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A B S T R A C T

Lignocellulosic biomass gasification shows a pronounced prospective to replace fossil fuels. In this study, the gasification of coconut shell with charcoal using a 50 
kW downdraft reactor was investigated. The controlling parameter of temperature and pressure were used to verify the production of gas during the gasification 
process with air. The higher contents of cellulose and hemicellulose than lignin in the sample were found to gasify better, as evident from structural analysis. The 
gasifier produces a combustible gas with a H2, CO, CO2 and CH4 con-centrations of 8.44, 15.38, 5.38 and 1.62 mol.% respectively, at a total flow of air of 30 m3 h−1. 
The results revealed that 30 w t% charcoal in the feedstock w as effectively gasified to generate syngas comprising over 30 mol.% of syngas w ith a low er heating 
value of 3.27 MJ/Nm3. Thus, the co-gasification of lignocellulosic biomass with charcoal may contribute to affordable and environmentally friendly syngas energy.

1. Introduction

Worldwide energy demand is increasing exponentially due to the
rising trend of global population, industrial expansion, rapid urbani-
zation, economic growth which results the gradual depletion of fossil-
based fuels like oil, gas and coal [1–3]. Lignocellulosic biomass is an
alternative, promising and fastest-growing renewable energy sources to
produce bioenergy [4,5]. This type of biomass absorbs and stored en-
ergy from the sunlight in the form of chemical energy through photo-
synthesis process. These biomasses contain 40 to 50wt% of cellulose,
25 to 35 wt% of hemicellulose and 16 to 33wt% of lignin [6]. Gen-
erally, biomass consists of chemical bonds of CeC, CeO and some other
elements of nitrogen (N) and sulfur (S) [7]. Bioenergy containing bio-
mass is converted into energy through thermochemical conversion of
combustion, pyrolysis and gasification [4]. Gasification is the thermo-
chemical partial oxidation process that converted biomass into syn-
thetic gas (syngas) using a reactor and further processing it is used for
electricity or transporting fuel purposes [8]. Generally, there are four
types of reactors (downdraft, updraft, fluidized bed and entrained bed)
are used for syngas production through this conversion process.
Biomass gasification through downdraft reactor is most widely used

due to its high conversion efficiency of the producer syngas [9]. The
choice of reactor depends on feedstock type, size, moisture content, and
gasification agents (steam/oxygen/air) [10]. Downdraft reactor has

four separate thermochemical conversion zones. These zones are
drying, pyrolysis, oxidation and reduction, included from top to
bottom, respectively, while reduction zone is responsible for syngas
production. This type of reactor produces less amount of tar, and re-
duction zone plays a vital role for the maximum conversion of tar and
high quality syngas [11]. Syngas consists of H2, CO, CO2, CH4, N2 and
some other compounds like C2H4, C2H6, NH3, H2S, and tar [9,12]. The
production of syngas is affected by some important factors such as re-
actor type, fuel type, gasification medium (steam or air) and opera-
tional conditions (temperature, pressure) whereas fuel type has the
most significant impact. The previous work stated that the co-gasifi-
cation rate in a downdraft reactor was increased gradually due to the
addition of char (charcoal) with coconut shell [13].
The co-gasification process was performed for the reduction of tar

content in the produced syngas by blending of biomass with coal [14].
Some researchers reported the co-gasification process using fossil-based
fuel (coal) and lignocellulosic biomass considering the environmental
and gasification enhancement point of view [15–19]. Furthermore,
coal-based energy is treated as a dirty energy due to the presence of
sulfur, contrariwise lignocellulosic biomass and biomass-based charcoal
contain least amount of sulfur. In addition, exploitation, processing and
transportation cost of coal is relatively high [20,21]. Collard and Blin
[22] reported that conversion of biomass-based feedstock (cellulose,
hemicelluloses and lignin) through thermochemical process followed
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