & Research Division
5. Under construction Block
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Fig. 4. Ground floor Plan of Frank & Debbie Islam management complex, A.M.U.
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Fig. 5. First floor Plan of Frank & Debbie Islam management complex, A.M.U.

3.4 Material description

The Thermal properties of materials in the Table 3:

Table 3. Materials description of Frank & Debbie Islam management complex, A.M.U.

Component Layers Thickness Conductivity Density Specific Heat
(From outside) (in mm) (W/m.XK) (kg/m®) J/kg.K)
Roof Brick Tiles 20 0.720 1900 840
Cement Screed 30 1.400 2100 650
Mud Phuska 150 0.520 1620 880
Reinforced Concrete 150 1.90 2300 840
Plaster 10 0.431 1250 1088
Wall Sandstone tiles 40 1.2 2000 840
Brick Masonry 345 0.711 2000 836
Plaster 12 0.431 1250 1088
Floor Vitrified Tiles 10 0.309 1900 656.9
Cement screed 40 1.40 2100 650
Sand Filling 100 0.209 950 656.9
Rammed Earth 150 0.335 1600 753.1
1500 1.280 1460 880
Window Clear glass 6 Solar Visible
Transmittance  Transmittanc
at normal ¢ at normal
incidence= incidence=0.
0.84 at 9
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Solar Visible
Reflectance at  reflectance
normal at normal

incidence=0.8  incidence=0.
8

3.5 Building Modelling

Model generated on the Autodesk Ecotect analysis 2011 software

The Autodesk Ecotect software is a powerful simulation tool for buildings and their
surroundings. Its main pur-pose is to improve energy efficiency in various climatic conditions,
including sunlight exposure, daylight availa-bility, and thermal comfort.

To achieve this, the software relies on the thermal properties of different materials used in
construction. By assigning these properties to each component of a building, such as walls,
floors, and roofs, the software can conduct accurate simulations for each zone.

Over Ecotect, a basic model of the Management Complex's existing building is created as shown
in Fig. 6.
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Fig. 6. Frank & Debbie Islam management complex building model generated on
Autodesk Ecotect software

Then, each zone or model object was given the same materials, specifications, and properties.
Following that, simula-tions are run with the correct inputs to learn the model's current pattern
of operation. Site weather information is included in this data, which is essential for building
energy, thermal comfort, and daylighting simulations since it provides the necessary climatic
conditions for the calculations to run. Software needs the position and size of window apertures
in addition to the geometry of the building to accurately display the solar incidence inside the
structure. Additional datasets are required to calculate the building's thermal heat gains,
including information about the building's construction and usage.
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The Fig. 7 shows the input data that was given to the Ecotect programme.
Input Dataset
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Fig. 7. Information of weather data file and building type Input in the Ecotect software
4. Simulation Analysis

4.1 Simulation result of Existing Building model (Base Model)
Internal heat gain

These figures 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 color code
depicts heat transfer values through building fabric to interior spaces.
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Fig. 8. Wall material details of existing administrative block, Frank & Debbie Islam
management complex, A.M.U
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Fig. 9. Heat transfer through the walls of existing administrative block, Frank & Debbie Islam
management complex, A.M.U(Ecotect Analysis 2011

Result of Fabric Heat Gain of Existing building Model

The graphs depict the heat gain distribution of the building's fabric. Fig. 9 shows the average
monthly heat gain of the existing administrative block of management complex. The 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
efficient materials which have better thermal performance than existing.

4.2 Simulation result of Building model using Nano based Aerogel filled bricks
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Internal heat gain
These figures show the graphical results of fabric heat transfer in the administrative block using
Nano based Aerogel bricks in place of traditional bricks of Frank & Debbie Islam management
complex. In the given graph, the various color code depicts heat transfer values through building
fabric to interior spaces.
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Fig. 10. Heat transfer through the walls of administrative block using Nano based Aerogel
filled bricks, Frank & Debbie Islam management complex, A.M.U(Ecotect Analysis 2011)

Result of Fabric Heat Gain of building Model using Nano based Aerogel filled bricks

The graphs depict the heat gain distribution of the building's fabric. The figure 10 shows the
average monthly heat gain of the administrative block of management complex by using Nano
based Aerogel filled bricks in place of traditional brick. Then the maximum overall heat gain
through building fabric building is reduced to be 36566.5 watts (i.e. 36.5 KW) which is shown
in the figure.
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5. Comparative Result of Fabric Heat Gain of building of Existing Model with the Nano
based Aerogel filled bricks

The graphs depict the heat gain distribution of the building's fabric. The fig. 10 shows the average
monthly fabric heat load of existing model (i.e. Base Model) with same specifications and
materials of the administrative block of management complex. The 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.

Similarly, the Figures 11 shows the average monthly fabric heat load of Model with the Nano
based Aerogel filled bricks is comes out to be 36566.5 watts (i.e. 36.5 KW).

6. Calculation for Cost saving by Aerogel-filled bricks

Table 3 Comparative Heat gain result of Exiting Frank& Debbie Islam management complex,
A.M.U. with Traditional brick wall and with Nano based Aerogel filled bricks.

S. No. Models Wall sections Heat gain load
1. EXISTING BUILDING MODEL va g ool
(BASE MODEL with Traditional brick wall) ""‘"" T ‘J 41922.7 watts
1 " 8 X
f “' | U' (i.e. 42 KW)
3 c‘;j.'"ri h (I: ,,,,7;# ® G.>
2. EXISTING BUILDING MODEL - VP
(With Nano based Aerogel filled bricks) [‘T. =
. (R | 36566.5 watts
| RO | (i.e. 36.5 KW)
e Load reduction per hour due to aerogel-filled bricks: 5.5 KW (As per simulation result)
e Cost of each unit (1 KWh): Rs. 9 (Electric unit cost in Aligarh)
e Working hours of building per day: 10 hours
e Number of days in a year: 365

Step 1: Calculate the daily savings Daily savings = Load reduction per hour x Working hours
per day

Daily savings = 5.5 KW x 10 hours = 55 KWh (55 units per day saving) {As IKWh= 1 unit}
Step 2: Calculate the yearly savings Yearly savings = Daily savings x Number of days in a year
Yearly savings = 55 KWh/day % 365 days = 20,075 KWh

Step 3: Calculate the cost savings Cost savings = Yearly savings x Cost per unit

Cost savings = 20,075 KWh x Rs. 9/KWh = Rs. 180,675 (INR)

So, if the working hours are 10 hours a day, the cost efficiency or savings per year due to
the use of Aerogel-filled bricks is INR 180,675.
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7. Prospective Cost Analysis and Break-Even Projection for Aerogel Bricks in India

e Aerogel bricks are commercially not available in India but expected to come soon.

o Silica Aerogel Insulation sheets are commercially available @INR 3500 /square meter
cost.

e As these bricks are in experimental stage, not commercially available so exact break
even cost calculation is not possible.

e [tis expected 5 years break even time for using Aerogel filled Bricks as an alternative
of traditional bricks.

8. Conclusion

In summary, the in-depth analysis of fabric heat gain in our research illuminates the
transformative impact of Nano-based Aerogel-filled bricks on energy efficiency in building
design. The comparison between the existing model and the one fortified with Aerogel-filled
bricks reveals substantial differences in heat gain reduction, particularly pronounced in critical
periods such as May in hot semi-arid climates.

The administrative block of the management complex, represented by the existing model,
experiences a nota-ble overall heat gain of 42 kW during May. In stark contrast, the model
incorporating Nano-based Aerogel-filled bricks showcases a significant reduction, boasting an
average monthly fabric heat load of 36.5 kW. This translates to a remarkable 13.1% reduction in
fabric heat gain, surpassing the conventional model's 42 kW during the crucial month in hot
semi-arid climates.

Beyond the quantitative metrics, the research underscores the economic feasibility of
transitioning to Nano-based Aerogel-filled bricks. With a load reduction of 5.5 kW per hour, the
cost savings amount to INR 180,675 annually, projecting a feasible break-even point in
approximately 5 years. This economic viability positions Aerogel-filled bricks not just as an
innovative construction material but as a financially sound alternative to traditional bricks.
Furthermore, the findings highlight the improved thermal insulation properties of Nano-based
Aerogel-filled bricks compared to conventional brick walls. This dual benefit, combining
enhanced energy efficiency and cost efficiency, positions Aerogel-filled bricks as a compelling
choice for sustainable building practices.

In conclusion, the analysis of fabric heat gain convincingly demonstrates the effectiveness of
Nano-based Aerogel-filled bricks in mitigating heat transfer through a building's fabric. The
incorporation of these advanced bricks into building construction emerges as a strategic avenue
to achieve significant energy savings, elevate thermal comfort, and promote sustainable design
practices over all a kaleidoscopic move towards the pursuit of sustainable, net-zero building
designs solutions. As we navigate the challenges of modern construction, this re-search sets the
stage for a future where Nano-based Aerogel technology plays a pivotal role in shaping energy-
efficient, cost-effective, and environmentally conscious building designs.
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