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ABSTRACT: Sugarcane bagasse (SB) and Coir fibre (CF) are two cellulose fibres/agricultural 

waste products found to constitute great environmental challenges, this has initiated a need to 

study them for probable potentialities as alternative use in the field of material science and 

engineering development apart from their localized usage. Consequently, this paper intends at 

reviewing these two agricultural waste material compositions characteristically to identify their 

potential development as renewable composite materials. Sugarcane bagasse has a chemical 

composition within the range of 88.13%, while Coir fibre varies from 25% - 76% of silica content 

depending on the type of treatment. This is a good quality material for composite production. The 

compatibility of these cellulose reinforcing agents and their adhesive matrix can be linked to their 

high cellulose, lignin, and other fibre contents and these can be explored in developing a 

multiphased system with different properties from the original components while retaining the 

qualities of the material among other potentials. These two agricultural by-products are good 

sources of fuel for electricity generation and agents of pozzolanic and polymerization with 

polypropylene for flame retardation. To conclude, therefore, SB and CF are decent resources for 

composites production and renewable energy, with excellent biodegradable characteristics 

consequently controlling environmental degradation. 
KEYWORDS: sugarcane bagasse; coir fibre; materials development; metal matrix; innovative 

composites; waste valorization. 

 
INTRODUCTION 

 

Fibres with extraordinary characteristics have been principally answerable for the innovative 

developments in composite materials advancement as unparalleled to orthodox materials. The 

usage of fibre composites has increased over the years as a result of their elevated strength-to-

weight ratio, which is key to countless engineering applications. [1][2][3] 

 

Over the years, attempts have been made to use natural fibres in place of synthetic fibre in the 

reinforcement of composite materials due to their desirable properties foremost amongst them are 

biodegradability and good mechanical properties[4]; it worthy of note that in using agro-waste, the 

cost is reduced to the barest minimum and the environment is sanitized.  
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Natural fibres are lavishly accessible and ecologically gentle, an advantageous contrast to 

conventional fibres. Therefore, this review paper aims to study the dual agro-waste of sugarcane 

bagasse and coconut coir materials by probing through their distinctive structures to identify their 

potential in developing renewable multifarious materials and maximizing their eco-friendliness. 

[5],[6],[7]. 

 
Selected Fibres 

 

Sugarcane Bagasse 
The manufacturing of ethanol and sugar uses sugarcane as a feedstock. Six of the world’s most 

competitive sugar producers are in Africa with Uganda leading the group, it is worthy of note that 

Uganda has the lowest sugar production cost in Africa at a rate of $140-$180 per hectare with an 

annual production increase of 3.76% per year; which counts for 5.78milion tonnes sugar produced 

in 2020. After sugarcane is milled for juice extraction, a residue of about 25% corresponding 

weight with a carbohydrate content of about 60% to 80% is obtained [8].  

 

 
Fig.1. Sugarcane Bagasse. Source: [9]. 
 

In contrast to being wasted as agricultural waste or burned for energy in sugar and ethanol mills, 

these carbohydrates, if fermented, might considerably increase the production and sustainability 

of bioethanol [8],[10],[11],[12]. Both alternatives are toxic and unproductive in creating new 
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materials and promoting green engineering [13],[12]. Sugarcane bagasse is the waste formed after 

extracting juice from sugarcane in the crushers and among the uses of this agro-waste is power 

generation. The ash obtained through precise burning of sugarcane bagasse is known as sugarcane 

bagasse ash, these ashes are not responsive because they are burned at elevated temperatures. under 

improper settings and the combination of ash from sugarcane bagasse with other constituents has 

been proven to enhance mechanical properties in the development of superior engineering 

material. [14],[15],[16]. 

 

The improvement of micro-structural and particular mechanical properties of some engineering 

materials is done using alloys some elements such as chromium, manganese, nickel, tungsten and 

several others by employing heat treatment which ordinarily climaxes in pricy materials, while 

cost and robustness are the key concerns in engineering material choice. Consequently, this work 

is set to examine the Prospects of sugarcane bagasse ash in metal matrix composite reinforcement 

to produce superior and cost-effective engineering material. An associated goal to the 

aforementioned of this study will be to advance the consideration of sugarcane bagasse reinforced 

metal matrix composite and expose a value-added and operational means of repositioning agro-

waste such as sugarcane bagasse. The improvement in engineering material development has 

amplified the application of metals of specific properties for use in engineering mechanisms. To 

improve strength, hardness, wear, and corrosion resistance, ceramics reinforcement has been 

introduced to metal matrix composite [17],[18],[19],[20]. 
 

 

Coir Fibre 
After the coconut fruit has been harvested, the mesocarp tissue or husk is used to make the versatile 

natural fibre known as coir. One coconut harvest takes place every 45 days. It is possible to extract 

around 10 kg of coir, the thickest and most durable of all commercially available natural fibres, 

from 1000 coconut fruits. Its low rate of breakdown is a technical value for producing long-lasting 

products. The two primary varieties of coir fibre are brown from aged coconut fruit and delicate 

white from raw green fruits. Because of their exceptional strength, these fibres have been used for 

generations to make rope. This is one of the natural fibres with the greatest lignin [21]. 

 
Fig. 2. Coir fibre. Source: [22]. 
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This agricultural fibre has a diameter of 12 to 25 microns and can be up to 35 cm long. Coir has 

one of the highest lignin contents of all vegetable fibres, making it less flexible but stronger than 

cotton and unsuitable for dyeing. Coir is effectively resistant to microbial attack. When coir fibres 

are made, tons of leftover coir is created. The shells, in particular, were extensively utilized as a 

source of fuel for combustion, as a potential substitute for diesel oil, or as manure [23],[24],[25].  
Excellent results have been obtained from recent research using coconut shells as reinforcement 

in the polymer matrix [26]. Therefore the husk could be employed in the composites-producing 

industry as another type of reinforcement.  

 

Environmentally, a common solution to the erosion issue is coir, by collecting water and 

preventing the topsoil from drying out, it encourages the growth of new vegetation when woven 

into geotextiles and applied to regions that need erosion control. Coir geotextiles, unlike 

geosynthetic materials, provide strong soil support for up to three years, allowing for the 

establishment of natural flora. They also have a natural ability to store moisture and protect from 

solar radiation. [102],[103],[104]. 

 

The coir's fibre cells are structurally thin, hollow, and have cellulose-based thick walls. They are 

light in colour when young, but as they age, lignin is deposited on their walls, hardening and 

turning them yellow. Compared to fibres like flax and cotton, grown tan coir fibres have numerous 

lignin and a reduced amount of cellulose, making them robust but not as much of elastic. They are 

composed of thin strands that are 10-20 micrometres in diameter and less than 0.05 inches (1.3 

mm) long. As the only natural fibre immune to harm from seawater, coir fibres are comparatively 

waterproof [27], [28],[29].  

 
To limit heat transfer and increase energy conservation, roof sheets constructed of coir fibre 

cement mortar have been utilized in Thailand. In that study, a researcher noted that hot, humid 

countries like Thailand are better suited for natural fibre-based composite building materials. It is 

thought that a high humidity environment shortens the hydrophilic nature of the natural fibre. 

Polyester composites were reinforced with coir fibre that had been treated with 2% alkali; the 

findings demonstrated enhanced strength under tension and a decrease in resistance above 2% 

concentration of sodium hydroxide solution [30],[31],[32].  By eliminating the hemicelluloses and 

lignin components, alkali-treated coir could be better wetted with polyester, which is what led to 

the improvement in mechanical qualities [33],[34].[35]. 

 

However, compared to regular coir fibres, one alkaline pretreatment on dark coir fibres has 

produced subpar outcomes. [21].  

 

With increasing NaOH concentration for alkaline treatment, the composite's lower tensile strength 

was observed. The strength loss of the fibre had defeated the goal of increasing the adhesiveness 

between fibre and matrix through alkaline synthesis.  
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In addition to investigating the strength qualities, researchers have looked into the phenomena of 

fibre shrinking [36],[30].  

 

The findings indicate that weight loss and shrinking are greatest in the 20% of alkaline-treated coir 

fibres. This is because the crystal structure of high NaOH concentrations absorbs a lot of water, 

causing the fibre to swell. Weight losses and structural shrinking were discovered after the water 

had been removed.[37] 

 
On the characteristics of composites, the impact of lignin content was investigated. By using 

sodium chlorite, the content of lignin in coir fibre is reduced to half. [38]. Lignin elimination barely 

affects the samples' ability to absorb water but has no discernible impact on their mechanical 

qualities. A group of scholars claimed the leftover content of lignin is still adequate to envelop the 

fibre exterior, demonstrating that the surplus content of lignin has no impact on the qualities of the 

composite. [39],[40]. 

 

The physiomechanical characteristics of a polymer matrix reinforced coir fibre composite has 

undergone extensive research. The coir fibre's strength begins to deteriorate when more fibre is 

added to the polyester matrix. This demonstration shows the strength of the composite is not 

increased by the random arrangement of coir fibre in the matrix [41],[42].  

A common analogy for natural fibre reinforced polymer (FRP) composites has been glass fibre 

reinforced plastic. Lower strength properties were mostly caused by a weakened interfacial 

strength of the reinforcement and matrix [43],[44],[45]. Crack spread and void development are 

made easier by the composite's inadequate bonding structure. 

 

Coir fibre is one type of natural fibre that is a great affordable alternative adsorbent. The findings 

demonstrated a good ability for methylene blue adsorption [46].  

 

Additionally, [47],[48], eliminate the presence of heavy metal ions like Ni(II), Zn(II), and Fe(II), 

by chemically altering the fibre, these oxidized coir fibres are effectively regenerating using alkali, 

having been made more effective in adsorbing metal ions and can be recycled at least three times. 

 

Selected Fibres Characteristics 

Sugarcane Bagasse 

Numerous researchers have attempted different applications of sugarcane bagasse and other 

possible applications. According to [49];[50].  

 

Additionally, organic fillers made from agricultural waste have attracted a lot of interest across 

many industries due to their Low densities providing several advantages, including 

biodegradability, low cost, and low energy use. As stated in table 1 below, many reports have been 

published on cellulose fillers reinforced composites as well as the chemical makeup of coir fibre. 

The applicability of sugarcane bagasse depends on factors like its mineralogy, 

biochemical, and physicomechanical qualities [51],[107]. Composites have been demonstrated to 
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have impossible feats in mechanical and physical capabilities as multipurpose engineering 

materials that may be tested to meet any application requirement [52],[53],[54]. To develop a 

multiphase system with different properties from the original components while retaining the 

qualities of the material, the reinforcing agent and adhesive matrix should be compatible.[55],[56]. 

With a mean length of 1590µm, sugarcane bagasse has high cellulose, lignin, and fibre content 

and is longer than wheat straw [57].  

 

Table 1. Sugarcane bagasse chemical composition 
Cellulose Hemicellulose Lignin Fat and 

Waxes 

Ash Source 

50.4 

35.46 

50 

36 

43 

49.44 

40 

48.68 

40 -43 

55.7 

40-46 

69.4 

41.8 

55.2 

56 

36.32 

28.5 

31.25 

25 

24.5 

10.1 

23.19 

24.4 

25.46 

28-30 

- 

24.5 

21.1 

28 

16.8 

6 

24.7 

14.9 

23.7 

25 

21.9 

33.23 

12.56 

15 

21.94 

9-11 

20.5 

19.5-20 

4.4 

21.8 

25.3 

29 

18.14 

 

- 

0.6 

- 

- 

2-2.5 

3.5 

- 

3.5-5.5 

- 

- 

- 

- 

- 

- 

2 

- 

5 

9.6 

1 

- 

5-6 

3.92 

2.4 

1.85-3.7 

0.6-2.4 

- 

1.1 

7 

- 

- 

[58]. 

[59].  

[60],[61]  

[62]. 

[63]. 

[64].  

[65].  

[66].  

[65]. 

[67].  

[68].  

[69].  

[70].  

[65]. 

[71]. 

[72]  

   

 

Table 2: Sugarcane bagasse Physiomechanical properties 
Properties Value 

Density (g/cm3) 

Tensile Strength (MPa) 

Modulus of elasticity (GPa) 

Elongation Break (%) 

1.2 

20 -290 

19.-27.1 

1.1 

Source: [73] 

 

Coir Fibre Characteristics 

To fulfil its primary function, the potential coir fibre available resources for the construction of 

metal matrix composites must retain some specific suited characteristics. This resource potential 

is strongly influenced by its outstanding characteristics, such as its biological, physical, 

mineralogical, and mechanical properties [51],[74]. The blend of more than one physical material 

gives rise to composite compounds According to [52],[106] Composites are multipurpose 

engineering materials that have unmatched physical and mechanical qualities and may be 

customized to meet the needs of a specific application.  
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To produce a multi-phase structure with various qualities of the base materials while retaining the 

unique characteristics of the material, the strengthening agent (coir fibre) and matrix must work in 

harmony [55],[105].  

 

The advantages of coir fibres are their cost efficiency, rich lignin content, good density, 

accessibility, good plasticity and elasticity, among others [75],[76]. The creation of fibre-

reinforced composites requires an understanding of this composition. The chemical, physio-

mechanical, thermal, and microstructural are all covered in this review. The table below shows the 

chemical makeup of coir fibre; various changes across samples may be caused by geographic 

variations, varying climatic conditions, soil chemistry, etc.  

 

Table 3. Coir fibre chemical composition 
Cellulose (%) Hemicellulose (%) Lignin (%)  Pectin (%) Source 

37 

32-43 

37 

36-43 

36–43 

45–50 

37 

43.4 

36–43 

42.14 

32–43 

38–46 

42.44 

32–43 

45.67 

39.3 

43.44 

0.20 

0.15-0.25 

0.15 

0.20 

0.20 

–  

–  

0.25 

0.15–0.25 

15–17 

0.15–0.25 

10–15 

0.25 

0.15–0.25 

0.12–0.25 

– 

0.25 

42 

40-45 

42 

41-45 

41–45 

30 

42 

45.8 

41–45 

35.25 

40–45 

37–41 

45.4 

40–45 

41–45 

29.8 

45.84 

1.25 

- 

- 

1.8 

1.8 

– 

– 

3 

3–4 

– 

– 

– 

3 

– 

– 

– 

3 

[78]. 

[79].  

[80].  

[81].  

[82].  

[83].  

[44] 

[44], [84].  

[85].  

[86].  

[87].  

[88].  

[89].  

[90].  

[75]. 

[91].  

[81].  

The features of the elements that constitute a composite and the interactions that surround them 

are what primarily determine its properties. Weight improvement through water absorption and 

density amongst other properties of a material are referred to as its physical property whereas 

properties comprising tensile, flexural, impact strengths etc. are mechanical. Table 2 below shows 

the evaluation of a few of the physiomechanical characteristics of coir fibres as acknowledged and 

evaluated by various scholars.  
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Table 4: Coir fibre PhysioMechanical properties. 
Density 

(g/cm3) 

Water 

absorption 

(%) 

Modulus of 

Elasticity 

(GPa) 

Tensile 

strength 

(MPa) 

Elongation 

at break (%) 

Source 

1.20 

1.25 

1.20 

-- 

1.2 

1.15-1.46 

1.24 

1.2 

1.3 -1.5 

1.2 

-- 

-- 

1.15 

1.37 

-- 

-- 

-- 

1.3 

1.17 

1.2 

130-180 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

10 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

93 

-- 

4-6 

-- 

6 

3-6 

4-6 

2.2—6 

6.4 

2.74 

4 -6 

2 

3.23 

4 -6 

4 -6 

3.19-3.23 

4 -5 

3 -6 

4 -6 

3.11 

8 

4 -6 

175 

-- 

593 

106-175 

150-180 

95 –230 

139 

286 

105 -175 

144 

165.2 

144 

108 -252 

158 -165 

250 

106 -175 

131 -175 

144.6 

95 -188 

593 

30 

-- 

30 

47 

47 

15 –51.4 

28 

20.8 

17 – 47 

45 

39.45 

15-40 

15-40 

39-41 

20-40 

47 

47.2 

32.3 

-- 

30 

[92].  

[78]. 

[79]. 

[44] 

[93].  

[94],[82].  

[95].  

[82].  

[86].  

[87].  

[96].  

[90].  

[97].  

[96]. 

[98]. 

[44] 

[99].  

[76]. 

[100].  

[101].  

      

In summation, the density of coir fibre is 1.15-1.45 g/cm3, with a water absorption capacity of 10-

180%, a young's modulus of 2-6GPa, and tensile strength of 95-593MPa, and an elongation at 

break of 15-51.4%. The source, geographic location, procedures used to harvest the fibre, and pre-

treatment could all affect the reported differential in features. The boundary relationship between 

the reinforcement agents and their matrix is strategic in terms of their overall performance 

characteristics. The leading limitations of coir fibres hover around high moisture content, and this 

can be measured through chemical treatment.  
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Table 5: Comparison between Cellulose content of SB and CF 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Comparison of Hemicellulose content of SB and CF  

Sugarcane bagasse Hemicellulose (%) content Coir Fibre Hemicellulose (%) content 
28.5 [58]. 

31.25 [59]. 

25 [60],[61]. 

24.5 [62]. 

10.1 [63]. 

23.19 [64]. 

24.4 [65]. 

25.46 [66].  

28-30 [67]. 

24.5-28 [68]. 

21.1 [69].  

6-16.8 [65] 

24.7 [72]. 

0.20 [78]. 

0.15-0.25 [79]. 

0.15 [80].  

0.20 [81]. 

0.20 ([82].  

0.25 [44], [84] 

0.15–0.25 [85].  

15–17 [86].  

0.15–0.25 [87].  

10–15 [88].  

0.25  [89].  

0.15–0.25 [90].  

0.12–0.25 [75]. 

0.25 [81]. 

 

 

 

 

 

 

 

Cellulose content of sugaecane bagasse in (%) Coir fibre Cellulos content in (%) 

50.4 [58]. 

35.46 [59]. 

50 [60],[61]. 

36 [62]. 

43 [63].  

49.44 [64]. 

48.68 [66].  

40 -43 [65]. 

55.7 [67]. 

40-46 [68]. 

69.4 [69].  

55.2-56 [65]. 

36.3 [72]. 

37 [78]. 

32-43 [79].  

37 [80]. 

36-43 [81].  

36-43 [82].  

45-50 [83].  

37 [44] 

43.4 [44], [84].  

36-43 [85].  

42.14 [86].  

32-43 [87].  

38-46 [88]. 

42.44 [89].  

32-43 [90] 

45.67 [75]. 

39.3 [91].  

43.44 [81]. 
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Table 7:  Comparison of Lignin contents of SB and CF  

Sugarcane Bagasse Lignin content in (%) Coir Fibre  Lignin content in (%) 
14.9[58]. 

23.7 (Kordkheili et al,2012) 

25 [60],[61].  

21.9 [62]. 

33.23 [63].) 

12.56 [64]. 

21.94 [66].  

9 -15 [65]. 

20.5 [67]. 

19.521.8 [68].  

4.4 [69]. 

25.3-29 [65].  

18.14 [72]. 

42 [78]. 

40-45 [79]. 

42 [80].  

41-45 [81]. 

41-45[82].  

30 [83].  

42 [44]. 

45.8 [84].  

41-45 [85].  

35.25 [86].  

40-45 [87].  

37-41 [88].  

45.4 [89].  

40-45 [90].  

41-45 [75]. 

29.8 [91].  

45.84 [81].  

 

 The main percentage of the massive quantity of biomass present in SB and CF is indicated in the 

percentages presence of cellulose, hemicellulose and lignin 35.46% -69.4%, 6-31.25% and 4.4-

33.23% respectively for sugarcane bagasse, while Coir fibre possesses 32-50%, 0.2-17% and 29.8-

45.84% correspondingly. It is important to note that the differential features may be altered by 

environmental and chemical activities such as geographic location, source,  procedures used to 

harvest the fibre, and pre-treatment. 

 

Potential of Sugarcane Bagasse and Coir Fibre in the Development Of Metal Matrix 

Composites. 

Chemical and material products made from renewable resources are becoming increasingly 

important. The need for sustainable development, financial viability, and environmental 

friendliness are the key drivers. When disposed of, pollutants like sugarcane bagasse and coir fibre 

are harmful to the environment. It has been widely practised to recycle waste materials like coir 

fibre and sugarcane bagasse to reduce environmental hazards and turn them into high-value 

products. This is done by combining them with other elements to create composite materials that 

are more durable and have improved economic worth. Several uses of sugarcane bagasse and coir 

fibre have been discovered by investigating their constituents. 

 

Coir fibre admixture has been successfully used in a variety of products, including household 

items, sanitary, and fishing equipment. It has also been used successfully as a cement mortar 

substitute in roof sheets to control heat transfer and conserve energy. Contrastingly, these two 

agro-wastes have been investigated and shown to have potential usage in applications requiring 

multifunctional mechanical properties. 
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Cellulose and lignin are prevalent in both, with SB possessing 69.4% and 33.23%  respectively, 

and CF containing approximately 50% and 45.84%  respectively, per weight. This is a crucial 

component in the filtration and treatment of water. According to some studies, coir fibre and 

sugarcane bagasse both can be utilized as a source of fuel and energy production. On a wet, as-

fired basis, sugarcane bagasse has a heating value that varies from 12560.4 –16747.2 KJ/Kg. 

The energy content of coir fibre alone has been approximated to be between 7200 –7960 KJ/Kg, 

with the capacity to support sustainable global energy. 

 

According to the review, the SB and CF wastes could be used for binder and reinforcing agent 

matrix. Materials with their kind qualities are in high demand in the manufacturing and automotive 

industries. When employed, the wastes provide stronger resistance to breaking under tension 

because of their superior mechanical characteristic. Impermeability and robustness are 

prime considerations in the development of metal matrix materials because they affect how much 

weight a material can bear without fracturing. With chemical synthesis, the silica contents of these 

wastes—about 80% in the case of sugarcane bagasse and 90% for coir fibre—can be used in 

chemical processes for applications like fillers in the plastics industry as well as catalysts and 

adsorbents in the fabrication of metal matrix composites. 

 

Cellulose (C6H10O5)n and hemicellulose (C5H8O4)m, which are biodegradable and non-toxic 

and can be utilized in toothpaste, cosmetics, explosive manufacture, and papermaking, have been 

discovered to be present in sugarcane bagasse chemical components.Coir fibre is appropriate for 

outdoor uses due to its high resistance to damage from seawater. Lignin components, which have 

several industrial usages as an adhesion, a reinforcement material or functional component of 

epoxy resins, a binding agent and similar laminated or composite wood products, and a soil 

conditioner are also included in the chemical properties composition of sugarcane bagasse and coir 

fibre ashes. 

 
DISCUSSION 

 

The quest to provide alternative solutions to the 21st-century environmental challenges, and promote 

eco-friendly materials as the better alternative in the development of metal matrix composite 

materials led to research into the sugarcane bagasse and coir fibre constituents. Numerous regions 

of the world produce and consume sugarcane and coconuts, but the byproducts left over after the 

food value has been removed make the final products harmful to the environment. Many studies 

have found and confirmed that utilising coir fibre and sugarcane bagasse will significantly improve 

our environment while also generating economic benefits from their wastes. Both coir fibre and 

sugarcane bagasse are non-toxic, biodegradable materials that are high in silica content. The 

materials can be reinforced and bound with matrix agents thanks to this characteristic, their uses 

in the creation of metal matrix composites are diverse.   
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CONCLUSION 

 

Researchers are examining the characteristics of sugarcane bagasse and coir fibre to turn these 

materials into appealing composite goods because of the possible environmental harm that 

sugarcane bagasse and coir fibre could generate if not managed well throughout the year-round 

farming season. Researchers agree that coir fibre and sugarcane bagasse are agricultural waste that 

must be eliminated from the environment to prevent environmental deterioration, contamination, 

and climate change. From the surveyed literature, it can be inferred that coir fibre and sugarcane 

bagasse, as biodegradable, non-toxic renewable resources and agricultural wastes, have the 

potential to be effective in the development of composites. In the end, this will prevent 

environmental degradation and lessen the impact of climate change 
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