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This study evaluated the technical and economic characteristics of cement boards made 
from sawdust and coconut husk fiber waste using MgCl₂ as a catalyst. The cement boards 
were produced by cold pressing, with dimensions of 35 cm × 35 cm × 1 cm. The 
composition of the cement board consisted of 25% sawdust, 15% coconut husk fiber, and 
60% cement, with MgCl₂ catalyst added at 2.5% of the cement weight. Technical testing 
followed SNI 03-2105-2006, and the economic analysis used the full costing method to 
calculate the cost of goods sold and the break-even point. The results showed that the 
physical parameters of the cement board, including density, moisture content, and 
thickness expansion, met the reference limits specified in SNI 03-2105-2006. 
Mechanically, the modulus of elasticity met the reference limit in SNI 03-2105-2006, 
while the modulus of rupture remained below the minimum reference limit, mainly due 
to suboptimal manual mixing and compaction as well as possible inhibition of cement 
hydration by lignocellulosic extractives. The economic analysis indicated a production 
cost of Rp10,749.41 per unit and an estimated selling price of Rp14,000.00, with the 
break-even point reached at sales of 74 units per year. Cement boards made from sawdust 
and coconut fiber waste have dimensional stability and stiffness that meet standards, but 
improvements in mechanical strength and interparticle bonding still require optimization 
of the production process. 
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1. INTRODUCTION 

The timber industry in Indonesia is quite large, particularly in the 
sawmilling, veneer or plywood, pulp, and paper sectors. The 
timber industry generates solid waste during production that has 
not yet been optimally utilized. Unutilized timber industry waste 
is often discarded or burned, resulting in adverse environmental 
impacts [1]. Waste generated in the sawmilling industry accounts 
for approximately 50% of the total volume of wood processed. 
This waste consists of shavings, wood chips, and sawdust [2]. The 
generated waste requires utilization that can reduce negative 

environmental impacts while producing products with technical 
and economic added value.  

One alternative for utilizing waste in the wood industry is 
through the production of cement-based composite boards. 
Cement boards are composite boards that use cement as the 
primary matrix with fillers consisting of wood particles or other 
lignocellulosic materials [3]. The characteristics of cement boards 
are influenced by particle size, manufacturing methods, and the 
composition of their constituent materials. The ratio of cement to 
lignocellulosic materials is a key factor because it directly affects 
the density, dimensional stability, and mechanical properties of 
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the boards [4]. The quality of cement boards in Indonesia 
generally adheres to SNI 03-2105-2006 [5]. 

Research on the use of sawdust as a raw material for cement 
boards was conducted by Sitorus [6], who used a sawdust-to-
cement ratio of 1:2. The results of this study indicate that the 
boards' physical properties met the standards, but their 
mechanical properties, such as the modulus of rupture and 
modulus of elasticity, did not fully meet the reference limits. A 
cement content of 75–90% of the total solid material contributes 
to improved mechanical properties [7], and  

Saraswaty [8] also noted that a cement content of 75–85% 
yields better dimensional stability and strength compared to 
compositions with lower cement content. Based on the above 
research results, using cement as the dominant component aims 
to ensure the technical quality of cement boards. 

Efforts to improve mechanical properties are also made 
through the addition of reinforcing materials in the form of 
coconut fiber. Faryuni [9] states that coconut fiber is highly 
available and has the potential to increase the density and 
dimensional stability of natural fiber-based boards. Yogi et al. 
[10] reported that the addition of coconut husk fibers can improve 
flexural strength and reduce the brittleness of the cement matrix. 
However, Rahmadhanti [11] demonstrated that adding an 
excessive amount of fibers can reduce density and increase water 
absorption. This indicates that the effectiveness of fibers as 
reinforcements must be limited to a certain level to ensure the 
board’s structural stability. 

Based on this review, research on waste-based cement boards 
generally focuses on varying compositions to achieve optimal 
physical and mechanical properties. However, studies that 
integrate technical evaluation with economic analysis at the 
laboratory scale remain limited. In fact, when developing waste-
based products, production costs and business viability are 
important considerations in addition to technical quality. 

This study focuses on evaluating a single selected 
composition determined based on literature reviews and 
preliminary research, namely 60% cement, 25% sawdust, and 
15% coconut fiber, with the addition of 2.5% MgCl₂ by weight of 
the cement. This formulation was selected to keep cement as the 
dominant matrix while still incorporating two waste materials as 
fillers and reinforcement. Higher fiber loading was avoided 
because excessive lignocellulosic fiber can reduce density, 
increase water absorption, and promote elastic recovery after 
pressing, which may weaken cement paste penetration and 
interparticle bonding [11]. The evaluation assessed compliance 
with the physical and mechanical properties specified in SNI 03-
2105-2006 and was supplemented with an economic analysis 
comprising full-costing production-cost calculations and a break-
even point analysis. 

Thus, the focus of this article is: (1) the conformity of the 
physical and mechanical characteristics of cement boards made 
from sawdust and coconut fiber waste to quality standards; (2) the 
production cost structure and cost of goods sold on a laboratory 
scale; and (3) the initial feasibility of the business based on a 
break-even analysis. This study integrates technical and 
economic evaluations into a single techno-economic framework 
to support the development of waste-based cement boards that not 
only meet quality standards but also demonstrate business 
viability in the early stages of development. 

2. RESEARCH METHODS 

2.1. Materials and Equipment 

The equipment used in this study included a cold press machine, 
containers for raw materials, and a mold measuring 35 cm × 35 
cm × 1 cm. Supporting research equipment included an analytical 
balance, an oven, a vernier caliper, a 20-mesh sieve, plastic 
packaging, and burlap sacks. The materials used in this study 
included sawdust waste, coconut fiber, Portland cement, MgCl₂, 
and water. 

2.2. Research Location and Time 

The research was conducted at the Bioindustry and Agroindustry 
Environment Laboratory and the Agricultural Industrial 
Technology Engineering and Processes Laboratory, Faculty of 
Agricultural Technology, Andalas University. The study took 
place from November 2024 to May 2025 and included the 
preparation of raw materials, the production of cement boards, 
testing of physical and mechanical properties, and technical and 
economic data analysis. 

2.3. Research Procedure 

2.3.1. Preparation of Raw Materials 

The preparation of sawdust followed the procedure described by 
Syaifudin [1]. The sawdust was soaked for 24 hours to reduce 
extractives content and then sun-dried to a target moisture content 
of approximately 13%. After drying, the sawdust was sieved 
using a 20-mesh sieve to obtain a uniform particle size. The 
preparation of coconut fiber followed the method applied by Yogi 
et al. to maintain raw material quality [10]. The fiber was sun-
dried with a target moisture content of approximately 15%, then 
cut into 2 cm lengths and stored in a sealed container before use. 
The actual moisture contents measured prior to board 
manufacturing are reported in Table 1 and discussed in relation to 
the boards' physical and mechanical properties. Portland cement 
was used at 60% of the total board weight. The addition of 2.5% 
MgCl₂ by weight of the cement was based on the recommendation 
of Kasmudjo (1985) in Syaifudin et al. [1] to accelerate cement 
hydration. 

2.3.2. Composition Calculations and Board 
Manufacturing 

The material composition consisted of 60% cement, 25% 
sawdust, and 15% coconut fiber. This composition was chosen 
based on the tendency for cement to dominate in maintaining 
structural stability, as reported in [7], as well as the results of 
preliminary laboratory-scale studies. The 15% coconut fiber 
proportion was selected to provide reinforcement without 
excessively increasing water demand, reducing cement-to-fiber 
contact, or causing compaction rebound after pressing. The board 
dimensions were set to 35 cm × 35 cm × 1 cm, with a target 
density of 0.7 g/cm³, yielding a total board weight of 857.5 g. The 
material mixture was stirred until homogeneous, then molded and 
pressed using a cold press machine for 15 minutes. The formed 
boards were cured at room temperature for 21 days. The 
experiment was replicated twice to obtain initial consistency data 
on a laboratory scale. This replication number was treated as a 
preliminary baseline, and wider statistical sampling is 
recommended for scale-up and future validation. 
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2.4. Testing of Physical and Mechanical Properties 

The testing was conducted in accordance with SNI 03-2105-2006 
as the reference standard. The physical and mechanical test 
parameters evaluated in this study included density, moisture 
content, thickness expansion, modulus of rupture, and modulus of 
elasticity, as detailed below: 

2.4.1. Density 

A 10 cm × 10 cm test board was measured for length, width, and 
thickness, and then calculated using the equation: 

𝜌 (
௚

௖௠య
) = 

஻

ூ
     ...................(1) 

 
Where: 
𝐵 = Weight (grams) 
𝐼 = Length × width × thickness = Volume (cm³) 

2.4.2. Moisture Content 

The samples were dried in an oven at 103 ± 2°C until a constant 
weight was reached, then calculated using the formula: 
 

KA (%) = ( 
஻௔ି஻௞

஻௞
) x 100%    ...................(2) 

 

Where: 

KA = Moisture content in percent (%)  

Ba = Initial weight (grams) 

Bk = Dry weight (grams) 

2.4.3. Thickness Development 

Thickness development testing was conducted to measure 
changes in the thickness of cement boards after water immersion 
in order to assess their dimensional stability under humid 
conditions. Measurements were taken using a vernier caliper and 
a water bath. Samples measuring 5 cm × 5 cm were immersed for 
24 hours at a temperature of 25 ± 1°C, after which the following 
were calculated: 

Thickness development (%) = ( మ்ି భ்

భ்
) x 100% ...................(3) 

Where: 

T2 = Thickness after soaking in water (cm)  

T1 = Thickness before soaking in water (cm) 

2.4.4. Modulus of Rupture (MOR) 

The MOR test is designed to evaluate the strength of cement 
boards in withstanding concentrated loads under dry conditions. 
The equipment required for this test includes a universal testing 
machine, a measuring tape, and a vernier caliper, with test 
specimens measuring 5 cm × 10 cm. The flexural test is 
conducted using a universal testing machine with a single-point 
loading system. The MOR value is calculated using: 

MOR (
௞௚௙

௖௠మ) = 
ଷ஻

ଶ௅்మ     ...................(4) 

 
Where: 
MOR = Modulus of Rupture (kgf/cm²)  
B    = Maximum load (kgf) 
S = Span (cm) 
L    = Width (cm) 
T   = Thickness (cm) 

2.4.5. Modulus of Elasticity (MOE) 

The modulus of elasticity describes a material’s stiffness under 
bending loads during the elastic deformation phase. This test is 
conducted to evaluate the test specimen’s ability to resist bending 
loads. The MOE value is calculated based on the load–deflection 
curve: 

MOE (
௞௚௙

௖௠మ
) =

ௌయ

ସ௅்య
  x 

୼୆

୼ୈ
    ...................(5) 

 

MOE = Modulus of Elasticity (kgf/cm²) 
S = Span (cm) 
T = Thickness (cm) 
L = Width (cm) 
∆B = Load difference (B1 – B2) (kgf) 
∆D   = Deflection (cm) resulting from the load difference 

2.5. Data Analysis 

A quantitative descriptive analysis was conducted on the 
physical, mechanical, and economic properties of cement boards 
made from sawdust and coconut fiber waste. All test data were 
processed using Microsoft Excel 2019 software to calculate mean 
values and standard deviations, thereby illustrating trends and the 
degree of variation among replicates. Since the study employed a 
single formulation with two replicates, the technical performance 
was evaluated against the reference limits specified in SNI 03-
2105-2006 [5]. The two replicates served as initial baseline data 
for this early-stage laboratory study; therefore, future work 
should include a larger number of replicates to establish stronger 
statistical reliability. 

2.6. Economic Analysis 

The calculation of the cost of goods manufactured is performed 
using the full costing method [12], which involves summing all 
costs of raw materials, labor, and overhead (fixed and variable). 
The selling price is determined using the cost-plus pricing method 
with the following formula [13]: 
Selling Price = Production Cost + (% markup × production cost) 
...................(6) 

The break-even point is calculated to determine the minimum 
production volume that must be achieved to prevent the business 
from incurring a loss using the following equation [14]: 
 

BEP ( 
௨௡௜௧௦

௬௘௔௥
) = 

 ி௜௫௘ௗ ஼௢௦௧(೤೐ೌೝ
಺ವೃ )

ௌ௘௟௟௜௡௚ ௉௥௜௖௘ ௣௘௥ ௎௡௜௧ି௏௔௥௜௔௕௟௘ ஼௢௦௧ ௣௘௥ ௎௡௜௧
)..........(7) 

 

The results of the economic analysis are presented as an initial 
estimate of the project’s feasibility on a laboratory scale and are 
not intended to be a direct representation of commercial-scale 
operations. 

3. RESULTS AND DISCUSSION 

The technical characteristics of cement boards made from 
sawdust and coconut fiber waste were analyzed through testing of 
raw materials, physical properties, mechanical properties, and a 
preliminary economic evaluation. The analysis was conducted to 
identify the relationships between parameters and trends in 
material performance on a laboratory scale, in accordance with 
SNI 03-2105-2006 [5].  
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3.1. Characteristics of Raw Materials 

3.1.1. Moisture Content 

The moisture content of the raw materials was monitored as an 
initial parameter because it affects the mixing process and the 
interaction of lignocellulosic materials with cement. Excessively 
high moisture content can interfere with cement hydration and 
affect the physical and mechanical properties of the resulting 
boards. The drying process was aimed at approaching the target 
moisture contents described in the method, namely approximately 
13% for sawdust and 15% for coconut fiber. However, the 
measured values prior to board production differed from these 
targets, as shown in Table 1. This deviation is important because 
excess moisture, particularly in sawdust, can alter the local water-
to-cement ratio and affect cement paste contact at the particle 
surface. 

Table 1. Results of moisture content tests on raw materials 

Raw Material Moisture Content (%) ± SD 
Sawdust 16.13 ± 0.04 
Coconut fiber 11.34 ± 0.31 

  
 

The data in Table 1 show that the average moisture content of 
sawdust was 16.13 ± 0.04%, while that of coconut coir fiber was 
11.34 ± 0.31%. The sawdust value was higher than the 
preparation target, whereas the coconut fiber value was lower 
than the target. This difference indicates that the drying response 
of each raw material was not identical, which may be related to 
differences in particle structure, fiber morphology, and storage 
conditions. The moisture content of the sawdust was also higher 
than that reported by Permatasari et al. [15], who obtained 9.4%. 
The higher initial moisture content of sawdust may have 
introduced localized excess water during mixing, which could 
reduce the uniformity of cement paste contact and contribute to 
weaker interparticle bonding. In contrast, the moisture content of 
coconut husk fiber falls within the range reported by Yogi et al. 
[10], namely 10-12%. Overall, the difference in moisture content 
between the two materials indicates variations in hygroscopic 
behaviour that could affect the mixing process and the resulting 
cement boards' physical and mechanical properties. 

 

3.1.2. Lignocellulose Composition 

An analysis of the lignocellulose composition was conducted to 
identify the chemical characteristics of the raw materials that 
influence the interaction between natural fibers and the cement 
matrix. The components analyzed included cellulose, 
hemicellulose, and lignin, as they play a role in determining the 
physical and mechanical properties of the composite. The 
lignocellulose composition determines the nature of the 
interaction between lignocellulosic materials and the cement 
matrix. The analysis results are presented in Table 2. 
 

Table 2. Lignocellulose in coconut husk fiber and sawdust 

Analysis Coconut Husk Fiber Sawdust 

Lignin (%) 30.90 32.64 

Cellulose (%) 43.46 42.55 

Hemicellulose (%) 4.67 2.99 

 

The data in Table 2 show that coconut husk fiber contains 43.46% 
cellulose, 4.67% hemicellulose, and 30.90% lignin, while 
sawdust contains 42.55% cellulose, 2.99% hemicellulose, and 
32.64% lignin. These data indicate that both materials have 
relatively comparable lignocellulose compositions, with cellulose 
and lignin being the dominant components. The composition of 
sawdust falls within a range comparable to that reported in studies 
on mahogany sawdust and coconut husk fiber [15, 16]. The 
dominance of cellulose contributes to the material’s stiffness, 
while the low hemicellulose content limits its water absorption 
potential. Differences in the values of each component indicate 
variations in material characteristics that can influence the quality 
of bonding, mechanical strength, and the stability of cement 
boards. These lignocellulose analysis results serve as the basis for 
evaluating the relationship between the chemical composition of 
the raw materials and the physical and mechanical properties of 
cement boards in the subsequent discussion. 

3.2. Test Results for the Physical and Mechanical 
Properties of Cement Boards 

3.2.1. Physical Properties of Cement Board 

The physical parameters tested included density, moisture 
content, and thickness expansion after water immersion. A 
summary of the physical property test results is presented in Table 
3. 
Table 3. Summary of the test results for the physical properties 

of cement boards 
Parameter Mean ± SD 

Density (g/cm³) 0.67 ± 0.01 
Moisture content (%) 8.64 ± 0.04 
Thickness expansion after water soaking (%) 3.92 ± 0.75 

 
Density is a key indicator for assessing the quality of composite 
cement boards because it is directly related to the material’s 
mechanical strength, moisture content, and durability. Based on 
the test results in Table 3, the density of cement boards made from 
a mixture of sawdust waste and coconut fiber showed an average 
value of 0.67 ± 0.01 g/cm³. This value meets the reference limits 
in SNI 03-2105-2006, which specifies a density range of 0.4–0.9 
g/cm³. The density values obtained in this study fall within a 
range comparable to the results of Syaifudin et al., [1] and Sitorus 
et al., [6], which had relatively similar density targets, where the 
relationship between density and moisture content is reciprocal, 
acting as an indirect control over the stability of moisture content 
and the mechanical performance of the cement board. 

The achieved density reflects the inherent characteristics of 
the raw materials used, with high cellulose content serving as the 
primary component that fills the cement board's internal structure. 
However, the actual density value, which is slightly below the 
target density of 0.7 g/cm³, indicates that the compaction process 
has not been fully optimized. This condition is related to the 
chemical characteristics of the raw materials, particularly the 
relatively high lignin content, which is hydrophobic and rigid, 
thereby tending to hinder the penetration of the cement paste into 
the fiber surface. Additionally, the tendency of the fibers to 
undergo elastic recovery after the compaction pressure is released 
causes the board’s volume to increase slightly, resulting in a final 
density lower than the target value. 

Technical factors in the mixing process also influence the 
density of cement boards. Manual mixing of raw materials results 
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in a less homogeneous mixture, hindering the uniform 
distribution of cement and leading to air voids within the cement 
board structure. Density values that meet the reference limits of 
SNI 03-2105-2006 but have not yet reached the optimal point 
provide a logical picture of the technical characteristics of the 
resulting cement boards [5]. Achieving density at this level 
maintains the product’s physical dimensional stability, but it is 
insufficient to form strong interfacial bonds between the cement 
and fibers; therefore, further density enhancement is necessary to 
strengthen interparticle bonds and optimize future mechanical 
performance. 

Moisture content is a critical parameter in assessing the 
quality of cement boards as it affects dimensional stability, 
resistance to mold, and mechanical strength. The test results in 
Table 3 show an average moisture content of 8.64 ± 0.04%. This 
moisture content is well below the reference limit of 14% in SNI 
03-2105-2006. This relatively low moisture content is consistent 
with the achieved density of the cement board, 0.67 g/cm³, 
because the resulting internal porosity remains sufficiently 
limited to retain free water within the board’s structure. 

Water absorption potential can be minimized due to the low 
hemicellulose content in both raw materials. The data in Table 2 
show that the hemicellulose content of coconut fiber and sawdust 
is relatively low, at 4.67% and 2.99%, respectively. The low 
hemicellulose fraction limits the number of free hydroxyl groups 
available to bind water molecules, so the cement boards tend to 
maintain a low moisture content after drying. Additionally, the 
21-day natural drying process provides sufficient time for free 
water to evaporate, allowing the cement boards’ moisture content 
to reach equilibrium with environmental conditions. 

The low moisture content in this study has direct implications 
for the mechanical properties of cement boards, particularly the 
modulus of elasticity. According to Haygreen and Bowyer (1996) 
in Hariyati et al., [18], the presence of water within the fiber cell 
walls acts as a plasticizer that can reduce stiffness. Therefore, the 
relatively low moisture content makes the board structure stiffer, 
increasing the modulus of elasticity. However, achieving 
maximum flexural strength is highly dependent on the quality of 
interfacial bonding and particle geometry to minimize microvoids 
in the composite [18, 19]. 

The results of the thickness swelling test show the change in 
the thickness of the cement board after immersion for a certain 
period, expressed as a percentage. Based on Table 3, the thickness 
swelling value of the cement board after immersion was 3.92 ± 
0.75%. This value is well below the maximum threshold set by 
SNI 03-2105-2006, which is 12%. This result indicates that the 
cement boards produced from sawdust and coconut fiber waste 
exhibit excellent dimensional stability against the effects of 
water. Thickness expansion is directly related to the moisture 
content and density of the board, as dimensional changes occur 
due to water entering the pores and internal voids of the cement 
board structure [19]. 

This low expansion value is consistent with the cement 
board’s low moisture content of 8.64%. The dimensional stability 
of the cement board is influenced by the chemical characteristics 
of its raw materials. The low content of hydrophilic hemicellulose 
limits the amount of water that can be absorbed by the fibers, 
resulting in relatively small fiber swelling potential during 
immersion. This is supported by a recent literature study by 
Pavlovic et al. [21], which confirms that hemicellulose is the 
primary component responsible for water absorption in natural 

fibers; thus, the low hemicellulose content directly limits swelling 
and maintains the dimensional stability of the board. 

The low thickness expansion values observed in this study 
have indirect implications for the mechanical properties of 
cement boards. Good dimensional stability helps maintain the 
structural integrity of the board during flexural testing; however, 
it does not directly increase the modulus of rupture if the quality 
of the cement-fiber interface bond remains limited [20]. This 
finding underscores that thickness expansion and moisture 
content positively contribute to board stability, but improving 
flexural strength still requires optimization of the mixing and 
compaction processes to minimize porosity [19]. 

3.2.2. Mechanical Properties of Cement Boards 

The mechanical parameters examined in this study include the 
modulus of rupture and the modulus of elasticity. The values 
obtained for these two parameters are closely related to the 
physical properties discussed earlier. A summary of the 
mechanical test results is presented in Table 4. 

 
 
 

Table 4. Summary of the results of mechanical property tests on 
cement boards 

Parameter Mean ± SD 
Modulus of Rupture (kgf/cm²) 5.95 ± 1.64 
Modulus of Elasticity (10⁴ kgf/cm²) 4.50 ± 1.16 

 
The modulus of rupture test aims to evaluate the maximum 
flexural strength of cement boards before they fail structurally 
due to mechanical loads. Based on the summary of the 
mechanical property test results for cement boards in Table 4, the 
average modulus of rupture value obtained was 5.95 ± 1.64 
kgf/cm². This value is still well below the reference limit of 82 
kgf/cm² in SNI 03-2105-2006. These results indicate that the 
produced cement boards are not yet recommended for structural 
use in heavy-load-bearing applications or for non-structural 
applications subject to significant bending loads. 

 The low modulus of rupture value has a strong correlation 
with the board density data discussed in the preceding 
subsections. The suboptimal board density of 0.67 g/cm³ indicates 
imperfections in the compaction process, leaving numerous air 
voids within the matrix. The presence of these microvoids acts as 
a failure initiator and a stress concentration point that accelerates 
crack propagation when the material is subjected to bending loads 
[20]. In addition, the elevated initial moisture content of sawdust 
at 16.13% may have locally diluted the cement paste around the 
sawdust particles, leading to less uniform hydration and weaker 
particle-to-cement bonding. This condition could further 
contribute to the low MOR value. The chemical characteristics of 
the raw materials also significantly contribute to the board's poor 
flexural performance. 

Extractives and lignin in lignocellulosic materials are known 
to inhibit the cement hydration process, resulting in weak 
physicochemical bonds between the fibers and the cement paste. 

This phenomenon results in a failure mechanism known as 
fiber pull-out (fibers detaching from the matrix) rather than fiber 
breakage, indicating that the load transfer from the matrix to the 
fibers is not optimal [21]. Technical aspects during the production 
process also affect the performance of cement boards. The 
manual mixing method has limitations in distributing cement 
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evenly across the entire fiber surface, which can potentially cause 
fiber agglomeration or clumping at certain points. The cold-press 
method used in this study also has limitations in facilitating the 
formation of optimal interfacial bonds compared to accelerated 
curing methods. The combination of raw material factors and 
these production method limitations is the primary reason the 
cement board’s flexural strength has not yet been achieved. 

The modulus of elasticity is a parameter used to measure a 
material’s stiffness, specifically the ability of cement boards to 
retain their shape within the elastic deformation range when 
subjected to a load. Based on Table 4, the test results show that 
cement boards have an average modulus of elasticity of 4.50 × 
10⁴ kgf/cm². This value exceeds the minimum limit set by SNI 
03-2105-2006, which is 2.04 × 10⁴ kgf/cm². These results indicate 
that cement boards exhibit good stiffness and meet the minimum 
reference limit, despite limited fracture strength. The modulus of 
elasticity represents the material’s initial response to loading; 
thus, this parameter is more influenced by the stiffness of the 
internal structure than by the strength of the interfacial bonds 
under maximum load conditions [21]. 

The high stiffness value of the cement board is closely related 
to the chemical characteristics of the raw materials used. The 
dominance of cellulose in the cement board structure increases 
the modulus of elasticity, as cellulose has a high intrinsic modulus 
and can maintain its shape under bending loads. The low moisture 
content of the cement board, at 8.64%, also contributes positively 
to the modulus of elasticity value. The low moisture content 
effectively minimizes this softening effect, making the board 
structure stiffer and more responsive to initial loading. 

There is still potential to increase the modulus of elasticity if 
technical production constraints can be optimized. The presence 
of air voids resulting from manual mixing and fiber 
agglomeration remains a limiting factor that reduces internal 
structural strength. Overall, the test results indicate that cement 
boards made from sawdust and coconut fiber waste exhibit 
rigidity and stability against elastic deformation. The difference 
in performance between the modulus of elasticity and the 
modulus of rupture confirms that the limitation of the cement 
boards in this study lies in the fracture mechanism, not in the 
material’s stiffness. 

3.2.3. Economic Analysis 

A summary of production costs is presented in Table 5. 
Table 5. Cost of goods manufactured for cement boards 

No Description Total Cost 

1 Raw material cost Rp48,300.00 

2 Direct labor cost Rp132,000.00 

3 Overhead cost Rp34,688.20 

Total monthly production cost Rp214,988.20 

Total COGS per unit Rp10,749.41 

Production volume 20 units 

 
The COGS of Rp10,749.41 per unit indicates that the largest cost 
component comes from direct labor. Therefore, the high cost per 
unit in this study should be interpreted as a limitation of 
laboratory-scale production rather than as a fixed cost structure 
for future commercial production. The use of the full costing 
method allows all costs to be allocated proportionally on a 
laboratory scale. With a 30% profit margin, the estimated selling 

price is Rp14,000.00 per unit, equivalent to Rp114,285.00 per m². 
This price is still higher than that of commercial products due to 
small-scale production and manual processes. 

Based on calculations using the cost-plus pricing method with 
a 30% profit margin, the selling price of a 35 cm × 35 cm × 1 cm 
cement board is set at Rp14,000.00 per unit. This amount is 
equivalent to Rp114,285.00 per m² on a laboratory scale. This 
estimated price is higher than that of similar commercial 
products, which range from Rp20,000.00 to Rp30,000.00 per m². 
This difference indicates that production costs during the 
development phase remain relatively high, primarily due to 
purchasing raw materials in small quantities and relying on 
manual production processes. These results indicate that cost 
efficiency through larger production scales and mechanization 
has the potential to lower the selling price to make it more 
competitive. 

The BEP analysis shows that the break-even point is reached 
with a minimum of 74 units sold per year. With a projected 
production of 240 units per year, the production volume has 
theoretically exceeded the break-even threshold. These results 
indicate that, on a laboratory scale, cement boards made from 
sawdust and coconut fiber waste have initial economic potential. 
However, cost efficiency and production mechanization are 
necessary to enhance competitiveness on a commercial scale. 

4. CONCLUSION 

Cement boards made from sawdust and coconut fiber waste 
exhibit physical characteristics that meet the reference limits of 
SNI 03-2105-2006 for density, moisture content, and thickness 
expansion [5]. Good dimensional stability and low moisture 
content indicate that the composite is resistant to humidity 
changes and has potential for use as a non-structural material. In 
terms of mechanical properties, the modulus of elasticity meets 
the minimum standard, ensuring the board has adequate stiffness. 
However, the modulus of rupture has not yet reached the required 
minimum, indicating that the quality of interparticle bonding and 
the laboratory-scale production process remain limiting factors 
for maximum flexural strength. From an economic perspective, 
the laboratory-scale production cost of Rp10,749.41 per unit 
yields an estimated selling price of Rp14,000.00 per unit using a 
cost-plus pricing approach with a 30% margin. Break-even 
analysis indicates that the theoretical annual production volume 
exceeds the minimum sales threshold required to reach the break-
even point. However, these results are still preliminary and 
represent a limited scale, so they cannot yet serve as a basis for 
determining the business's feasibility at a commercial scale. 

This study indicates that sawdust and coconut husk fiber 
waste have the potential to be developed as raw materials for 
environmentally friendly cement boards with good physical 
performance and promising initial economic prospects; however, 
process quality must be improved to achieve mechanical strength 
that meets the minimum specified parameters. 
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