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ABSTRACT

The growing reliance on air conditioning and cooling devices due to extreme heat emphasizes the urgent need
for sustainable and affordable eco-friendly insulation options. Sunlight exposure increases excessive heat,
prompting the use of air conditioners, electric fans, and other cooling devices. Using a quantitative
experimental method, data were gathered by measuring the thermal conductivity and thermal resistance of bio-
composite material as an insulator in comparison to commercial insulators. The samples were tested using a
FOX 200 Heat Flow Meter to measure thermal conductivity. Thermal resistance was calculated using the
sample thickness and the conductivity value from the machine's datasheet. Results showed that the first
rambutan fiber with the binding agent had a thermal conductivity of 0.34046 W/mmK and thermal resistance
of 0.06635667 m2.K/W, while adding another binding agent slightly increased conductivity (0.38279 W/mmK)
and reduced resistance (.07460667 m2.K/W). Commercial insulation had significantly better performance, with
a conductivity of 0.02740 W/mmK and resistance of 2.61793667 m2.K/W. The findings confirm a significant
difference in thermal conductivity between the experimental and commercial setups, indicating varying
insulation capacities. The study highlights the potential of rambutan peels as an alternative insulation material,
though its thermal performance is significantly lower than commercial insulation. The higher thermal
conductivity and lower thermal resistance of rambutan fiber indicate it is less effective at preventing heat
transfer.
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INTRODUCTION

Background of the Study

The growing reliance on air conditioning and cooling devices due to extreme heat emphasizes the urgent need
for sustainable and affordable eco-friendly insulation options. Sunlight exposure increases excessive heat,
prompting the use of air conditioners, electric fans, and other cooling devices. This has resulted in many
developers searching for sustainable and affordable cooling materials, such as insulators. The development of
bio-insulators, which offer a natural alternative, is essential in reducing reliance on inorganic materials and
replacing them with biodegradable ingredients that pose no risk to the environment. As a result, using
environmentally friendly insulators, especially from natural alternative materials, offers significant potential as
an eco-friendly insulation material.

In a global context, eco-friendly insulation provides numerous benefits, contributing to environmental
sustainability, energy efficiency, and improved indoor air quality. In the Caribbean region, intense heat and
high temperatures pose significant climate risks, severely affecting sectors such as agriculture and public
health, particularly in the country of Haiti (Elusma et al., 2022). The abnormal rise in temperatures and
discomfort of hot weather lead people in Haiti to seek solutions to cope with the tropical climate. In the study
of Montrose (2023), thermal insulation on buildings using bio-based materials to efficiently manage excessive
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heat, aiming to make the inhabitants of the living spaces comfortable while reducing their energy use. The
same is the case in Colombia, where people use many eco-friendly insulation materials that are derived from
renewable resources, such as wool, cotton, and cellulose, which helps preserve natural resources and reduce
reliance on non-renewable materials. According to Ezema (2019), this natural and eco-friendly type of
insulator helps to be a sustainable and effective cooling material. By lowering heat gain in hot weather and
heat loss in cold weather, insulation enhances the building envelope's thermal performance and decreases the
need for cooling and heating. This leads to lower greenhouse gas emissions during manufacturing and
throughout their lifecycle.

Different fibrous materials have been considered worldwide, the use of natural materials rich in fiber has been
a trend in making natural insulators. One of the promising alternatives offering a good number of fibers and
other materials, such as cellulose, is rambutan. Rambutan (Nephelium lappaceum L.) is an exotic fruit native to
Southeast Asia, gaining attention for its underutilized yet valuable components, particularly its peel, pulp, and
seed. Studies have shown that rambutan peels contain significant bioactive compounds and lignocellulosic
materials, making them a promising source for various industrial applications, including food, medicine, and
sustainable biomaterials (Gimongala et al., 2020). The presence of cellulose, hemicellulose, and lignin in
rambutan peel provides good thermal stability, making it suitable for fiber production, heat insulation, and
environmental applications such as heavy metal adsorption (Hernandez-Hernandez et al., 2019; Rinaldi et al.,
2018). Additionally, rambutan fat, which consists of a balanced composition of saturated and monounsaturated
fatty acids, forms a stable solid structure at room temperature, making it a viable alternative fat source for
confectionery products (Bhattacharjee et al., 2022).

Another study by Afzaal et al. (2023) has also explored eco-friendly extraction and pretreatment methods to
enhance the efficiency of obtaining bioactive compounds from rambutan peels, demonstrating their
antioxidant, antimicrobial, anti-inflammatory, and therapeutic properties. The use of soda lignin extracted from
rambutan peels has been shown to improve the thermal resistance and barrier properties of starch-based films,
though microbial growth remains a challenge. Furthermore, electrothermal pretreatment methods have been
explored to improve fiber production efficiency while reducing energy consumption, making rambutan peels a
sustainable alternative to woody biomass (Torgbo et al., 2023). Despite these promising applications, further
research is needed to improve extraction efficiency, assess bioavailability, and optimize industrial applications
of this natural resource.

Extreme heat across Southeast Asia since April 2024 has caused significant economic losses, health crises, and
disruptions to education. Reports indicate that human-caused climate change contributed to an average of 41
additional days of dangerous heat worldwide in 2024, with Southeast Asia among the hardest hit regions
(Associated Press, 2024). In the garment industry, workers in countries like Bangladesh and Vietnam faced
severe health risks due to high wet-bulb temperatures, potentially threatening billions in export earnings
(Reuters, 2024). Education has also been disrupted, with extreme weather affecting at least 242 million
children globally; over 118 million faced interruptions during April heatwaves, with school closures reported
in countries like the Philippines (Associated Press, 2024; ABC News, 2024).

A study of Reynoso et al. (2021) explores the potential of recycled expanded polystyrene (EPS) as an
environmentally friendly thermal insulation material for construction applications. Their study examines its
thermal conductivity, mechanical properties, and performance compared to conventional insulation. Findings
show that recycled EPS effectively reduces heat transfer, enhances energy savings, and has suitable strength
and durability for construction, making it a sustainable, cost-effective alternative to traditional insulation
materials. Using waste materials offers a way to create more eco-friendly insulation (Kalaw et al., 2022), and
further research confirms recycled EPS composites exhibit promising thermal and sound insulation
performance (MDPI, 2023).

The urgency of conducting this study arose from the extreme heat and lack of research on the thermal
performance of alternative insulation materials. Other studies have explored different fruits as alternatives for
insulation materials (Bhattacharjee et al., 2022) has specifically analyzed the potential of rambutan peel for
industrial use. There had been insufficient measurements of the exact resistance, thermal conductivity, and
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moisture management values of insulators manufactured from rambutan peels under various conditions, such
as temperature and humidity.

Addressing this gap could contribute to sustainable waste management and eco-friendly insulation, anchoring
the theory of Victor Papanek (1998), which is the Theory of Sustainable Design. The Theory of Sustainable
Design by Victor Papanek puts a major focus on creating resource-efficient and environmentally friendly
solutions. This theory is relevant to this research because it encourages the development of sustainable
insulation using locally accessible, biodegradable waste materials, such as rambutan peels. Heat Transfer
Theory by Joseph Fourier (1830) aimed to assess the capacity, particularly assessing the thermal resistance and
thermal conductivity of using rambutan peels as an insulation material. This theory describes the thermal
conduction, convection, processes that heat uses to flow through materials. Since it offers basic
recommendations to evaluate the thermal conductivity and resistance of rambutan peels, this theory is relevant
to the study. To determine how effective the peels are as insulators, it is essential to understand these heat
transfer methods.

Statement of the Problem

This study aimed to investigate the potential of rambutan (Nephelium lappaceum L.) peels as an effective
insulation material. Specifically, the research addressed the following questions:

1. What is the level of insulation capacity of rambutan peel fiber with a natural binding agent in terms of:

1.1 thermal conductivity and;

1.2 thermal resistance?

2. What is the level of insulation capacity of rambutan peel fiber with a natural binding agent and modified
starch in terms of:

2.1 thermal conductivity and;

2.2 thermal resistance?

3. What is the level of insulation capacity of commercial insulation products in terms of:

3.1 thermal conductivity and;

3.2 thermal resistance?

4. s there a significant difference between the thermal conductivity of a rambutan thermal insulator with a
natural binding agent, a rambutan thermal insulator with a natural binding agent and modified starch, and a
commercial thermal insulator?

5. Is there a significant difference between the thermal resistance of a rambutan thermal insulator with a
natural binding agent, a rambutan thermal insulator with a natural binding agent and modified starch, and a
commercial thermal insulator?

Hypothesis of the Study

This hypothesis was investigated by comparing the thermal conductivity and the general effectiveness of
rambutan peel insulation against the performance of standard insulators.

Ho: There is no significant difference in such as thermal resistance and thermal conductivity between rambutan
peel fiber with a natural binder agent and modified starch, and a commercial thermal insulator.

Significance of the Study

This study aimed to analyze the performance of rambutan peels as an eco-friendly insulator. This research also
helped to reduce the environmental effect of insulation materials and added to the existing body of information
on sustainable building techniques. The findings of the study would be beneficial to the following:

Department of Energy and Natural Resources (DENR) Officers. This study could benefit the DENR
officials from studying eco-friendly heat insulation by promoting energy efficiency in various systems, such as
buildings, industrial equipment, and renewable energy devices, which reduces overall energy consumption and
greenhouse gas emissions. This research could supports the development of sustainable insulation materials
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that minimize reliance on non-renewable resources, aligning with global energy conservation goals.
Additionally, it provides innovative solutions for thermal management in renewable energy technologies, such
as solar panels and wind turbines, enhancing their efficiency and lifespan while ensuring minimal
environmental impact.

Construction Firm Owners. This study could benefit the construction industry by offering a cost-effective
and sustainable alternative to traditional insulation. Its sustainable nature could make it a greener option
compared to synthetic insulators, contributing to a healthier working environment.

Philippine Green Building Council (PHILGBC) Officers. This study would help organizations that employ
and promote eco-friendly buildings for sustainable living. By utilizing rambutan peel-based insulators, the
department could advance green building initiatives and achieve energy-efficient infrastructure goals.

Homeowners. This study could help homeowners find ways to reduce energy consumption and environmental
impact. Also, the use of agricultural waste aligns with environmentally conscious practices, promoting waste
reduction and sustainability in household owners.

Future Researchers. This study could provide a foundation for further experimentation to improve the
thermal properties, durability, and scalability of bio-based insulators, potentially leading to eco-friendly
solutions. The study also could highlights the value of agricultural waste in advancing circular economy
practices.

Scope and Limitations

This study explored the potential of peels as eco-friendly insulation materials, evaluating their thermal
resistance, thermal conductivity, and moisture management capabilities. It focuses on examining the material's
moisture management, thermal conductivity, and thermal resistance. The procedures were carried out from
January 13 to February 5. Rambutan peels are gathered as part of the research process, then they are shredded
and adhered with a plant-based glue. Molds and drying tools are then used to shape the resulting slurry into
insulation samples. The creation of the product was only limited to improvised tools because of the lack of
standardized materials. The replicates are also limited due to limited materials. These samples are subjected to
controlled thermal performance testing in Digos City. The study's primary goals are to determine how well
rambutan peel-based insulation maintains thermal comfort, look into how well it controls moisture, and gauge
its effects on the environment.

Definition of Terms
The following terms were defined to have a better understanding of this study:

Commercial Insulator. It is a protective envelope that reduces heat transfer, keeping interiors warm in winter
and cool in summer. (Pwdadmin, 2024). This refers to the insulation material that would be the controlled
group of the experiment. This could be bought in commercial stores and hardware stores.

Thermal Insulator. Thermal insulation reduces heat transfer between solid objects, fluids, or gases by
introducing a barrier between them (Concept Group LLC, 2024). This refers to a material used to reduce heat
transfer between two spaces, The mixture would be from Rambutan peels that would be dried and shredded.

Rambutan Peel. Rambutan peels considered as a good source of both mineral elements and biologically active
compounds, making it a valuable natural resource for pharmaceutical applications (Torgbo et al., 2022). This
refers to the skin of the rambutan fruit obtained in fruit stalls and vendors. This would be the base ingredient
for the mixture of this study using dry and wet peels.

Thermal Conductivity. Refers to measuring a product's heat-conducting capacity. Heat moves quickly
through materials with high thermal conductivity (Thermal Conductivity — What It Is and It’s Formula,
2024b).
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Thermal Resistance. Refers to the product's ability to withstand heat flow and high temperatures. It also
indicates how well an insulator is, depending on how well it endures the heat (Thermal Conductivity and
Thermal Resistance Calculator - ThermTest, 2023).

Rambushield. The product name for this research is "Rambu," derived from the word "rambutan,” a tropical
fruit known for its refreshing properties. The term "shield" signifies its primary function: to protect users from
excessive heat. Rambu is designed to offer innovative solutions for thermal comfort, drawing inspiration from
the natural cooling effects of the rambutan fruit. By combining these elements, Rambu aims to provide an
effective barrier against high temperatures while promoting well-being in hot climates.

METHODS

This chapter highlights the research framework, the study’s focus, sampling methods, data collection
procedure, metrics used, and data analysis methodology.

Research Design

This quantitative experimental study used a true experimental research design. In this design, the researchers
evaluated the results in the experimental group following implementation and compared them to the control
group, commercial insulators. This allowed the researchers to assess the effectiveness of various compositions
of the rambutan peel insulator on the properties of commercial insulators. Then, the intervention’s
effectiveness was evaluated by determining the outcome after the intervention had taken place (Chandrababu,
2022).

Moreover, this design included subjecting three (3) types of composition of the insulator to the same tests, as
well as the control group, which was the commercial insulator. In this particular case, the rambutan peel
insulator simply varies the amount of rambutan peel with a binder agent mixed with a modified starch and
rambutan peel with a binder agent. At the same time, the third is the control group, which was the commercial
insulator. The experimental groups' results were evaluated to identify the efficacy of the rambutan peels
insulator, as well as to compare their effect to the control group to estimate the thermal conductivity of
rambutan (Nephelium lappaceum L.) peels as an insulation material.

Sampling Method

The study utilized a Complete Random Design, selecting rambutan cellulose samples from various sources,
including local markets, farms, and processing facilities. The sample selection criteria include mixed rambutan
varieties, various cellulose extraction methods, moisture content, and minimal contamination. Complete
random sampling is a subset of a statistical population in which every member has an equal chance of being
selected. The goal of a basic random sample is to represent a group objectively (Hayes, 2024). This method is
the simplest of all the probability sampling techniques since it only requires one random selection and little
prior population knowledge (Thomas, 2023). A post-test only design, defined as an experimental design where
subjects are randomly assigned to groups and measured only after the intervention (Creswell & Creswell,
2018), was used in this study to evaluate the effects of different cellulose extraction methods on the samples
without the influence of pre-treatment measurements.

Moreover, because it eliminates the need for critical analysis of the selected samples, random sampling is a
time and money-efficient sampling technique. It enabled researchers to collect data effectively without the
limitations and difficulties of several tests and procedures. This could be helpful when time and resources are
limited. The goal of this study was to evaluate the thermal conductivity of rambutan (Nephelium lappaceum
L.) peels as an insulating material.

Data Gathering Procedure

The data-gathering procedure was adapted from Silva et al. (2023) study, which used rice husk and reed fibers
as materials to make thermal insulation plates. The researchers conducted the following steps to gather data for
the study.
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A. Laboratory Access and Coordination Procedure

1.

The researchers sent a courteous message to the school along with the attached documents and filled
out forms, introducing the researchers, briefly explaining the purpose of our request, and asking for
their approval to use the machine in their laboratory.

Upon receiving a positive response from the school, the researchers coordinated with the assigned
laboratory personnel to finalize the schedule, review the laboratory policies, and ensure that all
requirements were met prior to conducting the actual procedures.

B. Gathering and preparing the rambutan peels

1.

2.
3.
4.

The researchers gathered enough rambutan peels from markets and rural areas to separate the peel from
the fruit meticulously.

The researchers removed the remaining seeds inside the rambutan.

The researchers washed the rambutan peels and cleaned them to remove dirt and pulp residues.
Following the cleansing process, the researchers sun-dried the peels until they became brittle. Once
dried, the researchers ground the dried peels using a blender.

C. Formulating and mixing the solution for the prepared rambutan peels

1.

2.

3.

4.

The researchers prepared two types of mixture for the rambutan insulator. The first mixture consisted
of 165 g blended rambutan peels and 310 g wood glue as a binding agent.

The second mixture consisted of 165 g of rambutan peels, 275 g of modified starch, and 310 g of wood
glue.

The mixture of binding agents was slowly poured into the crushed rambutan peels and manually mixed
by the researchers.

The researchers then poured the mixture again into the blender to avoid lumps from forming and to
achieve an even coating of the binding agents throughout the mixture.

D. Forming the rambutan thermal insulator

1.

2.

ok

The rambutan mixture was poured into a 6in x 6in x 2in rectangular mold with parchment paper on the
bottom to avoid the mixture sticking to the wooden mold, shaping it into its desired shape.

The researchers then placed parchment paper and a wooden plate on top of the mold, which was stored
in a dry place. It is then be pressed using 25 kg of weight.

The researchers ensured that the cold and dry storage maintained consistent temperature and humidity
levels to optimize curing.

The researchers left the mixture for 15 hours inside the mold until it reached the desired shape.

The thermal insulator is sun-dried for 7 hours until it dries and hardens into a square-shaped rambutan
insulator.

E. Assessing the thermal conductivity/resistance of the rambutan thermal insulator

1.

2.

The technician placed the samples in a Heat Flow Meter (HFM ) machine, specifically a FOX 200 Heat
Flow Meter, where the thermal conductivity and resistance of the rambutan peel were measured.

The technician first placed the rambutan thermal insulator with 165 g of rambutan peels, 275 g of
modified starch, and 310 g of wood glue. After 2-3 hours of testing, the Heat Flow Meter (HFM)
machine showed the results of the rambutan thermal insulator.

The technician then placed the second rambutan thermal insulator with 310 g of wood glue and 165 ¢
of rambutan peels and waited another 2-3 hours for testing using the same Heat Flow Meter (HFM) to
evaluate the results of the rambutan thermal insulator.

The Heat Flow Meter (HFM) machine showed the gathered data of the two rambutan insulator samples,
which is the thermal conductivity of the insulator.

The researcher then computed the thermal resistance using the formula for the thickness divided by the
lambda given by the Heat Flow Meter's datasheet.
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6. The gathered data were collected by the researchers and computed by a statistician.

Measures

To test the effectivity of using rambutan peels as an insulation material, the researchers measure the thermal
resistance and conductivity of the insulation. The promising properties of the rambutan peels, which have
significant levels of cellulose, hemicellulose, and lignin, indicate that it is a valuable source of lignocellulosic
material for applications such as bio-nanocomposites, in addition to possessing physical and chemical
qualities. This prepares the peels for making thermal insulators efficiently, providing bioactive compounds
(Oliveira et al., 2016). Drying and heating the rambutan peels reduced the moisture and thermal bridges,
enhanced the durability, and made the material lightweight.

In addition, with the drying and heating, the rambutan peels were more able to be exposed to environmental
conditions such as light, oxygen, temperature, and moisture, making them more stable (Oliveira et al., 2016).
The ability of thermal insulation to retain its thermal properties over time and its thermal conductivity
determines its effectiveness. The researchers measured the Heat Flow Meter (HFM) when measuring the
thermal conductivity. The primary barrier to heat transfer between materials is interfacial thermal resistance
(ITR) (Chen et al., 2022). The thickness of the material was first measured with a caliper or ruler and recorded
in meters to calculate the thermal resistance (RRR value). Buildings are becoming required to utilize thermal
insulation materials as energy becomes increasingly valuable. When applied correctly, a material or mixture of
materials known as thermal insulation slows the rate of heat transfer by conduction, convection, and radiation.
The rate at which heat moves through a substance under controlled circumstances is used to measure thermal
conductivity (Anh & Pasztory, 2021). Precipitation, leakage, vapor, and condensation are all examples of
moisture, which is widely regarded as one of the biggest threats to the long-term performance and durability of
materials (Kamel et al., 2023).

Table 1. Table of interpretation about Heat Insulation Capacity in terms of Thermal Conductivity

Mean Score Interval | Performance Interpretation
(in W/(m*K)) Level
1.325 and above Excellent The standard thermal conductivity level that proves the material is
Performance effective as an insulator.
0.38 —1.324 Moderate A moderate thermal conductivity level for insulation would fall
Performance between the low and high effectiveness ranges, indicating moderate
performance in resisting heat flow.
0.0-0.37 Low Performance |A lower thermal conductivity level indicates that a material is not
very effective at insulating, as it allows more heat to pass through.

Table 2. Table of interpretation about Heat Insulation Capacity in terms of Thermal Resistance

Mean Score Interval [Performance Interpretation
(in m?K/W)) Level
1.75 and above Excellent The insulator shows high thermal resistance, effectively minimizing heat
Performance |transfer and maintaining stable performance.
1.25-1.74 Moderate The insulator shows moderate thermal resistance, suitable for

Performance |applications with moderate temperature exposure, but may not perform
well under extreme heat conditions.

0.00-1.24 Low The insulator shows low thermal resistance, allowing significant heat
Performance |transfer.

To measure the thermal resistance of each insulator, it is calculated by dividing the thickness of the material by
its thermal conductivity, giving an R-value specific to that thickness.
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r=L
A
Where R = As the Thermal Resistance
L = As the thickness of the material (mm)
A = As lambda or Thermal Conductivity
Data Analysis

In this study, an inferential statistic called the Kruskal-Wallis Test (H test) was employed to test three groups
of data, explicitly comparing the various compositions of rambutan peel insulators with commercial insulators.
This helped identify any statistically significant differences between them.

1. Descriptive statistics provide concise summary measures that offer insights into a specific data set,
whether it represents an entire population or a sample (Hayes, 2024). The mean is a key statistical
measure that represents the average value in a dataset, serving as a reference for analysis of overall
performance and trends (Testbook, 2023). The standard deviation quantifies how much individual data
points deviate from the mean and is especially relevant for normally distributed datasets, offering
insight into the distribution of values around the average (Darling, 2022). A low standard deviation
suggests that values are closely clustered around the mean, indicating consistency, while a high
standard deviation points to greater variability, potentially reducing reliability. This is important for
evaluating materials like rambutan peel insulation; low standard deviation indicates stable insulating
properties, while high standard deviation signifies variability. Understanding these metrics is essential
for assessing insulating material performance.

2. The Kruskal-Wallis test is a statistical test used to compare two or more groups for a continuous or
discrete variable. It is a non-parametric test, meaning that it assumes no particular distribution of your
data and is analogous to the one-way analysis of variance (ANOVA) (McClenaghan, 2024). This test
was utilized to determine if there is a significant difference between our rambutan peel insulators and
commercial insulators.

3. Kolmogorov—Smirnov Test is a completely efficient manner to determine if two samples are
significantly one of a kind from each other. It is normally used to check the uniformity of random
numbers (GeeksforGeeks, 2024). This test is conducted to determine if the data followed a normal
distribution.

4. Dunn’s test is the appropriate nonparametric pairwise multiple comparison procedure when a Kruskal—
Wallis test is rejected, and it is now implemented for Stata in the dunntest command. dunntest produces
multiple comparisons following a Kruskal-Wallis k-way test by using Stata’s built-in kwallis command
(Dinno, 2015). The Dunn's Test is used to assess pairwise differences between treatment groups for
significance, specifically when conducting multiple comparisons.

RESULTS AND DISCUSSION

This chapter deals with the presentation, analysis, and interpretation of data. The first part describes the
capacity of different insulation materials tested, providing detailed examination results. The second part
presents the significance of the differences among the tested materials, analyzing the variations in their thermal
properties and explaining their possible causes.

Insulation Capacity of Rambutan Fibers and the Commercial Insulator in Terms of Thermal
Conductivity

The study investigated the insulation capacity of the different natural insulator setup of rambutan fibers and the
commercial insulator by assessing the thermal conductivity of the following experiment setup: Setup 1, with
165 g of Rambutan fiber, with 310 g of wood glue (natural binding agent), and with 275 g of modified starch
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(Instant Starch); Setup 2, with 165 g of Rambutan fiber, and with 310 g of wood glue (natural binding agent);
and Setup 3, a commercial insulator. The researchers assessed the thermal conductivity of the following setup
through a brief process involving temperature measurements, data recording, and calculation of thermal
conductivity values. To ensure reliability and accuracy, each setup was replicated three times (R1, R2, R3).
Hence, the researchers obtained the following results.

Table 1. Insulation Capacity of Rambutan Fibers and Commercial Insulators in Terms of Thermal
Conductivity

Replicate (in Lambda W/mmK) | Mean SD |Interpretation
R1 R2 R3
S1 0.38435 | 0.38230 | 0.38172 | 0.38279 | 0.00138 | Moderate
S2 0.34136 | 0.34137 | 0.33866 | 0.34046 | 0.00156 Low
Commercial | 0.00395 | 0.03820 | 0.04005 | 0.02740 | 0.02033 Low

Table 1 presents the thermal conductivity of the two setups of rambutan fiber insulators and the commercial
insulator. It shows that the first setup with 165 g of Rambutan fiber, 310 g of wood glue, and 275 g of
modified starch has an average of 0.38279 W/mmK with minimal variation in replicate data. This indicates
that a lower thermal conductivity level indicates that a material is not very effective at insulating, as it allows
more heat to pass through. The second setup, with 165 g of Rambutan fiber and with 310 g of wood glue, has
an average of 0.34046 W/mmK with a minimal variation in replicate data. This indicates that a lower thermal
resistance level is not very effective at insulating, as it allows more heat to pass through. Meanwhile, the
commercial insulator has an average of 0.02740 W/mmK with a minimal variation in replicate data. This
indicates that a moderate thermal conductivity level for insulation would fall between the low and high
effectiveness ranges, indicating moderate performance in resisting heat flow.

Moreover, the results are different from the statement of Tingting (2022), where despite the rambutan peels
having cellulose, hemicellulose, and lignin, the peels did not provide excellent insulation that prevented the
heat transmission. The peel's fibers provide insulation that prevents heat transmission. The findings of this
study revealed that the rambutan peel insulator showed lower values compared to the commercial insulator.

Insulation Capacity of Rambutan Fibers and the Commercial Insulator in Terms of Thermal Resistance

The study investigated the insulation capacity of the different natural insulator setup of rambutan fibers and the
commercial insulator by assessing the thermal resistance of the following experiment setup: Setup 1, with 165
g of Rambutan fiber, with 310 g of wood glue (natural binding agent), and with 275 g of modified starch
(Zoy); Setup 2, with 165 g of Rambutan fiber, and with 310 g of wood glue (natural binding agent); and Setup
3, a commercial insulator. Hence, the researchers obtained the following results.

Table 2. Insulation Capacity of Rambutan Fibers and Commercial Insulators in Terms of Thermal Resistance

Replicate (in m2-K/W) Mean SD Interpretation
R1 R2 R3
S1 .6609 66.44 66.54 .66357 .00023 Low
S2 7441 74.41 75.00 .74606 .00034 Low
Commercial| .62025 | 667.54 | 986.27 | 2.6179 3.10624 Excellent

Table 1 presents the thermal resistance of the two setups of rambutan fiber insulators and the commercial
insulator. It shows that the first setup with 165 g of Rambutan fiber, 310 g of wood glue, and 275 g of
modified starch has an average of .66357 m?-K/W with a minimal variation in replicate data. This indicates
that a lower thermal resistance level indicates that a material is not very effective at insulating, as it poorly
resists heat. The second setup with 165 g of Rambutan fiber and with 310 g of wood glue has an average of
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.74606 m?-K/W with a minimal variation in replicate data. This indicates that a lower thermal resistance level
indicates that a material is not very effective at insulating, as it poorly resists heat. Meanwhile, the commercial
insulator has an average of 2.6179 m?-K/W with a minimal variation in replicate data. The study conducted by
Hurtado et al. (2016) shows that the typical thermal resistance for cellulose fiber insulators is approximately
3.17500 m?-K/W, which highlights the difference in performance between the experimental setups and
standard cellulose-based insulators.

Moreover, the results are in congruence with the statement of PCC Group (2025), which states that the higher
the thermal resistance, the more difficult it is for heat to pass through a material, making it a better insulator.
This value is the reciprocal of the thermal conductivity coefficient, denoted as lambda (1), and is one of the
key parameters considered in the design of building insulation. Higher thermal resistance means better thermal
insulation, allowing less energy to be used to heat or cool the building.

Significant Difference in the Insulation Capacity of Rambutan Fibers and the Commercial Insulator in
Terms of Thermal Conductivity

Table 3 presents the results of the comparative analysis of the insulation capacity between the experimental
groups and the control group in terms of their thermal conductivity. According to Hurtado et al. (2016), the
typical value for a Cellulose Fiber Insulator's thermal conductivity is around 0.040 W/mK, which provides a
useful benchmark for assessing insulation performance. To evaluate the statistical validity of the study, a
normality test using the Kolmogorov-Smirnov test was conducted to determine if the data followed a normal
distribution. The test indicated a significant deviation from normality (W = 0.367, p = 0.001), suggesting that
the data on the thermal conductivity did not meet the assumptions necessary for parametric analysis. As a
result, alternative statistical methods were considered. Therefore, the Independent-Samples Kruskal-Wallis
Test was employed for analysis. This non-parametric method is appropriate for comparing setups if there are
statistically significant differences between two or more groups of an independent variable on a continuous or
ordinal dependent variable without requiring normality, given that the data is skewed. (Kruskal-Wallis H Test
in SPSS Statistics | Procedure, Output and Interpretation of the Output Using a Relevant Example, 2018.) It
could be noted that the test statistic value for the overall thermal conductivity is 7.200, with 3 degrees of
freedom and a p-value of 0.027, which is less than 0.05. This means that the study needs to reject the null
hypothesis. This indicates that there is a significant difference in the thermal conductivity of the experimental
and control setups. Further, this means that different setups have varying degrees of insulation capacity in
terms of thermal conductivity.

Table 3. Significant Difference in the Insulation Capacity of Rambutan Fibers and the Commercial Insulator in
Terms of Thermal Conductivity

Variables Reviewed | Test Statistic | df | p-value | Decision Interpretation
Thermal Conductivity 7.200 3 0.027 Reject H, | Significant Difference

To determine which of the three setups significantly differs from the others, a post hoc analysis was conducted,
specifically, pairwise comparisons of sample means using Dunn’s test. The Dunn's Test is used to assess
pairwise differences between treatment groups for significance, specifically when conducting multiple
comparisons. This non-parametric test compares all possible pairs of groups while controlling the probability
of making one or more Type | errors.

Table 4 presents the results of post hoc comparisons conducted using Dunn’s test. The analysis revealed
significant differences between setups. Specifically, the comparison between S1 and S2 revealed no significant
difference (p = 0.178), indicating that the two groups were comparable. Similarly, the comparison between S2
and Control also showed no significant difference (p = 0.178). However, a significant difference was found
between S1 and Control (p = 0.007), suggesting that these two groups differ notably. Using the sample average
rank and the test statistic, it indicates that S1, with a 6x6x2 inch model, has a promising insulating capacity in
terms of thermal conductivity.
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Table 4. Post Hoc Comparisons using the Dunn’s Test for Thermal Conductivity

Test Statistic], SE p Decision Interpretation
Between S1 and S2 -3.000 2.227| 0.178 | Fail to Reject H, | Not Significant
Between S1 and Control -6.000 2.227| 0.007 Reject H, Significant
Between S2 and Control -3.000 2.227| 0.178 | Fail to Reject H, | Not Significant

This means that the S1 and S2 did not differ from their thermal conductivity (p = 0.178). Similarly, the S2 and
the Control group also did not differ in their thermal conductivity (p = 0.178). Though the Setup 1 and the
Control group have a comparable thermal conductivity (p = 0.007). However, a statistically significant
difference was observed between S1 and the Control group (p = 0.007), indicating distinct thermal resistance
properties.

Table 5. Significant Difference in the Insulation Capacity of Rambutan Fibers and the Commercial Insulator in
Terms of Thermal Resistance

Variables Reviewed | Test Statistic | df | p-value | Decision Interpretation
Thermal Resistance 7.200 3 0.027 Reject H, | Significant Difference

Based on the results presented in Table 5, there is a significant difference in the insulation capacity,
specifically in terms of thermal resistance — between Rambutan fibers and the commercial insulator. The test
yielded a statistic of 7.200 with 3 degrees of freedom, and a p-value of 0.027, which is less than the
conventional significance level of 0.05. Therefore, the null hypothesis was rejected, indicating that the type of
material has a statistically significant effect on thermal resistance. A study that had better results by Le and
Pasztor (2023) investigated the thermal resistance (RSI value) of various natural fiber insulating materials,
including coir fiber, rice straw fiber, energy reed fiber, and coconut wood. They found that the highest RSI
value was reported for a binderless coir fiber panel at 0.909 m2.K.W™! with a thickness of 50 mm. This
suggests that certain natural fibers can achieve thermal resistance values comparable to commercial insulators,
depending on their composition and thickness.

Table 6. Post Hoc Comparisons using the Dunn’s Test for Thermal Resistance

Test Statistic | SE p Decision Interpretation
Between S1 and S2 3.000 2.236 | 0.180 | Fail to Reject H, | Not Significant
Between S1 and Control 6.000 2.236 | 0.007 Reject H, Significant
Between S2 and Control 3.000 2.236 | 0.180 | Fail to Reject H, | Not Significant

This means that the S1 and S2 did not differ from their thermal resistance (p = 0.180). Similarly, the S2 and the
Control group also did not differ in their thermal resistance (p = 0.180). Though the Setup 1 and the Control
group have a comparable thermal resistance (p = 0.007). However, a statistically significant difference was
observed between S1 and the Control group (p = 0.007), indicating distinct thermal resistance properties. A
study that shows better result by Muthukumar et al. (2024) conducted a study on banana fiber and recycled
polyester (r-PET) nonwovens, focusing on their thermal insulation and biodegradation properties. The research
revealed that nonwovens made from a 90% banana and 10% r-PET blend exhibited superior thermal
insulation, with thermal resistance values ranging from 0.248 to 0.299 m2.K/W. These findings suggest that
specific compositions and bonding techniques can significantly influence the thermal resistance of natural
fiber-based insulation materials, supporting the notion that certain setups may exhibit distinct thermal
properties.

SUMMARY

This study evaluated the thermal conductivity and thermal resistance of rambutan peels as alternative
insulation. Results showed that both rambutan-fiber composites allowed more heat transfer than the
commercial insulator. Setup 1 (with starch binder) had a mean A of 0.3828 W/mm-K, while Setup 2 (without
starch) had a slightly lower A of 0.3405 W/mm-K, though both remained far behind the control’s 0.0274
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W/mm-K. Despite Tingting’s (2022) findings on rambutan’s insulating potential, both natural blends
underperformed.

In thermal resistance, Setup 1 and Setup 2 had R-values of 0.6636 m?-K/W and 0.7461 m?-K/W, respectively
both low compared to the commercial insulator’s 2.6179 m?-K/W, supporting PCC Group’s (2025) assertion
linking high resistance to better insulation. Statistical analysis using Kruskal-Wallis (H = 7.200, p= 0.027)
showed a significant difference among setups. Dunn’s test confirmed a gap between S1 and the control (p=
0.007), but not between S1 and S2 or S2 and control.In conclusion, while rambutan fibers show promise, the
tested formulations especially with starch fall short of commercial standards. Optimization in fiber density,
binders, or surface treatments is needed to improve eco-friendly performance.

CONCLUSIONS

The growing reliance on air conditioning and cooling devices due to extreme heat emphasizes the urgent need
for sustainable and affordable eco-friendly insulation options. This study arose from the extreme heat and lack
of research on the thermal performance of alternative insulation materials. It aimed to assess the thermal
resistance and thermal conductivity of rambutan peels as an insulation material.

1. The insulation capacity of rambutan fiber, when measured by its ability to resist heat transfer, showed a
relatively low level of thermal conductivity and a correspondingly low level of thermal resistance.

2. When combined with a natural binding agent, the rambutan fiber exhibited a slightly higher thermal
conductivity and slightly lower thermal resistance, indicating a modest decline in its insulating
performance.

3. In comparison, the commercial insulation material demonstrated significantly better performance, with
very low thermal conductivity and a much higher thermal resistance, making it a far more effective
insulator.

4. There is a significant difference in the thermal conductivity of the experimental and control setups.
This means that different setups have varying degrees of insulation capacity in terms of thermal
conductivity.

RECOMMENDATIONS
Write recommendations for beneficiaries of the results of the study cited in Significance of Study.

1. The Department of Energy and Resources Officers should explore and promote sustainable insulation
materials, such as fibers from rambutan peels, for use in architecture, industry, and renewable energy
systems. By focusing on bio-based materials that enhance energy efficiency, the department could
lower energy consumption and greenhouse gas emissions. Furthermore, executing motivations for
research and integrations of these materials would support the transition from non-renewable resources,
aligning with long-term goals for energy preservation and environmental stewardship.

2. For construction firm owners, rambutan peel must be further evaluated and tested as a suitable
alternative insulating material. Its biodegradable characteristics offer an eco-friendly solution,
promoting a healthier indoor environment and reducing overall environmental impact. Further,
rambutan peel could be sourced at lower expenses, providing cost benefits while aligning with the
rising demand for sustainable building practices, ultimately enhancing competitive advantage in the
market.

3. To the Philippine Green Building Council Officials, it is recommended that they should look into the
potential of rambutan peel as a viable alternative insulating material. Utilizing this natural resource not
only promotes sustainable building initiatives but also helps with the objectives of achieving energy-
efficient infrastructure. This approach supports the overarching goal of reducing environmental impact
while enhancing thermal performance in building design.

4. For homeowners, it is advised that they must look into the utilisation of nature based insulators such as
those made from cellulose rich materials (e.g rambutan peels) as an alternative insulation material. This
could present a viable strategy for reducing energy consumption and minimizing environmental impact.
This procedure could not only enhance thermal efficiency in residential settings, but could also align
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with sustainable practices by promoting waste reduction and contributing to overall ecological
sustainability.

5. For future researchers, it is recommended to enhance the study by conducting additional experiments
(e.g testing more samples) to optimize the thermal properties, durability, and scalability of bio-based
insulators. This would contribute to more environmentally sustainable solutions. Researchers should
consider using a 6x6x2-inch model to ensure consistency and reliability in the results. Furthermore, the
immediate utilization of rambutan, due to its short shelf life and seasonal availability, is essential to
avoid potential limitations in its use. Additionally, emphasizing the role of agricultural waste in
promoting circular economy practices would further support sustainable development.
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Appendix D

Captured Photo Evidence

(O

Figure 1. Creation and testing of the RAMBUSHIELD insulator. The materials such as rambutan peels,
binding agent, and wood were gathered (a). The rambutan peels are then cut into small bits (b). The binding
agent was then applied to the cut up rambutan peels (c). The mold was made in order to help shape the
insulator (d). The rambutan mixture was put on the mold to be shaped (e). The rambutan was then tested for its
thermal conductivity and resistance (f).
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RAMBUTAN PEEL 1

Tupper | Tiower | Qupper | Qlower | T-difference | Q-difference | Thickness Area Lambda

['C] [*C] (V] [uv] [*C] (V] mm A [WimmK]
-né- 15.05 35.03 -3506 3600 19.58 7106 0. 3589407547
g 14.97 34.99 -3368 3537 20.02 6905 0.3771927985
-le- 15.01 5.1 -3436 3578 20 7014 03835301837
e 15.01 35.01 3352 3601 20 6853 25.4 2329578 0. 3801946632
- 15.01 350 -3388 3610 20 6998 0.3826552931
-pe- 15.04 35.02 -3408 3613 19.58 7022 0.384351981
-pa- 14.89 35.02 3368 3614 20.03 7002 0.3823005649
i 15 35.02 -3375 3613 20.02 6988 0.3617267597
Average: 0.3826127498

RAMBUTAN PEEL 2

Tupper | Tlower | Qupper | Qlower | T-difference | Q-difference | Thickness Area Lambda

rel | re | M | | rel (V) mm A [Wimk]
-ng- 15.24 H44 37T 5517 182 8288 0.5280354331
i 15.03 35,01 -3098 3456 19.98 6554 0.3587358137
- 14.87 T8 -3141 3243 19.81 6384 0. 3524204446
Nl 15.03 3501 3083 3309 19.98 6392 (. 3498686788
g 15.03 .74 -3070 3156 19.71 6226 0.3454508572
-ng- 15.04 .M -3070 32m 19.97 6341 0.3472500727
|- 15.02 Hun 3123 34 19.69 6237 0.346412704
g 15.02 .M -3166 3246 19.99 6412 0.3507878174
-le- 15.02 34.81 -3172 317 19.79 6289 254 2322576 | 0.3475358279
-Nig- 15.03 35.02 -3183 3205 19.99 G386 (.3434748249
lg- 15.03 35.28 -3142 3278 20.25 6420 0.3467159198
-ng- 15.03 35.01 -3148 347 19.58 6285 0, 344558345
-le- 15 35.08 -3088 3186 20,08 6274 03416996929
-l 15.01 35.0 -3067 3154 20 6251 0.3418088364
-pe- 15.01 35.02 -3082 3154 2001 6246 03413647507
-pé- 15.02 35.02 -3092 3151 20 G243 03413713911
-pe- 1497 35.02 -3059 3150 20.05 6200 03386655845
Average: | 0.3572451703

Figure 2. Statistical Results of Rambushield's Thermal Conductivity. The figure includes the average thermal
conductivity calculated from the results of setup 1 and setup 2. This shows the evaluation of both the
individual setup performance and the overall average thermal conductivity. Thermal Resistance was calculated
using the formula for the thickness divided by the lambda given by the Heat Flow Meter's datasheet.
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Appendix F
Spss Results
Tests of Normality
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Thermal Conductivity .364 9 .001 .698 9 .001
Thermal Resistance 402 9 .000 .645 9 .000
a. Lilliefors Significance Correction
Descriptives
N Mean Std. Std. Error  [95% Confidence|Minimum [Maximum
Deviation Interval for Mean
Lower Upper
Bound Bound
Thermal T1 3 [.38279000 |.001381774 |.000797768 |.37935748 |.38622252 |.381720 |.384350
Conductivity T2 3 [.34046333 |.001561740 |.000901671 |.33658375 |.34434291 |.338660 |.341370
Control |3 1.04833667 |.000609289 |.000351773 |.04682311 |.04985022 |.047640 |.048770
Total |9 [.25719667 |.157717313 |.052572438 |.13596441 |.37842893 |.047640 |.384350
Thermal T1 3 .06635667 |.000236291 |.000136423 |.06576969 |.06694365 |.066090 |.066540
Resistance |2 3 .07460667 |.000340637 |.000196667 |.07376048 |.07545286 |.074410 |.075000
Control |3 |.31718333 |.004027224 |.002325119 |.30717915 |.32718751 |.314330 |.321790
Total |9 [.15271556 |.123419153 |.041139718 |.05784720 |.24758391 |.066090 |.321790
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Nonparametric Tests

Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
1 |The distribution of Thermal Conductivity is{Independent-Samples Kruskal-|.027 Reject the null
the same across categories of Setup. Wallis Test hypothesis.
2 [The distribution of Thermal Resistance is the|Independent-Samples Kruskal-|.027 Reject the null
same across categories of Setup. Wallis Test hypothesis.
Asymptotic significances are displayed. The significance level is .050.
Independent-Samples Kruskal-Wallis Test
Thermal Conductivity across Setup
Independent-Samples Kruskal-Wallis Test Summary
Total N 9
Test Statistic 7.2002
Degree Of Freedom 2
Asymptotic Sig.(2-sided test) .027
a. The test statistic is adjusted for ties.
Pairwise Comparisons of Setup
Sample 1-Sample 2 Test Statistic Std. Error Std. Test Statistic Sig. Adj. Sig.2
Control-T2 3.000 2.236 1.342 .180 539
Control-T1 6.000 2.236 2.683 .007 .022
T2-T1 3.000 2.236 1.342 .180 539
Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .05.
a. Significance values have been adjusted by the Bonferroni correction for multiple tests.
Thermal Resistance across Setup
Independent-Samples Kruskal-Wallis Test Summary
Total N 9
Test Statistic 7.261°
Degree Of Freedom 2
Asymptotic Sig.(2-sided test) 027
a. The test statistic is adjusted for ties.
Pairwise Comparisons of Setup
Sample 1-Sample 2 Test Statistic Std. Error Std. Test Statistic Sig. Adj. Sig.2
T1-T2 -3.000 2.227 -1.347 178 534
T1-Control -6.000 2.227 -2.695 .007 021
T2-Control -3.000 2.227 -1.347 178 534

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The significance level is .05.

a. Significance values have been adjusted by the Bonferroni correction for multiple tests.
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Curriculum Vitae

o

PERSONAL BACKGROUND

Name

Birth Date
Birth Place
Address
Civil Status

Religion

Dhanayah Ai Con Alicaba

June 8, 2006

Digos City

1619 Purok Liwanag Gatmaitan St. Bansalan Davao Del Sur
Single

Catholic

EDUCATIONAL BACKGROUND

Elementary
Junior High School

Senior High School

St. Marys College of Bansalan Inc.
St. Marys College of Bansalan Inc.

Cor Jesu College Inc.

PERSONAL BACKGROUND

Name

Birth Date
Birth Place
Address
Civil Status

Religion

Fiona Gail E. Aradillos

June 5, 2007

Digos City

Luna Ext., Digos City Davao Del Sur
Single

Catholic

EDUCATIONAL BACKGROUND

Elementary

Don Mariano Marcos Elementary Schoo
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Junior High School : Cor Jesu College, Inc.

Senior High School : Cor Jesu College, Inc.

PERSONAL BACKGROUND

Name : Franz Rafael G. Basalan
Birth Date : May 31, 2006

Birth Place : Digos City

Address : Jancito Corigidor

Civil Status : Single

Religion : Catholic

EDUCATIONAL BACKGROUND

Elementary : Digos Central Adventist Academy
Junior High School : Digos Central Adventist Academy
Senior High School : Cor Jesu College Inc.

PERSONAL BACKGROUND

Name : Mary Eunice O. Diez

Birth Date : January 27, 2007

Birth Place X Southern Philippines Medical Center
Address X Poblacion Hagonoy Davao Del Sur
Civil Status X Single

Religion : Baptist
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EDUCATIONAL BACKGROUND

Elementary : Hagonoy Central Elementary School
Junior High School : Holy Cross of Hagonoy Inc.
Senior High School : Cor Jesu College Inc.

&a

PERSONAL BACKGROUND

i

Name : Adri Doinel C. Ende

Birth Date : August 2, 2007

Birth Place : Dominican Hospital, Digos City

Address : Burgos, Corregidor street, Digos City Davao Del Sur
Civil Status : Single

Religion : Free Methodist

EDUCATIONAL BACKGROUND

Elementary : Ramon Magsaysay Elementary School Digos City
Junior High School : Holy Cross Inc., Digs City
Senior High School Cor Jesu College Inc., Digos City

t’\s{

v

PERSONAL BACKGROUND

Name : Paul Andrew W. Gaellego

Birth Date : July 29, 2007

Birth Place X Barinque Clinic, Digos City, Davao Del Sur
Address X Chapter 7, Tienda Aplaya, Digos City

Civil Status X Single

Religion : Christian
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EDUCATIONAL BACKGROUND

Elementary X Bulacan Elementary School
Junior High School : Holy Cross of Malalag, Inc.
Senior High School : Cor Jesu College, Inc.
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P
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PERSONAL BACKGROUND

Name : Kirk Jared M. Geralde
Birth Date : February 26, 2007
Birth Place : MCDC, Digos City
Address : Ceboley Beach Zone 111
Civil Status : Single

Religion : Roman Catholic

EDUCATIONAL BACKGROUND

Elementary : Santa Cruz Central Elementary School
Junior High School : Santa Cruz National High School
Senior High School : Cor Jesu College, Digos City

R Bt N
N
PERSONAL BACKGROUND

Name : Aeron Joshua P. Ladiza

Birth Date : December 11, 2006

Birth Place X Davao Doctors Hospital, Quirino Avenue, Davao City
Address X Emily Homes Subdivision, Tres De Mayo, Digos City
Civil Status X Single
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Religion : Born Again Christian

EDUCATIONAL BACKGROUND

Elementary : Digos City Central Elementary School
Junior High School : Cor Jesu College, Inc. - Digos City National High School
Senior High School Cor Jesu College, Inc.
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