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ABSTRACT

Tender coconut (Cocos nucifera L.) consumption generates substantial lignocellulosic waste in the form of husks,
shells, and residual biomass. Improper disposal of this waste leads to environmental pollution, including greenhouse
gas emissions and landfill stress. This study reviews various valorization avenues for tender coconut waste, highlighting
composting, coir fiber composites, biochar and activated carbon production, biodegradable products, and biofuel
briquettes. The paper discusses physicochemical properties of the waste, technology readiness, processing challenges
such as high moisture content and segregation issues, and economic feasibility. Emphasizing circular economy
approaches, the review underscores the potential of tender coconut waste to become a sustainable raw material for
diverse industrial and agricultural applications.
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INTRODUCTION

Tender coconut water is a globally recognized natural
isotonic drink rich in electrolytes and phytonutrients.
Its rising popularity has increased consumption and
associated solid waste generation, predominantly in
tropical and subtropical regions. India, being a top
producer, generates hundreds of tons of tender
coconut waste daily. The tender coconut waste
primarily consists of husks (mesocarp) and shells
(endocarp), which represent over 70% of the total fruit
weight. Despite the significant quantity, most of this
waste remains untreated or disposed of in landfills or
open fields, contributing to environmental
degradation and loss of resource potential. Due to its
fibrous, lignocellulosic nature, tender coconut waste
has potential for conversion into useful products such
as coir mats, compost, biochar, activated carbon,
biodegradable crockery, and biofuel briquettes.
Converting waste into value-added products
addresses waste management challenges, promotes
sustainable development, and fosters rural economies.
This paper aims to provide a comprehensive review of
the current state of tender coconut waste utilization,
processing technologies, economic implications,

challenges, and future directions for scaling up waste
valorization.

2. Composition and Properties of Tender Coconut
Waste

The tender coconut husk is a composite of lignin,
cellulose, and hemicellulose along with minor
amounts of extractives and minerals. Its biochemical
composition differs from mature coconut husk,
exhibiting higher moisture content (approx. 45-60%)
and shorter fiber length, which influences processing
strategies.

e Cellulose content: Approximately 54-65%
e Lignin content: Approximately 30-42%
e Hemicellulose: Approximately 7-13%

e Moisture content: Approximately 45-60% when
fresh

The shell is a dense, hard material with high lignin and
mineral concentration, making it suitable for energy
applications such as briquettes and activated carbon.
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The pith fraction, derived as a by-product during fiber
extraction, has a spongy structure with high water

retention and is favorable for
horticulture substrates.

compost and

Husk
Shell

Water

Endospermy
Copra

Figure 1: Cross-sectional schematic of tender coconut with labeled fractions (husks, shell, fiber, pith).

3. Existing Utilization and Value-Added Products
3.1 Composting and Organic Amendments

Tender coconut husk and pith serve as excellent
substrates for composting due to their porous structure
and nutrient content. Composting stabilizes the waste,
reduces volume, and creates organic fertilizer rich in
macro and micronutrients.

e Blending tender coconut pith with other organic
wastes like poultry manure results in nutrient-
balanced compost.

e Composting duration requires 60-90 days for
maturity, longer than other agro-wastes due to
high lignin content.

e The resulting compost improves soil texture,
water retention, and fertility.

Municipalities in cities like Bengaluru have piloted
composting units specifically for tender coconut
waste, creating low-cost soil amendments.

3.2 Coir Fiber Products and Composites

Tender coconut fibers (coir) are traditionally used in
mattress stuffing and ropes but now find applications
in modern composites and molded products.

e Fibers separated mechanically are blended with
biodegradable resins to manufacture coir
composite boards for furniture and packaging.

e Coir composites have good mechanical strength
and humidity resistance compared to synthetic
composites,  making  them  eco-friendly
alternatives.

e Fiber mats also serve as erosion control blankets
and seedling trays in agriculture.

3.3 Biochar and Activated Carbon Production
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Figure 2: Product image showing coir composite boards and coir mattress stuffing.

Thermochemical processing via pyrolysis and
carbonization converts coconut husk and shell into
biochar and activated carbon with adsorptive
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properties. These materials are gaining attention for
environmental remediation and soil improvement.

e Biochar enhances soil health by improving
aeration, water retention, and carbon
sequestration.

e Activated carbon from coconut shell is widely
used in water purification, gas adsorption, and
catalysis due to high porosity.

Production
metbods
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e Chemical activation with phosphoric acid or
potassium hydroxide improves surface area and
pore volume.

Challenges include high moisture content requiring
drying and energy-intensive pyrolysis equipment.
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Figure 3: Diagram of pyrolysis setup converting coconut shell to biochar and activated carbon.

3.4 Biodegradable Plates and Disposable Crockery

With plastic pollution concerns rising, biodegradable
crockery made from tender coconut fibers offers a
sustainable alternative.

e Thermo-pressing fibers with food-grade binders
produces disposable plates and bowls.

B

e These products are sturdy, heat resistant, and
decompose within months without toxic residues.

e Scale-up remains limited by production costs and
cooker energy requirements.

Figure 4: Biodegradable disposable plates made from tender coconut fibers.

3.5 Briquettes and Renewable Fuel

Coconut shell and husk briquettes offer renewable
fuel for cooking and industrial boilers, reducing
dependence on fossil fuels and firewood.
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e Briquettes provide higher calorific value than raw
husk and produce less smoke than traditional
biomass.

e Their compact shape and moisture control
facilitate storage and transport.
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e Pilot projects have demonstrated socio-economic
benefits in rural communities adopting briquette
usage.
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Figure 5: Briquettes made from compressed coconut shell and husk used as cooking fuel.

CHALLENGES IN VALORIZATION

41  Moisture and

Consumption

Management Energy

Tender coconut waste’s high moisture content (up to
60%) delays drying and raises energy consumption in
mechanical and thermal processes. Artificial drying
systems or long sun drying (3—6 months) increase
costs and reduce throughput. Energy demand for
shredding and grinding adds to operational
expenditure, making large-scale  processing
economically challenging.

4.2 Waste Segregation and Contamination

Tender coconut waste is often mixed with municipal
solid waste, leading to contamination with plastics
and biomedical waste. Lack of source segregation
compromises the quality of raw materials, reducing
the efficiency and safety of downstream applications.

4.3 Infrastructure and Market Limitations

Processing units require capital investments for
machinery, space, and utilities, which may not be
feasible in densely populated cities where tender
coconut waste accumulates. Limited consumer
awareness and market acceptance for biodegradable
products and biochar also hinder scale-up. Policy
incentives and subsidies are encouraging but
insufficient in many regions.

5. Economic and Environmental Benefits
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Valorization of tender coconut waste can substantially
reduce the volume of organic waste going to landfills,
lowering methane emissions and groundwater
contamination.

e Economic benefits arise from creating raw
materials for coir industries, organic fertilizer
markets, biochar sales, and eco-friendly product
manufacturing.

e Rural entrepreneurship opportunities improve
livelihoods, especially when decentralized
processing units are viable.

e Life cycle assessments show potential reductions
of up to 30-40% in carbon footprints versus
conventional waste disposal.

CASE STUDIES

e Bengaluru Municipal Pilot: Processed 40
tons/day of tender coconut waste into coco peat,
coir products, and compost with 60% landfill
volume reduction.

o Kerala Briquette Units: Coastal areas converted
coconut shell waste into fuel briquettes for local
industries, reducing firewood dependence.

e Disposable Crockery Startups: Small scale
manufacturers  in  Maharashtra  produce
biodegradable plates, facing challenges in price
competitiveness with plastic alternatives.

FUTURE DIRECTIONS

Technological innovations focusing on low-energy
drying, scalable pyrolysis, and high-yield lignin and
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cellulose extraction could transform tender coconut
waste into advanced bio-based materials. Promoting
public-private  partnerships, improving  waste
segregation at source, and enhancing consumer
awareness  will  boost  circular  economy
implementation. Emerging research on machine
learning can optimize process parameters for biochar
and composite production, maximizing efficiency and
product performance.

CONCLUSION

Tender coconut waste presents an abundant but
underutilized resource with potential for conversion
into sustainable, value-added products. While
challenges in moisture content, segregation, and
processing infrastructure exist, coordinated efforts in
technology development, policy support, and market
creation can unlock significant environmental and
socio-economic benefits. The progression towards
circular economy models in agro-waste management
hinges on innovative valorization strategies
combining traditional knowledge with modern
technologies.
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