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1. INTRODUCTION  
The production of composite materials from agricultural waste 

has garnered significant interest in recent years due to the 

benefits of waste valorization and the development of 

sustainable materials. Abundant and often underutilized 

agricultural residues can be employed as effective reinforcing 

agents in composite formulations, thereby enhancing the 

mechanical, thermal, and acoustic properties of the composites. 

The use of agricultural waste in composite production stems 

from the growing demand for sustainable materials that can 

serve as alternatives to traditional materials. Agricultural by-

products such as corn stalks, rice husks, and sugar beet pulp are 

rich in lignocellulosic fibers. Utilizing these materials enables 

the creation of composites that exhibit improved mechanical 

properties, thermal insulation, and biodegradability [1]. In 

comparison to traditional materials, agricultural waste-based 

composites offer several advantages, such as lower 

environmental impact due to their renewable and 

biodegradable nature, as well as a reduction in production 

costs. These materials also contribute to a circular economy by 

reducing waste and promoting resource efficiency. The 

incorporation of such agricultural waste in composite 

production not only prevents resource waste but also enhances 

various characteristics of the composites [2]–[4]. For instance, 

it has been reported that wood-plastic composites (WPC) 

produced from branches and leaves obtained from the pruning 

of citrus trees, combined with low-density polyethylene 

(LDPE), achieve improved compatibility between materials 

through surface modification with enzymes [3]. It has been 

reported that this modification enhances the water-repellent 

properties of the wood-derived fibers, allowing for better 

adhesion to the plastic matrix. This enzymatic process not only 

improves the mechanical properties of the composite material 

but also increases its biodegradability, making it a more 

environmentally friendly option. The thermal properties of 

composites produced from agricultural waste have also been 

extensively studied. One study indicated that due to their low 

thermal conductivity and lightweight structure, these 

composites hold significant potential as thermal insulation 

materials, offering advantages for various applications in the 

construction and automotive industries [4]. In another study, 

the mechanical properties of composites made from polyester 

and corn stalks were evaluated. This research concluded that 

the incorporation of agricultural fibers into the composite 

production process significantly enhances the mechanical 

strength and thermal stability of the resulting materials [2]. 

Additionally, it has been noted that composites reinforced with 

pineapple leaf fibers can be utilized in the production of 

unmanned aerial vehicles (UAVs), as their lightweight and 

strong characteristics contribute positively to UAV 
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performance [5], [6]. These findings also highlight the 

versatility of agricultural waste composites in providing 

effective insulation solutions, particularly in the context of 

promoting sustainability. 

In addition to thermal insulation properties, the acoustic 

characteristics of agricultural waste composites have been 

studied, particularly in terms of sound absorption. Koçak et al. 

(2022) reported that polyurethane composites reinforced with 

alkali-treated agricultural waste fibers exhibit excellent 

acoustic properties, making these fibers suitable for noise 

reduction applications [7]. This characteristic is becoming 

increasingly important in today's context, where noise pollution 

poses a growing environmental issue. In addition to their 

sound-absorbing capabilities, the lightweight and cost-

effective nature of these composites makes them a significant 

alternative to traditional sound insulation materials. 

Various methods, such as compression molding, injection 

molding, and extrusion, can be employed for the production of 

agricultural waste composites, each exhibiting significant 

differences [8]. These techniques allow for the customization 

of composite properties to meet specific application 

requirements. 

Mycelium-based composites represent a novel approach to 

valorizing agricultural waste through a process where fungal 

mycelium is cultivated on lignocellulosic substrates to form 

bio-composite materials. A study examining these types of 

composites noted that their lightweight and biodegradable 

structures suggest potential applications in the construction and 

packaging sectors [9]. The innovative use of biological 

processes in material production exemplifies the 

interdisciplinary interaction between biotechnology and 

materials science. The mechanical properties of composites 

derived from agricultural waste can be further enhanced by 

incorporating various additives and treatments. For instance, 

the addition of agricultural waste fibers as a filler in polylactic 

acid (PLA) composites improves the material's viscoelastic 

properties by increasing its degree of crystallinity [10]. These 

enhancements are of significant importance for applications in 

sectors such as automotive and aerospace, where there is a 

demand for high strength-to-weight ratios. Furthermore, the 

use of agricultural waste as reinforcement not only improves 

the performance of composites but also reduces production 

costs, making them more economically viable alternatives 

compared to traditional materials [11], [12]. 

The use of bio-based binders such as alginate and starch in the 

production of composite materials from agricultural by-

products enhances the mechanical performance of the 

composites while also contributing to the preservation of 

environmental sustainability [13]. This trend towards utilizing 

renewable resources in composite material production aligns 

with the principles of a circular economy, which aim to reduce 

dependence on fossil fuels and promote circular usage. 

The environmental benefits of utilizing agricultural waste in 

composite production are also significant. By repurposing 

these materials, industries can mitigate waste disposal issues 

and more easily achieve their sustainability goals [14]. The 

integration of agricultural waste into composite production 

promotes resource efficiency and reduces the carbon footprint 

associated with material manufacturing. 

In conclusion, this study has examined the various production 

processes, properties, and application areas of composites 

derived from agricultural waste. By highlighting the innovative 

methods used in their production and the potential benefits they 

offer across different sectors, a comprehensive perspective has 

been provided to the literature in this field. 

 

2. SUSTAINABILITY and ENVIRONMENTAL IMPACTS 
OF AGRICULTURAL WASTE 

 

2.1. Types and Sources of Agricultural Waste  
Composites produced from agricultural waste have emerged as 

a significant resource in the quest for sustainable and 

environmentally friendly alternatives to traditional materials. 

Various types of agricultural waste, including fibers and by-

products, are employed to enhance the mechanical and thermal 

properties of composites, making them suitable for a wide 

range of applications. Among the primary types of agricultural 

waste used in composite material production are lignocellulosic 

fibers derived from crops such as rice, corn, and wheat. These 

fibers are renowned for their superior mechanical properties 

and biodegradability, which render them ideal candidates for 

reinforcing polymer matrices. Additionally, fruit and vegetable 

peels, leaves, stems, flowers, and by-products generated during 

their processing can also be utilized as raw materials in the 

production of diverse composites. Table 1 provides 

information on the transformation of various agricultural 

wastes into materials and products across different industries. 

 
TABLE I 

UTILIZATION OF AGRICULTURAL WASTE IN VARIOUS INDUSTRIES 

Biomass Waste Products 

Pineapple leaves, 

sugarcane residues 

Animal feed, industrial absorbents, beverage 

additives, and biocomposites 

Wheat straw Pelletized polypropylene (PP) feedstock, 

fertilizer, biocomposites 

Rice husk Silica, metal coatings, water-soluble oils, and 

synthetic lubricants 

Sugarcane bagasse Wood materials, biocomposites, paper and 
packaging materials, paper goods 

Abaca leaves Fiber crafts, rope, textiles and fabrics, pulp, 

and specialty papers 

Coconut husk Coconut fiber rope and twine, brooms and 
brushes, mats, carpets, mattresses, and 

upholstery, often rubber-coated coconut pads 

Sugar factory boiler 

ash (from bagasse) 

Filtration materials and absorbent products 

Oil palm fruit residues Biodegradable packaging materials, 

construction, pulp and paper, automotive 
components 

Kenaf fibers, jute 

fibers 

Sound insulation systems, thermal insulators, 

automotive components, electronics, 
pharmaceuticals 

Abaca leaves Abaca leaf sheath, aerospace, maritime, and 

electronics 
Coconut fibers Coconut ropes 

Banana pseudostems Banana fibers, biocomposites, pulp, and paper 

Flax Biodegradable bags and covers, energy sports 
equipment 

 

Biomass, constituting a significant category of agricultural 

waste, can be derived from various crops and possesses the 

potential to be processed into lightweight composites [15]. The 

utilization of excess biomass derived from agricultural waste 

not only reduces waste volume but also contributes to 

decreasing dependence on non-renewable resources, thereby 

promoting ecological sustainability. Composites produced 
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from agricultural waste, such as rice husks and wheat straw, 

have been found to possess favorable thermal insulation 

properties, making them suitable for use in construction 

applications [4]. These findings are consistent with the results 

of another study that explored the use of rice husks and other 

agricultural fibers for the development of sustainable thermal 

insulation bio-composites [9]. 

 

2.2. Sustainability and mitigation of environmental 
impacts  
The utilization of agricultural waste in the production of 

composite materials plays a significant role in mitigating 

environmental impacts. This practice not only prevents 

agricultural waste from harming the environment as part of 

waste management strategies but also reduces dependence on 

fossil fuel-based materials. The production of agricultural 

waste-based composites leads to a substantial decrease in 

carbon footprint and greenhouse gas emissions. Furthermore, 

the manufacturing processes for these materials consume less 

water and energy compared to traditional materials. 

Consequently, composites derived from agricultural waste 

contribute to the enhancement of environmental sustainability 

[16], [17]. 

The use of agricultural waste in composite materials has arisen 

primarily from the need to reduce environmental pollution and 

promote sustainability goals. Despite their abundance, 

agricultural wastes such as rice husks, corn stover, and bagasse 

is often underutilized. This presents a significant opportunity 

for recycling and sustainable production processes. For 

instance, utilizing agricultural waste to reinforce metallic 

matrix composites not only reduces costs but also contributes 

to waste reduction. It has been noted that the incorporation of 

agricultural wastes, such as rice husk granules and corn cob 

granules, plays a crucial role in this context [18]. Similarly, the 

use of agricultural waste as a reinforcement material in 

aluminum matrix composites (AMCs) has been noted to 

replace traditional reinforcements, thereby reducing 

environmental impacts and enhancing sustainability [19]. 

Composites derived from agricultural waste play a vital role in 

promoting sustainability and supporting the circular economy. 

These materials are recognized for their suitability for use in 

various sectors, including automotive, packaging, and 

construction, offering cost-effectiveness along with superior 

mechanical properties [15], [20]. Agricultural waste composites 

contribute to the effective utilization of waste by reducing 

dependence on non-renewable resources [15], [20], [21]. For 

instance, various studies have reported that agricultural wastes, 

such as tomato peels, enhance the properties of biodegradable 

composite materials and align with the principles of sustainable 

waste management. Additionally, agricultural waste offers eco-

friendly alternatives for 3D printing, contributing to the circular 

economy [22], [23]. Moreover, the use of by-products such as 

rice husks in metallic matrix composites has been reported to 

improve material properties while also reducing pollution [18]. 

Furthermore, the conversion of agricultural wastes such as 

cocoa bean shells into biocomposites contributes to sustainable 

material production by reducing the carbon footprint [20], [24]. 

This approach is essential for resource efficiency and the 

reduction of environmental impacts [25]. Table 2 presents the 

annual production and sources of agricultural waste-based 

natural fibers [26]. The source of the fibers indicates which part 

of the plant they are derived from, while the production 

quantities worldwide are expressed in thousand tons (103 tons). 

TABLE II 

ANNUAL PRODUCTION OF AGRICULTURAL WASTE-BASED NATURAL FIBERS  

Fiber Source Global Production  

(10³ Tons) 

Source 

Bamboo 10,000 Stem 

Oil Palm Fruit 23,500 Fruit 

Sugarcane Bagasse 75,000 Stem 

Banana 200 Fruit 

Coconut Fiber 100 Stem 

Wood 1,750,000 Stem 

Pineapple 1,200 Leaf 

Rice Straw 28,900 Stem 

Rice Husk 26,750 Seed 

Jute 2,500 Stem 

Kenaf 770 Stem 

Flax 810 Stem 

Sisal 380 Stem 

Abaca Fiber 70 Stem 

Kapok Fiber 100 Stem 

 

3. THE UTILIZATION OF AGRICULTURAL WASTE IN 
THE PRODUCTION OF COMPOSITE MATERIALS 

 

The valorization of agricultural waste as composite 

materials is a significant process for sustainability and involves 

a comprehensive production line comprising several stages 

(Figure 1). Initially, suitable agricultural residues must be 

collected and cleansed of impurities. Following this, the waste 

undergoes a grinding process to achieve specific dimensions 

and is subsequently classified to attain the desired 

granulometric distribution. These steps are critical for 

rendering the waste suitable for composite material fabrication. 

 

 
Figure 1. Schematic representation of composite material production from 

agricultural waste.  

 

The ground agricultural waste must be combined with a 

binder, or matrix, material. The matrix material determines the 

final properties of the composite and facilitates the integration 

of the waste with the matrix [27]. Matrix materials employed in 

this stage typically include thermoplastics, thermosetting 

resins, and natural polymers [28]–[30]. Thermoplastics (e.g., 

polypropylene (PP), polyethylene (PE), and polyvinyl chloride 

(PVC)) can be melted and reshaped under heat. Thermosetting 

resins (e.g., epoxy, phenolic resins) are known to provide 

permanent hardness and strength under high temperature and 

pressure [31], [32]. Furthermore, natural polymers are also 

favored in composite production due to their environmentally 
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friendly and biodegradable properties [33]–[35]. The 

subsequent stage involves the pressing process. Among the 

pressing methods are: 

• Hot pressing, which facilitates the strong bonding of waste 

materials with the matrix, resulting in a durable composite 

material. 

• Extrusion, employed for the production of continuous 

lengths of profiles, sheets, and pipes by homogeneously 

mixing agricultural waste with a polymer matrix. 

• Injection molding, an ideal method for the mass 

production of small products with complex shapes. 

• Filament winding, which enables the creation of 

cylindrical structures and robust composite products by 

coating agricultural fibers with resin and winding them 

around a mandrel. 

To determine the performance and durability of the 

composite materials, various testing and analysis methods are 

employed. Mechanical tests measure the tensile, compressive, 

flexural, and impact strength of the material, while thermal 

tests evaluate its stability at elevated temperatures. 

Microstructural analyses (e.g., scanning electron microscopy 

(SEM) and X-ray diffraction (XRD)) examine the fiber-matrix 

interaction and internal structure. Chemical analyses (e.g., 

Fourier transform infrared spectroscopy (FTIR) and energy-

dispersive X-ray spectroscopy (EDX)) assess the chemical 

composition of the composite material and any potential 

alterations. 

These comprehensive processes enable the transformation 

of agricultural waste into sustainable and high-performance 

composite materials, offering significant contributions both 

environmentally and economically. Table 3 provides 

information on some agricultural wastes used as reinforcement 

in composite material production. 

 
TABLE III 

UTILIZATION OF AGRICULTURAL WASTE AS REINFORCEMENT IN COMPOSITE 

MATERIAL PRODUCTION 

Waste 

Type 

Matrix Method Pros Cons 

Corn Cob PP, 
Epoxy, 

PES 

Injection, 
Compression 

Cheap, 
abundant 

Short fibers, 
low strength 

Rice 
Husk 

PLA, 
Epoxy 

Injection, 
Compression 

High area, 
light 

Weak bonding 

Wheat 
Straw 

PP, PE Compression, 
Extrusion 

Light, 
biodegradable 

Hard to mix 
evenly 

Coconut 

Shell 

Epoxy, 

PES 

Compression, 

Pultrusion 

Hard, durable Hard to 

process 

Sugarcane 

Bagasse 

PP, 

PLA 

Extrusion, 

Compression 

Abundant, 

cheap 

Low fiber 

quality 

Flax Fiber PA, 
PP 

Pultrusion, 
Vacuum 

Strong, low 
density 

Costly, hard to 
process 

Bamboo 

Fiber 

Epoxy, 

PES 

Pultrusion, 

Injection 

Strong, fast 

growth 

Low density, 

hard to process 

Hazelnut 
Shell 

Epoxy, 
PU 

Compression, 
Pultrusion 

Hard, wear-
resistant 

Varying 
quality 

Walnut 

Shell 

PES, 

Epoxy 

Injection, 

Compression 

Hard, durable Hard to 

process 

Apricot 
Pit Shell 

PP, 
Epoxy 

Injection, 
Compression 

Light, 
recyclable 

Low fiber 
quality 

 
 
 

4. PROPERTIES of AGRICULTURAL WASTE BASED 
COMPOSITES 

 

Agricultural waste-based composites have garnered 

significant attention due to their technical attributes, often 

exhibiting advantages such as enhanced mechanical strength, 

thermal stability, and biodegradability. A study on 

polyester/corn stalk composites reported that such materials 

demonstrate excellent water and oxygen barrier properties, 

rendering them suitable for diverse applications in the 

construction and automotive industries [2], [36]. Furthermore, 

research has highlighted the potential of agricultural waste 

derived composites as effective thermal insulators owing to 

their low thermal conductivity [4]. This aligns with the findings 

of [9], which indicated that composites fabricated from rice 

husk and wood fibers exhibit favorable thermal insulation 

properties, offering promising results for industrial 

applicability. 

The utilization of agricultural waste in the fabrication of 

composite materials presents significant potential within the 

context of recycling, often involving various treatments to 

enhance the properties of the resultant composites. For 

instance, a study focusing on epoxy-based polymer matrix 

composites, incorporating waste materials such as coconut and 

walnut shells, emphasized the improvement of mechanical 

properties and the optimization of flexural and physical 

behavior through the application of Taguchi techniques [37]. 

Further research on alkali-treated oil palm leaf waste 

demonstrated its capacity to significantly augment interfacial 

adhesion in polylactic acid composites, thereby enhancing 

mechanical performance [38]. 

 

4.1. Mechanical Properties  
The mechanical properties of agricultural waste-based 

composites have garnered increasing attention in recent years 

due to their potential to provide sustainable and 

environmentally friendly alternatives. Agricultural residues, 

such as rice husk, corn stalk, walnut shell, hazelnut shell, and 

coconut shell, are employed as reinforcement materials in 

composite production. These materials not only enhance 

mechanical strength but also offer environmental benefits by 

reducing waste and promoting a circular economy. The 

integration of these residues into composite matrices 

contributes to the improvement of mechanical properties, 

including tensile strength, flexural strength, and impact 

resistance [39], thereby facilitating their application in diverse 

industries such as construction, automotive, and consumer 

goods [9]. 

Studies have revealed that the mechanical performance of 

agricultural waste based composites varies depending on the 

type of waste employed, the matrix material, and the processing 

techniques implemented [40], [41]. For instance, composites 

reinforced with rice husk ash have been shown to exhibit 

superior mechanical properties compared to their counterparts 

lacking such reinforcement [42]. Specifically, the incorporation 

of rice husk ash into aluminum matrix composites has been 

reported to enhance tensile strength and wear resistance, 

rendering these materials suitable for applications in 

automotive and structural components [43], [44]. Similarly, the 

utilization of corn stalk fibers in polyester composites has been 

shown to contribute to increased mechanical strength, 

dimensional stability, and thermal resistance, highlighting the 
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remarkable versatility of agricultural waste as a reinforcement 

material [2]. 

The optimization of mechanical properties in agricultural 

waste-based composites can be achieved through various 

processing techniques. For example, the Taguchi method has 

been employed to optimize the flexural and physical behavior 

of epoxy-based composites reinforced with agricultural waste, 

demonstrating that careful selection of processing parameters 

significantly improves mechanical performance [37].  

Furthermore, alkali treatment has been shown to enhance fiber-

matrix interfacial adhesion during the processing of 

agricultural fibers, yielding composites with superior 

mechanical properties [7]. 

 

4.2. Physical Properties  
Agricultural waste based composites, derived from various 

agricultural byproducts, offer numerous advantages, 

particularly in the construction, automotive, and packaging 

sectors, due to their physical properties and environmental 

sustainability [9], [39]. A primary benefit of these composites 

lies in their low density and lightweight structure. The 

utilization of low-density agricultural residues, such as coconut 

shells, palm leaves, and corn stalks, significantly reduces 

material weight, facilitating ease of handling and application 

while simultaneously lowering costs [37], [38]. Despite their 

lightweight nature, these materials offer sufficient mechanical 

strength, enabling their effective use in structural and 

automotive applications. Another notable physical attribute of 

agricultural waste composites is their excellent thermal 

insulation capacity. Natural fibers like corn stalk, rice husk ash, 

and coconut shell, when incorporated into composite matrices, 

not only enhance mechanical durability but also provide 

superior thermal insulation, positioning these materials as a 

sustainable alternative to conventional insulation products [4], 

[37]. Especially in the context of increasing demand for 

sustainable building materials, such composites are deemed 

invaluable for enhancing energy efficiency and mitigating 

environmental impact [45]. 

The physical durability of agricultural waste-based 

composites, notably their resistance to fluctuations in humidity 

and temperature, is particularly remarkable. Studies have 

demonstrated the dimensional stability of these materials, 

confirming their capacity to maintain structural integrity in the 

face of environmental variations [2], [46], [47]. Furthermore, 

fiber treatment methods, such as alkali treatment, are reported 

to enhance fiber-matrix interfacial adhesion, thereby 

augmenting the composites' physical durability and long-term 

performance [38], [48]. Agricultural waste, readily integrable 

with polymer matrices, not only elevates the physical 

properties of the resultant composites but also fosters 

environmental sustainability by mitigating reliance on 

synthetic materials [49], [50]. Table 4 provides a comparative 

analysis of the mechanical properties of composites derived 

from various agricultural residues. 

The fundamental parameters presented in Table 4, such as 

density, tensile strength, and Young's modulus, offer valuable 

insights into the potential applications and durability of these 

fibers. In particular, the high tensile strength exhibited by 

sources like oil palm and rice straw enhances their suitability 

for composite material fabrication. Furthermore, fiber density 

plays a crucial role in material selection [51], [52]. This table 

provides a valuable reference for bioengineering and 

sustainable materials research regarding agricultural waste 

fibers. 

 
TABLE IV  

SELECTED PHYSICAL AND MECHANICAL PROPERTIES OF COMPOSITES 

FABRICATED FROM VARIOUS AGRICULTURAL WASTE FIBERS. 

Fiber 
Source 

Density 
(g/m³) 

Tensile 
Strength 

(MPa) 

Young's 
Modulus 

(GPa) 

References 

Oil Palm 0.7–1.55 227.5–278.4 2.7–3.2 [53], [54] 
Bagasse 0.31–1.25 257.3–290.5 15–18 [55] 

Banana 0.65–1.36 51.6–55.2 3.00–3.78 [56], [57] 

Coconut 0.67–1.15 173.5–175.0 4.0–6.0 [56], [57] 
Pineapple 1.25–1.60 166–175 5.51–6.76 [46] 

Rice Straw 0.86–0.87 435–450 24.67-6.33 [58], [59] 

Jute 1.3–1.45 300–700 20–50 [60], [61] 
Kenaf 0.15–0.55 295–955 23.1–27.1 [62], [63] 

Bamboo 0.6–1.1 360.5–590.3 22.2–54.2 [64] 

Sisal 1.45–1.5 300–500 10–30 [60], [61] 
Abaca 1.42–1.65 879–980 38–45 [61] 

Kapok 0.68–1.47 80.3–111.5 4.56–5.12 [65], [66] 

 

As shown in Table 4, agricultural waste materials offer 

superior mechanical properties compared to traditional 

materials, such as high tensile strength and Young's modulus. 

Additionally, their low density provides advantages in terms of 

reduced weight and ease of transport. Being environmentally 

friendly and renewable resources, they contribute to 

sustainability, while their low cost and local availability offer 

economic benefits. With these characteristics, agricultural 

waste materials hold great potential as an alternative to 

traditional materials in the production of construction materials 

and composites. 

 

4.3. Environmental and Economic Characteristics  
The environmental and economic attributes of agricultural 

waste-based composites offer significant advantages in terms 

of sustainability and cost-effectiveness. These composites 

present valuable solutions for waste management, energy 

conservation, and the mitigation of environmental impact. By 

repurposing agricultural waste, manufacturers can substantially 

diminish the environmental footprint associated with waste 

disposal and raw material extraction. The utilization of 

agricultural waste in composites not only addresses waste 

management challenges but also promotes sustainability by 

providing renewable and biodegradable materials [37], [67]. 

Moreover, employing locally sourced agricultural waste yields 

economic benefits through cost savings in material 

procurement and processing. This renders the production of 

such composite materials a financially viable option [2]. 

 

5. CONTEMPORARY APPLICATIONS of 
AGRICULTURAL WASTE-BASED COMPOSITES  

 
5.1. Application in the Construction Industry 

 

Agricultural waste-based composites have emerged as a 

sustainable alternative in the construction industry, offering the 

potential to address both environmental concerns and the need 

for innovative building materials. A key application of 

agricultural waste composites in construction lies in the 

development of lightweight, high-strength materials. For 

instance, bio-composites derived from agricultural residues, 

such as durian peel fibers combined with poly(lactic acid) 

(PLA), have been shown to exhibit enhanced tensile and 

thermal properties, rendering them suitable for various 
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structural applications [68]. The incorporation of these natural 

fibers into composite matrices augments the overall material 

performance, proving particularly advantageous in applications 

where weight reduction is critical, such as prefabricated 

building components [69]. Furthermore, mycelium-based 

composites, which utilize agricultural waste as a substrate for 

fungal growth, have demonstrated promising results in 

construction applications. These composites exhibit excellent 

mechanical properties and can be molded into diverse forms, 

making them suitable for use as insulation panels or structural 

elements [70]. Mycelium's ability to bind agricultural waste 

into a cohesive material not only provides a sustainable 

building solution but also contributes to carbon sequestration, 

mitigating the effects of climate change [71]. The durability and 

weather resistance of agricultural waste composites are also 

noteworthy. Studies have revealed that composite materials 

bonded with methylene diphenyl diisocyanate (MDI) and 

reinforced with bamboo or other agricultural fibers maintain 

their structural integrity under natural weathering conditions 

[72]. This characteristic is paramount for construction 

materials, which must withstand fluctuating environmental 

conditions over time. Beyond their mechanical and durability 

advantages, agricultural waste composites contribute to a 

circular economy by utilizing materials that would otherwise 

be considered waste. The use of cocoa pod husks in 

polypropylene composites, for example, not only offers a 

sustainable material option but also addresses the issue of 

agricultural waste accumulation [73]. This approach aligns with 

the growing trend towards eco-conscious construction 

practices, where the entire life cycle of materials, from 

production to disposal, is considered. Moreover, the integration 

of biocomposites into the construction sector is further 

bolstered by advancements in additive manufacturing 

technologies. The ability to 3D print using materials derived 

from agricultural waste allows for innovative designs tailored 

to specific structural requirements, opening new avenues for 

customized building solutions [74]. This technology enhances 

the versatility of agricultural waste composites, making them 

an attractive option for modern construction needs. 

 

5.2. Application in the Automotive Industry  
The industrial applications of agricultural waste-based 

composite materials are remarkably diverse, encompassing 

sectors such as construction, automotive, furniture, packaging, 

and thermal insulation. The lightweight nature and specific 

strength of these composites make them particularly appealing 

for automotive applications, where minimizing vehicle weight 

is crucial for enhancing fuel efficiency and reducing emissions. 

In this context, the potential of green materials, including 

agricultural waste, as reinforcement in aluminum matrix 

composites, and their role in lightweighting strategies, is 

underscored [24]. These composites are employed in vehicles 

to achieve reductions in weight, improvements in fuel 

economy, and a diminished carbon footprint (Figure 2). 

 

5.3. Applications in the Packaging Industry  
The utilization of agricultural waste-based composite 

materials in the packaging sector has gained significant 

momentum in recent years, driven by a growing interest in 

biodegradable and environmentally friendly alternatives. The 

detrimental environmental impact of conventional plastic 

packaging materials, and their persistence in the environment 

for extended periods, has rendered biodegradable composites 

derived from agricultural waste an attractive solution. These 

composite materials offer both environmental and economic 

benefits, particularly in addressing waste management and 

plastic pollution. 

 

 
Figure 2. Agricultural waste-based composite components utilized in 

automotive interiors [75]. 
 

The viability of agricultural waste as a packaging material 

is intrinsically linked to several key advantages inherent in 

these composite materials. Primarily, their inherent 

biodegradability ensures environmentally benign 

decomposition after use, aligning perfectly with the burgeoning 

demand for biodegradable packaging solutions. For instance, 

agricultural residues such as corn cobs, wheat straw, rice husks, 

and coconut shells can be combined with polymer matrices to 

create biodegradable packaging materials [50]. These materials 

possess the potential to replace conventional plastic packaging, 

thereby significantly reducing the environmental footprint of 

the packaging industry. Furthermore, the use of biopolymer-

based composites derived from agricultural waste promotes 

sustainability by mitigating reliance on non-renewable 

resources. Agricultural waste, being a recyclable and 

renewable resource, readily integrates into sustainable 

production processes. This not only minimizes environmental 

impact but also facilitates more efficient utilization of local 

resources [20]. For example, composites produced from 

combining waste materials like rice husks and corn stalks with 

biopolymers offer durable, lightweight, and environmentally 

friendly solutions for the packaging sector (Figure 3). 

Moreover, biodegradable composites from agricultural waste 

enhance functional performance within the packaging industry. 

These materials can exhibit desirable packaging characteristics 

such as moisture resistance, oxygen barrier properties, and high 

tensile strength. Biodegradable composites used in food 

packaging, in particular, provide the necessary barrier 

properties to maintain product freshness while simultaneously 

undergoing environmentally benign decomposition at the end 

of their lifespan [76]. This underscores the considerable 

environmental sustainability advantage of biodegradable 

composites over their plastic counterparts. 

 

5.4. Applications in the Furniture Industry  
The utilization of agricultural waste-based composites in 

the furniture industry is attracting increasing attention due to 

their potential to create sustainable, eco-friendly products 

while addressing waste management challenges. These 

composites, often incorporating materials such as wheat straw, 

pineapple fibers, and mycelium, offer a range of mechanical 

and aesthetic properties suitable for diverse furniture 

applications. A significant example of agricultural waste 

utilization in furniture design is the incorporation of wheat 
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straw into composite materials. Research indicates that 

composites reinforced with chopped wheat straw can be 

effectively combined with various plastics, such as 

polyethylene and polypropylene, to produce materials with 

enhanced mechanical properties [78]. These composite 

materials offer a sustainable alternative to traditional wood-

based materials, contributing to the mitigation of 

environmental impacts associated with furniture production. 

Mycelium-based composite materials, employing fungal 

growth on agricultural waste substrates, represent another 

innovative approach in furniture manufacturing. These 

materials stand out due to their inherent fire-resistant properties 

and adaptability to specific applications, making them suitable 

for various furniture designs [79]. Mycelium's ability to bind 

agricultural waste into a cohesive material enables the creation 

of lightweight and durable furniture products capable of 

satisfying the aesthetic and functional demands of modern 

consumers. Additionally, the use of pineapple leaf fibers in 

furniture design has been explored as a means of upcycling 

agricultural waste. Pineapple cultivation generates substantial 

waste, and research demonstrates that these fibers can be 

transformed into composite materials exhibiting favorable 

mechanical properties [80], [81]. Such innovations foster 

sustainable practices within the furniture industry and 

contribute to the circular economy by enhancing the value of 

agricultural by-products. The development of bio-composite 

boards from straw fibers has also garnered significant interest 

in the furniture sector. Produced from readily available 

agricultural waste, these boards find applications in various 

uses (Figure 4-5), including cabinets and decorative elements 
[82].  

 

 
Figure 3. The biodegradable materials in packaging applications [77]. 

 

5.5. Applications in Agriculture and Horticulture  
Agricultural waste-based composite materials utilized in 

agriculture and horticulture promote environmental 

sustainability while offering functional advantages. 

Composites derived from waste such as rice husks, corn stalks, 

and coconut shells exhibit organic fertilizer properties and 

function as soil amendment materials, enhancing water 

retention capacity. These composites are known to improve soil 

structure and nutrient content, contributing to healthy plant root 

development. Furthermore, they offer lightweight and durable 

materials for horticultural landscaping, providing water-

conserving and aesthetically pleasing solutions. The 

application of agricultural waste-based composites contributes 

to achieving sustainability goals within this sector, while 

simultaneously reducing costs and promoting efficient natural 

resource utilization and waste management.  

 

 
 

Figure 4. Bio-based wood composites from sugarcane bagasse [83]. 

 

The growing demand for biodegradable and sustainable 

materials has driven research to optimize the properties of these 

bio-composites and ensure they meet the performance 

standards required for furniture applications. Furthermore, the 

integration of waste textile materials into furniture design has 

emerged as a viable strategy for sustainability. By recycling 

waste textiles into composite materials, manufacturers can 

create products that are not only environmentally friendly but 

also economically viable [84]. This approach highlights the 

potential for innovation in material sourcing and product 

design, addressing the dual challenge posed by textile waste 

and the need for sustainable furniture solutions. 

 

 
 
Figure 5. Fiberboard from Rice Straw for Furniture and Furniture 

Manufacturing [85]. 

 

6. CONCLUSIONS 
This study has highlighted the significance of agricultural 

waste-based composite materials from the perspective of 

environmental sustainability, elucidating their production 

processes, properties, and potential for industrial applications. 

Findings demonstrate that these materials, offering advantages 

such as low cost, lightweight properties, biodegradability, and 

energy efficiency, can be considered viable sustainable 

alternatives in sectors including construction, automotive, 

furniture, packaging, and agriculture. However, certain 

improvements are necessary to facilitate wider adoption. 

Specifically, research and development investment is crucial 

for advancing biodegradable binders and processing 

technologies, implementing surface modification techniques to 

enhance fiber-matrix compatibility, and quantifying 

environmental benefits through life cycle analyses. 

Furthermore, public policies incentivizing wider adoption of 

these materials, coupled with industry education on 

sustainability, will significantly increase sector awareness. The 

study's conclusions indicate that the efficient utilization of 

agricultural waste contributes to the circular economy and 

strengthens industrial sustainability. 

142



EUROPEAN JOURNAL OF TECHNIQUE, Vol.14, No., 2024 

 

Copyright © European Journal of Technique (EJT)                  ISSN 2536-5010 | e-ISSN 2536-5134                                    https://dergipark.org.tr/en/pub/ejt 

  

REFERENCES 
 
[1] R. Y. Venkataravanappa, A. Lakshmikanthan, N. Kapilan, M. P. G. 

Chandrashekarappa, O. Der, and A. Ercetin, “Physico-Mechanical 
Property Evaluation and Morphology Study of Moisture-Treated 

Hemp–Banana Natural-Fiber-Reinforced Green Composites,” J. 

Compos. Sci., vol. 7, no. 7, 2023, doi: 10.3390/jcs7070266. 
[2] O. Anozie and N. Ifeanyi, “Evaluation of the Physico-Mechanical 

Properties of Polyester/Corn Stalk Composite,” Poljopr. Teh., 2022, 

doi: 10.5937/poljteh2203009o. 
[3] A. M. Youssef, M. S. Hasanin, M. E. A. El-Aziz, and O. M. Darwesh, 

“Green, Economic, and Partially Biodegradable Wood Plastic 

Composites via Enzymatic Surface Modification of Lignocellulosic 
Fibers,” Heliyon, 2019, doi: 10.1016/j.heliyon.2019.e01332. 

[4] H. Serin, G. Güzel, U. Kumlu, and M. A. Akar, “Potential of Using 

Agricultural Waste Composites as Thermal Insulation Material,” 
Macromol. Symp., 2022, doi: 10.1002/masy.202100409. 

[5] G. A. K. Gürdil, M. Mengstu, and A. Kakarash, “Utilization of 

Agricultural Wastes for Sustainable Development,” Black Sea 
Journal of Agriculture. 2021. doi: 10.47115/bsagriculture.953415. 

[6] F. S. Shahar, M. T. H. Sultan, A. Łukaszewicz, and R. A. Grzejda, 

“A Review on Agricultural Wastes and Pineapple Leaf Fibers in 

UAVs Airframe Manufacturing,” Preprints, 2023, doi: 

https://doi.org/10.20944/preprints202307.1813.v1. 

[7] D. Koçak, H. Olcay, and Z. Yildiz, “Mechanical and Acoustic 
Properties of Alkali Treated Agricultural Waste Reinforced 

Sustainable Polyurethane Composites,” Journal of Reinforced 
Plastics and Composites. 2022. doi: 10.1177/07316844221147641. 

[8] U. I. A. B. M. Adnan, F. R. Wong, M. F. Morni, A. H. Abdullah, A. 

A. Rashid, and S. K. Yong, “Mechanical Properties of Rice Husk-
Recycled Polypropylene Composite,” J. Mech. Eng., vol. 12, no. 1, 

pp. 45–61, 2023, doi: 10.24191/JMECHE.V12I1.24637. 

[9] R. Muthuraj, C. Lacoste, P. Lacroix, and A. Bergeret, “Sustainable 
Thermal Insulation Biocomposites From Rice Husk, Wheat Husk, 

Wood Fibers and Textile Waste Fibers: Elaboration and 

Performances Evaluation,” Industrial Crops and Products. 2019. 
doi: 10.1016/j.indcrop.2019.04.053. 

[10] L. Yang, D. Park, and Z. Qin, “Material Function of Mycelium-

Based Bio-Composite: A Review,” Front. Mater., 2021, doi: 
10.3389/fmats.2021.737377. 

[11] C. Nyambo, A. K. Mohanty, and M. Misra, “Polylactide-Based 

Renewable Green Composites From Agricultural Residues and Their 
Hybrids,” Biomacromolecules. 2010. doi: 10.1021/bm1003114. 

[12] A. M. Nermin and D. E. El-Nashar, “The Influence of Using 

Agriculture Wastes as Reinforcing Fillers on Hybrid Biocomposites 
Properties.” 2019. doi: 10.21825/autex.63876. 

[13] G. U. Raju and S. Kumarappa, “Experimental Study on Mechanical 

and Thermal Properties of Epoxy Composites Filled With 
Agricultural Residue,” Polymers From Renewable Resources. 2012. 

doi: 10.1177/204124791200300303. 

[14] S. Manivannan, R. Venkatesh, M. Kubendiran, C. R. Kannan, N. 
Karthikeyan, and S. Naveen, “Conservation of Waste Melon Shell 

and Fly Ash Utilized as Reinforcements for Aluminum Alloy Matrix 

in Terrestrial Ecosystem Acquired Green Hybrid Composites,” 
Environmental Quality Management. 2023. doi: 

10.1002/tqem.21990. 

[15] C. H. S. N. G. Velmurugana, Jasgurpreet Singh Chohan, M. 
Abhilakshmi, S. Harikaran, M.B Shakthi dharshini, “A Short Review 

on the Growth of Lightweight Agronomic Surplus Biomass 

Composites for Ecological Applications Using Biopolymers,” Int. 

Res. J. Multidiscip. Technovation, vol. 6, no. 1, pp. 140–154, Jan. 

2024, doi: 10.54392/irjmt24111. 

[16] Y. Altunkaynak and M. Canpolat, “Use of Orange Peel Waste in 
Removal of Nickel(II) Ions from Aqueous Solutions: Equilibrium, 

Kinetic and Thermodynamic Studies,” J. Adv. Res. Nat. Appl. Sci., 

vol. 8, no. 2, pp. 322–339, Jun. 2022, doi: 10.28979/jarnas.1000133. 
[17] Y. Altunkaynak and M. Canpolat, “Removal of Manganese (II) Ions 

from Aqueous Solutions with Raw Orange Peel: Equilibrium, 

Kinetic and Thermodynamic Studies,” Afyon Kocatepe University 
Journal of Sciences and Engineering, vol. 22, no. 1. pp. 45–56, 2022. 

doi: 10.35414/akufemubid.1032148. 

[18] O. O. Joseph and K. O. Babaremu, “Agricultural waste as a 
reinforcement particulate for aluminum metal matrix composite 

(AMMCs): A review,” Fibers, vol. 7, no. 4, 2019, doi: 

10.3390/fib7040033. 
[19] I. Peter P, M. Oki, and A. Adekunle A, “A review of ceramic/bio-

based hybrid reinforced aluminium matrix composites,” Cogent 
Eng., vol. 7, no. 1, 2020, doi: 10.1080/23311916.2020.1727167. 

[20] Y. G. Yashas, S. Ballupete Nagaraju, M. Puttegowda, A. Verma, S. 

M. Rangappa, and S. Siengchin, “Biopolymer-Based Composites: 

An Eco-Friendly Alternative from Agricultural Waste Biomass,” J. 
Compos. Sci., vol. 7, no. 6, 2023, doi: 10.3390/jcs7060242. 

[21] D. Puglia, D. Pezzolla, G. Gigliotti, L. Torre, M. L. Bartucca, and D. 

Del Buono, “The Opportunity of Valorizing Agricultural Waste, 
Through Its Conversion Into Biostimulants, Biofertilizers, and 

Biopolymers,” Sustainability. 2021. doi: 10.3390/su13052710. 

[22] S. Pemas, D. Gkiliopoulos, C. Samiotaki, D. N. Bikiaris, Z. 
Terzopoulou, and E. M. Pechlivani, “Valorization of Tomato 

Agricultural Waste for 3d-Printed Polymer Composites Based on 

Poly(lactic Acid),” Polymers. 2024. doi: 10.3390/polym16111536. 
[23] D. Fico, D. Rizzo, V. De Carolis, and C. Esposito Corcione, “Bio-

Composite Filaments Based on Poly(Lactic Acid) and Cocoa Bean 

Shell Waste for Fused Filament Fabrication (FFF): Production, 
Characterization and 3D Printing,” Materials. 2024. doi: 

10.3390/ma17061260. 

[24] A. O. Ibhadode, “Engine Lightweighting: Use of Green Materials as 
Reinforcement in Aluminum Metal Matrix Composites.” 2023. doi: 

10.5772/intechopen.108273. 

[25] N. Bandara and K. Gajasinghe, “Insights of Circular Economics 
Practices in Rice Cultivation and Processing - A Review,” Journal 

of Agriculture and Value Addition. 2023. doi: 10.4038/java.v6i2.79. 

[26] R. Dungani et al., Bionanomaterial from agricultural waste and its 
application. Elsevier Ltd, 2017. doi: 10.1016/B978-0-08-100957-

4.00003-6. 
[27] E. Chiellini, P. Cinelli, S. H. Imam, and L. Mao, “Composite Films 

Based on Biorelated Agro-Industrial Waste and Poly(vinyl alcohol). 

Preparation and Mechanical Properties Characterization,” 
Biomacromolecules, vol. 2, no. 3, pp. 1029–1037, Sep. 2001, doi: 

10.1021/bm010084j. 

[28] A. G. de Souza, R. F. S. Barbosa, and D. S. Rosa, “Nanocellulose 
from Industrial and Agricultural Waste for Further Use in PLA 

Composites,” J. Polym. Environ., vol. 28, no. 7, pp. 1851–1868, Jul. 

2020, doi: 10.1007/s10924-020-01731-w. 
[29] R. Hsissou, R. Seghiri, Z. Benzekri, M. Hilali, M. Rafik, and A. 

Elharfi, “Polymer composite materials: A comprehensive review,” 

Compos. Struct., vol. 262, p. 113640, Apr. 2021, doi: 
10.1016/j.compstruct.2021.113640. 

[30] W. Obande, C. M. Ó Brádaigh, and D. Ray, “Continuous fibre-

reinforced thermoplastic acrylic-matrix composites prepared by 
liquid resin infusion – A review,” Compos. Part B Eng., vol. 215, p. 

108771, Jun. 2021, doi: 10.1016/j.compositesb.2021.108771. 

[31] J.-M. Raquez, M. Deléglise, M.-F. Lacrampe, and P. Krawczak, 
“Thermosetting (bio)materials derived from renewable resources: A 

critical review,” Prog. Polym. Sci., vol. 35, no. 4, pp. 487–509, Apr. 

2010, doi: 10.1016/j.progpolymsci.2010.01.001. 
[32] X. Liu et al., “Ultrastrong and High‐Tough Thermoset Epoxy Resins 

from Hyperbranched Topological Structure and Subnanoscaled Free 

Volume,” Adv. Mater., vol. 36, no. 9, Mar. 2024, doi: 
10.1002/adma.202308434. 

[33] G. Rajeshkumar et al., “Environment friendly, renewable and 

sustainable poly lactic acid (PLA) based natural fiber reinforced 
composites – A comprehensive review,” J. Clean. Prod., vol. 310, p. 

127483, Aug. 2021, doi: 10.1016/j.jclepro.2021.127483. 

[34] L. Yu, K. Dean, and L. Li, “Polymer blends and composites from 
renewable resources,” Prog. Polym. Sci., vol. 31, no. 6, pp. 576–602, 

Jun. 2006, doi: 10.1016/j.progpolymsci.2006.03.002. 

[35] E. Chiellini, P. Cinelli, F. Chiellini, and S. H. Imam, 
“Environmentally Degradable Bio‐Based Polymeric Blends and 

Composites,” Macromol. Biosci., vol. 4, no. 3, pp. 218–231, Mar. 

2004, doi: 10.1002/mabi.200300126. 
[36] M. S. Bulut, M. Ordu, O. Der, and G. Basar, “Sustainable 

Thermoplastic Material Selection for Hybrid Vehicle Battery Packs 

in the Automotive Industry: A Comparative Multi-Criteria Decision-
Making Approach,” Polymers (Basel)., vol. 16, no. 19, 2024, doi: 

10.3390/polym16192768. 

[37] R. Kumar, K. N. Bairwa, and T. K. Sharma, “Optimization in 
Flexural and Physical Behavior of Agricultural Waste Reinforced 

Epoxy Based Polymer Matrix Composite by Taguchi Technique,” 

Evergreen, vol. 10, no. 4, pp. 2607–2613, 2023, doi: 
10.5109/7160916. 

[38] N. Hongsriphan, J. Subsanga, P. Suebsai, S. Sitthipong, and P. 

Patanathabutr, “Use of oil palm frond waste to reinforce poly(lactic 
acid) based composites with the improvement of interfacial adhesion 

by alkali treatment,” J. Met. Mater. Miner., vol. 32, no. 1, pp. 134–
143, 2022, doi: 10.55713/jmmm.v32i1.1244. 

[39] A. Ashori and A. Nourbakhsh, “Bio-based composites from waste 

143



EUROPEAN JOURNAL OF TECHNIQUE, Vol.14, No., 2024 

 

Copyright © European Journal of Technique (EJT)                  ISSN 2536-5010 | e-ISSN 2536-5134                                    https://dergipark.org.tr/en/pub/ejt 

  

agricultural residues,” Waste Manag., vol. 30, no. 4, pp. 680–684, 

Apr. 2010, doi: 10.1016/j.wasman.2009.08.003. 

[40] M. Suffo, M. de la Mata, and S. I. Molina, “A sugar-beet waste based 

thermoplastic agro-composite as substitute for raw materials,” J. 

Clean. Prod., vol. 257, p. 120382, Jun. 2020, doi: 

10.1016/j.jclepro.2020.120382. 
[41] M. Barczewski, K. Sałasińska, and J. Szulc, “Application of 

sunflower husk, hazelnut shell and walnut shell as waste agricultural 

fillers for epoxy-based composites: A study into mechanical 
behavior related to structural and rheological properties,” Polym. 

Test., vol. 75, pp. 1–11, May 2019, doi: 

10.1016/j.polymertesting.2019.01.017. 
[42] M. A. Suhot, M. Z. Hassan, S. A. Aziz, and M. Y. Md Daud, “Recent 

Progress of Rice Husk Reinforced Polymer Composites: A Review,” 

Polymers (Basel)., vol. 13, no. 15, p. 2391, Jul. 2021, doi: 
10.3390/polym13152391. 

[43] Z. Seikh, M. Sekh, S. Kunar, G. Kibria, R. Haque, and S. Haidar, 

“Rice Husk Ash Reinforced Aluminium Metal Matrix Composites: 
A Review,” Mater. Sci. Forum, vol. 1070, pp. 55–70, 2022, doi: 

10.4028/p-u8s016. 

[44] P. P. Kulkarni, B. Siddeswarappa, and K. S. H. Kumar, “A Survey 
on Effect of Agro Waste Ash as Reinforcement on Aluminium Base 

Metal Matrix Composites,” Open J. Compos. Mater., vol. 09, no. 03, 

pp. 312–326, 2019, doi: 10.4236/ojcm.2019.93019. 
[45] K. Anitha and S. Senthilselvan, “Agricultural Waste Materials 

Applications in Building Industry – An Overview,” Ecs 
Transactions. 2022. doi: 10.1149/10701.2371ecst. 

[46] N. C. Amulah, A. M. El-Jummah, A. A. Hammajam, and U. Ibrahim, 

“Experimental Investigation on the Thermal Properties of Gypsum 
Plaster-Rice Husk Ash Composite,” Open Journal of Composite 

Materials. 2022. doi: 10.4236/ojcm.2022.124010. 

[47] A. E. Eladawi and A. H. Rajpar, “Investigation of Mechanical 
Properties for Reinforced Polyester Composites With Palm Fronds,” 

Journal of Materials Science and Chemical Engineering. 2020. doi: 

10.4236/msce.2020.83006. 
[48] U. V Akhil, N. Radhika, B. Saleh, S. A. Krishna, N. Noble, and L. 

Rajeshkumar, “A Comprehensive Review on Plant‐based Natural 

Fiber Reinforced Polymer Composites: Fabrication, Properties, and 
Applications,” Polymer Composites. 2023. doi: 10.1002/pc.27274. 

[49] W. Liu et al., “Properties of poly(butylene adipate-co-terephthalate) 

and sunflower head residue biocomposites,” Journal of Applied 
Polymer Science, vol. 134, no. 13. 2017. doi: 10.1002/app.44644. 

[50] P. Cinelli, M. Seggiani, N. Mallegni, V. Gigante, and A. Lazzeri, 

“Processability and Degradability of PHA-Based Composites in 
Terrestrial Environments,” International Journal of Molecular 

Sciences. 2019. doi: 10.3390/ijms20020284. 

[51] M. Noryani, S. M. Sapuan, M. T. Mastura, M. Y. M. Zuhri, and E. 
S. Zainudin, “Material Selection of a Natural Fibre Reinforced 

Polymer Composites using an Analytical Approach,” J. Renew. 

Mater., vol. 7, no. 11, pp. 1165–1179, 2019, doi: 
10.32604/jrm.2019.07691. 

[52] A. Karimah et al., “A review on natural fibers for development of 

eco-friendly bio-composite: characteristics, and utilizations,” J. 
Mater. Res. Technol., vol. 13, pp. 2442–2458, Jul. 2021, doi: 

10.1016/j.jmrt.2021.06.014. 

[53] H. P. S. Abdul Khalil, M. Siti Alwani, R. Ridzuan, H. Kamarudin, 
and A. Khairul, “Chemical Composition, Morphological 

Characteristics, and Cell Wall Structure of Malaysian Oil Palm 

Fibers,” Polym. Plast. Technol. Eng., vol. 47, no. 3, pp. 273–280, 
Feb. 2008, doi: 10.1080/03602550701866840. 

[54] A. H. Hemmasi, H. Khademi-Eslam, S. Pourabbasi, I. Ghasemi, and 

M. Talaiepour, “Cell morphology and physico-mechanical properties 
of HDPE/EVA/Rice hull hybrid foamed composites,” BioResources, 

vol. 6, no. 3, pp. 2291–2308, 2011, doi: 10.15376/biores.6.3.2291-

2308. 
[55] C. Driemeier, W. D. Santos, and M. S. Buckeridge, “Cellulose 

crystals in fibrovascular bundles of sugarcane culms: orientation, 

size, distortion, and variability,” Cellulose, vol. 19, no. 5, pp. 1507–
1515, 2012, doi: 10.1007/s10570-012-9743-z. 

[56] M. S. Alwani, H. P. S. A. Khalil, N. Islam, O. Sulaiman, A. Zaidon, 

and R. Dungani, “Microstructural Study, Tensile Properties, and 
Scanning Electron Microscopy Fractography Failure Analysis of 

Various Agricultural Residue Fibers,” J. Nat. Fibers, vol. 12, no. 2, 

pp. 154–168, Mar. 2015, doi: 10.1080/15440478.2014.905216. 
[57] M. Sakthivel and S. Ramesh, “Mechanical properties of natural fibre 

(banana, coir, sisal),” Sci Park, vol. 1, no. 1, pp. 1 – 6, 2013. 
[58] M. Bouasker, N. Belayachi, D. Hoxha, and M. Al-Mukhtar, 

“Physical Characterization of Natural Straw Fibers as Aggregates for 

Construction Materials Applications,” Materials (Basel)., vol. 7, no. 

4, pp. 3034–3048, 2014, doi: 10.3390/ma7043034. 

[59] N. Reddy and Y. Yang, “Properties of High-Quality Long Natural 

Cellulose Fibers from Rice Straw,” J. Agric. Food Chem., vol. 54, 

no. 21, pp. 8077–8081, Oct. 2006, doi: 10.1021/jf0617723. 

[60] C. Alves, P. M. C. Ferrão, M. Freitas, A. J. Silva, S. M. Luz, and D. 
E. Alves, “Sustainable design procedure: The role of composite 

materials to combine mechanical and environmental features for 

agricultural machines,” Mater. Des., vol. 30, no. 10, pp. 4060–4068, 
2009, doi: https://doi.org/10.1016/j.matdes.2009.05.015. 

[61] S. Sathees Kumar, B. Sridhar Babu, C. N. Chankravarthy, and N. 

Prabhakar, “Review on natural fiber polymer composites,” Mater. 
Today Proc., vol. 46, no. 2, pp. 777–782, 2021, doi: 

10.1016/j.matpr.2020.12.599. 

[62] P. Wambua, J. Ivens, and I. Verpoest, “Natural fibres: can they 
replace glass in fibre reinforced plastics?,” Compos. Sci. Technol., 

vol. 63, no. 9, pp. 1259–1264, 2003, doi: 

https://doi.org/10.1016/S0266-3538(03)00096-4. 
[63] S. S. Munawar, K. Umemura, and S. Kawai, “Characterization of the 

morphological, physical, and mechanical properties of seven 

nonwood plant fiber bundles,” J. Wood Sci., vol. 53, no. 2, pp. 108–
113, 2007, doi: 10.1007/s10086-006-0836-x. 

[64] A. R. Rathod, “Analysis of Physical Characteristics of Bamboo 

Fabrics,” Int. J. Res. Eng. Technol., vol. 03, no. 08, pp. 21–25, 2014, 
doi: 10.15623/ijret.2014.0308004. 

[65] S. Chaiarrekij, A. Apirakchaiskul, K. Suvarnakich, and S. 
Kiatkamjornwong, “Kapok I: Characteristcs of kapok fiber as a 

potential pulp source for papermaking,” BioResources, vol. 7, no. 1, 

pp. 475–488, 2012, doi: 10.15376/biores.7.1.475-488. 
[66] L. Y. Mwaikambo and M. P. Ansell, “The determination of porosity 

and cellulose content of plant fibers by density methods,” J. Mater. 

Sci. Lett., vol. 20, no. 23, pp. 2095 – 2096, 2001, doi: 
10.1023/A:1013703809964. 

[67] B. Babu, J. Bensam Raj, R. Jeya Raj, and X. Roshan Xavier, 

“Investigation on the mechanical properties of natural composites 
made with Indian almond fiber and neem seed particulates,” Proc. 

Inst. Mech. Eng. Part C J. Mech. Eng. Sci., vol. 237, no. 17, pp. 

3908–3915, Apr. 2023, doi: 10.1177/09544062231167018. 
[68] M. C. Lee et al., “Properties of Poly(lactic Acid)/Durian Husk Fiber 

Biocomposites: Effects of Fiber Content and Processing Aid,” 

Journal of Thermoplastic Composite Materials. 2019. doi: 
10.1177/0892705719831734. 

[69] R. Phiri, M. R. Sanjay, S. Siengchin, O. P. Oladijo, and H. N. Dhakal, 

“Development of Sustainable Biopolymer-Based Composites for 
Lightweight Applications From Agricultural Waste Biomass: A 

Review,” Advanced Industrial and Engineering Polymer Research. 

2023. doi: 10.1016/j.aiepr.2023.04.004. 
[70] E. Elsacker, S. Vandelook, A. Van Wylick, J. Ruytinx, L. De Laêt, 

and E. Peeters, “A Comprehensive Framework for the Production of 

Mycelium-Based Lignocellulosic Composites,” The Science of the 
Total Environment. 2020. doi: 10.1016/j.scitotenv.2020.138431. 

[71] Y. K. Abdallah and A. T. Estévez, “Biowelding 3d-Printed Biodigital 

Brick of Seashell-Based Biocomposite by Pleurotus Ostreatus 
Mycelium,” Biomimetics. 2023. doi: 10.3390/biomimetics8060504. 

[72] D. Lestari et al., “Durability to Natural Weathering of Methylene 

Diphenyl Diisocyanate-Bonded Bamboo Oriented Strand Board,” 
Jurnal Sylva Lestari. 2024. doi: 10.23960/jsl.v12i1.839. 

[73] S. C. Koay and S. Husseinsyah, “Agrowaste-Based Composites 

From Cocoa Pod Husk and Polypropylene,” Journal of 
Thermoplastic Composite Materials. 2016. doi: 

10.1177/0892705714563125. 

[74] A. M. Rahman, A. Bhardwaj, J. G. Vasselli, Z. Pei, and B. D. Shaw, 
“Three-Dimensional Printing of Biomass–Fungi Biocomposite 

Materials: The Effects of Mixing and Printing Parameters on Fungal 

Growth,” Journal of Manufacturing and Materials Processing. 2023. 
doi: 10.3390/jmmp8010002. 

[75] R. V. Patel, A. Yadav, and J. Winczek, “Physical, Mechanical, and 

Thermal Properties of Natural Fiber-Reinforced Epoxy Composites 
for Construction and Automotive Applications,” Appl. Sci., vol. 13, 

no. 8, p. 5126, Apr. 2023, doi: 10.3390/app13085126. 

[76] C. Maraveas, “Production of sustainable and biodegradable 
polymers from agricultural waste,” Polymers (Basel)., vol. 12, no. 5, 

2020, doi: 10.3390/POLYM12051127. 

[77] Christyanne Faye San Juan, “Sustainable Packaging Solutions for 
Eco-Conscious Consumers and Businesses,” Paper Mart, 2023. 

[78] D. Bolcu, M. M. Stănescu, and C. M. Miriţoiu, “Some Mechanical 
Properties of Composite Materials With Chopped Wheat Straw 

Reinforcer and Hybrid Matrix,” Polymers. 2022. doi: 

144



EUROPEAN JOURNAL OF TECHNIQUE, Vol.14, No., 2024 

 

Copyright © European Journal of Technique (EJT)                  ISSN 2536-5010 | e-ISSN 2536-5134                                    https://dergipark.org.tr/en/pub/ejt 

  

10.3390/polym14153175. 

[79] M. P. Jones et al., “Waste‐derived Low‐cost Mycelium Composite 

Construction Materials With Improved Fire Safety,” Fire and 
Materials. 2018. doi: 10.1002/fam.2637. 

[80] N. S. F. Azman and Z. Romli, “Alternative Pineapple Fibre 

Advancement in Furniture Design,” Environment-Behaviour 
Proceedings Journal. 2024. doi: 10.21834/e-bpj.v9isi17.5434. 

[81] X. Hanyue, M. T. H. Sultan, M. I. Najeeb, and F. S. Shahar, “A Short 

Review on the Recent Progress and Properties of Pineapple Leaf 
Fiber Reinforced Composite,” E3s Web of Conferences. 2024. doi: 

10.1051/e3sconf/202447700096. 

[82] J. T. Aladejana, Z. Wu, and M. Fan, “Key Advances in Development 
of Straw Fibre Bio-Composite Boards: An Overview,” Materials 

Research Express. 2020. doi: 10.1088/2053-1591/ab66ec. 

[83] Ş. Yıldızhan, A. Çalık, M. Özcanlı, and H. Serin, “Bio-composite 
materials: a short review of recent trends, mechanical and chemical 

properties, and applications,” European Mechanical Science, 2018. 

[84] Y. Wang, C. Liu, X. Zhang, and S. Zeng, “Research on Sustainable 
Furniture Design Based on Waste Textiles Recycling,” 

Sustainability. 2023. doi: 10.3390/su15043601. 

[85] G. Singh, M. K. Gupta, S. Chaurasiya, V. S. Sharma, and D. Y. 
Pimenov, “Rice straw burning: a review on its global prevalence and 

the sustainable alternatives for its effective mitigation,” Environ. Sci. 

Pollut. Res., vol. 28, no. 25, pp. 32125–32155, Jul. 2021, doi: 
10.1007/s11356-021-14163-3. 

 
BIOGRAPHIES (HELVETICA 10P BOLD) 

 

Izham KILINÇ obtained his bachelor's degree from the Furniture and 

Decoration Teaching Department at Karabük University in 2010. He began his 

master's education in the Department of Furniture and Decoration Education at 
Karabük University the same year and completed it in 2013. During his 

master's studies, he served as a scholarship holder in the TÜBİTAK 

Agricultural and Forestry Foundation project. In 2014, he started working as a 
lecturer in the Interior Design Program at Batman University’s Technical 

Sciences Vocational School. He began his doctoral studies in 2018 in the 

Department of Interdisciplinary Composite Material Technologies at Düzce 
University and completed his doctorate in 2023. During his doctoral education, 

he was also a scholarship holder in the TÜBİTAK 1005 project. He currently 

serves as a lecturer and doctor at Batman University, continuing his research 

in interior design and composite material technologies.  
 
Mustafa Korkmaz obtained his Bachelor of Science degree in Furniture and 

Decoration Teaching from Karabük University in 2010. He subsequently 
received his Master of Science and Doctor of Philosophy degrees in the same 

department from Karabük University in 2012 and 2018, respectively. His 

research interests include wood materials, non-destructive testing (NDT) of 
wood, and wood modification. In 2013, he joined the Faculty of Technology at 

Düzce University as a research assistant and is currently serving as an assistant 

professor.  
 

145


