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In the quest for sustainable construction solutions, this study explores the thermal insulation potential 
of sawdust as an eco-friendly material for building applications in hot-arid climates, with a focus 
on Iraq. The research evaluates the thermal behavior of sawdust when mixed with clay and glue, 
forming two different composite insulation materials. Laboratory experiments were conducted to 
measure thermal conductivity, with results compared against traditional insulators like Styrofoam. 
The sawdust-clay composite (20% sawdust + 80% clay) demonstrated a significantly lower thermal 
conductivity of 0.44 W/m K, outperforming the sawdust-glue mixture, which recorded 2.2 W/m K at 
its optimal ratio (80% sawdust + 20% glue). Experimental setups using three test rooms insulated with 
Styrofoam, sawdust-clay, and sawdust-glue materials were installed on the rooftop of a building in 
Kirkuk, Iraq, to assess energy efficiency under real climatic conditions. Over 22 days of testing under 
varying weather conditions (cloudy, rainy, and sunny), the sawdust-clay insulated room reduced 
power consumption by up to 37% compared to the uninsulated baseline. The sawdust-clay material 
maintained consistent insulation performance with negligible change in thermal conductivity, while 
the sawdust-glue composite exhibited a 63% increase in conductivity after prolonged exposure to 
fluctuating temperatures. These findings suggest that the sawdust-clay mixture is a viable, low-cost 
alternative for sustainable building insulation, contributing to energy savings and environmental 
preservation. This innovative approach addresses the dual challenge of managing wood waste and 
reducing the energy footprint of buildings in hot-arid regions. Future research could expand on the 
long-term durability and scalability of sawdust-based insulation in diverse climate zones.
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Effective air conditioners use 70–80% of total energy usage in hot-arid climatic zones; thus, lowering dependence 
on them will have a significant influence on energy consumption. Because of the fast construction of new 
structures, especially in emerging nations like Iraq, increased energy demand is estimated to be more significant, 
while adopting energy-saving technology is often overlooked1–5. Heat transfer occurs due to temperature 
differences, causing heat to move to or from a specific body. The greater the temperature difference, the more 
heat is transferred. This transfer can occur through conduction in solids, convection in fluids, or radiation at high 
temperatures. The amount of heat transferred can be reduced by placing barriers in the heat flow path. These 
barriers are known as heat-insulating materials, defined as materials or groups of materials with low thermal 
conductivity, used to prevent heat flow to and from a specific body6. Construction insulation is a fundamental 
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and effective energy-saving technology applicable in domestic, residential, and industrial settings7–9. It reduces 
heat transmission to the environment, helping to maintain desired temperatures indoors10,11. In Iraq, insulation 
is crucial for minimizing high heating and cooling costs during summer and winter12,13. Wood serves as a natural 
heat insulator due to its low thermal conductivity, aided by air pockets and pores in its cellulose structure. 
Additionally, wood waste, including sawdust—a by-product of cutting wood—can be effectively utilized across 
various industries, providing a sustainable resource for insulation14. Sawdust has been used in construction 
for many years; it is lightweight and easy to carry, and each tree from which sawdust is produced has different 
chemical and physical properties15. Every city has factories and wood shops; thus, huge amounts of sawdust 
are produced daily. These are usually thrown away, burned, or buried16,17. Burning sawdust can harm the 
environment by releasing gases that contribute to global warming. Additionally, when accumulated, sawdust 
creates a polluting burden, further impacting ecological health18. When dumped into rivers and streams, they 
cause water pollution and harm aquatic organisms. They can also be carried and transported by air currents to 
cover the soil surface and thus cause harm to plants19,20. Climate change challenges can be mitigated by using 
building materials that incorporate wood components like sawdust. For over forty years, concrete containing 
sawdust has been utilized in construction. Additionally, sawdust is employed in brick structures, as well as in 
floors and walls21,22. Concrete, of which sawdust is the main component, has been used in building structures 
for more than forty years. Sawdust is also used in brick structures, floors, and walls23. For instance, wood-
cement composite panels, lightweight concrete blocks, sustainable pavements, and precast concrete elements. 
Each material exhibits varying thermal insulation capacities based on its thermal conductivity coefficient. 
Building materials with a thermal conductivity of less than 0.07 W/K are classified as thermal insulating 
materials24. When comparing wood to other building materials, it has been observed that wood has a lower 
thermal conductivity, especially those with lower density and lower moisture levels25. Numerous studies have 
explored the potential of using wood and wood industry residues, such as sawdust, as thermal insulators. These 
materials help reduce heat transfer to and from buildings, thereby decreasing energy consumption within them. 
Three building materials were prepared by mixing sawdust, cement, and sand in different ratios: 1:1:1, 2:1:1, 
and 3:1:1. The 1:1:3 mixture had a lower thermal conductivity than the rest of the ratios because it contained a 
higher proportion of sawdust26. Chen Ding et al.27 developed a high-performance fireproof insulation mortar, 
highlighting the benefits of incorporating silica fume. Notably, the mortar with 10% silica fume shows a 28.30% 
reduction in mass loss and a 14.73% increase in compressive strength after high-temperature exposure. The ideal 
raw material ratio for the mortar is cement: (1) aggregate: 1.67, water: (2) dispersible emulsion powder: 0.045, 
fly ash: 0.15, diabase rock powder: 0.225, AOS foaming agent: 0.035, gelatin: 0.02, and silica fume: 0.138. Chen 
Ding et al.28 examine basalt fiber as an additive to enhance foam thermal insulation mortar, addressing its low 
bond strength. Results show that 1.5% basalt fiber optimally improves crack resistance, bond strength, and fire 
resistance, reducing mass loss by 11.1% and increasing compressive strength by 9.71% after high temperatures. 
Additionally, this new formulation is cost-effective, lowering production costs by up to 38.96% compared to 
existing materials while also offering a shorter economic recovery period, thereby supporting environmental 
sustainability and economic viability.

Hesham et al.29 have shown that it is possible to improve the sound and thermal insulation properties of 
concrete by adding sawdust to it, provided that it is protected from damage caused by moisture and water 
by appropriate treatment. Ibrahim et al.30 examined the use of non-zeolite rocks and sawdust to produce 
environmentally friendly bricks. By applying uniaxial dry pressure and firing temperatures of 950–1250 
°C for three hours, they prepared samples. The results indicated that incorporating 8% sawdust into zeolite-
poor rocks reduced the density from 1.6 to 1.45 g/cm3, increased porosity from 31 to 37.37%, and decreased 
compressive strength from 14.5 to 6.7 MPa. The study confirmed the feasibility of using zeolite-poor rocks 
combined with sawdust as sustainable building materials. Eboziegbe and Mizi Fan31 use sawdust, waste paper, 
and conventional gypsum to make the Wood-Crete material. The findings revealed that lightweight sustainable 
bricks with densities ranging from 356 to 713 kg/m3 and compressive resistance varying from 0.06 to 0.80 MPa 
can be created with acceptable insulation and other essential qualities for housebuilding. Sara Pava and Rosanne 
Walker32 investigated improvements in the thermal performance of historic buildings to enhance energy 
efficiency. Their study examined materials such as thermal paint, aerogel, cork and hemp lime, calcium silicate 
board, wood fiberboard, and PIR board. The U-value of a brick wall with lime plaster (approximately 840 mm) 
was measured at 1.32 W/m2 K. While thermal paint showed no effect, all other interior insulation materials 
reduced the U-value of the wall by 34% to 61%. Morales-Conde et al.33 examined blended wood shavings and 
sawdust from wood waste in various ratios to assess material properties. Findings indicated that increased wood 
waste lowered both density and Shore C hardness. Additionally, higher proportions of wood waste significantly 
reduced heat conductivity, with a more pronounced effect in compounds containing wood shavings compared 
to those with sawdust. Specifically, a 40% increase in wood waste led to a 61% reduction in flexural strength for 
sawdust samples (S40) and a 65% reduction for wood shavings samples (WS40). Clement Lacoste et al.34 use 
sodium alginate as a glue binder for biocomposites made from wood and fabric waste. For different wood/textile 
waste ratios, several aldehyde-based crosslinking agents (glyoxal, glutaraldehyde) were examined. The results 
show that for an average density of 308–333 kg/m3, the biocomposite is insulating with a thermal conductivity of 
0.078–0.089 W/m K. Wisal Ahmed et al.35 examined sawdust as a sand substitute, using conventional NWC with 
sawdust contents of 0, 5, 10, and 15% and LWC with sawdust contents of 0% and 10% of the total dry volume of 
sand. The results of the tests revealed that increasing the proportion of sawdust reduced volumetric shrinkage 
and concrete density while increasing water absorption. An energy study of a single-room model constructed 
with sawdust formulations indicated a significant reduction in HVAC energy consumption and CO2 emissions. 
In a related experiment, Cetiner and Shea36 examined bio-based natural fiber products made from wood waste, 
including hemp, cork, cotton, and wood fiber. The results revealed that the thermal conductivity values of wood 
debris with varying thicknesses ranged from 0.048 to 0.055 W/m K. These values are slightly higher than those of 
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commonly used conventional insulation materials. Si Zou et al.37 analyzed the material’s thermal and mechanical 
capabilities, water resistance, and microstructure; three primary factors were evaluated to establish the material’s 
appropriate percentage. Wetting water to biomass mass ratio (WW/B ratio), H2O2 to adhesive mass ratio (H/A 
ratio), and biomass to adhesive mass ratio (B/A ratio) were the three variables studied. With heat conductivity of 
0.112 to 0.125 W/m K and compression strength of 0.76 to 0.71 MPa, the composite materials with WW/B ratios 
of 1 to 2, H/A ratios of 0.012 to 0.015, and B/A ratios of 0.12 were found to be the best. The research by Charai 
et al.38 and Pei et al.39 explores the potential of sawdust-based materials in sustainable construction. In “Thermal 
performance and characterization of a sawdust-clay composite material,” Charai and colleagues investigate the 
thermal properties and structural characteristics of a sawdust-clay composite, demonstrating its low thermal 
conductivity and favorable mechanical properties, making it a promising eco-friendly insulation solution for 
energy-demanding regions. Meanwhile, Pei et al., in "Preparation and characterization of ultra-lightweight 
ceramsite using non-expanded clay and waste sawdust", focus on developing an ultra-lightweight ceramsite 
from non-expanded clay and waste sawdust. Their study details the preparation process and characterizes the 
resulting material, which exhibits excellent lightweight properties and adequate strength, positioning it as a 
viable construction material. Together, these studies highlight the significance of repurposing waste materials 
like sawdust to create sustainable building solutions that enhance energy efficiency and promote environmentally 
friendly practices.

In reviewing the existing literature, several limitations become evident. Many studies on the use of wood chips 
and clay primarily focus on mechanical properties, often overlooking critical factors such as thermal performance 
and environmental impact. Additionally, there is significant variability in the types and proportions of binders 
and additives used, which leads to inconsistent results and makes it challenging to draw general conclusions. 
Furthermore, a lack of long-term performance data limits our understanding of the durability of wood chip-clay 
mixtures under varying environmental conditions. Most notably, there is a scarcity of field studies that evaluate 
the practical applications of these materials in real-world construction settings. Investigating standardized 
material compositions could establish a more consistent framework for future studies. Additionally, conducting 
long-term durability studies will provide valuable insights into the performance of these mixtures over time. 
Finally, implementing pilot projects that utilize wood chip-clay mixtures in actual construction could help assess 
their practicality and effectiveness in real-world applications. However, existing research mainly focuses on its 
mechanical properties in concrete mixes or eco-friendly bricks, leaving a gap in understanding its potential as a 
thermal insulator for exterior walls. This study aims to explore the thermal behavior of sawdust when mixed with 
clay and glue, seeking to develop a low-cost, sustainable insulation material that can reduce construction costs 
and enhance energy efficiency. This study aims at sustainable construction and energy-efficient building design:

	1.	 It focuses on two innovative formulations: sawdust mixed with clay and sawdust mixed with glue. By explor-
ing various ratios of these mixtures, the research identifies optimal compositions that significantly reduce 
thermal conductivity, providing an eco-friendly alternative to conventional insulators like Styrofoam.

	2.	 Evaluates the thermal performance of these sawdust composites under real-world conditions, using experi-
mental setups that simulate the hot-arid climate of Iraq.

	3.	 Reduce energy consumption in buildings, lower construction costs, and support the adoption of green build-
ing technologies, particularly in rapidly urbanizing regions facing extreme climatic conditions.

Experimental methods
Preparation and test samples
Figures 1 and 2 show a photographic view of the steps of manufacturing two samples of insulation materials 
(A and B). Sample (A) is sawdust and glue bricks with different proportions (80% sawdust + 20% glue) and 
(60% sawdust + 40% glue) (see Fig. 1). Sample (B) is sawdust and clay bricks with different proportions (20% 
sawdust + 80% clay) and (40% sawdust + 60% clay). Water was used as a main auxiliary material to form the two 
samples (clay bricks), as shown in Fig. 2. The dimensions of the two samples are 10 cm in length, 10 cm in width, 
and 2 cm in thickness.

Fig. 1.  Sample A.
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After (3–6) days, the two samples were left to dry, and the thermal conductivity tests of the samples were 
carried out in the Mechanical Testing and Thermal Analysis Laboratory at the Technical Institute of Kirkuk, 
Iraq, as shown in Fig. 3. The results of the laboratory test for both samples are shown in Table 1. To know the 
thermal behavior of the proposed samples, the thermal conductivity values of the two samples were compared 
with other values for some traditional insulation materials. As shown in Table 2. From this table, it is noted that 

No Properties Thermal conductivity (W/m K)

1 Air 0.028

2 Paper 0.05

3 Glass wool 0.04

4 Cork 0.045

5 Polystyrene 0.04038

Table 2.  The thermal conductivity of some materials42.

 

Samples Mixing proportions Thermal conductivity (W/m K)

Sample A
80% sawdust + 20% glue 2.2

60% sawdust + 40% glue 2.7

Sample B
20% sawdust + 80% clay 0.44

40% sawdust + 60% clay 0.54

Table 1.  Thermal conductivity values for the two test samples.

 

Fig. 3.  Thermal conductivity measuring device.

 

Fig. 2.  Sample B.
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the thermal conductivity coefficient of the proposed chips is close to that of traditional thermal insulators such as 
cork and Styrofoam, which are considered among the most important and famous thermal insulation materials. 
Styrofoam is a brand of closed-cell extruded polystyrene foam (XPS), commonly called blue board, which is 
manufactured as an insulating board for buildings, walls, roofs, and foundations as a thermal insulator. Due to 
the strong atomic bonds, Styrofoam is a very stable material, and because of this stability, the plastic resists acids, 
bases, and water40,41. Therefore, it may cause a problem for human and animal life on land and at sea. Unlike 
sawdust, which has many useful uses.

Test room models
The experimental work was installed on the rooftop of the laboratory of the Department of Refrigeration and 
Air-Conditioning Technology Engineering, Northern Technical University. This work was carried out at the 
selected weather conditions and operating factors of Kirkuk, Iraq, Latitude 35.19°N, Longitude 44.31°E, during 
January 2021, during 8 h from 09:00 a.m. to 5:00 p.m. The station has been directed in the south direction. A 
220V electric lamp with electric power (100 watts) was installed inside the test room to be a source of heat 
energy. To ensure that the heat transfers in one direction from the light bulb to the southern wall, therefore, the 
other sides (eastern, western, the northern walls, floor, and roof) were covered with a composite layer of thermal 
insulation, which consists of the MDF board with 1.8 cm thick and the MDF board with 0.4 cm thick, and 
between them there is a layer of air 2 cm thick. The sixth southern wall (wall under study) consists of a plate of 
aluminum (0.09 cm thick), on whose outer surface different thermal insulators are installed, as shown in Fig. 4.

To study the thermal behavior of the thermal insulation materials (traditional and proposed), they have been 
installed on the south wall and tested under different weather conditions. The experimental station consisted of 
three test rooms with dimensions of (50 cm length, 50 cm width, and 50 cm height), in addition to a measurement 
and control system. In the first room (R1), the thermal insulation material was from the foam type (Styrofoam); 
in the second room (R2), the thermal insulation material was from the type (20% sawdust + 80% clay); and in the 
third room (R3), the thermal insulation material was from the type (80% sawdust + 20% glue), as shown in Fig. 5.

Compressive strength test
A 2000 kN ALFA tester was used to test the compressive strength, as shown in Fig. 6. tests were conducted at 
different ages of 7, 14, and 28 days, and three cubes were tested for each age.

Measurement and control system
A measurement and control circuit is designed to control the operation of the heat source inside the test room 
to determine the amount of heat loss across the south wall of each room, as shown in Fig. 7. The control system 
consists of a temperature control board with a microelectronic NTC high-precision thermostat and temperature 
sensor. The control board is fed by 12 V. Its main function is to adjust the temperature inside the room by 
installing a thermocouple with a metal bulb at the top of the room at a height of 45 cm. When the temperature 
inside the room reaches the required degree (such as 32◦C), the control board sends a signal to open the 
electrical circuit feeding the heat lamp (turn off), and vice versa when the temperature drops below 32 °C (turn 
on the heat lamp). To calculate the average hourly energy consumed inside the test room (heating load), a Digital 
Watt Meter Power Energy kWh Meter with CT Coil has been used. The CT Coil is used to measure the amount 
of current supplied to the heat lamp. All components of the control circuit were placed inside a plastic box (PVC) 
with dimensions (1.5 × 1.5 × 7 cm) as shown in Fig. 7.

A digital K-type thermocouple thermometer 4-channel was used to measure the temperatures at different 
points in the test room. Thermocouples have been calibrated according to specifications and for a temperature 
range between 0 and 100 °C.

Fig. 4.  The test room.
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Governing equation
The south wall was analyzed using the exact solve method to calculate the overall heat transfer coefficient 
(U), the amount of heat loss across it, and estimate the amount of energy required to be provided inside the 
conditioned space.

Heat transfer through the composite wall
One of the most fundamental foundations on which any air conditioning system is designed is the thermal 
characteristics of the building structure. The heat energy is transferred from the inside building to the outside in 

Fig. 6.  Compression tester device.

 

Fig. 5.  Experimental station.
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the winter and vice versa in the summer in two ways: the first is across the building structure to the ambient air, 
and the second is by the infiltration of air through cracks and openings around doors and windows. Therefore, 
to reduce the rate of heat transfer through the structure, we must improve the thermal properties of the structure 
and reduce air leakage through cracks and openings across doors and windows. The French scientist J.B. Fourier 
was the first to develop heat transfer by conducting in one direction, as shown in the following equation:

	
dQ

dθ
= −KA

dt

dx
� (1)

where 
(

dQ
dθ

)
 represents the rate of heat transfer per unit time, (A) the surface area of the section through which 

the heat transfer in units (m2), (dt) the temperature difference in units (◦C), (dx) the length of the path through 
the material through which the heat transfer in units (m), and (K) the coefficient of thermal conductivity in the 
unit 

(
W
m k

)
.

The rate of heat transfer is inversely proportional to the thickness of the material, and if the temperature 
changes with time, therefore, the heat transfer is called an unsteady state, but if the temperature doesn’t change 
with time, the heat transfer is called a steady state, and the quantity (dQ/do) becomes constant and denoted by 
(q) and in units (watt). As for the negative sign in Eq. (2), it means that the temperature moves from the higher 
temperature side to the lower temperature side. So the equation becomes as follows:

	
q = −K

A

x
(t1 − t2)� (2)

To calculate the heat transfer through the composite walls, it used the principle of thermal resistance (R); 
therefore, Eq. (2) can be rearranged as follows:

	
q = (t1 − t2)

x/KA
= 1

R
(t1 − t2)� (3)

where (R) is the thermal resistance in units of (K/W).
In the case of a composite wall (a construction wall consisting of several materials), where the heat flows in a 

stable state at a constant rate through the adjacent parts of the wall, there is also an additional resistance resulting 
from a thin layer of air (the air adjacent to the wall from the inside and outside), which tries adhesion to the 
wall and impedes the transfer of heat, and the thickness of this layer depends on the conditions of heat transfer 
by convection and whether it is natural or forced and the shape, roughness, and inclination of the surface. The 
heat transfer coefficient across the thin film layer is indicated by the letter (f), its units (W/m2 k), and its thermal 
resistance.

	
Rf = 1

f
� (4)

Fig. 7.  Measurement and control system: 1—Transformer AC 220V to DC 12V; 2—1. Temperature control 
board; 3—Digital Watt Meter Power energy; 4—CT Coil; 5—Thermocouple; 6—The heat lamp; and 7—PVC 
box.
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It is customary when calculating the heating load that a general value is given for the internal coefficient of heat 
transfer by convection (fi) considering the velocity of interior air is zero (static), and two values are given for the 
external coefficient of heat transfer by convection (fo) depending on the wind velocity and the season (summer 
or winter) as follows43:

Air with zero velocity fi = 9.37 W/m2 k

Winter-winds at 24 km/h fo = 34.1 W/m2 k

Summer-winds at 24 km/h fo = 22.7 W/m2 k
 

A general equation for the thermal resistance of any composite wall can be written as follows:

	
Rt = 1

fi
+ x1

k1
+ x2

k2
+ · · · + xn

kn
+ 1

fo
� (5)

The reciprocal of the total thermal resistance is known as the overall heat transfer coefficient (W/m2 k) as follows:

	
U = 1

Rt
� (6)

Therefore, the rate of heat loss across the composite structure of the building can be calculated as follows:

	 q = U.A. (ti − to)� (7)

Results and discussion
Compression test results
Sawdust is classified as a type of natural fiber. It is known that the use of this type of fiber causes an increase in the 
amount of voids and gaps in the sample structure, which leads to a decrease in compressive resistance. Sawdust 
is considered a weak type of raw material, and therefore increasing the amount of this mixture means a decrease 
in the sample’s resistance to pressure and thus an increase in the degree of deformation that occurs in the tested 
models. Also, the use of sawdust in the sample increases the mixture’s need for water, which means an increase in 
the ratio of water to clay and thus a decrease in compressive resistance. Table 3 shows the technical specifications 
of the compression testing device. Therefore, many studies have aimed to improve the properties of clay bricks 
using wood industry waste. The most important concern of researchers is the compressive strength of sawdust 
samples with clay bricks. Moatasem et al.38 concluded that the optimum strength of clay brick samples with 
sawdust is 3.3 N/mm2 with a mixing ratio of 15% sawdust and 85% clay. From Fig. 8, it can be seen that there is a 
negative effect of increasing the percentage of sawdust in the clay chips; as the amount of sawdust in the sample 
increases, its compressive strength decreases, and vice versa. This behavior is constant for the three test ages. It is 
also seen from this figure that the pure clay sample (without any additives) has the highest compressive strength 
for all test ages, followed by the sample with the mixing ratio (20% sawdust + 80% clay), and the lowest is the 
sample with the mixing ratio (40% sawdust + 60% clay).

Thermal behavior of test chips
The current work included verifying the effectiveness of three different types of thermal insulation materials 
for three models of design rooms (R1, R2, & R3) at the same operating conditions. The numerical solution 
assumed that the design conditions in the winter of Kirkuk City/Iraq included the inside temperature of the 
conditioned space (test rooms) being 25 °C and the ambient air temperature being −2 °C. Figure 9 shows that 
the use of thermal insulation (sawdust + clay) for R2 was close in terms of resistance to the transfer of heat 
to traditional thermal insulation materials such as Styrofoam, which in turn plays an effective role in saving 
power consumption inside the conditioned space. It is clear from Fig. 10 that the use of the proposed thermal 
material (sawdust + clay) has significantly contributed to reducing power consumption under different weather 
conditions by reducing the heat energy loss across the test wall. Also, in the numerical solution, the rate of 
thermal energy transmitted through a southern wall of the design rooms was calculated, considering that the 
heat loss through the other constructional areas of the room, such as the other walls, ceiling, and floor, was small 
in comparison with the southern wall. The amount of heat loss because of infiltration of the air through the 
cracks and installation holes around the doors and windows was not taken into consideration due to the lack of 
doors and windows in the design room.

Capacity 2000 KN Piston stroke 50 mm

Upper cylinder dimensions (A) ∅ = 300 mm
Horizontal clearance (C) 330 mm

Maximum vertical clearance (D) 345 mm

Upper cylinder dimensions (A) ∅ = 300 mm F 185 mm

B 50 mm Height (H) 890 mm

Table 3.  Technical specifications of the compression test device;
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Fig. 9.  Overall heat transfer coefficient for the three test rooms.

 

Fig. 8.  Compression strength rate of mixing models.
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To simulate the process of heating in buildings in the experimental part, therefore, was conducted during 
January 2021, which is considered one of the coldest months of the year in Iraq, where temperatures range 
between −2 and 15 °C. The study included two stages:

In the first stage, a preliminary test was conducted on the proposed design of a room without adding a 
thermal insulation material on the southern wall (a wall of pure aluminum sheet) to evaluate the performance 
and the possibility of modification in the proposed design. The second stage included studying the thermal 
behavior and the amount of energy consumed by the three test rooms under the same operating conditions.

The tests were conducted in varying climatic conditions (cloudy on 02 January 2021, rainy on 10 January 
2021, and sunny on 19 January 2021), and the number of tests was 16. The hourly data were recorded for 
each parameter (such as electric current, energy consumed, the temperature inside the test room, ambient air 
temperature, and the temperatures of the inner and outside surfaces of the test wall). All experiments began at 
9:00 am and continued for several hours and several days to determine the ability of each thermal insulation 
material to store or lose thermal energy, as well as the ability to withstand all different weather conditions.

To estimate the average energy consumption, the heat lamp was turned on continuously inside each test 
room (from 9:00 am to 5:00 pm). Figure 11 shows the hourly change of the ambient air temperature and the 
temperature of the inside test rooms (R1, R2, R3) for three different typical days (A) cloudy (02 January), (B) 
rainy (10 January), and (C) sunny (19 January of 2021), respectively. Looking at Fig.  11, it is clear that the 
lowest level of the internal temperature was recorded for the test R3 (sawdust + glue), which was recorded for 
the test R3 (sawdust + glue), which was recorded for the cloudy day at about 5.95 °C in the morning, 23.25 °C 
in the afternoon, and 21.24 °C in the evening; for the rainy day, about 6.55 °C in the morning, 25.58 °C in the 
afternoons, and 23.36 °C in the evening; as for the sunny test day, it was recorded about 7.14 °C in the morning, 
27.90 °C in the afternoon, and 25.49 °C in the evening. The highest level of inside temperature was recorded 
in the R1 (Styrofoam), and it was recorded for the cloudy day at about 7.30 °C in the morning, 34.9 °C in the 
afternoon, and 31.4 °C in the evening. For the rainy day, it was about 8.03 °C in the morning, 38.39 °C in the 
afternoon, and 34.54 °C in the evening; as for the sunny test day, it recorded 8.76 °C in the morning, 41.88 °C 
in the afternoon, and 37.68 °C in the evening. As for the test R2, the internal temperatures for the cloudy day 
ranged between 6.57 °C in the morning, 27.87 °C in the afternoon, and 25.15 °C in the evening; for the rainy 
day, between 7.22 °C in the morning, 30.65 °C in the afternoon, and 27.66 °C in the evening; and for the sunny 
test day, it was recorded about 7.88 °C in the morning, 33.44 °C in the afternoon, and 30.18 °C in the evening.

Thus, if the control circuit of the heat is turned on from 9:00 am to 5:00 pm and set at a temperature of 25 °C 
(the comfort conditions in an air-conditioned space), therefore, the rate of operation of the heat source (heat 
lamp) and the average electrical energy consumed inside the three test rooms (R1, R2, and R3) for the cloudy, 
rainy, and sunny test days as shown in Table 4. From this table, it can be seen that the insulation material in 
R2 showed good compatibility with the traditional insulation material in R1, in terms of thermal insulation in 
various environmental conditions.

Fig. 10.  Power consumption for the three test rooms.
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In the case of turning off the heat source control circuit, the average electrical power consumed inside the 
three test rooms (R1, R2, and R3) for the cloudy, rainy, and sunny days recorded the same behavior in the case of 
turning on the control circuit, as shown in Fig. 12. It is clear from this figure that the thermal insulation material 
in the second test room gave good compatibility in terms of power consumption over 9 continuous working 
hours (9:00 am-5:00 pm). Also, it was observed that the material (sawdust + clay) maintained its low value of 
thermal conductivity after being exposed to different climatic conditions (sunny, cloudy, rainy) for about 22 days, 

Fig. 11.  Hourly change of ambient air temperature and temperatures inside test rooms for three typical days 
02, 10, 19 January 2021.
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which reached about 0.62 W/m K, while a clear change was observed in the value of the thermal conductivity of 
the material (sawdust wood + glue), which reached about 3.64 W/m K. Whereas, the thermal conductivity value 
of traditional cork (Styrofoam) has not changed despite its exposure to varying climatic changes.

Conclusion and future research directions
The current study effectively examined the thermal insulation potential of sawdust-based materials, specifically 
sawdust-clay and sawdust-glue composites, as sustainable insulation solutions for buildings in hot-arid climates. 
Laboratory and real-world tests revealed that sawdust-clay insulation (20% sawdust and 80% clay) achieved a 
significantly lower thermal conductivity of 0.44 W/m K and maintained its insulation capacity over 22 days, 
rivaling traditional Styrofoam and reducing energy consumption in test rooms by up to 37%. This research 
highlights the importance of sawdust-based insulation in sustainable construction, particularly in areas with 
high cooling energy demands. By utilizing sawdust, a by-product of the wood industry that often contributes 
to environmental pollution when disposed of improperly, the study addresses waste management issues while 
promoting energy conservation. The sawdust-clay composite’s low thermal conductivity, structural stability, 
and cost-effectiveness make it a viable alternative to conventional insulation materials, especially for low-
cost housing in regions with limited access to expensive options. The comparative testing of sawdust-clay and 
sawdust-glue composites revealed significant differences in performance and durability. The sawdust-glue 
composite (80% sawdust and 20% glue) exhibited reasonable thermal conductivity initially but deteriorated 
over time, with a 63% increase in conductivity after exposure to temperature fluctuations. This indicates that 
while glue-based binders may be suitable for certain applications, clay offers greater resilience, making it more 
suitable for insulating materials in extreme weather conditions. These findings can inform material selection 
for developers, particularly in hot climates like Iraq, where effective insulation can lead to substantial energy 

Fig. 11.  (continued)

Weather Parameter R1 R2 R3

Cloudy
Working time, hr 1 1.10 1.20

Power consumed, kWh 0.108 0.117 0.129

Rainy
Working time, hr 1.20 1.50 2.30

Power consumed, kWh 0.133 0.163 0.256

Sunny
Working time, hr 3.40 6.30 9

Power consumed, kWh 0.391 0.706 1.036

Table 4.  The working time of the heat source and power consumed of each test room;
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and cost savings. With air conditioning consuming up to 70–80% of total energy in such regions, effective 
insulation like sawdust-clay can significantly reduce cooling demands, lower utility bills, and minimize carbon 
footprints. Future research should focus on the long-term durability of sawdust-based composites under varying 
conditions, explore alternative natural binders for improved environmental compatibility, and assess moisture 
and fire resistance with specific additives. Additionally, economic analyses on the scalability and lifecycle costs 
of sawdust insulation could evaluate its financial viability compared to conventional materials, while testing in 
diverse climates could determine the broader applicability of the observed energy-saving benefits.

Fig. 12.  Hourly change of power consumed inside test rooms for three typical days 02, 10, 19 January 2021.
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The datasets used and/or analyzed during the current study available from the corresponding author on reason-
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