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Abstract: The construction industry plays a major role in economic development, but it also consumes a large amount
of natural resources and energy. Conventional construction materials such as cement, steel, and concrete require
significant energy for production and contribute to environmental pollution. In recent years, researchers have focused on
developing sustainable and energy efficient construction materials to reduce environmental impact. Natural fibres have
emerged as an effective alternative due to their renewable nature, low cost, and environmentally friendly characteristics.
Among various natural fibres, banana fibre is considered highly promising because it is widely available as agricultural
waste in many tropical countries.

This research paper presents an experimental investigation of banana fibre as an energy efficient material for construction.
The main objective of this study is to evaluate the potential of banana fibre in cement-based construction materials and
examine its effect on mechanical and thermal properties. Banana fibres were extracted from banana plant stems and
processed before being mixed with cement mortar in different proportions. Laboratory tests such as compressive strength
tests, tensile strength tests, and thermal insulation tests were conducted to evaluate the performance of fibre reinforced
materials.

This research focuses on the experimental investigation of an energy-efficient cavity wall using banana fibres as an
insulation material. Two wall models were constructed for the experiment: a conventional solid wall model and a cavity
wall model filled with banana fibres.

Keywords: Banana Fiber, Energy Efficient Materials, Cavity Wall, Thermal Insulation, Sustainable Construction, Heat
Transfer

L. INTRODUCTION

Energy consumption in buildings has become a major global concern due to the increasing demand for cooling and
heating systems. Buildings account for a significant portion of global energy usage, particularly in urban areas where
population density and infrastructure development are high. One of the major sources of heat transfer in buildings occurs
through walls, roofs, and windows. Therefore, improving the thermal performance of building materials is essential for
enhancing energy efficiency.

Conventional solid walls allow significant heat transfer from the external environment to the interior space, resulting in
increased indoor temperatures. This often leads to higher energy consumption for air conditioning and cooling systems.
To reduce heat transfer, cavity walls have been widely used in modern construction. A cavity wall consists of two parallel
walls separated by a gap known as a cavity. This cavity can be filled with insulation materials to reduce heat transfer.
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Various synthetic insulation materials such as fiberglass, polyurethane foam, and mineral wool are commonly used in
cavity walls. However, these materials are often expensive and may have environmental impacts during manufacturing
and disposal. As a result, researchers are exploring natural and biodegradable alternatives.

Natural fibres such as coconut fibre, jute fibre, bamboo fibre, and banana fibre have shown promising potential as
insulation materials in construction. Among these, banana fibre is particularly attractive due to its availability, strength,
and thermal insulation properties.

Banana fibre is obtained from the pseudo-stem of the banana plant after the fruit is harvested. In many agricultural
regions, banana stems are discarded as waste. Utilizing banana fibres as insulation material not only improves building
performance but also helps in waste management and environmental protection.

This research aims to experimentally investigate the thermal performance of a cavity wall filled with banana fibres and
compare it with a conventional wall model. The study focuses on measuring the temperature difference inside both wall
systems when exposed to external heat conditions. The findings of this research will contribute to the development of
sustainable and energy-efficient building materials.

I1. MATERIALS AND METHODS

The experimental study involved constructing two small wall models and comparing their thermal performance. One
model represented a conventional solid wall, while the other represented a cavity wall filled with banana fibres as
insulation.

2.1 Materials Used:
The following materials were used to construct the experimental wall models:

Cement
Ordinary Portland Cement (OPC) was used as the binding material for preparing the wall structures.

Fine Aggregate
River sand was used as fine aggregate in the cement mortar mixture.

Banana Fibres
Banana fibres were obtained from dried banana plant stems. These fibres were used as insulation material inside the
cavity wall.

Agricultural Waste Materials
In addition to banana fibres, small amounts of other agricultural waste materials were included to enhance insulation
properties.

Water
Clean potable water was used for mixing and curing.

2.2 Preparation of Banana Fibres:
The banana fibres used in the experiment were prepared using the following process:
1. Banana stems were collected from agricultural waste sources.
2. Fibers were extracted manually from the banana pseudo-stems.
3. The fibres were washed to remove dust and impurities.
4. The fibres were sun-dried for approximately 24—48 hours.
5. The dried fibres were cut into small pieces suitable for insulation use.
This preparation process ensured that the fibres were clean, dry, and ready for use as insulation material.
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2.3 Construction of Wall Models:
Two wall models were constructed for the experiment.

Conventional Wall Model
The first model was constructed as a solid wall structure using cement mortar. This model represented a typical
conventional wall used in building construction.

Banana Fibre Cavity Wall Model

The second model was constructed as a cavity wall system consisting of two parallel walls separated by a cavity space.
The cavity space between the walls was filled with banana fibres and other agricultural waste materials to act as
insulation.

Both wall models were constructed on a wooden base and allowed to cure properly for several days before conducting
the experiment.

2.4 Experimental Setup:

The experimental setup involved placing both wall models under identical environmental conditions. External heat was
applied to simulate high temperature conditions similar to those experienced during summer.

Temperature sensors were placed inside both wall models to measure internal temperature changes.

The experiment was conducted for a fixed duration, and teperature readings were recorded at regular time intervals.

s

Figure 2: Banana Stem
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2.5 Temperature Measurement Procedure:
The temperature measurement was carried out using the following procedure:
1. Both wall models were positioned in the same location.
2. External heat exposure was applied to both walls.
3. Temperature sensors were placed inside the cavity or internal chamber of each wall model.
4. Temperature readings were recorded every 10 minutes.
5. Observations were continued for approximately one hour.
The collected data was then analysed to compare the thermal performance of both wall systems.

Figure 3: Design Model
I11. RESULTS
The temperature readings recorded during the experiment are presented in Table 1.

Table 1:
Temperature Comparison Between Conventional Wall and Banana Fibre Cavity Wall

Time (Minutes) | Conventional Wall Temperature (°C) | Banana Fibre Cavity Wall Temperature (°C)
0 30 30
10 33 31
20 36 32
30 39 33
40 41 34
50 44 35
60 46 36

Observations:
1. The temperature inside the conventional wall increased rapidly during the experiment.
2. The cavity wall with banana fibre insulation showed a slower increase in temperature.
3. The insulation material effectively reduced heat transfer through the wall.
4. The final temperature difference between the two wall systems was approximately 10°C.

Iv. DISCUSSION

1. The experimental results demonstrate that the cavity wall filled with banana fibre insulation performs better than
the conventional wall in terms of thermal performance.

2. Heat transfer through walls mainly occurs through conduction. In a conventional solid wall, heat travels directly
through the wall material, causing an increase in indoor temperature. This results in uncomfortable indoor conditions
during summer and increases the need for cooling systems.

3. Incontrast, the cavity wall system creates a gap between the outer and inner walls, which reduces direct heat transfer.
When this cavity is filled with insulation materials such as banana fibres, the heat transfer rate decreases significantly.
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4. Banana fibres contain natural air pockets and porous structures that help trap air and reduce thermal conductivity.
This property makes them effective insulation materials.

5. Another advantage observed during the experiment is the potential for noise reduction. Natural fibre insulation
materials can absorb sound waves, which may reduce noise transmission through walls.

6. The use of banana fibre insulation also offers environmental benefits. Since banana fibres are obtained from
agricultural waste, their use in construction helps reduce waste disposal problems and promotes sustainable resource
utilization.

7. Additionally, banana fibres are inexpensive and easily available in many regions. This makes them a suitable
alternative to costly synthetic insulation materials.

8. However, natural fibres may absorb moisture over time, which could affect durability. Future studies can investigate
fibre treatment methods to improve water resistance and long-term performance.

9. Overall, the results of this research indicate that banana fibre insulation can improve energy efficiency in buildings
by reducing heat transfer and maintaining comfortable indoor temperatures.

V. CONCLUSION

This study investigated the use of banana fibre as a natural insulation material in cavity walls and compared its thermal
performance with a conventional wall system.
The experimental results lead to the following conclusions:
1. Banana fibres can be effectively used as insulation material in cavity wall construction.
2. The cavity wall filled with banana fibre insulation maintained lower internal temperatures compared to the
conventional wall.
3. The insulation material reduced heat transfer and improved indoor thermal comfort.
4. Banana fibre insulation may also contribute to noise reduction inside buildings.
5. The use of agricultural waste materials promotes sustainable and environmentally friendly construction
practices.
The findings of this study suggest that banana fibre insulation has strong potential for use in energy-efficient buildings.
The material is inexpensive, easily available, and environmentally sustainable.
Future research should focus on large-scale applications, durability testing, and the improvement of moisture resistance
for natural fibre insulation materials.
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