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A B S T R A C T   

The construction industry is vital for economic development, but it accounts for 40% of energy 
consumption and 45% of global greenhouse gas emissions. In this context, research has focused 
on reducing energy demand in homes, particularly through the development of insulation ma
terials. Sawdust is a byproduct available annually in Chile in quantities exceeding 4.5 million 
tons. Therefore, the objective of this study was to characterize the physical and thermal properties 
of this waste to evaluate its use as a thermal insulation material. Stability and thermal conduc
tivity tests, as well as density and moisture content measurements, were conducted on the 
sawdust. Additionally, to assess the functionality of this thermal insulator, the material was 
applied using the blowing technique in partitions, followed by physical tests. The results indicate 
that the proposed insulation material has thermal stability up to 270 ◦C. The thermal conductivity 
was comparable to conventional mineral wool and fiberglass (0.042–0.048 [W/mK]). The density 
ranged from 123.77 to 198.15 [kg/m3] depending on the filling time of the specimens but 
remained low compared to other organic materials. The moisture content was 11.31%, suitable 
for maintaining good thermal conductivity. This study concludes that sawdust is a viable alter
native for thermal insulation, especially when applied through blowing. Its stability and thermal 
conductivity are comparable to conventional materials, while its thermal inertia is 200% higher 
than that of glass wool. Furthermore, the low moisture content suggests that there would be no 
proliferation of pathogens, making it a promising thermal insulator for sustainable construction 
development. Finally, it is mentioned that the material carbonizes within a limited time, leading 
to self-extinguishment of the flame.   

1. Introduction 

The construction industry plays an essential role in the economic development of any country [1] accounting for approximately 
40% of energy consumption [2], 25% of waste generation [3] and 45% of global greenhouse gas emissions [4]. For this reason, various 
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research approaches have been proposed in this industry aimed at reducing energy demand during the operational phase of buildings 
[5]. In this regard, it has been demonstrated that thermal insulation materials play a crucial role in reducing energy losses in building 
components, where thermal conductivity being one of the fundamental properties to achieve this goal [6,7]. This property primarily 
depends on material density, moisture content, application method, and chemical composition [8,9]. In the same context, there has 
been a suggestion that thermal inertia can lower the energy consumption of air conditioning in buildings, particularly for cooling 
needs. This positive outcome is attained by utilizing materials with high density and high specific heat [10]. 

Currently, the thermal insulation market is dominated by synthetic products and other materials that require significant energy and 
processing for their manufacturing [11]. An environmentally friendly low-impact alternative is thermal insulation biomaterials; 
however, these biologically sourced alternatives still account for less than 5% of the market share [12]. Thus, it remains a pending 
challenge to advance sustainable development in the construction industry. One readily available biological raw material for 
manufacturing thermal insulation materials comes from the wood industry’s waste products [13]. 

In Chile, the timber industry generates approximately 4.5 million tons of waste annually, with production concentrated in the 
central-southern regions of the country, specifically between the Maule and La Araucanía regions [14]. Furthermore, with the growing 
adoption of modern construction techniques such as industrialization, modular construction, and digital fabrication, there is a foreseen 
rise in construction sector waste generation [15,16]. This can be attributed to the processing and cutting of wood boards to produce 
building components and elements. In this context, due to the presence of cellulose, hemicellulose, and lignin, the waste has found 
multiple applications and uses, such as energy generation [17], biopolymer development [18], pellets [19], thermal insulation bio
materials [20,21], among others. 

In regard to advances in the development of thermal insulation materials from wood waste, Jamal Eldin et al., in 2022 developed a 
vitreous foam by combining zeolite-poor rock and sawdust using alkaline activation and reactive sintering techniques, achieving 
thermal conductivity results ranging from 0.058 to 0.178 [W/mK] for a density close to 300 [kg/m3]. They notably increased the 
material’s porosity by incorporating sawdust [22]. In the same vein, Schirtt et al., in 2021 used sawdust to reduce the density of a 
thermal insulation material made from fungi, controlling their colonization, and obtaining thermal conductivity values close to 0.052 
[W/mK] at a density of 200 [kg/m3], highlighting the contribution of wood waste [12]. Li & Huang in 2022 prepared a thermal 
insulation material from pine sawdust powder, which was cold pressed to obtain a homogeneous and solid mixture. The average 
thermal conductivity value obtained was 0.062 [W/mK], and the contribution of the internal pores generated between the sawdust 
particles is highlighted. These interstitial spaces create air gaps, directly improving its thermal insulation capacity [20,23]. In this 
context, the blowing method emerges as a good alternative for applying material inside walls or construction elements, maintaining 
homogeneity and increasing the internal porosity of the materials [9]. In previous work, processed (crushed) wheat straw was blown 
into wood panels, achieving an average thermal conductivity value of 0.034 [W/mK] at a density close to 80 [kg/m3], maximizing the 
amount of trapped air between the material particles [24]. 

This process of search and development of solutions to enhance energy efficiency and reduce resource consumption has led to the 
investigation and development of thermal insulation materials with energy storage capabilities. These materials not only act as barriers 
to prevent heat transfer but also can retain and release thermal energy in a controlled manner [25]. One of the key technologies in this 
field is phase change materials (PCM), which can absorb and release large amounts of energy during fusion or solidification processes 
[26]. Additionally, composite materials combining thermal insulation properties with heat storage capabilities are gaining attention in 
various applications, from building construction to manufacturing industries [27]. This convergence between thermal insulation and 
energy storage not only promises to enhance energy efficiency but also to provide more sustainable and resilient solutions to the 
challenges of climate change and resource scarcity. In this context, wood waste has various applications in thermal insulation and 
energy storage, as it can be converted into insulation panels, used in composite materials to provide thermal and heat storage 
properties, or transformed into biomass pellets for heating [19,28]. 

However, the thermal insulation market still lacks a biomass-based material that is easy to prepare and offers high thermal per
formance [20]. Furthermore, there is no evidence in the literature of the use of wood waste applied through mechanical techniques 
without the use of additives or materials that optimize its thermal performance (such as binders, phase change materials, or organics). 
For this reason, the objective of this study was to characterize the sawdust both physically and thermally from the cutting of structural 
plywood sheets to evaluate its use as a thermal insulation material in walls. It is worth noting that the application of the material in the 
test prototypes was done using the blowing technique, analyzing the contribution this technique makes compared to traditional 
methods of application for lignocellulosic materials. This work aligns with and contributes to Sustainable Development Goal (SDG) 13 
set forth by the United Nations General Assembly. 

2. Materials and methods 

2.1. Materials 

The material analyzed in this research is a byproduct stored in two hoppers, which is generated from cutting structural plywood 
sheets on a computer numerical control (CNC) router machine. It’s worth mentioning that the sheets were being cut to produce wall 
and floor modules for a modular housing project based on the wikihouse system, and at the time of collecting the material, it was in the 
facilities of the Sustainable Construction 4.0 Laboratory at the University of La Frontera. 

2.2. Waste generation 

To estimate the generation of waste, it was considered the cutting path of the CNC over 6 structural plywood sheets, specifically 4 
sheets for the construction of a floor unit and 2 sheets for a wall unit. We measured the linear meters that the router would travel on 
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each sheet, then collected the waste and weighed it. This way, we related the linear distance in meters to the mass in kilograms, so the 
’waste production yield’ will be expressed in kg/m. In this case, the data presented in this study are from a CNC router with dimensions 
of 1.3 × 2.5 [m] (X, Y axis travel). The CNC has an operating range of 100–400 Hz, and the spindle speed ranges from 6000 to 24,000 
revolutions per minute. 

2.3. Material application and sample preparation 

The blowing tests were conducted using a MINIFANT M99 machine, which has a hopper with a capacity of 200 L. Its maximum 
blowing capacity is 440 [m3/h], and it has a power of 3.6 [kW]. The machine features a control panel that allows you to turn on the 
machine, control the two levels of blowing power, and adjust the percentage of blowing power. 

The test specimens used for applying the material using the blowing technique were made of pine wood with a plywood cover. 
These specimens had a central hole through which the nozzle of the hose was inserted to blow the material. The dimensions of the test 
specimen were 60 × 42 × 9 cm, simulating the void created by two studs and two headers of a full-scale wood wall. 

2.4. Physical characterization 

2.4.1. Thermal stability 
The thermal stability of the waste was determined using thermogravimetric analysis (TGA), and the instrument used was the Perkin 

Elmer STA 6000 model. This equipment operates in a temperature range from 15 ◦C to 1000 ◦C with a heating rate of 0.1–100 ◦C/min, 
while nitrogen gas (N2) was adjusted to 40 ml/min. The sample mass was 20.388 [mg], and the temperature program used was as 
follows: heating from 25 ◦C to 120 ◦C at a rate of 50 ◦C/min, held at 120 ◦C for 3 min, then heated from 120 ◦C to 950 ◦C at a rate of 
100 ◦C/min. Cooling from 950 ◦C to 450 ◦C at a rate of 100 ◦C/min, followed by a gas switch to oxygen at a flow rate of 40 ml/min, and 
then heating from 450 ◦C to 800 ◦C at 100 ◦C/min. Finally, a constant temperature of 800 ◦C was maintained for 3 min. 

2.4.2. Moisture 
To determine the moisture content of the waste, the BOECO BMA H50 moisture analyzer was used. This device operates with a 

halogen light heating module and has a reading accuracy of 0.001%. In this study, 3 measurements were taken for independent 
samples with masses of 1.0, 1.2, and 1.4 g. 

2.4.3. Thermal conductivity 
The thermal conductivity of each sample was determined using the transient line source method with the KD2Pro device manu

factured by Decagon Devices. The KD2Pro is a handheld device used to measure thermal properties and consists of a handheld 
controller and sensors that can be inserted into the medium to be measured. This equipment measures at 1-s intervals during a 90-s 
heating and cooling cycle. The KD2 complies with the specifications of IEEE 442–1981 and ASTM D5334 standards [29,30]. To 
determine the conductivity of the sample, measurements were taken at 4 different points on each sample (4 samples analyzed) to 
obtain an average with its standard deviation. Additionally, each sample had the same volume but different mass. 

2.4.4. Density 
The density was determined manually by relating the volume of the test specimens (as described earlier) to the mass of material that 

was blown into each of the four repetitions performed. It is important to note that the mass was expressed in kilograms, while the 
volume was expressed in cubic meters, so the density results are expressed in kg/m3. 

2.4.5. Thermal inertia 
The thermal inertia of the material was calculated using the online tool Ubakus. The Ubakus tool is based on calculation procedures 

established in DIN 4108 and DIN EN ISO 6946 standards to assess the thermal behaviors of building systems. DIN 4108 sets re
quirements for thermal and energy protection in buildings, while DIN EN ISO 6946 provides guidelines for evaluating thermal 
resistance and thermal conductivity of building components. Additionally, Ubakus incorporates infinite element methods to calculate 
the thermal resistance and thermal transmittance of building components. By integrating the principles and descriptions of both 
standards, Ubakus offers a robust and reliable tool for assessing and improving the thermal performance of building systems [31]. This 
tool has been previously used in the literature, either to calculate thermal properties [32] or to compute and analyze the thermal 
transmittance in facades with different construction alternatives [33]. In Ubakus for the calculation of thermal capacity, the tem
perature profile within the structure is calculated for two different internal temperatures that differ by 1 ◦C, each for the static case 
(t→∞). Using these two curves, the average temperature change, dT, is calculated for each individual layer, and from this, the amount 
of heat deposited in the layer is calculated using Equation (1). 

dQ= dT • density • specific heat capacity • thickness (1) 

The properties used to determine the influence of material properties on the thermal inertia of the building element were time lag, 
decrement factor, thermal capacity of inner layers, and heat storage capacity of the entire component. To do this, a simulation of the 
temperature profile within the construction component was carried out over 24 h (plus a transient period of 72 h) at 10-min intervals. 
For this simulation, an external air temperature that periodically fluctuates sinusoidally between 15 and 35 ◦C is assumed. The result of 
the simulation is the temporal temperature profile on the internal and external surfaces of the building component. 

The time lag is the temporal delay of the temperature wave, which is the time in hours between the maximum temperature on the 
external and internal surfaces. 

The decrement factor is the ratio between the amplitude of the temperature profile on the external and internal surfaces, describing 
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how much the temperature varies between the two surfaces of the building component. 
In the calculation of the heat storage capacity of the inner layers, only the change in room air temperature is considered, deter

mining how much heat the component absorbs when the internal temperature increases by 1 ◦C while the external temperature re
mains constant. The building element used to assess the influence of the developed material on thermal inertia is a component of the 
Skylark 250 system, a block wall-M version 0.1 (Fig. 1). 

Two cases were conducted for comparison. The first case considers the core of the element insulated with a conventional material, 
glass wool. In the second case, the same thickness is considered with the material developed based on sawdust. The properties of the 
materials used for these analyses are listed in Table 1, including values obtained from Ubakus and measurements conducted in the 
laboratory. 
2.4.5.1. Fire behavior. To determine the fire behavior of the waste, a drip analysis adapted from the UNE 23-725-90 standard was 
conducted [34]. The sawdust sample was placed in a container, following the procedure below: a direct flame was applied to the center 
of the sample (contained in the container) for a period of 3 s, using a portable torch that reaches a temperature of 1200 ◦C. The flame 
was then removed to measure the ignition time and subsequent extinguishment. The procedure extended for a total time of 2 min, and 
all ignition and extinguishment times were recorded [9]. 

3. Results and discussion 

3.1. Waste generation 

Fig. 2 shows the drawing or path that the CNC followed when cutting the plywood sheets to generate the floor and wall modules 
mentioned earlier. The total travel distance for the machine for these cuts was 185.58 [m] in an approximate time of 40 min per sheet. 
The generated waste amounted to 15.51 [kg], resulting in an average waste generation rate of 0.084 [kg/m], or equivalently, 83.57 g 
for every meter of linear cutting. 

Table 2 represents the construction of a small prototype house with an area of 15 [m2]. It indicates the quantity of blocks required 
for its construction, the sawdust production for each of the modules, and the total amount of waste generated by each element. 

In total, approximately 204 kg of sawdust are generated. This mass could be insufflated into any of the building elements of a house, 
but based on the forthcoming results, it may be suggested that the material be applied to the building’s roof. This is primarily because a 
much smaller surface area needs to be covered (compared to the walls), at just over 6.6 [m2], which represents 38% of the roof surface. 
However, the main reason is to maximize the energy storage potential and this analysis is only for reference if the residual sawdust 
were to be used in the same building. 

3.2. Material application and sample preparation 

Fig. 3 shows the material applied to a test specimen. This successful application was done with the following configuration: 40% 
blowing power, which is equivalent to 176 [m3/h], an opening at its first level, and the hopper movement at maximum revolutions 
capacity. Experimental tests determined that under these criteria, the material can be blown properly, preventing hose and nozzle 
clogging. 

This application allows the thermal insulation material to cover the entire empty space, achieving a minimum density and 
maximizing internal porosity. It is worth noting that the channels of the sawdust pores, which are aligned unidirectionally, delay the 
time it takes for heat to flow from one end to the other, contributing to the improvement of the thermal performance of the element 
[35,36]. Furthermore, by using this method, the need for binders or additives that would increase the material’s environmental burden 
is avoided, reducing the environmental impact of buildings [20,37]. 

Fig. 1. Detail of building element.  
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Table 1 
Properties of materials for thermal inertia calculation.  

Material Thermal conductivity [W/mK] Density [kg/m3] Specific heat [J/kgK] 

Plywood 0.17a 490.6a 1,600a 

Glass wool 0.04a 15a 830a 

Sawdust 0,048b 124b 1,822b  

a Values extracted from Ubakus. 
b Values measured in the laboratory. 

Fig. 2. CNC cutting path, first 4 sheets for the floor and last 2 sheets for the wall.  

Table 2 
Waste generation per construction element for a small home.  

Element Quantity Sawdust [kg/block] Sawdust [kg] 

Floor 6 12.29 73.72 
Wall 17 3.30 56.15 
Roof 6 12.29 73.72   

Total 203.58  

Fig. 3. Material applied to a test specimen.  
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3.3. Physical characterization 

3.3.1. Thermal stability 
Fig. 4 shows the result of the test, where the analysis of the data reveals a mass loss between 33 ◦C and 197 ◦C, which corresponds to 

10.73% of the initial mass and is associated with the evaporation of water in the sample. These data are similar to the results associated 
with the degradation of zeolite and sawdust vitreous foam, which experienced a mass loss of 7% up to 190 ◦C [22]. Subsequently, a 
larger loss was observed, ranging from 238 ◦C to 477 ◦C, corresponding to 72.76%, which is associated with the loss of volatile solids 
related to wood such as cellulose, hemicellulose, and lignin. This result is more promising than those obtained for Chinese fir sawdust, 
which releases these components at temperatures of 200 ◦C–375 ◦C [38]. Once the maximum temperature is reached, the environment 
is switched to oxygen, allowing the identification of a 19.04% mass loss, corresponding to fixed carbon. 

According to this analysis, the waste is stable up to 270 ◦C, suggesting that the processing temperature of the waste should be below 
this value to prevent thermal degradation of the material. In this context, it is indicated that the blowing application process does not 
raise the temperature of the material, so there is no material degradation during application. 

3.3.2. Moisture 
The measurement of moisture content in the samples yielded an average result of 11.31 ± 0.09%. This means that the samples have 

a low moisture content, which favors the material’s ability to maintain good thermal conductivity, as moisture content directly affects 
this property [39]. This behavior can be explained by the fact that wood and its byproducts have a greater ability to distribute moisture 
uniformly and in a more advantageous manner compared to mineral wool insulation [40]. The results suggest that there would be no 
proliferation of pathogens in the material if it were installed in homes in Chile. According to the analyses conducted by Soto M., et al., 
2023, where cellulose fiber was evaluated in combination with wheat straw, there is no proliferation of fungi or region-specific 
pathogens within this moisture range [9]. 

Expanded polystyrene and polyurethane, thanks to their water-repelling properties, only increase their thermal conductivity by 
38% and 70% (respectively) when saturated with water. However, for mineral wools, the scenario is highly unfavorable, as con
ductivity increases from 0.041 to 0.9 [W/mK] [8,41]. In general, materials with open porosity, which is favorable for reducing the 
energy passage time, are unfavorable in terms of energy performance because the thermal conductivity of the material will increase. 
Therefore, researchers have proposed methods to predict the physical properties of materials based on the region and climate in which 
they will be used, allowing them to anticipate the performance and energy demand of buildings [42]. In this context, the movement of 
moisture in materials can be driven by vapor pressure gradients, gravity forces, and capillary action. However, in closed-cell insulation, 
vapor flow is likely dominant instead of gravitational or capillary forces. Therefore, the high moisture levels observed in service could 
be caused by vapor diffusion [43]. 

3.3.3. Thermal conductivity 
Fig. 5 shows a measurement of thermal conductivity in the sample insufflated within one of the test specimens. (a) is refers to the 

KD2Pro measurement device, and (b) denotes the sample being measured for thermal conductivity. 
The results of the measurements are shown in Table 3, where it can be observed that the highest (average) thermal conductivity 

Fig. 4. Results of the thermal stability test.  
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among the 4 test specimens was 0.048 ± 0.001 [W/mK], while the lowest (average) value was 0.042 ± 0.001 [W/mK]. Considering 
the average result of the measurements, it can be indicated that, for the global market, the waste, without any treatment or additives, 
exhibits a thermal property like mineral wool and fiberglass, which have thermal conductivity values of 0.045 [W/mK] [44,45]. The 
most favorable result of the waste is equal to the thermal conductivity of expanded polystyrene with a density of 15 [kg/m3], while the 
least favorable result is only 16% higher [46,47]. 

Zine et al., 2023, developed a material from wood sawdust in block form, using epoxy as a binder. This material has a thermal 
conductivity of 0.078 [W/mK] at a density of 350 [kg/m3] [37]. Both results are significantly higher than the values obtained in this 
study, which is grounded in the fact that the blowing method does not require a binder material, allowing for a reduction in both 
density and thermal conductivity of the material. It is important to note that the energy performance of buildings is directly related to 
the properties mentioned above, but energy storage should not be neglected, since thermal inertia allows to reduce energy con
sumption for heating, but also for cooling. To take advantage of the positive effects of thermal inertia and reduce cooling demand, 
materials with high density and high specific heat should be used [48]. Even so, other factors must be considered, such as climatic 
conditions, temperature requirements, density and the arrangement of materials in building systems, since thermal inertia has only 
been approached from a theoretical perspective; there are no empirical demonstrations that provide results in a real environment [49, 
50]. In addition, energy storage must be aligned to the thermal conductivity and density of the material, as this property is directly 
related to and influenced by solar radiation and outside air temperature [51]. 

These results are interesting since wood and plywood sheets have an average thermal conductivity of 0.12 [W/mK] [52]. This 
decrease in thermal conductivity compared to the base conductivity is attributed to the porosity that was generated when the material 
was placed in bulk, as the air content is the key to better thermal insulation materials. Specifically, air can account for up to 66% of the 
thermal properties of materials [53]. 

3.3.4. Density 
Table 4 provides a summary of the density results, showing that the lowest value corresponds to sample 1, which had a filling time 

of 55 s and a density of 123.77 [kg/m3], while the highest-density specimen took 79 s to fill, resulting in a density of 198.15 [kg/m3]. 
These values are much higher than traditional synthetic materials on the market, such as fiberglass, expanded polystyrene, and 
polyurethane, which typically fall in the range of 10–47 [kg/m3] [54,55]. However, the density is similar to other materials made from 
organic and cellulose-rich materials, such as wheat waste, recycled paper cellulose, and vegetable residues, which can reach densities 
around 100 [kg/m3] [56,57]. 

The correlation coefficient for thermal conductivity is 0.9737, while for density, it is 0.9293. Fig. 6 graphically displays the thermal 
conductivity results of the samples and their relationship with density. It can be observed that higher density corresponds to higher 
thermal conductivity, meaning that thermal conductivity is directly proportional to density. This behavior is also observed in other 
types of lignocellulosic fibers that have been characterized for the development of thermal insulation materials in buildings [58]. This 
relationship is typical for other fibers like hemp, flax, bagasse, among others, where it is important to ensure that the density is 
sufficient to apply the material in the structure without affecting thermal performance [59]. 

Fig. 5. Measurement of thermal conductivity.  

Table 3 
Results of thermal conductivity measurements.  

Thermal conductivity [W/mK] 

Measurement Sample 1 Sample 2 Sample 3 Sample 4 

1 0.041 0.045 0.045 0.047 
2 0.043 0.045 0.051 0.048 
3 0.043 0.043 0.045 0.049 

Average 0.042 0.044 0.047 0.048 
SD 0.001 0.001 0.003 0.001  
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3.3.5. Thermal inertia 
Table 5 shows the findings from the thermal inertia analysis, indicating that the sawdust material used in the test samples possesses 

an energy storage capacity of 93 [kJ/m2K]. This means, when incorporated into a building component, this material exhibits over 
twice the energy storage capacity compared to the use of glass wool. 

These results are positive for a thermal insulation material, as its high thermal inertia contributes to improve the energy perfor
mance of buildings, especially during the summer [60]. This property of the material is attributed to its high density, which can be up 
to 10 times greater than the thermal insulation materials available in the market. Considering all the physical properties of materials is 
crucial in thermal simulations since their impact on indoor thermal comfort conditions (up to a 7 ◦C variability) is relevant for the 
design of air renovations, glazed surfaces, and orientation [61]. Fig. 7 shows the surface temperatures of the building element in two 
different scenarios: glass wool (a) and sawdust (b). Significantly, when the thermal insulation material is changed, there is a pro
nounced increase in the delay of the temperature wave, going from 6.7 h to 14.5 h, which provides greater thermal storage capacity, 
reduces energy consumption, and enhances thermal comfort, contributing to higher energy efficiency in buildings, even in warm 
climates where the risk of overheating is high [62,63]. Fig. 8 shows the temperature profiles of the building element in the same 
scenarios, with glass wool (a) and sawdust (b). Here, it can clearly discern a substantial reduction in the amplitude of temperature 
fluctuations when sawdust is employed. This reduction is highly advantageous as it helps mitigate the impact of external temperature 
peaks on buildings. This positive energy enhancement in residential structures is not commonly achieved when using conventional 
materials like glass wool, primarily because they tend to maintain a closer alignment between indoor and outdoor temperatures. This is 
because synthetic materials, despite having low thermal conductivity, also exhibit low density, which reduces their energy storage 
capacity. 

Another method to increase the thermal capacity of a construction element has involved integrating phase change materials, 
resulting in improvements in thermal performance [64]. In the current market, there is a wide variety of products available for use in 
construction solutions for projects, and researchers continue to work on developing new materials that can further optimize the 
imbalance between energy supply and demand [26]. In this scenario, many studies focusing on bolstering thermal capacity accomplish 
this by introducing extra layers to the building component [65]. However, in this investigation, the inclusion of an extra layer was 
avoided, as the utilization of the same thermal insulating material was found to be sufficient in optimizing the building’s thermal 
efficiency, thanks to its low thermal conductivity and high thermal storage. 

Table 4 
Results of density measurements.   

Unit Sample 1 Sample 2 Sample 3 Sample 4 

Weight kg 2.807 2.929 2.828 3.210 
Volume m3 0.0227 0.0227 0.0162 0.0162 

Density [Kg/m3] 123.77 129.14 174.57 198.15  

Fig. 6. Relationship between density and thermal conductivity.  

Table 5 
Summary of thermal inertia results.  

Property Unit Wall M Glass wool Wall M Sawdust 

U Value W/m2K 0.17 0.20 
Time lag h 6.70 14.50 
Decrement factor – 7.20 30.40 
Heat storage capacity (whole component) kJ/m2K 42.00 93.00 
Thermal capacity of inner layers kJ/m2K 21.00 47.00  
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3.3.6. Fire behavior 
Fig. 9 shows the flame extinction time (fixed ignition in 3 s), for a total of 13 applications, reaching a total test time of 126 s. The 

average of all the extinguishing times is 7 s, but if it is considered from application 7, when the material begins to carbonize, a much 
lower average extinguishing time is obtained, close to 3 s. It is worth mentioning that, at some points, the extinguishing time was 
slightly longer, but this is attributed to the fact that the perimeter material had not been in contact with the flame. So far, effective 
safety strategies for flame retardant materials in fires are primarily divided into passive and active fire protection. Passive fire pro
tection mainly refers to the use of fire retardants to reduce the flammability and spread of flames from combustible materials. 
Compared to traditional passive fire protection, an active fire safety strategy could potentially provide greater fire safety for thermal 
insulation aerogels without compromising their flame-retardant property. For example, fire-resistant garments have flame retardancy, 
achieving a self-extinguishing time of 1.5 s after exposure to fire for 10 s [66]. 

Fig. 10 shows the state of the material after the seventh flame application, when the surface material is already carbonized, 
generating much lower extinction times with respect to the beginning of the test. The behavior of the material is like those reported by 
other authors, since in the first stage its moisture is released, and then the decomposition of cellulose and hemicellulose begins and 

Fig. 7. Surface temperature glass wool (a) and sawdust (b) during the day.  

Fig. 8. Profiles temperature glass wool (a) and sawdust (b) during the day.  
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finally the carbonization is visualized, which gives way to the self-extinguishing of the flame [9,67]. It is important to note that noxious 
gases are released in the combustion process, since the sawdust comes from boards that use traditional adhesives in their 
manufacturing stage. In this context, its behavior is like conventional materials, whose origin is synthetic [68], although this has been 
justified by mentioning that the coating layer of the construction elements is the one that supports the direct flame, and the fire 
resistance time is determined by this same layer. 

4. Conclusions 

Insulating materials are crucial for minimizing energy losses in buildings. Thermal conductivity and thermal inertia are highly 
significant properties for achieving this objective. Therefore, various authors, to reuse waste, have advanced in the characterization of 
fibers, prototyping, and conducting experimental measurements. Several of these studies have considered the preparation of thermal 
insulation materials using sawdust or wood waste. However, all of them have involved the creation of blocks that used binders in their 
manufacturing stage, increasing the density and reducing the internal porosity of the material, thereby raising its thermal conductivity. 

In this work, the material characterized after releasing its moisture is thermally stable up to 270 ◦C; therefore, its processing, for 
such applications, should not exceed this value. The average moisture content was 11.31%, which is crucial, as a material with high 
moisture content must be air-dried or oven-dried; otherwise, its thermal properties will be altered, leading to a reduction in its thermal 
insulation capacity. The thermal conductivity of the material was 0.045 [W/mK] for the least favorable sample. In this regard, the 
application through the blowing technique stands out, allowing the material to be applied uniformly in all the spaces of the samples, 
maintaining the internal pores, which favors thermal performance. Additionally, the density is like that of other lignocellulosic ma
terials, and its variation with respect to density is low. In the worst case, when the density approaches 200 [kg/m3], the thermal 
conductivity reaches 0.050 [W/mK]. However, this high density is advantageous for energy retention, as the thermal inertia of the 

Fig. 9. Extinction times and accumulated test times.  

Fig. 10. Carbonization of the material.  
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material is significantly higher than that of glass wool. The developed material is very promising since most thermal insulation ma
terials typically have low thermal conductivities due to their low density, which often translates to a limited energy storage capacity. In 
this regard, the storage capacity of the material compared to glass wool is 121% higher. In this study, the material was applied in 
prototypes simulating the cavity of a wall, but it could also be applied in ventilated roofs and floors. It is observed that the waste 
analyzed in this document exhibits good fire behavior, considering that the flame extinction time for the material after the carbon
ization stage is, on average, 3 s. Finally, considering the results of thermal conductivity and density from this study, to achieve a 
thermal resistance of 1 [m2K/W], the material should be applied with a thickness of 4.5 cm, requiring a mass of 5.5 [kg] for that space. 
In other words, with the cutting of 70 linear meters of sheet, that space could be covered. 
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