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Abstract: This study delves into the potential of using puffed waste rice as an insulation material for hot climates, responding
to the pressing need for sustainable building practices in light of climate change. Traditional insulation often comes with
significant environmental drawbacks, from the resources needed for production to the energy consumed throughout its
lifecycle. In contrast, sustainable biomaterials like puffed rice present a promising alternative, boosting insulation
performance while also promoting conservation and reducing waste. We investigate the key properties of puffed waste rice
insulation, including thermal conductivity, water resistance, density, and water absorption. Additionally, we compare it to
conventional insulation materials such as polystyrene to assess its feasibility and overall performance within the construction
industry. Our findings aim to showcase the potential of biomaterials in advancing energy-efficient and eco-friendly building
practices, ultimately contributing to a more sustainable future.
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I INTRODUCTION

The literature on insulation materials, particularly in hot
climates, highlights an exciting and growing interest in both
traditional and innovative insulation materials. This shift
reflects a pressing need for organic and sustainable solutions in
construction, especially as we face the realities of climate
change. With rising global temperatures and increasingly
unpredictable weather patterns, effective insulation has become
crucial for maintaining indoor comfort while reducing energy
consumption. However, many conventional insulation
materials come with significant environmental costs from the
resources used to produce them to the energy they require
throughout their lifecycle. Considering these challenges,
researchers and industry professionals are turning their
attention to more innovative and eco-friendly alternatives.
Sustainable biomaterials, derived from renewable resources,
are gaining popularity because they not only enhance insulation
performance but also help reduce waste and conserve
resources.

One particularly promising area of exploration is the use
of biomaterials, which can be repurposed for insulation,
promoting principles of a circular economy. This study focuses
on puffed rice insulation, an unconventional option that could
serve as a viable insulation alternative to traditional materials
in hot climates. Our goals are: first, to investigate and enhance
the material properties of puffed waste rice insulation, looking
closely at factors like thermal conductivity, water resistance,
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density, specific heat, and water absorption. Second, we aim to
compare puffed rice insulation with conventional insulation
materials in the construction industry, assessing its feasibility,
and overall performance. Through this research, we aspire to
shine a light on the potential of biomaterials in advancing
sustainable building practices.

Previous research has documented the benefits of
Insulation materials, these materials play a crucial role in
enhancing energy efficiency and indoor comfort, particularly in
hot climates like the UAE. Traditional insulation solutions have
been widely studied for their effectiveness in reducing heat
transfer, but recent advancements in biomaterials are emerging
as innovative alternatives [1].

The literature surrounding insulation materials in hot
climates reveals a growing interest in innovative and
sustainable solutions to enhance thermal comfort and energy
efficiency in buildings. The evolution of thermal insulation
technologies is critical, particularly in response to fluctuating
climate conditions, as highlighted by Munther Naji [2]. This
study emphasizes the importance of wall insulation in
maintaining comfortable indoor temperatures while reducing
energy consumption. By investigating waste materials such as
coconut coir and cellulose, Naji [2] underscores the potential
for these sustainable options to serve as effective thermal
barriers, mitigating heat gain during warm days and heat loss
in cooler conditions.
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Tazikova & Strukova [3] provide a foundational
perspective by assessing modern thermal insulation systems
through a comparative analysis of five different materials
applied in a case study focused on a family house. Their
findings highlight the critical role of insulation in reducing
energy consumption for both heating and cooling, emphasizing
that the selection of appropriate materials and their installation
are vital for achieving optimal indoor thermal comfort and
energy efficiency. Building on this foundation, Tazikova &
Strukova [3] expand the discussion to modern thermal
insulation systems, illustrating how advancements in
technology and energy requirements necessitate the adoption
of unconventional materials. This aligns with Naji [2] findings,
reinforcing the notion that insulation is a vital component in
reducing energy costs and enhancing building performance in
both summer and winter.

In the most recent contribution to the literature, Petcu et
al. [4] delve into the thermo-physical characteristics of various
insulation materials, providing a quantitative assessment of
their energy efficiency and impact on indoor air quality. Their
research acknowledges the increasing market share of
alternative insulating materials, particularly bio-based options
derived from agricultural products. However, they also
highlight a gap in research regarding the durability and indoor
air quality implications of these materials, suggesting that
while recycled textiles and other alternatives show promise,
further investigation is necessary to fully understand their long-
term performance.

Polystyrene is a synthetic polymer made from monomer
styrene, widely used in building insulation due to its high
thermal resistance, durability, and relatively low cost. Its
popularity stems from its ability to provide effective thermal
insulation in the region's hot climate, helping to improve energy
efficiency in both residential and commercial buildings. Koru
[5] investigated the thermal conductivity characteristics of
closed-cell thermal insulation materials such as EPS, XPS,
ENR, PUR, and EVA, focusing on the effects of temperature
and density variations. Thermal conductivity measurements
were conducted across temperatures ranging from -10°C to
50°C and 8.9 to 60 kg/m?3 of densities. Experimental results
reveal that all materials' thermal conductivity increases with
temperature, attributed to heightened molecular vibration at
higher temperatures. Additionally, lower-density materials
exhibited a more significant increase in thermal conductivity
with temperature due to larger pores and increased air content.

Khoukhi et al. [6], investigated the thermal conductivity
of Expanded Polystyrene (EPS) insulation is influenced by
factors such as temperature and moisture content, with higher
moisture levels significantly affecting its thermal conductivity.
Manufacturer-provided k-values, which often do not account
for moisture variations, may not fully reflect real-world
performance [7]. Dynamic thermal effects, which incorporate
temperature and moisture changes, can improve the accuracy
of k-value calculations. In high-density EPS, minimal changes
in k-value are observed across varying temperatures. Low-
density insulation, on the other hand, has the lowest heat
resistance [8]. Moisture content increases cooling demand and
capacity, with peak demand occurring during the summer
months of July and August. Variable thermal conductivity can
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lead to higher daytime surface temperatures, while nighttime
temperatures tend to be lower [9]. Future research should
consider including other insulation materials to provide a
broader understanding of their thermal properties [8], [9]

In recent years, there has been growing interest in
biomaterials as sustainable alternatives to conventional
insulation materials, especially in hot climates. These
materials, often derived from renewable resources, offer the
potential to reduce environmental impact while maintaining
effective thermal performance. As the demand for energy-
efficient solutions increases, biomaterials are being explored
for their ability to provide natural insulation properties, often
outperforming traditional materials in terms of sustainability,
moisture regulation, and temperature control. Given their
natural origins, biomaterials can be designed to possess specific
properties suitable for diverse applications, ranging from
construction and manufacturing to medical and consumer
goods [10]. The growing need for sustainable and
environmentally friendly materials has brought attention to the
use of biomaterials in the building and construction sector [11].

The work published by Tajsic [12] highlights the critical
role of insulation materials in the built environment,
emphasizing the need for environmentally friendly options that
minimize resource depletion and carbon emissions. This work
underscores the importance of thermal performance and life-
cycle assessments, setting a foundation for subsequent research
by advocating for alternative assemblies that could offset high
embodied energy through enhanced performance.

The adoption of biomaterials is a critical strategy for
tackling pressing issues and increasing sustainability in the
United Arab Emirates (UAE). As the country places a greater
emphasis on sustainable practices, biomaterials provide a
transformative solution to environmental problems, these
materials, generally have biodegradable qualities, help to
reduce the environmental effect of traditional materials. Using
biomaterials in a variety of industries, especially in the
construction industry, can not only improve resource efficiency
but also accord with the UAE's commitment to a more
sustainable future [13].

Building upon this groundwork, Alyami et al. [14]
expand the discourse by investigating the impact of location
and insulation material on the energy performance of
residential buildings in Saudi Arabia. Their study contrasts
natural insulating materials, such as hemp and jute, with
traditional options like wool and wood. The results indicate that
while natural insulations exhibit favorable thermal properties,
they also present challenges regarding fire and humidity
resistance. This nuanced understanding of material
performance in specific climatic conditions underscores the
importance of context in the selection of insulation materials
for energy efficiency.

Petcu et al. [4] further contribute to this dialogue by
exploring the thermal insulation performance of cellulose-
based materials and their implications for indoor air quality.
Their research delves into the thermo-physical characteristics
that define insulation efficiency, such as thermal conductivity
and specific heat capacity. Notably, they highlight the
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emergence of bio-based insulation materials within the market,
which, despite their potential benefits, still represent a small
fraction of total insulation materials. They call attention to the
need for further exploration of the durability and indoor air
quality impacts of these materials, suggesting a gap in the
current literature that warrants further investigation. On the
other hand, Latif et al. [15] investigated and discussed the
hygrothermal performance of fibrous insulation materials,
specifically hemp and stone wool. The findings reveal the
significant influence of moisture content on thermal
conductivity, thereby linking the physical properties of
insulation to real-world performance under varying humidity
conditions. This research adds a nuanced layer to the
understanding of how different materials react in hot climates,
particularly regarding moisture-related challenges.

José Bastante Ceca et al. [16] have analyzed the
relationship between insulation thickness and CO2 emissions
during construction. They argue that while thinner walls may
optimize space, they compromise thermal inertia, which is
essential for managing temperature fluctuations. Gasparin et al.
[17] propose an innovative approach to determining optimal
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insulation thickness through advanced numerical modeling.
Their research emphasizes the importance of accurately
predicting heat transfer across wall assemblies, which is crucial
for reducing energy consumption in buildings. This
methodological advancement supports the ongoing quest for
efficient insulation solutions that align with contemporary
energy performance standards. H. Alyami et al. [14] contribute
to the discourse by comparing natural insulating materials, such
as hemp and jute, against traditional options like wool and
wood. Their findings suggest that while natural materials
exhibit favorable thermal properties, challenges related to fire
and humidity resistance remain. This comparative analysis
offers valuable insights into the practical applications of bio-
based materials in residential settings. Ranefjard et al. [18]
focus on the hygrothermal properties of locally sourced bio-
based insulation materials in Sweden, directly addressing the
comparative performance of these materials in different
climates. Biomaterials, with unique properties and
sustainability, are gaining use in construction. Examples in
Table 1 summarize some of the main findings regarding the
characteristics of these biomaterials [13].

Table 1 Biomaterials Properties [19]

N comwanay  Romy o R R
W/(mK) kJ/(kgK)

Hemp 0.038-0.060 20-90 1.6—-1.7 E 1.0-2.0
Straw 0.038-0.067 50-150 0.6 NA NA

Flax 0.038-0.075 20-100 1.4-1.6 E 1.0-2.0
Wood fiber 0.038—-0.050 50-270 1.9-2.1 E 1-5
Cotton stalk 0.0585-0.0815 150-450 NA NA NA
Corn cob 0.10 171-334 NA NA NA
sunflower 0.0385-0.050 36-152 NA NA NA
palm date fibers 0.0475-0.072 187-389 NA NA NA
Jute fiber 0.038-0.055 35-100 2.3 E 1-2

Kenaf 0.034—0.043 30-180 1.6—1.7 D-E 1.2-2.3

Coir fiber 0.040-0.045 75-125 1.3-1.6 D-Eb 5.0-30
Cork 0.037-0.050 110-170 1.5-1.7 E 5-30
Reeds 0.045-0.056 13-190 1.2 E 1-2
Bagasse 0.046—0.055 70-350 NA NA NA
Cattail 0.0438-0.0606 200-400 NA NA NA
Pineapple leaves 0.035-0.042 178-232 NA NA NA
Durian peel 0.064-0.185 357-907 NA NA NA
Rice hulls 0.0464—-0.566 154-168 NA NA NA
Sansevieria fiber 0.132 1410 1.52 NA NA

Puffed rice, derived from waste rice, is gaining attention
as a sustainable alternative to conventional insulation materials,
especially in hot climates (Khoukhi, 2018). This innovative
biomaterial leverages agricultural by-products, transforming
them into an effective and eco-friendly solution for thermal
insulation (Khoukhi, Dar Saleh, et al., 2021). With its
lightweight and porous structure, puffed rice offers promising
thermal properties while contributing to waste reduction and
resource conservation (Khoukhi et al., 2022). As the demand
for environmentally responsible building materials rises, puffed
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rice presents a compelling option for improving energy
efficiency in regions facing extreme heat, aligning with both
sustainability goals and performance needs (Dar Saleh et al.,
2023). This material offers a sustainable alternative to
conventional insulation materials, with moderate thermal
resistance and potential benefits in terms of environmental
impact and cost-effectiveness [13], [19], [20], [21], [22].
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Regarding the use of puffed rice for insulation, Khoukhi
et al. aimed to study the thermal conductivity of puffed rice bio-
based insulation material by optimizing insulation sample
weight, temperature, and moisture ratio. The authors found that
a minimum conductivity value of 0.04971 W/mK was obtained
for a sample weight of 16.5 g and a circular mold of 8cm
diameter at 263 degree Celsius and 16% moisture level.
Furthermore, the authors found that the thermal conductivity of
puffed riced-based material is more suitable than commercially
available polystyrene material [7], [9]. Compared to
polystyrene, puffed rice bio-insulation material achieved higher
thermal conductivity. In context to fire reaction, the proposed
puff rice material took over three times the time to burn
compared to polystyrene, with no burning drops and no material
vanishing [23]. Overall, these studies suggest that puffed rice
has the potential to be used as an insulation material in
buildings. However, more research is needed to investigate
other properties of the material such as moisture behavior,
acoustic characteristics, and the mechanical properties and
durability of puffed rice-based insulation materials [23]
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1. MATERIALS AND METHODS

Following the previous experiment steps performed by
Khoukhi, Dar Saleh [20] for creating the sample shown in Fig.
1, with the summary of the obtained experimental parameters as
shown in Table 2, additional characterization methodologies
were employed to further assess the material's thermal
performance. These included enhancing the material’s thermal
conductivity through various treatments. To further evaluate the
material's physical properties, water absorption tests were
conducted to determine its hydrophilic behavior and porosity.
The density of the material was measured using the Archimedes
method to understand its compactness and structure, which are
crucial for its overall thermal conductivity. Additionally,
specific heat calculations were performed to assess the
material’s capacity to store thermal energy. These measurements
are essential for continuing the characterization of the material,
providing a comprehensive understanding of its thermal
properties and potential applications.
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Fig 1 Initial Sample, Puffed Rice Disk
Table 2 Optimal Parameters for the Rice Disk Sample [24]
Rice type Weight (g) Temperature (°C) | Moisture (%) Thickness (cm)
Short Grain 8 265 16 1.0

A. Thermal Conductivity Test / ASTM C518

The Laser Comp Heat Flow Meter Fox200 has been
used to measure the thermal conductivity of the sample by
conducting heat through its thickness. The test usually consists
of conducting a specified quantity of heat to one side of a
sample and measuring the temperature change on the other side
[20].The thermal conductivity of a substance can be assessed
by studying the rate at which heat travels through it. After
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studying the requirements of the machine, it was found that
there was a possibility to enhance the results due to the
correction on the sample size which leads to better coverage of
the plate by the sample ensuring better heat transfer through the
entire surface of the sample as shown in Fig. 2. The size of the
plate is 204x204 mm [25] and the new sample we made was
200x200mm to cover the majority of the plate and decrease
amount of heat passing through the plate.
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Fig 2 Sample Size Correction
The thermal conductivity of the bio-insulation samples 35, and 45 °C. The equipment comprises measuring plates of

has been measured through recording heat flow througha 1 cm 204 x 204 mm, and the samples were prepared for 200 x 200
thick sample. The Laser Comp Heat Flow Meter Instrument mm, refer to Fig. 3 and Fig. 4, to reduce the error margin and
Fox200 was used to monitor average temperatures of 5, 15, 25, they were placed inside the machine as shown in Fig. 5.

- -
Wgr— -

Fig 3 Raw Puffed Rice Sample

T,
Fig 4 Dried Puffed Rice Sample
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B. Water Absorption in Insulation Materials / ASTM D570
Test

Water absorption testing is necessary to determine a
material's ability to soak up water under certain conditions.
Several factors impact this absorption, including the kind of
material, additional compounds, temperature, and exposure
time, giving vital information about how tested materials
function, particularly in damp or humid environments [26].

Fig 5 Thermal Conductivity Test Procedures

As shown in Fig. 6, the five samples were subjected to a
water absorption test in accordance with ASTM D570
guidelines in order to examine their moisture absorption
properties. The samples' water absorption behavior was
thoroughly examined by submerging them in water for a full
day in a laboratory setting that was regulated. The samples
were carefully dried and weighed after immersion to determine
the percentage increase in weight, which provided important
information about how well they absorbed moisture [27].

S p-m

Fig 6 ASTM D570 Test Overview
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The data is represented as the percentage increase in
weight, calculated using the formula shown in Equation 1:

Wet Weight—Dry Weight
Dry Weight

% Water Absorption = ( ) x 100 (1)

C. Archimedes Material Density Test / ASTM B962

One technique for measuring an object's density is the
Archimedes Material Density Test. According to this concept,
the buoyant force experienced by an object submerged in a fluid
equals the weight of the fluid it displaces [28].
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We used buoyancy principles as a methodical strategy to
determine the density of an object in order to execute the
Archimedes density test. In order to accomplish this test, as
shown in Fig. 7, we first made sure the precision balance was
calibrated correctly and that there was enough distilled water in
the container to submerge the object. We also made sure the
object was suspended in water. First, we determined the dry
object's mass in the air and recorded it. After that, submerge the
item in water and calculate its apparent mass. The buoyant force
which is equal to the weight of the displaced water, is indicated
by the difference between the object's apparent mass in water
and its mass in air. The volume of the object is determined by
this difference because water has a density of roughly 1 g/cma.

Fig 7 Archimedes Density Test Procedure

The Density of the material is calculated using the
formula shown in Equation 2:

Weight Mass in the Air
Volume of the Object

Density =

2

D. Specifc Heat

Specific heat is an intrinsic feature of a material that
shows how much energy is needed to change its temperature.
It is the amount of heat necessary to raise the temperature of a
unit mass of a substance by one Kelvin [29]. Certain materials
heat up or cool down more quickly than others when the same
quantity of heat is applied because various substances have
varying specific temperatures. Kilo joules per kilogram per

. K . .
Kelvin (kg—.]K) or joules per gram per degree Celsius _IOC) are

g
common units used to quantify specific heat.
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The Thermal Heat Camera / Thermometer was used to
measure the temperature of the sample before and after heat is
applied. The flame is used to provide a controlled amount of
heat to the sample in order to cause a temperature change,
which is required to determine the specific heat. Finally, a
precision balance was used to measure the mass of the sample
with high accuracy. As shown in Fig. 8, to determine the
specific heat capacity of a substance, the first step is to
measure the mass of the sample using a precision balance for
an accurate reading. Next, the starting temperature of the
sample is recorded. The sample is then heated using a flame
or heat source, and its temperature is closely monitored with a
thermal camera. As the sample heats up, its temperature
slowly increases, and once it has stabilized, the final
temperature is recorded. Finally, the heat energy added to the
sample is calculated by considering the power of the heat
source and how long the heat was applied.
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m=5.781g&Tmin =23 °C |Q =50J

Tmax = 27 °C

Tmax = 35°C

Q =503 =0.05kJ
m = 8.146g = 0.008146 kg
Tmax = 27 °C

Tmin = 20 °C

Puffed Rice
Variables

AT=7°C

Q =50J3=0.05kJ
m=5.781g =0.005781kg
Tmax = 35 °C

Tmin = 23 °C

Polystyrene
Variables

AT=12°C

Fig 8 Specific Heat Test Procedures

To determine the specific heat is calculated using the
following formula (Equation 3):

Cr = ar @3)
The specific heat, denoted as Cp, is measured in (k:—{K)

and represents the amount of heat required to raise the
temperature of a unit mass of a substance by one degree

Kelvin or Celsius. The heat applied to the object, represented
by Q, is measured in kilojoules (kJ). The mass of the object,
denoted by m, is measured in kilograms (kg). The change in
temperature, represented by AT, is expressed in degrees
Kelvin (°K) or degrees Celsius (°C).

I11. RESULTS AND DISCUSSION

A. Thermal Conductivity Test/ ASTM C518

By making the sample larger to fit the size of the plate, the goal was to reduce errors and get more accurate results. This
adjustment was successful, as seen in Fig. 9, where improved results were obtained with a larger sample size, providing more definite
and trustworthy understanding of the thermal conductivity of puffed rice.

0.052

0.05

0.048

0.046

0.044

THERMAL CONDUCTIVITY (W/m'K)

5 15

PUFFED RICE (2022) (9 cm diameter)

4%

25 35 45
TEMPERATURE (°C)

== « PUFFED RICE (2024) (20*20cm)

Fig 9 Thermal Conductivity Improvement
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A thermal conductivity device was used to assess the
thermal conductivity of the puffed rice bio-insulation material.
These outcomes were contrasted with a low-density
polystyrene sample with the same thickness and
measurements, which is the typical insulation material utilized
in the construction sector in the UAE, also, the trends of
various conventional and biomaterials are displayed in Fig. 10.
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The results show that the bio-insulation material's heat
conductivity (k-values) is both suitable and very effective for
usage as insulation in hot weather. This bio-insulation material
clearly shows itself to be a competitive and workable
alternative when its performance is contrasted with other
thermal insulation choices that are commercially available.

0.06 0.057

3
£ 0.04763 .
i 0.04395 i . .
= - e m
9 0.03 55

S .
(]
= . . -
O 0.02 7 -
O ﬁ'ﬁ "
= i .
< oo1 7

e
= s
T 0 L f.:.-'
'_

45
TEMPEATURE (°C)
EPOLYSTYRENE EROCK WOOL EBAPUFFED RICE [@HEMP EISTRAW [ CORK

Fig 10 Insulation Materials Thermal Conductivity Comparison of at 45°C [20]

B. Water Absorption in Insulation Materials / ASTM D570
Test
Because of its moisture content in the bio insulation
material qualities, Fig. 11 demonstrates that the puffed rice
sample is appropriate as a low water absorption material even
when it has contact with water. It is noticeable that after soaking

in water for a full day, the material absorbs nearly twice as much
as polystyrene, indicating that it is extremely absorbent, but
when we compare the puffed rice material with other
conventional and bio insulation materials in the market, the
puffed rice presents one of the best results for water resistance
absorption.

% Water Absorption

0 2 4 6 : 10 12 14 1 18 20
POLYSTYRENE S 4
ROCK WOOL 12
PUPFED RICE  [CEEEoeeeoos oo o e o e 1 9
HEMP
STRAW
CORK R 7

BPOLYSTYRENE D@ROCKWOOL @QPUFFEDRICE BOHEMP @STRAW

8 CORK

Fig 11 ASTM D570 Test Results
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C. Archimedes Material Density Test / ASTM B962

Fig. 12 demonstrates that when exposed to moisture,
polystyrene exhibits a rise in density, suggesting that some
water is absorbed. When it dries, though, its density somewhat
drops from what it was before. Puffed rice, on the other hand,
exhibit a notable increase in density upon wetting, nearly
tripling its initial density. Its density is still significantly higher
than it was before drying, suggesting that it either retains some
of the absorbed water or experiences structural changes that
alter its density. When comparing various conventional and
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bio-based insulation materials, puffed rice emerges as one of
the least dense options available in the market. This
characteristic makes it an intriguing material for use in
insulation applications, particularly where weight reduction
and energy efficiency are priorities. Unlike more traditional
insulation materials, such as rockwool, which often have a
higher density and require more energy to produce and
transport, puffed rice is lightweight, easy to handle, and cost-
effective.

POLYSTYRENE =—m—m—— 20

ROCK WOOL

PUFFED RICE IEimreimeirrccooeod] 27

HEMP

STRAW

CORK

Density (kg/m3)

ENANN RN ARNATORTTNNNTTANTrnunnnrrrmmm 45

EPOLYSTYRENE HDROCKWOOL EPUFFEDRICE QAHEMP BSTRAW M CORK

110

Fig 12 Material Density Results

C. Specifc Heat

The specific heat of polystyrene and puffed rice are
given below with Q= 0.05 kJ; m for polystyrene= 0.005681 kg
and for puffed rice= 0.008416 kg; AT for polystyrene= 12 °K
and AT for puffed rice= 7 °K.

Solution for equation 3 (specific heat of polystyrene):

o= 0.05 kJ

P 70.005681 - (352K — 232K)
¢, = 0733 —7
P kg-K

Solution for equation 3 (specific heat of puffed rice):

o= 0.05 kJ

P 70.008416 - (272K — 20°K)
Cp = 0.848 K
P kg -K

The puffed rice with a higher specific heat takes a
considerable amount of time and energy to heat up, but once it
does, it retains that heat for a long period. This makes such a
material ideal for applications where maintaining a stable
indoor temperature is crucial. On the other hand, polystyrene,
with its lower specific heat, is like a thin layer of insulation. It
responds quickly to temperature changes, heating up or
cooling down almost instantly. This means that the specific
heat of the puffed rice 0.0848 kJ/(kg-K) is excellent for
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applications requiring steady and prolonged heat retention,
such as in thermal mass materials used in sustainable building
designs.

V. CONCLUSION

In conclusion, puffed rice emerges as a highly
competitive  bio-insulation material, offering thermal
conductivity that is comparable to or even surpasses some
conventional insulation and bio insulation options, its unique
ecological benefits make it an appealing choice for sustainable
building solutions. However, while it provides effective heat
insulation, its high-water absorption and the subsequent
changes in density pose challenges for its practical application,
particularly in humid environments. When compared to other
biomaterials, puffed rice holds its ground, but issues related to
moisture management could limit its long-term durability and
performance in construction. Despite these concerns, its
potential as an environmentally friendly alternative to
traditional insulation materials remains strong, with further
development needed to address its vulnerability to moisture.

The thermal conductivity measurements reveal that
puffed rice, when assessed as a bio-insulation material,
exhibits promising characteristics for thermal regulation in hot
climates. The improved accuracy from using larger sample
sizes allows for a more reliable understanding of the material's
performance. The comparative analysis with low-density
polystyrene highlights the potential of puffed rice as a
sustainable alternative, particularly in regions like the United
Arab Emirates where energy efficiency in building materials
is crucial.
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Future research should focus on enhancing the water
resistance of bio-insulation materials, possibly through
treatments or coatings that could mitigate moisture absorption
without compromising their ecological benefits. Furthermore,
exploring hybrid solutions that combine the natural properties
of puffed rice with the durability of synthetic materials could
lead to innovative products that harness the strengths of both
categories.

Also, an economic analysis considering the initial cost
of insulation materials, installation, maintenance, and long-
term savings would provide a comprehensive understanding of
the financial benefits. In addition to material innovations,
studies investigating the long-term performance of bio-
insulation materials under varied environmental conditions are
crucial. Understanding how these materials respond to real-
world challenges, such as fluctuations in temperature and
humidity, will inform best practices for their application in
construction.

Ultimately, the pathway to integrating sustainable
insulation materials into mainstream construction practices
requires a multi-faceted approach that considers not only
thermal performance but also environmental resilience. The
potential for materials like puffed rice to play a role in a more
sustainable future is significant, provided that ongoing
research and innovation continue to enhance their viability in
the built environment.’
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