
 
Recent Trends in Civil Engineering and Built Environment Vol. 3 No. 1 (2022) 389-397 

 

© Universiti Tun Hussein Onn Malaysia Publisher’s Office 

 

RTCEBE 
 

Homepage: http://publisher.uthm.edu.my/periodicals/index.php/rtcebe 

 

e-ISSN :2773-5184 
 

*Corresponding author: masni@uthm.edu.my 
2022 UTHM Publisher. All rights reserved. 
publisher.uthm.edu.my/periodicals/index.php/rtcebe 

  

  A Review on Coconut Coir as Thermal 

Insulation Material in Building Application 
 

Nurul Hayatul Sahira Mat Isa1, Masni A.Majid 2* 
 
1Faculty of Civil Engineering and Built Environment, 

Universiti Tun Hussein Onn Malaysia, Parit Raja, Johor, 86400, MALAYSIA 

 
2Jamilus Research Center, Faculty of Civil Engineering and Built Environment, 

Universiti Tun Hussein Onn Malaysia, Parit Raja, Johor, 86400, MALAYSIA 

 

*Corresponding Author Designation 

 
DOI: https://doi.org/10.30880/rtcebe.2022.03.01.041 

Received 4 July 2021; Accepted 13 December 2021; Available online 15 July 2022 

 

Abstract: Over the previous few centuries, there has been a worldwide growth in 

energy consumption for cooling and heating in buildings. Therefore, researchers and 

building professionals have proposed the solution to use renewable resources from 

agricultural waste where it can develop to keep the building at the right temperature 

for a long period. The agriculture waste that is focused in this study for the thermal 

insulation building is coconut coir. The objective of the study is to review the 

availability potential of coconut coir that use in the building application and to study 

the effectiveness of the thermal properties of coconut coir in building application. The 

thermal insulation that will be cover in this study is thermal conductivity (U), thermal 

resistance (R), and thermal transmittance (U). Four parameters cover the thermal 

conductivity which are coir content, coir length, bulk density, and size of sand. To 

reach the study's goal, about 50 literature papers from previous research were 

examined and compared to meet the study's purpose. It was found that the optimum 

coir content is about 10% w/w which gives the lowest thermal conductivity, 0.24 

W/mK. Using < 2mm length of the coconut coir gives the lowest value thermal 

conductivity value is 0.20 W/mK. The highest bulk density which is 1350 kg/m3 gives 

the highest thermal conductivity value, 0.6736 W/mK. For the size of sand, using 

<0.71 mm with the length of coir <2 mm will give the lowest thermal conductivity 

which is 0.195. The density of 65 kg/m3 will make the R-value higher; 2.52 m2℃/W 

and the thickness of 0.08 m give the U-value 0.21 W/m2K. Hence, coconut coir fiber 

is recommended to use in the building application because of its lower thermal 

conductivity, thermal transmittance, and higher thermal resistance. 
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1. Introduction 
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 In the next 10 years, International Energy Agency (IEA) assumes that global energy consumption 

would rise by 53%, owing to a large increase in industrial and urban activity as a result of rapid country 

development and a substantial increase in population size in recent years [1].  Alternative approaches 

for reducing yearly energy use by applying thermal insulation materials in buildings have been 

suggested, created, and executed in preliminary research [2]. Other than that, according to the MOA 

(2009), the statistics of the overall coconut palm output grew from 512,699 metric tonnes in 2006 to 

555,120 metric tonnes in 2008, in Malaysia. From there, it might produce high waste material from 

coconut palm production. Therefore due to the excessive coconut coir waste problem and the poor 

thermal performance in the building, the alternative way can be taken to minimize both of them is by 

producing building material from the coconut waste which in this study is coconut coir. There is a large 

number of studies on the possibilities of coconut coir to replace the material as a building element in 

various products. Coconut is one of the most famous fruit due to the tropical climate in Malaysia which 

is common for food, industrial crops, and also one of the most eligible natural fibers to use as a 

composite material in construction [3]. Based on the properties of coconut coir, it is suitable to be a 

replacement for non-conventional local construction materials as it is a good thermal insulator when 

used in a building application. The development of this composite material is an interesting alternative 

because they have a low thermal conductivity which would lead to the solving problem in 

simultaneously energy, environment, and thermal comfort. 

The objective of the study is to review the availability potential of coconut coir that use in the 

building application and to study the effectiveness of the thermal properties of coconut coir in building 

application. This study is focusing on the performance of coconut coir fiber in the building application. 

The study analyzes the thermal insulation material using coconut coir in the building application. For 

the thermal insulation properties, the review study was focused on thermal conductivity, thermal 

transmittance, and thermal resistivity. Other than that, it focused on the application as building 

insulation and the effectiveness of the coconut coir as composites material in the building application. 

To reach the study's goal, about 50 literature papers from previous research were examined and 

compared to meet the study's purpose. 

2. Literature Review 

2.1 Properties and Performance of Insulation Materials 

Insulating materials are usually classified into three classes based on their characteristics. Physical 

properties are the first material behavior that would be described as insulation material. These physical 

properties include the mechanical strength, fire resistance, density, acoustics absorption, moisture, and 

also thermal insulation ability of the material. The next classes in dealing with the influence of insulating 

materials on the environment which is less generally acknowledged by people. This group includes 

properties such as primary embodied energy, gas emissions for the material's production, the use of 

additives against biological impacts, the classification of their treatment as waste, their reusability, and 

recyclability, as well as the material's environmental impact, based on the Life Cycle Analysis approach 

according to ISO 14025-00. Lastly, the characteristics of groups that deal with public health throughout 

material manufacture, use, and disposal. This category covers characteristics such as dust, fiber 

emissions, and toxicity.  

2.1.1 Thermal Insulation Performance Characterization 

Thermal insulation is the most efficient technique to save energy in a building for cooling and 

heating [4]. Three properties of insulation material are mainly focused which is thermal conductivity, 

thermal transmittance, and thermal resistance. This thermal insulation aim into lowering the heat flow's 

transmission and thermal conductivity also thermal resistance is frequently used to evaluate it [2].  

2.1.1.1 Thermal Conductivity (K-Value) 

The amount of heat per unit time per unit area that can be transmitted through a plate of unit thickness 

of a particular material, with the faces of the plate varying by one unit of temperature, is known as 

thermal conductivity. It occurs when heat moves along a temperature gradient from a high temperature 
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which has a high-molecular-energy region to a lower temperature which has a low-molecular-energy 

region. These energies will transfer from high temperature to low temperature when these two 

molecules collide. Thermal conductivity is measured in compliance with EN12664 (low thermal 

resistance), EN 12667 (high thermal resistance), EN 12939 (thick product of high medium thermal 

resistance), or also ASTM C518. The thermal conductivity (K) value can be calculated based on the 

heat flow (Q), length or thickness of the material (L), the temperature differential (ΔT), and surface area 

of the material (A). The unit is expressed in W/mK. 

𝑲 =
𝑸𝑳

𝑨𝜟𝑻
                      2.1 

2.1.1.2 Thermal Resistance (R-Value) 

The ratio of the temperature difference between two sides of a material to the rate of heat transfer 

per unit area is known as thermal resistance [5]. The SI unit for thermal resistance is m2.K/W. The 

higher the R-value in building material, the greater it is insulation effectiveness [5]. It is measured by 

ASTM C168. The thermal resistance (R ) value can be calculated based on the temperature differential 

(ΔT) and heat flux (q).  

𝑹 =
𝜟𝑻

𝒒
        2.2 

2.1.1.3 Thermal Transmittance (U-Value) 

Thermal transmittance, U-value is the steady-state heat flow passing through a unit surface area 

include divided by differences in temperature across the structure. The thermal transmittance is 

measured with the hot box method or using ISO 6946 calculation method and it is expressed in W/m2K. 

[6]. U-values are applied in the whole building stock to estimate fuel consumption and standards for U-

values for new construction projects [7]. The improvement of the thermal performance will improve if 

there is a reduction in the U-value. Therefore, the new housing will become significantly more energy 

efficient [7]. The thermal transmittance (U) value can be calculated based on total thermal resistance 

(RT). 

𝑼 =  
𝟏

𝑹𝑻
       2.3 

2.2 Application of the coconut coir in the building 

Wood or bricks are commonly used to build walls, and they transmit heat less efficiently than glass 

or metal, which is desirable [8]. Since walls are the largest contributor to a building, the implementation 

of thermal insulation is effective to make the heat loss on the overall building [9]. Therefore, by using 

the insulation materials, the building's heat transfer can affect the thermal performance of the building 

[10]. In addition, by inserting insulating material close to the source of heat input or outflow, will 

provide the best thermal performance in the building. 

The floor is a rigid building assembly that divides space into storey horizontally. It forms the bottom 

of a room. Therefore, it is the building part that is advised to implement the insulation materials. The 

insulation will be applied along the base of the footings slab. However, because heat transmission 

towards the earth at the lower depths of basement floors is fairly modest, basement floor concrete slabs 

need to be insulated regarded to be of limited [10]. The poor heat flow is due to the low temperature 

difference between the ground beneath the floor, as well as the air above it . 

One of the most significant aspects is reducing the energy use of a building envelope is the roof [11]. 

Roof is a top of the building that gives the occupants protection against the rain, sunlight, snow, and 

extreme temperature. During the day, a direct beam of sunlight leads the roof to absorb a large quantity 

of radiative heat from the sun [10]. Roofs may occur approximately to 32% of the horizontal surface 

area of built-up regions and provide significantly heat gain in structures. Reflective insulation is 

commonly used on the roof as a radiant barrier. This form can help to minimize heat transmission by 

conduction and convection. 
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2.3 Previous Test on Thermal Conductivity 

2.3.1 Coconut Coir Content 

One of the parameters that affect the thermal conductivity is the coconut coir content. Most of the 

previous study were using different percentages of the coir content to investigate their impact on the 

thermal conductivity. Most of them used the coir content in the range of 0.4%, 5%, 10%, 15%, 20%, 

25% and the maximum coir content is 30%. JIS R 2618 was used to determine the thermal conductivity 

of these samples.  

2.3.2 Coconut Coir Length 

About 5 previous studies do an investigation on the effect of the coconut coir length on the thermal 

conductivity. The length that was prepared in the experiment is about range 1 – 13 mm to be mixed 

with the different mixtures. They also investigated the impact of coir length and density and discovered 

that coir fiber length and thermal conductivity are inversely proportional. The longer the coir, the lighter 

the board and the lower the thermal conductivity.  

2.3.3 Bulk Density 

Most of the previous studies include the bulk density in their investigation on the thermal 

conductivity. The range that they used for the bulk density is about 329 – 1350 kg/m3. Their 

investigation shows the same result where the thermal conductivity is increase when the bulk density is 

increase.   

2.3.4 Size of Sand 

One of the previous studies found that the size of sand can give the effect on the thermal conductivity 

value. Only one worked on new lightweight composite construction materials with low thermal 

conductivity and the impact of sand size. There are two sizes of sand that were evaluated, below 0.71 

mm and 0.855 ± 0.145 mm. It was found that the size of the sand is directly perpendicular to the thermal 

conductivity. 

 2.4 PreviousTest on Thermal Resistance  

The previous study does an investigation on the performance of indigenous fibrous materials 

including straw, hay, and coconut coir fiber as insulation compare to XPS sheet's performance and to 

figure out what these fibrous materials' R-values were. The straw, hay, and coconut coir fiber were put 

to the test at three different densities which are 30 kg/m3, 45kg/m3, and 65kg/m3 whereas the thickness 

of the XPS sheets and the number of sheets remained identical. The insulation was subsequently inserted 

into the wall cavity. Each experiment lasts for 72 hours.  

2.5 Previous Test on Thermal Transmittance 

The previous study investigates the behavior of coconut fiber insulation of green roofs in terms of 

thermal resistance according to UNI EN ISO 6946. Two types of structure have different insulation 

layers of material and thickness which is Concrete (CLS) and Cross Laminated Timber (CLT). Both of 

them have the same stratigraphy and also with and without air gap (AG) with thickness 0.018 m.  

3. Result & Discussion 

3.1 Thermal Conductivity of Coconut Coir 

Figure 1 shows the thermal conductivity value against the percentage of coir content. The lowest 

value of thermal conductivity is from 0.240 W/mK with the 10% coconut coir content collected from a 

past study carried by [12]. Most previous studies used 5% and 10% of coconut coir content for the 

experiment and. However, [13] states that if the proportion of the coir content is higher than 15%, it 

may make the mixture uncontrollable due to the recognizable excess of coir to sums of cement and 

sand, then does not make the thermal conductivity low but higher. It can be observed that after the 
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thermal conductivity reaches 20%, it starts to rise. Therefore the optimum of coir content is about 10% 

w/w.  

 

Figure 1: Thermal Conductivity based on the percentage of Coir Content 

Figure 2 shows the effect of the percentage coir content with different coir lengths on thermal 

conductivity. It can be seen that the highest thermal conductivity value is 0. 976 W/mK with 10% of 

coir content and 35 – 40 mm length was extracted from a former study carried out by [14]. The lowest 

value thermal conductivity value is 0.20 W/mK with 30% of coir content using < 2mm length which 

was obtained by [15]. These differences in thermal conductivity can be described by the fact that the 

short coconut coir fiber is harder to pack and align tightly compared to the longer coir fiber. The short 

coir fiber with the given coir content makes plenty of voids leading where it occurring from the packing 

of the coconut coir fiber then leads for a specimen to have a low thermal conductivity [15].  

 

Figure 2: Thermal conductivity value against the percentage of coir content with different coir lengths 

The effects of bulk density on thermal conductivity are seen in Figure 3. It can be observed that the 

maximum thermal conductivity value of 0.6736 W/mK with a density of 1350 kg/m3 was achieved 

from a past study done by using 30% coir content [15]. The result showed that when bulk density is 

directly proportional to the thermal conductivity. This is because when the bulk density is low, the 

porosity of the specimen becomes high then leads to higher thermal conductivity. Therefore, based on 
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the figure, the heat-insulating efficiency of a substance is inversely proportional to its density [16]. 

Some of the proportion was not mentioned in a handful of the studies of coconut coir content used in a 

specimen and had the lowest value of thermal conductivity of 0.054 W/mK.  

 

Figure 3: Thermal conductivity value against the bulk density 

Figure 4 shows the effect of the coconut coir content on thermal conductivity for different lengths 

and sizes of sand. There are only a few studies that focus on thermal with the size of sand. Based on 

[15] studies where it used two sizes of sand which is <0.71 mm and 0.855±0.14 mm with the different 

length coconut coir. The results show that the size of sand is directly proportional to the thermal 

conductivity of the specimen. Therefore, the thermal conductivity of the specimen that have <0.71 mm 

sand size is much lower than the thermal conductivity specimen that has 0.855±0.14 mm sand size. In 

fact, by using the fine sand size or aggregate, it can make the sand insert between a matrix of coir fiber 

then make it more distant on each other where it will create the voids inside the specimen. Therefore, 

tend the density and thermal conductivity to become lower 

 

 

Figure 4: Thermal conductivity value against the coconut coir content for different lengths and sizes of 

sand 

3.2 Thermal Resistance 

Figure 5 shows the effect of the density against the thermal resistance. The graph shown that the 

highest thermal resistance is 2.52 m2℃ / W where the densities are 65 kg/m3 and the lowest thermal 

resistance is 1.78 m2℃ / W with the densities 30 kg/m3. It can be observed that the higher the densities 

of the material, the higher the thermal resistance. The thermal resistance properties are inverse with the 
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thermal conductivity. A building component that have a higher thermal resistance will have good 

insulating effectiveness for the building [17].  

 

Figure 5: Thermal Resistance with the different densities 

3.3 Thermal Transmittance 

Figure 6 shows the thermal transmittance against the insulation material thickness [18]. used the 

coconut coir fiber with three different thicknesses of the material two different types of slab contain 

coconut coir which Concrete (CLS) and Cross Laminated Timber (CLT) with and without air gap (AG). 

It shows that the highest thermal transmittance is 0.21 W/m2K with 0.08m of the thickness of the CLS 

without air gap. The lowest thermal transmittance value is 0.12 W/m2K with a thickness 0.16 m of the 

CLT+AG. Based on the observation data, the slab which has the air gap has lower thermal transmittance 

than the slab that does not have an air gap. If the air gap is greater than 0.005 m, it can make the thermal 

transmittance of the thermal insulation layer increase up to 20% [19]. Therefore, there is an influence 

of the air gap on thermal transmittance. Also found that there is not much differences between the 

thickness of 0.12m and 0.16m. Conclude that the lower the U-value, the greatest the material holding 

up the heat in the building component.  

  

Figure 6: The Thermal transmittance against the thickness of the building materials 

4. Conclusion 

In the conclusion, the low thermal conductivity of the specimen can aid in preventing heat 

transmission into the building and as a result, it will save energy. Therefore, coconut coir has the 

potential to become an admixture in the building application. The result found that the coir content, 

length of coir, density, and size of sand can affect the thermal conductivity of the specimen. Good 
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building insulation will have a higher thermal resistance when the densities of the component is high. 

Meanwhile, good building insulation can be applied when thermal transmittance is low. 

Acknowledgment 

The authors would also like to thank the Faculty of Civil Engineering and Built Environment, 

Universiti Tun Hussein Onn Malaysia for its support. 

References 

[1] F. Asdrubali et al., “Experimental and numerical characterization of innovative cardboard based 

panels: Thermal and acoustic performance analysis and life cycle assessment,” Build. Environ., 

vol. 95, pp. 145–159, 2016. 

[2] F. Asdrubali, F. D’Alessandro, and S. Schiavoni, “A review of unconventional sustainable 

building insulation materials,” Sustain. Mater. Technol., vol. 4, no. 2015, pp. 1–17, 2015. 

[3] P. Lertwattanaruk and A. Suntijitto, “Properties of natural fiber cement materials containing 

coconut coir and oil palm fibers for residential building applications,” Constr. Build. Mater., 

vol. 94, pp. 664–669, 2015. 

[4] M. Ozel, “Cost analysis for optimum thicknesses and environmental impacts of different 

insulation materials,” Energy Build., vol. 49, pp. 552–559, 2012. 

[5] M. Mishra, R., Militky, J., & Venkataraman, “Nanoporous Material.” Mishra, R., Militky, J., & 

Venkataraman, M. (2019). 7 - Nanoporous materials. In R. Mishra & J. B. T.-N. in T. Militky 

(Eds.), The Textile Institute Book Series (pp. 311–353). Woodhead Publishing.  

[6] G. Baldinelli and F. Bianchi, “Windows thermal resistance: Infrared thermography aided 

comparative analysis among finite volumes simulations and experimental methods,” Appl. 

Energy, vol. 136, pp. 250–258, 2014. 

[7] S. Doran, “DETR Framework Project Report : Prepared for : Safety and Health Business Plan 

Field investigations of the thermal performance of construction elements as built Approved on 

behalf of BRE,” no. November 2000, p. 93, 2001. 

[8] F. Kuznik, D. David, K. Johannes, and J. J. Roux, “A review on phase change materials 

integrated in building walls,” Renew. Sustain. Energy Rev., vol. 15, no. 1, pp. 379–391, 2011. 

[9] H. Fujimoto, “High Thermal Insulation Technology Contributing to,” Q. Rev. No.33, no. Figure 

2, 2008. 

[10] L. Aditya et al., “A review on insulation materials for energy conservation in buildings,” Renew. 

Sustain. Energy Rev., vol. 73, no. February, pp. 1352–1365, 2017. 

[11] G. A. Florides, S. A. Tassou, S. A. Kalogirou, and L. C. Wrobel, “Measures used to lower 

building energy consumption and their cost effectiveness,” Appl. Energy, vol. 73, no. 3–4, pp. 

299–328, 2002. 

[12] M. H. Hamzah, R. Deraman, and N. S. M. Saman, “Investigating the effectiveness of using 

agricultural wastes from empty fruit bunch (EFB), coconut fibre (CF) and sugarcane baggasse 

(SB) to produce low thermal conductivity clay bricks,” AIP Conf. Proc., vol. 1901, 2017. 

[13] J. Mouthon-bello, E. Qui, L. Sierra-vitola, U. Berardi, and C. Bustillo-lecompte, “Potential use 

of coconut fibre modified mortars to enhance thermal comfort in low-income housing,” vol. 277, 

no. October 2020, 2021. 

[14] A. Wongsa, R. Kunthawatwong, S. Naenudon, and V. Sata, “Natural fiber reinforced high 

calcium fly ash geopolymer mortar,” Constr. Build. Mater., vol. 241, p. 118143, 2020. 

[15] J. Khedari, B. Suttisonk, N. Pratinthong, and J. Hirunlabh, “New lightweight composite 



Isa et al., Recent Trends in Civil Engineering and Built Environment Vol. 3 No. 1 (2022) p. 389-397 
 

397 
 

construction materials with low thermal conductivity,” Cem. Concr. Compos., vol. 23, no. 1, pp. 

65–70, 2001. 

[16] J. Salas, M. Alvarez, and J. Veras, “Lightweight insulating concretes with rice husk,” Int. J. 

Cem. Compos. Light. Concr., vol. 8, no. 3, pp. 171–180, 1986. 

[17] F. Akankali and H. Z. Alibaba, “Analysis on the Thermal Transmittance/ Conductance of 

Building Elements (Roof, Wall and Floor) Based on the Different Building Materials Used in 

Famagusta,” Int. J. Civ. Struct. Eng. Res., vol. 6, no. October, pp. 98–108, 2018. 

[18] K. Fabbri, L. Tronchin, and F. Barbieri, “Coconut fibre insulators: The hygrothermal behaviour 

in the case of green roofs,” Constr. Build. Mater., vol. 266, p. 121026, 2021. 

[19] J. Šadauskiene, A. Buska, A. Burlingis, R. Bliüdžius, and A. Gailius, “The effect of vertical air 

gaps to thermal transmittance of horizontal thermal insulating layer,” J. Civ. Eng. Manag., vol. 

15, no. 3, pp. 309–315, 2009. 

 


