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Abstract 
 

A fixed bed reactor was used to pyrolyze oil palm frond (OPF) and coconut frond (CF). In this work, the effects of pyrolysis temperature and 
time were investigated. The products obtained from pyrolysis were liquid, char and gas. The ultimate, proximate analysis and thermogravimetric 
analysis (TGA) were performed to evaluate the chemical and thermal properties of the biomass fronds. The physiochemical analysis, ultimate 
analysis and chemical components using FTIR and GC-MS found in bio-oil were identified. The result shows that the optimum yield of bio-oil in 
OPF is 75mins and 600oC while for CF, it was 75mins and 800oC. The bio-oil's chemical composition corresponds to a mixture of several 
aromatic and oxygenated molecules, such as aldehydes, phenols, ketones, and carboxylic acids.   
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INTRODUCTION 

 
For many years, the world has relied on fossil fuels to meet its 
energy demands, but these sources are not renewable. The 
production of renewable energy sources from the sun, wind, 
hydropower, and biomass-based biofuels has begun in several 
countries (Chopra et al., 2024). Although biomass-based 
renewable energy is better than fossil fuels, and its viability 
depends on factors like feed availability, climate, and 
production costs. Biomass, such as the fronds of coconuts and 
oil palms, is usually produced as waste by the process of 
cutting and replanting plants. Nigeria, Malaysia, and Indonesia 
are rich in oil palm fronds. Due to ideal tropical climate 
conditions needed for its growth, oil palm is a highly 
significant crop in Nigeria and is mainly grown in the southern 
parts of the nation (Suwajittanont et al., 2022) with over 3.5 
million hectares of land dedicated to oil palm plantations, 
Nigeria ranks as the fourth-largest producer of palm oil 
worldwide (Okafor et al., 2022). Prior to Indonesia becoming 
the world's leading producer in 2007, Malaysia held a 51% 
global share of the oil palm market in 1995 (Listiningrum et 
al., 2022). Another energy source is coconut fronds, which are 
abundant in Nigeria and India (CBBR, 2010). The coconut tree 
(Cocos nucifera) is grown more in India at Kerala part with an 
area of 10.20 hectares and produces 5911 million nuts (Peter, 
2009). Biomass is converted into fuel by biochemical and 
thermochemical routes. The biochemical process occurs in 
anaerobic fermentation or digestion with bacteria (Bridgwater, 
2012). While thermochemical reactions occur in thermal 
environments and result in the production of solid, liquid, and 
gaseous products. Using pyrolysis, gasification, liquefaction, 
and combustion, this process can be repeated (Cardoso et al., 
2016). Pyrolysis is the most widely used of these 
methods.According to (Wang et al., 2023), pyrolysis involves 
the thermal breakdown of materials which contains little or no 
oxygen.Based on the conditions, pyrolysis converts biomass 
into char, gases, and bio-oil. The pyrolysis gas made is a 
potential source of hydrogen due to its significant content in 
the gas (Abbas-Abadi et al., 2014). 
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This characteristic can have a substantial influence on the 
environment, with about 95% of H2 which comes from fossil 
fuels. The share of this product in the energy market is 
increasing due to the growing demand for zero fuel emissions 
while biochar and pyrolysis oil can be used as energy raw 
materials or as base substanceto produce various chemicals 
(Ouadi et al., 2017).  Increasing the number and quality of the 
intended items is made possible through optimization, which 
reduces the cost of production of the various parameters that 
affect production during conversion of biomass to biofuel 
(Alias et al., 2014). According to (Cai et al., 2021), the 
important component of the pyrolysis process is the reactor 
and the efficiency with which organic matter is converted into 
energy (gas, liquid, or solid fuels) during pyrolysis depends on 
the type of reactor that is used. In this, reactors are necessary 
during pyrolysis process, because its breaks down organic 
materials using heat (Chen et al., 2021). During the design of 
the reactor, several variables, including the required pressure, 
heating temperature, and vapour residence time are considered 
(Cai et al., 2021). Commonly used reactor configurations for 
pyrolysis are batch and semi-batch reactors, fixed and fluidised 
bed reactors, conical sprouting bed reactors, and microwave-
assisted technologies (Cai et al., 2021).  
 
MATERIALS AND METHODS 
 
Methods  
 
Biomass pyrolysis was performed in an electrically heated 
fixed bed reactor using 1 mm feedstock. The system was 
purged with nitrogen to create an inert atmosphere, then heated 
at 100 °C/min for at least 25minutes. Condensable gases were 
collected in ice-cooled traps, and non-condensable gases 
passed through a water bath. The setup was weighed before 
and after to calculate yields of char, bio-oil, and gas. The dark-
colored bio-oil was transferred to sample bottles, and residual 
oil was rinsed with ethanol. Proximate analysis was performed 
to determine the raw material on moisture content, volatile 
matter content, ash percentage and the percentage of fixed 
carbon. While the characterization of the elements (ultimate 
analysis) was also conducted to determine the percentage of 
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