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Abstract: Energy conservation is a very important need of today’s society and thermal 

insulators play a very important role in this. The most commonly used thermal insulator 

Polyurethane Foam ( PUF) which is mostly used in cooling applications. Though having 

very low thermal conductivity it is very costly and posses environmental hazards. 

Agricultural waste like coconut husk, sugarcane bagasse, rice husk, corn cob etc. shows 

thermal conductivity close to the artificial ones and can be an excellent replacement to 

artificial insulators with some modifications in their properties. This paper lists out some 

of these natural insulators based on their availability, thermal conductivity and various 

other properties. 
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1.Introduction 

 

Figure 1. Polyurethane foam used for pipe insulation 

Energy has become a very important resource in today’s society .  Thermal insulators has 

a very important role to play  in this. A wide variety of artificial insulators are available 
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in the market for thermal applications. Some of the commony used are polyurethane 

foam( PUF), fiberglass, polystyrene, glasswool, rockwool etc. PUF and fiberglass are 

most popular in market due to their thermal and mechanical advantages. But these 

insulators also possess threat to environment. PUF which is mostly used  in refrigeration 

due to their very low thermal conductivity (0.021 W/mk) at low temperatures, have 

disposal problems. The presence of CFC gases in it makes processing more complicated. 

Thermal processing includes formation of various toxic gases like nitrogen oxides, 

ammonia etc. Also there is very little information available on landfills[7]. Research has 

been done to make use of natural insulators from agricultural waste. In thermal 

applications, thermal conductivity play a major role as energy needs to be conserved over 

here. Typically a range of 0.02- 0.06 W/mK is needed for any insulator to be used for 

thermal applications.This value not only depend upon operating temperatures but also on 

the density of insulating boards. The optimum range of density was found to be between 

80- 120 kg/m3[6], where within this range the thermal conductivity is found to be 

minimum. Natural insulators fit very well in this category and can be a good substitute 

for artificial insulators. This paper discusses  about some of the insulators from 

agricultural waste having low thermal conductivity which can be used for thermal 

applications. 

2. Natural Insulators From Agricultural Waste 

Some of the insulators which can be used for replacement of Polyurethane Foam are 

listed below: 

2.1  Coconut Husk 

 
Figure 2: Coconut husk used to make insulation boards 

Coconut husk is the dry material of coconut waste. It is abundantly grown in the coastal 

areas. 15 to 20 million tonnes of husk is produced throughout the worldannually[1]. It’s 

thermal conductivity ranges from 0.046-0.143 W/mK based on its density[3]. For 

minimum thermal conductivity the optimum density range is 60-80 kg/m3. The minimum 
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thermal conductivity for coconut fiber is found to be 0.04418 W/mK at density of 

69.57kg/m3[6]. Coconut husk board are manufactured by hot press method and uses urea 

formaldehyde as binder[3]. 

 

2.2  Sugarcane Bagasse 

 

 

Figure 3: Sugarcane Bagasse 

India is one of the largest producer of sugarcane n world. Bagasse is the crushed and 

squeezed cane stalk[1]. Thermal conductivity of this sugarcane bagasse ranges from 

0.046-0.051 W/mK. But this varies according to density of the boards.The optimum 

density range is from 90- 100 kg/m3[6].Sugarcane fiber has a minimum thermal 

conductivity of 0.043 W/m.K at a density of 95.94 kg/m3.Phenolic Resin is used as the 

binder in this case. It is manufactured by hot press method and is available in the form of 

board in the form low medium and high densities. It is heat and moisture resistant and 

light weight. 

 

2.3  Rice Husk 

 
Figure 4: Insulation board prepared from Rice Husk 

More than 100 million tonnes of rice husk is generated throughout the world[1]. The 

thermal conductivity of rice husk lies around 0.046-0.057 W/mK. This value can be 
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brought down by compressing it to optimum density. Thermal conductivity was observed 

as low as 0.0219 W/mK when mixed with epoxy resin in the ratio husk:resin= 2:1[9]. 

This can prove a very good substitute for PUF in refrigeration applications. The optimum 

density range for this mixture is 60-80 kg/m3[6]. A research as also been done to mix rice 

husk with PUF in heating applications to bring thermal conductivity from 0.044 W/mK to 

0.036 W/mK[4]. The thermal conductivity of rice husk can be brought to asa low as 

0.022 W/mK with a density of 400-600 kg/m3[5]. This makes rice husk a very good 

material for thermal applications for future applications. 

2.4  Corn Cob 

 
Figure 5:Corn Cob 

India is one of the countries in production of corncob throughout the world. Corncob 

board of low density type can be made by hot press method using urea formaldehyde as 

the resin. A general thermal conductivity of 0.096 W/mK is observed[1]. But this value 

can be brought even more below by adjusting proper density and moisture content. With 

a density range of 70-90 kg/m3 and if moisture content as  low as 0 kg/kg then thermal 

conductivity can be brought to 0.06 W/mK making it suitable for thermal 

applications[10]. The insulation can be even made more effective by providing greater 

thickness boards. 

2.5  Wheat Husk 

 

Figure 6: Thermal conductivity as a function of density 
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Wheat straw board are mostly used for natural insulation in developing countries. They 

can be manufactured with semi skilled workers with simple machinery. The wheat boards 

used for insulation showed thermal conductivity as low as upto0.039- 0.041 W/mK at a 

density range of 128- 160 kg/m3. The adhesive used was methane-di- isocyanate with 

resin contents as low as 2% by weight. The payback period for these boards were well 

under one year[2]. 

 

2.6  Banana Fiber 

 
Figure 7:Processed banana strips showing exposed fiber 

It is a tropical plant and one of the most common grown and eaten fruit in the world. 

Banana fiber is a lignocellulose material derived from the discarded tree trunk and can be 

a cheap, abundantly available, reliable, biodegradable and renewable raw material source. 

The long banana fibers are woven into flexible slab like batt and used as insulation board. 

The test was conducted between temperature range of 20 to 40°C over density range of 

20 to 120 kg/m3.The banana fibers showed thermal conductivity of about 0.04415 W/mK 

at a density of 70.4 Kg/m3. The optimum density range to obtain minimum thermal 

conductivity is between 60 to 80 kg/m3. It was also found that for fibrous insulation the 

thermal conductivity increased with temperature. The thermal conductivity rose by 1.71% 

for every 5°C rise in temperature within the optimum density range[6]. 
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Figure 8 :Graph of thermal conductivity variation with density for banana fiber and some other 

insulators 

2.7  Date palm fibres 

 

Figure 9: Date Palm tree and fibres 

A large variety of date palm fibers are available mostly in middle east region. The Gulf 

countries make about 50% of the total world production of the global date production. 

Some of the important types are-Khalt, Boufeggous, Bu-Slikhen, Mejhoul, Admou etc. 

Out of available options the boufeggous type showed the thermal conductivity of 0.041 

W/mK at atmospheric pressure within the temperature range of 20 to 30°C and also the 

tensile strength of 253.48 MPa which is higher than other varieties of date palm fibers. 

This work presents the first investigation in the literature which aimed to develop 

alternative sources of plant-based energy-conserving materials for uses either singly or as 

a composite material to prevent heat conduction through walls into or out of interior 

spaces in the vessel of refrigerator, cooler and food flask[11]. 

3. Conclusion 

 Out of all the reviewed materials coconut husk, sugarcane bagasse and rice husk 

are most suitable based on their avaibality, thermal conductivity and strength. 

 Wheat board insulation boards is found to have least thermal conductivity among 

all (0.039 W/mK). With proper modification in its hygroscopic properties, it can 

also be used to substitute PUF. 

4. Future Scope 

Even though no single material possess all the properties to replace PUF, a combination 

of these materials in various proportions can give all required properties to replace PUF. 

A mixture of PUF and natural insulators in different proportions can also be a good 

method to reduce the use of PUF in cooling applications. 
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