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Abstract: Reducing building energy consumption is a significant challenge and is one of the most
important research areas worldwide. Insulation will help to keep the building’s desired temperature
by reducing the heat flow. Additionally, proper insulation can provide an extended period of comfort,
leading to reduced building energy requirements. Encapsulated air is the major aspect of most
thermal insulation materials. Low thermal conductivity is a good characteristic of thermal insulation
materials. Aerogel has low thermal conductivity, so it is suitable for glazing and insulation purposes.
This research paper investigates the effectiveness of aerogel as an insulation material in buildings
by incorporating a translucent aerogel-glazing system in the window and aerogel insulation in
the wall of a building. Experimental investigation of a 10 mm thick aerogel blanket surrounded
box was conducted to assess its performance. Additionally, a CFD simulation was conducted, and
the results of temperature degradation for the wall showed good agreement with experimental
results. Additionally, the CFD simulation of temperature decay was compared between the aerogel-
glazed window and argon-glazed window. It was found that the aerogel-glazed window has slower
temperature decay compared to the argon-glazed window. The results showed that integrating
aerogel in the glazing system and wall insulation in a building has the potential to reduce the
building’s energy consumption. Moreover, a numeric simulation was conducted, and showed that
the building’s annual energy consumption is reduced by 6% with the use of aerogel insulation
compared to fiberglass.
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1. Introduction

Energy saving in the building is an important issue globally as building energy
consumption is increasing rapidly because of increased demand for indoor comfort. Green-
house gas emission from the building sector is now more significant than ever [1-7].
Additionally, immediate energy conservation is needed worldwide because of the short
supply of fossil fuel, inadequate availability of fossil fuel, and rising energy costs. This
study is focused on the development of an aerogel insulation system for reducing building
energy consumption.

Thermal insulation is the potential way to reduce energy in a cold and hot climate
where energy is highly used for heating and cooling. The insulation materials are needed to
improve comfort level, reduce energy consumption, and increase the building’s life. Ther-
mal characteristics of insulation materials, mainly thermal conductivity and specific heat,
are the significant heat transfer factors that depend on the wall’s materials, convection, and
radiation characteristics. Low thermal conductivity (W m~! K~!) enables the application
of a thin building envelope with low thermal transmittance (W m~2 K1) [8].
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The traditional envelopes used are mineral wool, expanded polystyrene, extruded
polystyrene, cellulose, cork, and polyurethane. Now, the Vacuum Insulation Panel (VIP)
is more and more used for building wall and roof applications. The VIP consists of an
open, permeable core-fumed silica sealed in a high-quality barrier laminate bag. It is
the only insulation material with thermal conductivity ranging from 3 to 4 m W m™!
K~ at the center of the VIP panel [8]. For building applications, the value of thermal
conductivity for VIP panels is typically 7 m W m~! K~! considering the edge effect
and typical aging [9]. Moreover, higher thickness (10 mm, 20 mm, 30 mm) insulation
material is used in traditional insulation systems for the best thermal insulation in the
building envelope. However, very thick building envelopes cost space, money, floor area,
architectural restrictions, and building techniques [8].

Conversely, aerogel is a dried gel with high porosity and lower thermal conductivity
than air [10]. Aerogel was first discovered in 1930; silica aerogel, aerogel monoliths,
cabot aerogel, and various products were developed afterwards using aerogel. Silica
is the main raw material of aerogel. It is non-toxic, low-flammable, air-permeable, and
lightweight [11]. Aerogels are also used in batteries, nuclear waste storage, absorbents,
and shock absorbers [11]. Aerogel is now a promising new insulation material for building
applications because of its low thermal conductivity.

Aerogel has a thermal conductivity range of 0.01-0.02 W m~! K~! at ambient temper-
ature [12]. The value 0.01 Wm~! K1 corresponds to the vacuum condition, resulting in a
well-balanced connection among low solid skeleton conductivity, low gaseous conductivity,
and low radiative infrared transmission. The value of 0.02 W m~! K~! corresponds to
atmospheric conditions. Additionally, it has a very good optical property for application in
building fenestration systems [12,13].

There are many types of research projects conducted in the past exploring the char-
acteristics and use of aerogel. Jelle [8] worked on thermal conductivity and emissivity of
aerogel and concluded that there are no materials or solutions that can satisfy all the re-
quirements for a building’s insulation and glazing system. Berardi [12] performed daylight
analysis for a monolithic-aerogel-glazed window. A lighting assessment determined the
percentage of time in which the level of daylight illuminance was useful and sufficient
for the occupants. A window filled with 40% aerogel is a potential option for retrofitting
a building.

Experimental analysis for the thermal performance of aerogel-insulating material
was developed and presented by Lucci et al. [14]. According to Lucci et al. [14], aerogel
insulation is a promising insulation material for assembling the historic building.

Cuce et al. [15] investigated the optimum thickness for aerogel insulation and the envi-
ronmental effects for the Nottingham, UK climate condition. Aerogel-insulated apartments
provide slimmer walls with a larger living area in the room compared to conventional
apartments. Aerogel insulation is very suitable for the non-insulated hollow wall.

The energy performance of a building made with aerogel insulation, conventional insu-
lation, without insulation, and double-glazed insulation was evaluated by Mujeeb et al. [16].
Replacing the double-glazed window with a nanogel-glazed window achieves energy-
saving up to 14%. Conversely, polystyrene foam with nano VIP walls and roof saves 0.5%
and 0.8% energy consumption of a building accordingly.

Li et al. [17] investigated the performance of windows that are combined with aerogel,
glass, and phase change elements. The integration of aerogel insulation in the PCM (phase-
change material) glass window is worthy technology. This technique solves the application
of PCM technology in windows effectively by exploiting the window latent heat in the
cold climate condition in China.

Yang et al. [18] experimented with eight glazing samples for the window with two
different thicknesses (5 mm, 7.5 mm). Results showed that installing aerogel glazing at the
outside of the window in skylights is more effective. Heat gain for the envelope was also
decreased by 31% by replacing single glazing.
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Windows are the weakest point in the building through which heat and energy can
easily transfer. Poor thermal performance of windows is largely being attributed to higher
thermal transmittance than glazing parts. Filling the existing empty cavities in window
frames with aerogel granular can decrease the frame-thermal transmittance to 4-29%.
Moreover, a complete filling of the cavity with aerogel can reduce thermal transmittance to
35%, and thermal transmittance becomes 0.5 W m~2 K1 [19,20]. Jason et al. [20] should
have compared this with a frame filled with conventional insulation.

Leung et al. [21] analyzed nine aerogel glazing systems for evaluating the optical
properties and thermal performance for the window. Aerogel glazing can bring up to 57%
reduction in heat gains for windows, and it also reduces 8.5% cooling energy consumption
of the building.

The thermal performance of a window made with polyvinyl chloride (PVC) frame
was experimented with aerogel granules in the cavities. With this, thermal transmittance
can be decreased by 30% [21]. Thermal transmittance of the frame can be reduced to
0.8 Wm~2 K~ by filling the cavity with aerogel granules [22]. A greenhouse gas emission
comparison for the room with the argon-glazed window and aerogel-glazed window was
compared by Nicola et al. [23]. They found that a 5-10% reduction in emission can be
achieved by using an aerogel-glazing system.

Aerogel ceramics are also very attractive thermal insulation materials due to the
lightweight and low thermal conductivity. An et al. manufactured ceramic aerogel com-
posites where fiber with silica aerogel promises insulation with thermal conductivity at
0.0253 Wm~! K~! and a density of 0.1 g cm 3 [24]. An et al. developed aerogel insulation
material with a thermal conductivity and density of 0.0224 W m~! K~1,0.05 g cm 3, re-
spectively [25]. Ruizhe et al. also developed hierarchical insulation ceramic material that
has a thermal conductivity of 0.035 W m~! K~! and 89.85 MPa compressive strength [26].

Silica aerogel is thermally insulated material that can give advantages in building
thermal insulation. Good acoustic insulation was obtained by considering 12.7 mm thick
aerogel insulation, and the absorption coefficient can be obtained as 0.88 at 1500 Hz [27].
The significant improvement of noise insulation can be achieved by using an aerogel-
glazing system.

However, the combined effect of incorporating aerogel in walls and windows is
not investigated adequately. In this paper, a comprehensive CFD model was developed
to represent a room with aerogel insulation. This model is validated by conducting an
experimental investigation and comparing the experimental results with the model. Then,
the validated model is used for further investigation to compare the performance of aerogel
insulation with other existing insulation materials. The CFD simulation was limited to a
room insulated with aerogel. With the same parameters, the whole building simulation
was carried out using the EnergyPlus model, which predicated the annual energy saving
for a typical building with aerogel insulation.

2. Properties of Aerogel

Aerogel is a lightweight solid derived from gel in which the liquid component of the
gel has been replaced with air and makes aerogel extremely low density with low thermal
conductivity. Because of these unique properties, aerogel is considered one of the most
efficient insulating materials [28,29]. Space is occupied with air unless it is sealed under a
vacuum in aerogel. Because of the transparent property of silica aerogel, it is applicable in
windows and skylights. At a low temperature, radiation is not a significant problem for
transparent material. However, at a high temperature, radiative transport is dominant for
thermal conduction.

A commercially available, space loft aerogel blanket has a heat capacity of 1000 ] kg !
K1, vapor permeability factor 4.7 Mu, porosity 91%, and water absorption coefficient
0.025 kg m~?h~1/2 [30,31]. The space loft aerogel blanket is called fiber-reinforced silica
aerogel. It is suitable for insulating solid walls, floors, and roofs and is associated with
recent and old buildings. Space loft reduces the surface condensation and provides a
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highly effective technique for heat loss reduction through floors and walls. Space loft is
produced in a roll of 5 or 10 mm thick, 1.45 m wide, and around 65 m? roll 1. Additionally,
it does not depend on a vacuum or gases for insulation [31]. For simulation, the properties
considered for space loft aerogel and glass are shown in Table 1. Thermal properties of
wood, argon, and air are embedded in ANSYS FLUENT [32]. According to Saffa et al. [33],
thermal conductivity and density of aerogel are in the range of 0.01-0.02 W m~! K!
and 3-350 kg m~3 accordingly. Additionally, 0.014 W m~! K~! thermal conductivity
and 3 kg m~3 density of aerogel at room temperature were found by Saffa et al. [33].
According to Baetens et al. [13], 0.013 W m~! K~! thermal conductivity of aerogel is
commercially available. At room temperature, aerogel has a thermal conductivity of
0.013Wm~1 K1 [34]. According to Omer et al. [35], aerogel has 0.013 W m~ ! K1 thermal
conductivity and 3 kg m~3 density.

Table 1. Thermal properties for materials used in the research below [36—41].

Material/Gas (Egelzig’) ?Jp li;i,ﬁlcllg,ef)t Ther(ra;i L%(;nlciggiivity
Space loft aerogel 150 1000 0.014
Glass 2700 840 0.8
Argon 1.6228 520.64 0.0158
Air 1.225 1006.43 0.0242
Wood 700 2310 0.173
Fiber Glass 12 1620 0.04

For the application of aerogel in the building as a glazing system and room insulation,
it is necessary to investigate the following information:

a. Temperature deterioration of the inside wall of an aerogel-surrounded box.

b Temperature decay of the inside wall of an aerogel-glazed window.

C. Temperature degradation of the aerogel-insulated wall with an aerogel-glazed room.

d Comparison between temperature deterioration of the aerogel insulated with aerogel-
glazed room and argon-glazed with fiberglass-insulated room.

e.  Comparison of building energy consumption between aerogel- and fiberglass-insulat-
ed room.

The optical and thermal properties are important for glazing. The transmittance of
the aerogel-glazing system ranged from 0.058 to 0.491. However, aerogel-glazing can
reduce cooling energy consumption because of its low solar heat gain coefficient (SHGC).
There is also a correlation between transmittance and SHGC. SHGC is increased with the
increase of transmittance [21]. Table 2 presents the optical and thermal properties of aerogel
glazing system.

Table 2. Optical and thermal properties [21].

Solar Heat Gain
ot _ —2K-1 i .
Description U-Value (Wm—2K~1) Coefficient (SHGC) Transmittance (Ty;)
Aerogel-glazing
(1 mm aerogel 2.065 0.346 0.058

particle with 16 mm
filling-thickness)

3 mm standard glass 5.8 0.87 0.86
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3. Model Development
3.1. CFD Model

In order to investigate the performance of space loft aerogel as an insulation material
in a building (wall, window, and door), the Computational Fluid Dynamic tool, ANSYS
FLUENT, was selected. The Navier-Stokes Equation forms the governing equations.

Two-dimensional energy equations are the governing equations of the model [42]:

oT 9T  _oT (3T 0T
ot oX Y
The Navier-Stokes equation with the Boussinesq approximation that is used in ANSYS
FLUENT is shown by the Equations (2)—(4), respectively [42].

oU oV
3t ay =" @)

ou ou ou 1 0P ?U  9°U

oV oV oV 1 0P 2V 9%V

3.2. Auxiliary Equations for Radiation

In the simulation, the surface-to-surface radiation model (52S) is considered. The
S2S radiation model is used to calculate the radiation transfer of an enclosed grey surface.
Size, orientation, and separated distance are the main factors for energy exchange among
surfaces. According to the ANSYS user guide [32], the surface-to-surface (S2S) model is
applicable for opaque surfaces. In the room, most of the surface is made of wood. Wood is
opaque, and this 525 model is suitable for the room simulation. For the surface-to-surface
radiation, the following mathematical equation is used for the energy that is reflected from
k surface [32]:
qout,k =€k O_Ti—'—pkqin,k (5)
Incident energy from one surface to another surface is directly connected with the
surface-to-surface view factor Fji. View factor is defined as the amount of energy leaving

from surface k that is an incident on j surface. Energy flux (qy, ) can be defined for the
energy leaving from all of the surfaces as follows:

N
Akqin,k = Zquout,ijk (6)
=1

Here, Ay = Surface area of k. For N number of surfaces, the view factor relationship is
given below:

A]F]k: Akaj fOI‘j = 1, 2, 3, N ,N (7)
N

Qink = _Zlejqout,j 8)
j=

Therefore, the surface-to-surface radiation model can be written as follows:

N
4
Qoutk =€k 0Ty +px Z F Kj9out,j ©)
j=1
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3.3. Model Details and Boundary Conditions

For Computation Fluid Dynamics (CFD) modelling, a 3D box with length x width x
height of 1 m x 1 m x 1 m covered with an aerogel blanket is made in ANSYS FLUENT
2020 R1 [32]. The computational domain is defined as the air in the box inside, and the box
wall is modelled with a 10 mm thick aerogel blanket. A mesh independent analysis was
performed in the simulation. In the simulation, more than 3 million elements (3,166,951)
were considered for better results. The simulation was considered as a transient model
with a time-step size and residual convergence criteria of 0.005 (s) and 10~°, respectively.
Additionally, maximum iteration per time step was defined as 20, and gravity was defined
as 9.81 m/s? in the negative “y” direction.

The following computational fluid dynamic models are considered for the simulation:

The laminar flow model is considered.
The energy equation is used in the simulation.
The surface-to-surface (S2S) radiation model is also considered in the simulation.

The boundary conditions are described as follows:

The outside temperature of the aerogel blanket surrounded box and the glazed box
were considered as 291.5 K, and the inside temperature was 314 K, as these temperatures
were recorded in the experiment.

A box with a 10 mm thick aerogel layer was considered as a prototype of a living room.
Six sides of the box were surrounded by an aerogel blanket, as shown in Figure 1. A heater
was used at the center of the box to raise the temperature to 41.85 °C (314 K). The heater
was stopped when the inside wall temperature reached 41.85 °C (314 K), and the outside
temperature of the box was 18.33 °C (291.5 K). After reaching the temperature of 41.85 °C
(314 K) of the inside wall, temperature degradation was monitored and recorded. Figure 2
is the schematic drawing of a room with three windows and a door that is considered for
the simulation.

Aerogel blanket
surrounded box
\ Roof
Floor )
Air Heater

Figure 1. Experimental box covered with aerogel insulation blanket.
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Figure 2. Schematic drawing of a room for CFD Simulation.

4. Results and Discussion
4.1. Experiment and Simulation Results for the Aerogel Blanket Surrounded Box

In the experiment, six sensors were installed on the interior side of an aerogel blanket-
covered box. Every sensor recorded temperature decay (°C) at its side. The inside and
outside wall temperatures were defined as 41.85 °C (314 K) and 18.33 °C (291.5 K), respec-
tively, in the aerogel blanket-covered box. Afterwards, simulation runs were conducted,
and the temperature decay in the simulated wall was observed (based on an interval of
0.005 s for a total time of one hour). In the simulation, the “solar ray tracing model” was not
considered because the temperature decay experiment for the aerogel surrounded box has
to be experimented in a laboratory room where electric light and air conditioning systems
were present. Simulation results compared fairly well with experimental results, as shown
in Figure 3. It is assumed here that the roof and floor of the room are also insulated with an
aerogel blanket, as shown in Figure 1. The temperature deterioration of the roof and floor
are also similar to Figure 3.

45 T T T T T T T

Box Eperimental Results
3D Box Simulation Results

[

o
T
L

Temperature { °C )
a2
=)

[

o
T
L

20 7

1 s s s

15 . . .
0 500 1000 1500 2000 2500 3000 3500 4000

Time (s)

Figure 3. Comparison between wall temperature results of experiment and simulation.
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Subsequently, two types of simulations were conducted to find the effect of glass wall
thickness on reducing building energy consumption. In the 1 m3 size of the box, a 10 mm
thickness of glazing was considered in between two 3 mm thickness of glass walls and
two 4 mm thickness of glass walls. The temperature decay comparison shows that thicker
glass with the same glazing system reduces more energy, as shown by Figure 4a. The solar
ray-tracing model for the —5 GMT zone was also considered for the 1 m® box, considering
a 10 mm thick aerogel layer at the middle of the 4 mm and 3 mm thick glass layer. The
starting time of simulation was defined from 13 h on 21 June, where longitude and latitude
were —84.63° and 13.65°, respectively. Simulations were conducted for 10,800 s (3 h). It
is found from Figure 4b that the 4 mm thick glass with a 10 mm thick aerogel glazing
system reduces more energy compared to the 3 mm thick glass with a 10 mm aerogel-
glazing system. Figure 5 shows that a glass-aerogel-glass-glazed window reduces more
energy compared to the glass-argon-glass-glazed window. The simulation for aerogel- and
argon-glazed windows were considered for 4 h (14,400 s).

Simulation with solar ray tracing model at -5GMT

45

40

%}
&

Temperature ( °C )
P
8

251

Window CFD simulation

20

42
3 mm Glass 10 mm Aerogel 3 mm Glass \ 3 mm Glass 10 mm Aerogel 3 mm Glass
4 mm Glass 10 mm Aerogel 4 mm Glass 40 4 mm Glass 10 mm Aerogel 4 mm Glass
38
O3
o
o 34
2
o
o 32[
Q
5
= 30r
287
26
2 L n L n
5000 10,000 15.000 0 2,000 4,000 6.000 8,000 10,000 12,000
Time (s) Time (s)
() (b)

Figure 4. CFD simulation for window. (a): Comparison of wall temperature of glazing with different thickness. (b):

Temperature decay with solar ray tracing model for two types of windows.

Comparison of 16 mm thick glazing simulation
45 T T

3 mm Glass 10 mm Aerogel 3 mm Glass
3 mm Glass 10 mm Argon 3 mm Glass

Temperature { °C )

15

0 5,000 10,000 15,000

Time (s)

Figure 5. Temperature degradation comparison between aerogel-glazed and argon-glazed box at the
monitored point of (0.84 m, 0.5 m, 0.5 m).

The glass-aerogel-glass-glazing system showed better results compared to glass-argon-
glass. Additionally, glass-aerogel-glass-glazed windows allowed less energy to dissipate
compared to other glazed windows.
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4.2. Simulation of a Room Considering Door and Window

A 1 m3 room was modelled considering a door and three windows as shown by
Figure 2. The room made of aerogel-glazed windows with the aerogel-insulated wall,
fiberglass-insulated wall with an argon-glazed window, and argon-glazed window with
an uninsulated wall were considered for the simulation. Here, 10 mm thick aerogel was
kept in between a 3 mm thick wood wall and a 3 mm thick glass layer of window. The
door was not insulated in the simulation. Here, outside and inside wall temperatures
were also considered 18.33 °C (291.5 K) and 41.85 °C (314 K), respectively. Figure 6 is the
two-dimensional contour plot of the room made with an aerogel-glazed window with an
aerogel-insulated wall, and Figure 7 is the temperature decay comparison of the room.
The inside room temperature decreased with elapsing time. Additionally, the temperature
decreased quickly through the door because the door is uninsulated. In Figure 6 of the
room simulation, the blue color shows the lowest temperature distributed across the near
wall and the highest temperature presented by red color located around the center. The
temperature was monitored at the door on the inside wall, north inside window wall,
north inside wall, and west inside wall. From the simulation, it is found that temperature
deterioration is faster at the door, as the wood door was not insulated, and the rest of the
side has a similar temperature-deterioration profile.

[C]

Figure 6. Contour plot of a room with aerogel glazed window and aerogel insulated wall.

Figure 8 is the contour plot comparison for the room simulation of the argon-glazed
window with the uninsulated wall, fiberglass-insulated wall with an argon-glazed window,
and aerogel-insulated wall with an argon-glazed window. The room temperature decreased
fast and un-uniformly for the room made of an uninsulated wall with an argon-glazed
window. The room made of the aerogel-insulated wall with the aerogel-glazed window
has higher and had a more uniform temperature distribution compared to the room of
the fiberglass-insulated wall with an argon-glazed window as shown by Figures 6 and 8b.
Figure 9 is the temperature decay of the argon-glazed window with the uninsulated wall of
the room. All temperature decay has a similar profile. Finally, the temperature decay profile
was compared as shown by Figure 10. Figure 10a is the temperature degradation compari-
son among doors for the aerogel-glazed with an aerogel-insulated wall, argon glazed with
an uninsulated wall, and argon glazed with a fiberglass-insulated wall. Figure 10b—d are
the west inside wall, north inside window, and north inside wall temperature comparison,
respectively. Comparing the results, it is found that the aerogel-glazed with an aerogel-
insulated wall reduces more energy compared to the argon-glazed with an uninsulated
wall and argon-glazed with a fiberglass-insulated wall of the room.
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Figure 7. Temperature deterioration profile of aerogel-glazed window and aerogel-insulated room.
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Figure 8. Contour plot comparison among argon-glazed window with uninsulated, fiberglass-insulated wall of a room with
argon-glazed window and aerogel-insulated room with argon-glazed window. (a): Argon-glazed window with uninsulated
wall. (b): Argon-glazed window with fiberglass-insulated wall. (c): Aerogel-insulated room with argon-glazed window.
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Figure 9. Temperature decay monitor for argon-glazed window with uninsulated wall of the room.
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Figure 10. Temperature deterioration comparison between aerogel-glazed and insulated room and argon-glazed and
uninsulated room. (a): Door temperature comparison. (b): West inside wall temperature comparison. (c): North inside
window temperature comparison. (d): North inside wall temperature comparison.
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However, a room of the aerogel-insulated wall with the argon-glazed window was
considered for the simulation. The contour plot of the aerogel-insulated wall with the
argon-glazed window is shown in Figure 8c. The temperature deterioration is faster in the
door of the inside wall of the aerogel-insulated wall with the argon-glazed window of the
room compared to the aerogel-glazed window with the aerogel-insulated wall as shown by
Figure 10a. Temperature deterioration is also slower for the aerogel-glazed window with
the aerogel-insulated wall of a room in the north inside wall, north inside window, and
west inside wall as shown by Figure 10b—d accordingly.

4.3. EnergyPlus Simulation of an Office

Energy analysis was conducted by considering fiberglass- and aerogel-insulated walls
of an office (189.1-2009-office-OpenOffice) as shown in Figure 11 [43]. Three thermal zones
were considered in the office with an area of 50 m2. In the office, three windows were
also considered where one layer of 3 mm clear glass was used as a window material. A
glazing system was not added for the simulation in windows because EnergyPlus does not
allow the use of translucent material in windows. Additionally, walls, roof, and floor were
considered to be made of the wood wall where aerogel and fiberglass insulation were used
in simulations. As 10 mm thick insulation was considered with a 3 mm thick wood wall in
the temperature decay CFD simulation, likewise a 10 mm thick insulation as defined in
between the 3 mm thick wood walls in the EnergyPlus office simulation.

Figure 11. Office for the EnergyPlus simulation.

In the simulation, a variable refrigeration flow (VRF) system was considered for the
cooling system. There is no heating system considered in the office because the simulation
was conducted for Singapore weather conditions where the climate is tropical and a
uniform temperature with high humidity existed throughout the year.

The thermostat cooling-set point of the room was defined as 25 °C where the simula-
tion was conducted year-round starting from 1 January until 31 December. The interior light
was taken as 10.65 Watt m~2, with an occupancy as 0.057 person m~2, and 7.64 Watt m 2
interior electric equipment for the EnergyPlus simulation.

The exterior equipment, gas equipment, hot water equipment, and steam equipment
were not considered in the simulation. Additionally, there was no natural ventilation and
duct leakage in the simulation.
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The total site energy of the aerogel- and fiberglass-insulated wood wall of the of-
fice were found to be 9096.57 kWh and 9360.78 kWh, respectively, from the EnergyPlus
simulation. By using aerogel insulation in the office, 264.21 kWh energy was reduced
in a year compared to the fiberglass-insulated wood wall. The total source energy was
28,808.84 kWh and 29,645.60 kWh for aerogel and fiberglass insulated walls, respectively.
By using aerogel insulation in the wall of the office, source energy was also reduced by
836.76 kWh.

Tables 3—6 show the comparison for electricity consumption between the aerogel- and
fiberglass-insulated office for a year. During the peak period on 6 April at time 15.30, the
aerogel-insulated office reduced 383.15-watt energy compared to the fiberglass-insulated
office. About 12% of total energy consumption was reduced by using aerogel insulation
compared to fiberglass insulation on 6 April at 15.30. It can be concluded here that aerogel-
insulated buildings reduce energy consumption compared to fiberglass-insulated walls of
a building.

Table 3. Electricity consumption of the office for a year.

Aspect Aerogel-Insulated Fiberglass-Insulated Eneégsg,nRe::::(:: by Energy Consumption
P Office Office B AeTog Reduction (%)
Insulation
Cooling (kWh) 4088.57 4344.67 256.1 6
Interior light (kWh) 1723.81 1723.81 0 0
Interior Equipment

(kWh) 3126.92 3126.92 0 0
Fans (kWh) 157.26 165.37 8.11 5
HVAC (kW m—2) 84.92 90.20 5.28 6

Table 4. Electricity consumption comparison of the office during peak time (6 April at time 15.30).

Aspect Aerogel-Insulated Fiberglass-Insulated Enell}gsz/nRe:::(:loerll by Energy Consumption
P Office Office § Aerog Reduction (%)
Insulation
Cooling (W) 1754.88 2129.65 374.77 18
Interior light (W) 479.53 479.53 0 0
Interior Equipment (W) 493.91 493.91 0 0
Fans (W) 45.96 54.33 8.37 15
Table 5. Total source Energy Comparison for the year.
Aspect Aerogel-Insulated Fiberglass-Insulated Ene&igInRe:::(:u:; by Energy Consumption
P Office Office § AAerog Reduction (%)
Insulation
Cooling (kWh) 12,948.51 13,759.58 811.07 6
Interior light (kWh) 5459.31 5459.31 0 0
Interior Equipment 9902.97 9902.97 0 0

(KWh)
Fans (kWh) 498.04 523.74 25.7 5
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Table 6. Source Energy Comparison per conditioned floor area.

Energy Reduction by Using

Aspect Aerogel-Insulated Office Fiberglass-Insulated Office Aerogel Insulation (%)
Cooling (kWh) 258.97 275.19 6
Interior light (kWh) 109.19 109.19 0
Interior Equipment (kWh) 198.06 198.06 0
Fans (kWh) 9.96 10.47 5

5. Conclusions

This paper investigated the suitability of aerogel for the application in glazing systems
and wall insulation. The experimental results of temperature deterioration of the inside wall
for the space loft aerogel blanket surrounded room compares fairly well with simulation
results. The temperature decay simulation was compared among the rooms made of
the aerogel-glazed window with an aerogel-insulated wall, fiberglass-insulated wall of
a room with an argon-glazed window, argon-glazed window with an aerogel-insulated
wall, and the uninsulated room along with an argon-glazed window. Temperature decay is
found to be slower for the aerogel-glazed with an aerogel-insulated wall compared to the
argon-glazed with fiberglass-insulated wall, argon-glazed window with aerogel-insulated
wall, and argon-glazed with an uninsulated wall of a room. Heat transfer through the
fiberglass-insulated wall along with an argon-glazed window is faster compared to the
aerogel-insulated wall with an aerogel-glazed window.

Slower temperature decay of the aerogel-insulated wall with an aerogel-glazed win-
dow can potentially lead to reduced building energy consumption compared to a room
made with commonly used fiberglass-insulated wood wall along with an argon-glazed
window and a room made of an uninsulated wood wall with an argon-glazed window.
The EnergyPlus simulation of the aerogel- and fiberglass-insulated wood wall were con-
ducted throughout the year, and it is found that the aerogel-insulated room reduced energy
consumption compared to the fiberglass-insulated room. It was found that the build-
ing’s annual energy consumption is reduced by 6% with the use of aerogel insulation
compared to fiberglass. The total energy consumption was reduced by 12% on a peak
energy consumption day. More importantly, aerogel is reusable, and it is highly suitable
for both cold and hot climate conditions. The addition of the aerogel-insulated wall and
an aerogel-glazed window to the building showed good potential for reducing building
energy consumption.
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Nomenclature
U, v Dimensional velocity component (m s7h
p Density (kg m~3)
P Dimensional pressure (Pa)
v Kinematic viscosity (m2s~1)
g Acceleration due to gravity (9.81 ms~2)
k Thermal diffusivity (m?s~1)
B Thermal expansion coefficient (Per kelvin K1
T Temperature (Celsius/Kelvin/Fahrenheit)
To Reference temperature (Celsius/Kelvin/Fahrenheit)
t Time (Second /minute/hour)
X,y Dimensional coordinates
Heat Transfer (W)
A Area (m?)
K Thermal conductivity (Wm~ 1K1
Qoutk Energy flux that leaves from the surface (Wt)
€k Emissivity
o Boltzmann constant (J K1)
Gin k Incident energy flux from surroundings (W)
A and B  Solar irradiation
Y Ratio of sky diffuse radiation on a vertical surface
Edn Direct normal irradiation
€ Tilt angle
Pg Ground reflectivity
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