
 
15: 3 (2025) 175-184 | https://journals.utm.my/index.php/aej | eISSN 2586–9159| DOI: https://DOI.org/10.11113/aej.V15.22272 

 
ASEAN Engineering 
Journal 

 
 Full Paper 

  

 

  

 

THERMAL CONDUCTIVITY OF LIGHTWEIGHT SOLID 
BRICKS MADE FROM WASTE MIXTURES AND ITS 
IMPACT ON BUILDING ENERGY EFFICIENCY 

Sangkertadi Sangkertadia*, Pierre H Gosala, Ellen J Kumaatb, Alicia A E Sinsuwc 
 
aDepartment of Architecture, Faculty of Engineering, Sam Ratulangi University, 
Manado, Indonesia.  
bDepartment of Civil Engineering, Faculty of Engineering, Sam Ratulangi 
University, Manado, Indonesia.  
cDepartment of Electrical Engineering, Faculty of Engineering, Sam Ratulangi 
University, Manado, Indonesia. 
 

Article history 
Received  

07 March 2024 
Received in revised form  

13 October 2024 
Accepted  

14 July 2025 
Published online  

31 August 2025 
 

*Corresponding author 
sangkertadi@unsrat.ac.id 

 

 

Graphical abstract 
 

 
 

 
 

Abstract 
 
This study investigates the thermal conductivity of lightweight solid bricks 
made from waste mixtures and evaluates their impact on building energy 
efficiency. The waste materials used in the brick mixtures include plastic, 
paper, rice husks, wood shavings, and coconut fibers, with cement and sand 
as primary components. Seven variations of these mixtures were analyzed, 
and thermal conductivity measurements were conducted using a Quick 
Thermal Conductivity Meter, supplemented by theoretical calculations based 
on the general heat transfer equation. The study also applied the Overall 
Thermal Transfer Value (OTTV) method to assess the bricks' contribution to 
energy efficiency, incorporating them into cube-shaped and office building 
models. The results reveal that the thermal conductivity of the bricks ranges 
from 0.48 to 0.82 W/m°C, with porosity values between 12% and 26%. 
Compared to conventional bricks, those incorporating waste materials 
demonstrate a modest improvement in energy efficiency, reducing the OTTV 
by 5% to 13% in cube-shaped models and by 0.2% to 0.69% in office buildings. 
These findings suggest that while the bricks made from waste mixtures 
provide some benefits in terms of energy efficiency, further optimization of 
the material composition is necessary to achieve more substantial 
improvements.  
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1.0  INTRODUCTION 
 
The urgent need to address global warming and its associated 
environmental challenges has driven global efforts toward 
sustainable development. One widely accepted strategy in this 
endeavor is adopting sustainable development models, which 
emphasize environmentally friendly practices across various 
sectors. This approach is often conceptualized under green 
development, a framework that harmonizes economic growth 
with environmental preservation. Green development spans 
multiple sectors, including green industry, green 

transportation, green buildings, and the green economy, each 
contributing to a comprehensive strategy for reducing 
environmental impact and promoting sustainability. In the 
construction industry, green buildings have gained prominence 
as part of the broader green development initiative. Green 
buildings are designed to minimize resource consumption and 
reduce the environmental footprint associated with 
construction and operation. They achieve this by incorporating 
sustainable materials, utilizing renewable energy, optimizing 
water use, and reducing waste. Given its significant impact on 
energy consumption and resource depletion, the construction 
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sector's contribution to sustainable development is critical. 
Integrating green materials and energy-efficient building 
designs is essential for achieving long-term sustainability goals. 
Several recent authors have highlighted that green building 
focuses on the creation of environmentally friendly and 
sustainable resources by optimizing the use of energy, 
materials, water, and land, while also minimizing waste [2,7,12, 
26, 32,33, 48]. 

A key component of green building design is the building 
envelope, consisting of transparent elements (e.g., windows 
and skylights) and opaque elements (e.g., walls, roofs, and 
floors). In tropical climates, the building envelope is particularly 
crucial in mitigating the effects of excessive solar heat gain. 
Reducing the amount of heat entering the building directly 
influences the energy required for air conditioning and cooling. 
Therefore, improving the thermal performance of the building 
envelope can significantly enhance a building's energy 
efficiency, contributing to lower energy consumption and 
reduced carbon emissions  [1,14,19]. One of the primary 
focuses of this study is the use of lightweight concrete bricks 
made from waste materials, which can serve as an energy-
efficient solution for building envelopes in tropical climates. 
Traditional bricks, such as red fired bricks, have been widely 
used in construction but come with certain environmental 
drawbacks, such as high carbon emissions during the firing 
process and the depletion of natural resources like clay. 
Additionally, red fired bricks tend to have lower thermal 
conductivity compared to newer materials, which can 
contribute to increased indoor temperatures in warm climates, 
thus raising the energy demands for air conditioning.  

In contrast, lightweight concrete bricks made from a 
mixture of cement, sand, and various waste materials offer a 
potential solution to these challenges. By incorporating waste 
materials such as plastic, paper, rice husks, wood shavings, and 
coconut fibers, these bricks reduce the need for raw materials 
and address the growing problem of urban waste 
accumulation. Utilizing waste materials in brick production is 
aligned with the principles of green development, contributing 
to waste reduction and environmental sustainability 
improvement. Moreover, the inclusion of these materials has 
the potential to alter the thermal properties of the bricks, 
improving their capacity to resist heat transfer and thus 
enhancing the overall energy efficiency of the buildings in 
which they are used.. In developing countries like Indonesia, 
lightweight concrete bricks are often produced by small-scale 
enterprises or household businesses. These traditional 
production methods, while cost-effective, may not always meet 
the desired standards for strength and thermal performance. 
Typically, lightweight bricks produced in this way have a density 
below 1800 kg/m³ [44] and a compressive strength of around 
27 kg/cm² [4], which can result in higher thermal conductivity 
than red-fired bricks. This increased thermal conductivity can 
lead to higher indoor temperatures, exacerbating energy 
demands in tropical climates. Given these challenges, there is a 
clear need for research into the thermal properties of bricks 
made from various organic and inorganic waste materials to 
better understand their potential for improving energy 
efficiency in green buildings.  

This study focuses on the thermal conductivity of 
lightweight concrete bricks made from waste mixtures [30]. 
and their impact on buildings' overall Thermal Transfer Value 
(OTTV). The OTTV is a widely recognized performance metric 

used to evaluate the energy efficiency of a building envelope by 
measuring the average heat gain transmitted into a building [6, 
8, 24, 49]. In tropical climates, where solar heat gain is 
particularly high, controlling the OTTV is essential for reducing 
energy consumption related to air conditioning [16,46]. 
According to Indonesia's national standards for energy-efficient 
buildings, the OTTV should not exceed 35 W/m² to ensure 
optimal energy performance. Other tropical countries, such as 
Singapore, Malaysia, and the Philippines, also adhere to similar 
OTTV standards in their efforts to promote energy-efficient 
building designs.. Currently, red fired bricks are frequently 
being replaced by lightweight concrete bricks. However, this 
substitution poses challenges, as lightweight concrete bricks 
made from sand and cement exhibit higher thermal 
conductivity than red fired bricks, leading to increased energy 
consumption for air conditioning. In practice, both fired and 
lightweight concrete bricks can be produced by incorporating 
organic and inorganic wastes and cement, clay, sand, and other 
materials. This raises important questions about the thermal 
properties of these alternative materials. Bricks made from a 
combination of organic and inorganic waste must possess 
specific thermal properties to support green building 
objectives. These properties include low thermal conductivity 
and the ability to resist heat transfer from the outside to the 
inside. Therefore, the materials' thermal conductivity, density, 
and specific heat capacity are critical in reducing heat 
flow.Inorganic waste, such as plastics, does not naturally 
decompose in the environment. Therefore, additional 
processing is required to prevent environmental pollution, 
aligning with the principles of sustainable development  [18, 
20, 22]. Incorporating inorganic waste into building material 
mixtures is an effective way to reduce urban waste 
accumulation [5, 9, 11, 21]. 

A study by Ramos et al. [38] demonstrated that eco-
friendly clay (fired) bricks made with organic waste improve 
thermal insulation, reduce bulk density, and increase porosity. 
However, few authors have focused on the thermal properties 
of lightweight or unfired bricks made from waste mixtures [45] 
, as most studies primarily explore the strength properties of 
bricks incorporating waste materials  [3,16,37,43,47]. 

[6, 8, 24, 49] The main objectives of this study are to (1) 
investigate the thermal properties of lightweight concrete 
bricks made from different compositions of organic and 
inorganic waste materials, and (2) assess their impact on 
building energy efficiency using the OTTV method. By doing so, 
we aim to contribute to the development of sustainable 
building materials that can reduce the energy demands of 
buildings in tropical climates. The results of this study will 
provide valuable insights into the potential for waste-
composite bricks to serve as an environmentally friendly, 
energy-efficient alternative to conventional building materials, 
thereby supporting the broader goals of green development 
and sustainable construction.The novelty of this study lies in 
the combination of organic and inorganic waste materials in 
brick production and the comprehensive analysis of their 
thermal properties. While many studies have focused on the 
strength and structural properties of bricks made from waste 
materials, few have examined their thermal behavior, 
particularly in the context of lightweight concrete bricks. The 
use of waste materials such as plastic and coconut fibers, which 
are difficult to decompose and contribute to environmental 
pollution, presents an innovative solution for both waste 
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management and energy-efficient construction. By analyzing 
the thermal conductivity of these waste-composite bricks, this 
study aims to determine their effectiveness in reducing heat 
transfer and improving the energy efficiency of buildings. 

 
 

2.0  METHODOLOGY 
 
The flowchart illustrates the research process as shown in 
Figure 1. It begins with the preparation of making light concrete 
bricks using a waste mixture, followed by the mixing and 
molding of the bricks. Subsequently, the process involves 
measurements, calculations, and analysis. 
 

 
Figure 1 Flowchart of the research 

 
An experiment was conducted at the Architecture 

Engineering Laboratory in the Faculty of Engineering at Sam 
Ratulangi University to test the thermal properties of 
lightweight concrete bricks' with mixed organic and inorganic 
waste. The wastes include paper, rice husk, plastics, sawn 
wood/ shaving wood and coconut fiber (Figure 2). A quick 
thermal conductivity meter (QTM-710 by KEM) and balance 
were used to measure the thermal conductivity and density of 
the bricks.  

The rice husk waste should be crushed, pounded, or cut 
into pieces using a crusher or cutter. Similarly, paper waste, 
plastic waste, and sawn wood/ wood shavings waste undergo 
the same treatment process. The coconut coir is retained in the 
form of coco-fiber with a length ranging from approximately 5 
to 10 cm.  

The aggregates were blended according to the 
composition outlined in Table 1. The mixing and sample-making 
process consists of two types: traditional manual method and 
using machines. In the traditional method, the samples are 
molded into the size of (10 x 20 x 40) cm3, similar to bricks 
produced by household or small-scale industries. The other 
type involves mixing using a concrete mixer machine, then 
molded into cubes with dimensions of (15 x 15 x 15) cm3. All 
samples are left to harden for 22 days before measurements 
are taken.   

The Indonesian Ministry of Public Works standard specifies that 
the mixture for bricks meeting strength criteria consists of 75 % 
sand, 20 % cement, and 5% water [15]. The study by Prasetyo 
(2005) [35], which experimented with a light concrete brick 
mixture having a cement-to-sand ratio of 1:12, or 
approximately 8% cement, indicates that its strength still meets 
the Indonesian standards for use as a non-load-bearing wall. 
This study created a composition with only 15 % cement, 60 % 
to 30 % sand, and the remaining portion were waste materials 
(Table 1).  
 

Table 1  Sample Code and Composition of Raw Materials 

 

Raw 

materials 

Composition of Aggregate of the samples (in %) 

A1 A2 A3 A4 A5 A6 A7 

Sand 60 55 50 45 40 35 30 

Cement 15 15 15 15 15 15 15 

Coconut Coir 5 10 15 20 25 30 35 

Rice husk 5 5 5 5 5 5 5 

Paper 5 5 5 5 5 5 5 

sawn wood 

waste 
5 5 5 5 5 5 5 

Plastic 5 5 5 5 5 5 5 

Total 100 100 100 100 100 100 100 

 
 
The percentage of sand is varied from 60% in sample A1 to 

30% in sample A7, while the percentage of coconut coir 
increases from 5% in A1 to 35% in A7. This progressive variation 
in both materials is designed to investigate their effects on 
thermal conductivity and the insulation properties of the bricks. 
The reduction in sand, which generally has higher thermal 
conductivity, and the corresponding increase in coconut coir, 
known for its insulating properties, are expected to enhance 
the thermal performance of the bricks.  

The thermal conductivity of the samples were obtained 
through both measurements and calculations. Subsequently, a 
comparison were made between the calculated and measured 
results. The measurements of the samples were conducted 
using the Quick Thermal Conductivity Meter (QTM-710) device, 
where 5 points were measured for each lightweight brick 
sample, and the final result is obtained by averaging (Figure 3).  

The thermal conductivity measurements were extend to the 
aggregate materials, including wastes, cement, and sand. This 
was done to gather input data necessary for estimating the 
thermal conductivity of bricks that incorporate mixed waste 
materials with various compositions. This comprehensive 
approach ensures a thorough understanding of how the 
different components contribute to the overall thermal 
conductivity of the bricks. 
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Figure 2 The raw materials, mixing process, and the samples produced 
 
 

 
Figure 3 Testing process 

 
The estimation of the thermal conductivity of the bricks was 
conducted through analogical approaches, considering the 
thermal conductance of a multilayer or composite brick. In this 
analogy, the layers represent the raw materials (Figure 4). The 
thermal conductance of a multilayer brick can be then 
calculated. As the thermal conductivity of each raw material is 
known from measurements, the thermal resistance can be 
estimated by introducing an equivalent thickness for each layer 
(as per Eq.1) based on the percentage of raw material in the 
composition (refer to Table 2). The thickness values for each 
component can then be determined using a simple equation. as 
follows: 

                     
(Eq.1) 

 
Where d is the thickness of each component of the raw 
material, L is the thickness of the brick (10 cm), and C is the 
percentage of the composition of the raw material in the brick 
(Table 1). The value of d of each raw material is shown in Table 
2. 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Analogical resistance of a solid mixture as a multilayer of 
composite brick 
 
Estimation of the thermal conductivity of a composite brick can 
be conducted by general analogical equation as follows [36]: 
 

                              (Eq.2) 

 
                                         (Eq.3)  
 
                                                                                       (Eq.4) 

 
Where kn is each raw material's thermal conductivity, rn is the 
thermal resistance of the raw material, and d is its thickness of 
each layer of the raw material.  
 
The results of the calculations using the theoretical approach 
were then compared to the measurement results. Differences 
will be present, and this is normal because there is a possibility 
of the influence of factors such as porosity or air bubbles within 
the brick, due to the fabrication process, resulting in imperfect 
compaction. Calculations have also been performed in the 
same manner to determine the percentage of porosity or the 
presence of air pores in the bricks, namely by assuming the 
existence of an air layer in the electrical analogy equation. 

In the next stage, calculations were carried out to 
determine the Overall Thermal Transfer Value (OTTV) for a 
building model, aiming to assess the contribution of this brick 
to the energy efficiency of building. The OTTV formula is as 
follows: [24, 28, 49,50].  
 

                     (Eq.5) 
 

Where α is the thermal absorption coefficient of the wall 
surface, WWR is the Window Wall Ratio, UW is the thermal 
conductance of the opaque wall, TDeq is the temperature 
difference between outdoor and indoor for the opaque wall 
system (according to the National Standard of Indonesia SNI-
6389:2020, the value of TDeq depends on the weight 
characteristic of the wall), Uf is the thermal conductance of the 
glass/transparent window, ΔT is the temperature difference 
between outdoor and indoor for the glass window system 
(according to the National Standard of Indonesia SNI-
6389:2020, the value of ΔT is set 5°C), SC is the Shading 
Coefficient of the fenêtre system, and SF is the Solar Factor on 
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the façade. In this case, the Solar Factor magnitude refers to 
the SF of Manado City, Indonesia, where its value is specified in 
the SNI-6389:2020. 

In order to determine the extent of the influence of bricks 
on the energy efficiency of a building, it is necessary to create 
scenarios for calculation of OTTV, with two cases. The first case 
involves a cubic structure, with all walls made of brick from 
waste, measuring (15x15x24)m3. The second case is a building 
designed for office use (Figure 5). A comparison was made 
between the OTTV in the case of buildings using original bricks 
versus bricks incorporating waste materials. In this study, 
simulations were also conducted to determine the temperature 
changes on the surface of the indoor walls. HEAT2 software 
was utilized for these simulations. The purpose of these 
simulations is to ascertain the extent of temperature 
differences on the surface of walls between those constructed 
with original bricks and those incorporating waste materials. 
 
 

 

  

 
 

Figure 5 Model of office building 
 
 
 
 

3.0  RESULTS  
 
The thermal conductivity measurements demonstrate a 
relatively consistent decline for samples A1 to A7 (Figure 6). 
This downward trend is visible across both types of samples, 
whether produced using traditional methods or with a concrete 
mixer machine. For sample A1, the thermal conductivity 
measured for traditionally mixed bricks reached 0.75 W/m°C, 
while sample A7 showed a reduction to 0.48 W/m°C (Figure 6). 
This decline correlates with the increasing coconut fiber 
content, ranging from 5% in A1 to 35% in A7. 

Initial thermal conductivity measurements were also 
conducted for the individual aggregate materials, including 
waste materials, cement, and sand. These measurements serve 
as input for the thermal conductivity calculations using an 
electrical analogy method. The results reveal that the thermal 
conductivity values of the organic waste materials vary 
between 0.063 and 0.075 W/m°C (Table 2), with these values 
being relatively close to one another. 

Following the thermal conductivity measurements for all 
raw materials, the thickness of each material layer was 
determined based on the heat transfer analogy (Figure 4) and 
applying equations 2 to 4. The total brick thickness was fixed at 
10 cm, and the thickness of each layer was calculated according 
to the percentage of each material within the mixture, 
excluding the air layer (Table 4). Initially, thermal conductivity 
calculations were conducted without considering porosity, 
implying the absence of an air layer in the electrical analogy 
calculations (Figure 7 and Figure 8). The calculations performed 
under this assumption resulted in significant deviations from 
the measured values, as shown in Figure 7 and Figure 8. 
 

 
 
Figure 6 Measurement results of thermal conductivity of the samples 
 
 

Table 2 Thermal Conductivity of the raw materials by measurement 
 

Material W/m0C 

Sand 0.152 

Cement (Hard) 1.114 

Coconut fiber waste 0.063 

Rice husks waste 0.061 

Paper waste 0.075 

Thin sawn wood waste 0.064 

Plastic portion sheet waste 0.071 
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Table 3 Thermal Conductivity by measurement and by calculation 
(calculation without considering porosity) in W/m0C) 

 

Sample 
Code 

By Measurement By Calculation 

Brikcs by using 
Concrete Mixer 

Machine 

Brikcs by 
using 

Traditional 
Manner 

without 
considering 

porosity 

A1 0.75 0.82 1.28 

A2 0.71 0.73 1.21 

A3 0.64 0.70 1.14 

A4 0.56 0.66 1.09 

A5 0.55 0.64 1.03 

A6 0.53 0.63 0.99 

A7 0.48 0.59 0.94 
 
 
The results of the thermal conductivity calculation simulation 

of bricks, considering porosity, show consistency with 
measurement results (Figures 7,8, and Table 3). In this 
calculation, porosity is considered a layer of air with a certain 
percentage or thickness. According to the analogy calculation 
model (Figure 4), within this resistance system, there is a layer 
of air with a certain thickness. It is known that the thermal 
conductivity of air is 0.026 W/m°C [34]. Through simulation 
methods by applying percentage of air composition (equivalent 
to the thickness of the composition layer), it is possible to 
obtain thermal conductivity value that are the same or very 
close to the measurement results. The presentation of air 
porosity is not the same for every type of sample (Table 5). 
Therefore, the percentage of air composition is expressed as 
porosity. 

 
 

Table 4 Values of dn without considering Air Layer 
 

Raw 
Material 

d (thickness equivalent) in m 

A1 A2 A3 A4 A5 A6 A7 

Sand 0.060 0.055 0.050 0.045 0.040 0.035 0.030 

Cement 0.015 0.015 0.015 0.015 0.015 0.015 0.015 

Coconut 
Coir 

0.005 0.010 0.015 0.020 0.025 0.030 0.035 

Rice 
husk 

0.005 0.005 0.005 0.005 0.005 0.005 0.005 

Paper 0.005 0.005 0.005 0.005 0.005 0.005 0.005 

sawn 
wood 

0.005 0.005 0.005 0.005 0.005 0.005 0.005 

Plastic 0.005 0.005 0.005 0.005 0.005 0.005 0.005 

Total 
thick 

0.100 0.100 0.100 0.100 0.100 0.100 0.100 

 
 
 

 
 
Figure 7. Comparison of thermal conductivities by calculation and 

measurement for case of bricks made by traditional method 
 
 
 
 
 
 
 
 
 

Figure 7 Calculation and measurement for case of bricks made by 
traditional method 

 
 
 
 
 
 
 
 

 
Figure 8. Comparison of thermal conductivities by calculation and  

 
 
 

Figure 8 Calculation and measurement for case of bricks made by 
concrete mixer machine 

 
Table 5 Percentage of air layer (as porosity) of The Samples 

 

Sample 
Code 

Percentage of Air layer of the Bricks 

By Traditional 
Method 

By Concrete Mixer 
Machine 

A1 14% 12% 

A2 15% 14% 

A3 18% 14% 

A4 22% 16% 

A5 22% 15% 

A6 23% 15% 

A7 26% 17% 

 
In order to evaluate the impact of this waste composite brick 

on the energy efficiency of the building, it is necessary to 
calculate the Overall Thermal Transfer Value (OTTV) by 
applying this waste composite traditional brick as the building 
envelope. In this calculation it was used bricks made by cincrete 
mixer machine. For case of a box shape building of size 
(15x15x24)m3 and by applying the Solar Factor for the location 
of Manado city, Indonesia, the OTTV obtained were between 
11.11 to 10.32 W/m2 (Table 6. and Figure 9). For case of an 
office building mode, it was obtained OTTV between 61.1 to 
60.68 W/m2(Table 7 and Figure 10). 
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Table 6 OTTV for a box shape model 
 

Brick Type Code k brick 
(W/m0C) 

OTTV 
(W/m2) 

% 
Efficiency 

Original 
Lighweight 
Solid Brick 

0 1.06 11.65 0% 

Lighweight 
Solid Brick 
with waste 

mixture 

A1 0.75 11.11 5% 

A2 0.71 11.02 6% 

A3 0.64 10.84 8% 

A4 0.56 10.61 10% 

A5 0.55 10.57 10% 

A6 0.53 10.51 11% 

A7 0.48 10.32 13% 

 
Table 7 OTTV for an office type model 

 

Brick Type Code k brick 
(W/mK) 

OTTV 
(W/m2) % Efficiency 

Original 
Lighweight 
Solid Brick 

0 1.06 61.1 0% 

Lighweight 
Solid Brick 
with waste 

mixture 

A1 0.75 60.98 0.20% 

A2 0.71 60.94 0.26% 

A3 0.64 60.88 0.36% 

A4 0.56 60.79 0.51% 

A5 0.55 60.77 0.54% 

A6 0.53 60.75 0.58% 

A7 0.48 60.68 0.69% 

 

 
Figure 9 Decrease of OTTV value by different brick type of a cubic shape 
model 
 

 
Figure 10 Decrease of OTTV value by different brick type of an office 
building type. 

It is also necessary to determine the ability of these waste 
composite brick walls to block or conduct heat, which affects 
the surface temperature changes of the walls. HEAT2 software 
was used for this purpose. On the outer side of the vertical 
walls, it is assumed that there is an inclined penetration of solar 
radiation, resulting in a radiation temperature of 35°C touching 
the outdoor side of the wall. Meanwhile, inside the room, it is 
assumed that there is air temperature penetration from the air 
conditioning system at 25 °C. If the conditions are steady, in the 
case of original brick walls, the indoor surface temperature 
reaches 29.95 °C, while if using traditional bricks incorporating 
waste materials sample number A7 made by concrete machine, 
the temperature is 28.48 °C (Figure 11). 

 
 

  
 

Figure 11 Visualization of temperature changes of wall section using 
original bricks (left), and bricks made by waste mixture (right) 

 
 

4.0  DISCUSSION  
 

The measurement results of the samples (Figure 6) show a clear 
and consistent reduction in thermal conductivity as the 
percentage of coconut coir in the brick mixtures increases. As 
an organic waste material, Coconut coir appears to significantly 
contribute to the reduction in thermal conductivity. As the coir 
content increases from 5% (sample A1) to 35% (sample A7), 
thermal conductivity decreases from 0.75 W/m°C to 0.48 
W/m°C. This result indicates that coconut coir enhances the 
thermal insulation properties of the bricks by introducing more 
air pockets and reducing the density of the material. These air 
pockets act as barriers to heat transfer, making the bricks more 
effective at insulating against external heat. In comparison, 
materials like rubber and plastic, when used in similar mixtures, 
also contribute to lowering thermal conductivity, with values 
reported below 0.3 W/m°C [19]. For traditional red-fired bricks 
made from clay, thermal conductivity typically ranges around 
0.3 W/m°C [31]. The results of this study place the coconut coir 
mixture bricks closer to these lower values, reinforcing the 
effectiveness of organic waste materials as thermal insulators. 
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The study's findings indicate that the proportion of coconut coir 
is more significant in reducing thermal conductivity than the 
mixing method (manual or machine). While samples produced 
using a concrete mixer tend to have higher thermal 
conductivity than those mixed manually, this difference is likely 
due to variations in material density. Machine-mixed samples 
are denser, as the uniform mixing process reduces porosity. In 
contrast, the manual mixing process can introduce more air 
pockets, resulting in lower thermal conductivity due to 
increased porosity. However, the primary factor influencing 
thermal performance remains the composition of the material, 
particularly the volume of coconut coir in the mixture. A 
comparison with the thermal conductivity values from other 
studies supports the findings of this research. For example, the 
thermal conductivity of coconut coir in this study is 0.063 
W/m°C, which aligns with the reference value of 0.048 W/m°C 
[39]. Similarly, rice husks and paper waste also exhibit low 
thermal conductivity values, making them effective insulating 
materials. The measured thermal conductivity for plastic waste 
(0.071 W/m°C) falls within the range reported in other studies, 
which cite values between 0.068 and 0.128 W/m°C [27]. 

Porosity, or air bubbles within the bricks, is critical in 
determining thermal conductivity. Calculations show that 
porosity values range from 14% to 26% for traditionally mixed 
bricks and 12% to 17% for machine-mixed bricks (Table 5). The 
higher porosity in traditionally mixed bricks explains their lower 
thermal conductivity, as air acts as an insulating layer. With its 
fibrous structure, Coconut coir likely contributes to this 
increased porosity by trapping air during the mixing process. 
This effect is consistent with findings from Kristiawan [51], who 
reported that adding coconut husk to lightweight concrete 
bricks increased their water absorption rate, further supporting 
the idea that coconut fibers increase porosity. The porosity 
values in this study were determined using a heat transfer-
based approach rather than the more common water 
absorption method used by other researchers. By assuming 
that the porosity contains air with a specific thermal 
conductivity value, we could calculate the influence of air on 
the overall thermal performance of the bricks. This approach 
highlights the importance of air as a thermal insulator, though 
excessive porosity could reduce the compressive strength of 
the bricks. 

The OTTV calculations show that bricks containing 
coconut coir offer modest improvements in energy efficiency. 
The OTTV was reduced by 5% to 13% for a cube-shaped 
building model, while for an office building model, the 
reduction ranged from 0.2% to 0.69% (Tables 6 and 7). These 
reductions in OTTV suggest that the waste-composite bricks 
effectively reduce heat transfer, particularly in simpler building 
designs with fewer windows. Finally, the heat conduction 
simulations using HEAT2 demonstrated a small but meaningful 
decrease in indoor wall temperature when using bricks with a 
35% coconut coir mixture (sample A7). The inner wall 
temperature was 28.45°C for the waste-composite bricks, 
compared to 29.95°C for traditional bricks, indicating a 1.5°C 
reduction. While this temperature difference may seem 
modest, it reflects coconut coir's contribution to improving the 
bricks' thermal insulation properties. 

This study demonstrates that increasing the percentage 
of coconut coir in lightweight concrete bricks significantly 
reduces thermal conductivity, making these bricks more 
effective as insulating materials. The findings suggest that 

coconut coir, as an organic waste material, is a valuable 
component for enhancing the thermal performance of bricks, 
particularly in tropical climates where reducing heat gain is 
essential for energy-efficient building design. Future research 
could further explore optimizing the mix proportions to achieve 
improved thermal performance and sufficient structural 
integrity. 

 
 

5.0  CONCLUSION 
 
This paper reveals the opportunity to use organic and inorganic 
waste as a mixture for ligh-weight solid bricks. This way can 
reduce household and office life and industrial waste deposits. 
The results of testing bricks with waste mixture show that the 
quality of its thermal conductivity, is also still reliable as a wall 
material that can block heat from outside into the room.  
Through this research, a comparison has been made between 
measurements and predictive calculations of thermal 
conductivity using electrical analogy, revealing slight 
differences in the results. Consequently, thermal conductivity 
predictions for bricks with waste can be calculated, but 
accurate data on the thermal properties of each type of waste 
material used in the mixture are required. 
The porosity factor in this study is determined using the 
thermal conduction equation, assuming that the porosity 
contains air with a specific conductivity that influences the 
conductivity value of the composite material containing that 
air. 

There is not much energy efficiency expected from this 
study's waste and cement composition. In order to achieve 
greater energy efficiency, it is necessary to create bricks with a 
higher proportion of heat-insulating waste mixtures and 
increase porosity or air bubbles. 
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