reenariA

Go Green, Learn Green

An Agricultural Monthly e-Magazine

Volume 03, Issue 10, 2025
ISSN: 2584-153X
Article ID: G-25-1014

BIOFUEL PRODUCTION USING PLANTATION CROP

WASTE: A PATHWAY TO SUSTAINABLE ENERGY

Sowmya M"’, Yuvaraj K.M ?, Neeraja A’, Lalitha Kadiri?, Sivaji D' and Madhuri K’
'Ph.D Scholar, Department of Plantation, Spices, Medicinal and Aromatic crops,
Dr. YSRHU - College of Horticulture, Anantharajupeta, Andhra Pradesh.
2Principal Scientist, Department of Horticulture, HRS, Anantharajupeta, Andhra Pradesh.

3Professor, Department of Agronomy, Dr. YSRHU - College of Horticulture,

Anantharajupeta, Andhra Pradesh.

“Associate Professor, Department of Agronomy, Dr. YSRHU - College of Horticulture,

Anantharajupeta, Andhra Pradesh.

*Corresponding Author Mail ID: msowmyahort@gmail.com

Introduction

The growing global energy demand and
the pressing need to mitigate climate change
have accelerated the search for renewable and
sustainable alternatives to fossil fuels. Among the
viable options, biofuels derived from agricultural
residues have emerged as one of the most
promising solutions. Plantation crops such as
coconut, oil palm, coffee, tea and rubber
dominate tropical agriculture and generate large
amounts of organic residues, husks, shells,
pruned leaves, empty fruit bunches and seed
coats. Traditionally viewed as waste or burned for
disposal, these materials are now recognised as a
valuable feedstock for biofuel production.
Advances in conversion technology have
transformed  these  residues from an
environmental concern into a renewable energy

asset.

The utilisation of plantation crop residues
aligns with the principles of the circular
bioeconomy, emphasising resource recovery,
waste minimisation and sustainability. Converting
these materials into biofuels not only reduces
pollution and greenhouse gas emissions but also
strengthens energy security and enhances rural
economic development.

Resource Potential of Plantation Crop Wastes

Plantation crops play a major role in the
economy of developing nations, yet their by-
products remain largely underutilised. These
wastes are rich in lignocellulosic compounds
cellulose (35 - 50%), hemicellulose (20 - 35%) and
lignin (15- 25%) which are suitable for energy
generation. Their calorific value (16 - 22 MJ/kg)
makes them excellent candidates for liquid or
gaseous biofuel conversion.
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Conversion Technologies
1. Biochemical Conversion

Biochemical conversion employs
enzymes or microbes to transform organic matter

into fuels:

e Hydrolysis and Fermentation: Cellulose
and hemicellulose are hydrolysed into
sugars and fermented into bioethanol or
biobutanol.

Microbial
decomposition in oxygen-free conditions

e Anaerobic Digestion:
produces biogas, a renewable substitute
for natural gas.

e Dark Fermentation: Certain bacteria
generate biohydrogen from sugars and
organic acids.

This route produces clean fuels but faces
limitations due to the recalcitrant nature of lignin,
which restricts enzymatic activity. Pretreatment
methods such as steam explosion or alkaline
hydrolysis are required to improve efficiency.
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2. Thermochemical Conversion

Thermochemical processes use heat to
convert biomass into energy-dense fuels:

e Pyrolysis: Heating biomass in the absence
of oxygen yields bio-oil, biochar and
syngas.

e Gasification: Partial oxidation produces
syngas, which can be used for electricity
or synthetic fuel production.

e Transesterification: Oily feedstocks like
rubber seed oil or palm kernel oil
undergo chemical conversion to produce
biodiesel.

These methods are faster and flexible for
various feedstocks but require higher energy
input and emission control systems.

Practical Applications

Several nations have demonstrated the
successful conversion of plantation residues into
biofuels:

e In India, small-scale enterprises convert
coconut husks and shells into bioethanol
and activated carbon, reducing open
burning and meeting local energy
demands.

¢ In Malaysia, oil palm empty fruit bunches
and press fibre are utilised in palm oil
mills to produce biogas and bioethanol,
providing renewable electricity to rural
communities while minimising methane
emissions.

e In Thailand, rubber seed oil has been
successfully employed for biodiesel
production, offering a sustainable
alternative to conventional diesel fuel.
Similarly, in Colombia, coffee pulp and
husk are fermented to generate
bioethanol and organic compost, turning
agricultural  residues into valuable
resources.

These initiatives collectively demonstrate
the immense potential of plantation crop wastes
as renewable feedstocks for decentralised and
sustainable bioenergy systems. Moreover, such
efforts contribute directly to the United Nations
Sustainable Development Goals (SDGs) notably
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SDG 7 (Affordable and Clean Energy) and SDG 13
(Climate  Action), by promoting cleaner
production, reducing emissions and enhancing
rural livelihoods. Plantation crop residues
represent a vast, renewable and underexploited
energy resource. Their conversion into biofuels
offers a sustainable pathway to reduce fossil fuel
dependency, mitigate climate change and
promote rural development. With coordinated
efforts in technology, investment and policy,
developing countries can turn plantation waste
into a green energy revolution one that powers
industries, empowers communities and protects
the environment.
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