
  
Abstract— Coconut husks are a biomass of coconut waste that 

can be converted to potential energy via gasification. Gasification 
energy can be developed to generate electricity primarily in the 
coconut-producing region far from the electrical energy source. In 
places where coconut husks remain unused, coconut husks are 
considered to be waste and at times burned. This study thus aimed to 
examine the use of coconut husk waste as feedstock for the 
gasification of biomass energy. This comparative study’s method 
involved the examination and calculation of the resulting gas. 
Treatment differences produced in three environments with different 
water content were analyzed for how such content affected the 
resulting gas. Results showed that differences in levels of coconut 
water content used created differences in the amount of gas produced 
and any resulting tar. 
 

Keywords—Coconut husk, gasification, bioenergy, downdraft 
reactor.  

I. INTRODUCTION 
HE increase in energy demands caused by population 
growth and the depletion of worldwide oil energy 

resources and the fossil fuel emissions problem have put 
pressure on the world’s countries to develop, manufacture, and 
use renewable energy. Renewable energy sources are currently 
being widely developed from the biomass accumulated from 
agricultural waste, such as coconut husk, rice husk, palm, 
wood waste etc. 

Indonesia is known as a major producer of coconuts in the 
world with a total area of 3.8 million hectares of palm 
plantations. It has an average production of 15.5 billion 
coconuts per year, equivalent to 3.02 million metric tons of 
copra, 3.75 million tons of coconut water, 0.75 million tons of 
coconut shell charcoal, 1.8 million tons of coir fiber, and 3.3 
million tons of coir dust [8]. Waste oil is one source that has 
the potential to be developed as a biomass feedstock for power 
generation through the gasification process. Utilization of  
coconut oil today is limited to the coconut meat pieces for 
copra and coconut oil for domestic use.  

The coconut husks are easy to obtain because of the 
abundant supply, and their use is currently limited to direct 
combustion (burning by fire) with the goal of making charcoal; 
otherwise, the husks are simply discarded by nature. By 
knowing the composition and chemical content of coconut 
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husk fiber, the material can be used as a source of alternative 
energy through a gasification process. Coco powder contains 
high quantities of lignin and cellulose. Lignin is a complex 
molecule composed of phenylphropane units bound into three-
dimensional structures. Lignin is the strongest material in the 
biomass. Compared to cellulose and hemicellulose, lignin has 
a relatively higher carbon content, which means that it also has 
a high energy content (Coco Calorific Value of 18.62 MJ/kg). 

Studies on the development potential of renewable energy 
derived from coconut husks gasified a downdraft-type process 
has not been done. In general, the gasification process involves 
four stages, namely the process of drying, pyrolysis, partial 
oxidation, and reduction. Drying is the first stage of the 
gasification process wherein the moisture content in the 
biomass is vaporized through a number of heating provisions 
at a temperature interval of 100-300°C. In this drying stage, 
biomass decomposition does not undergo chemical elements; 
only the water content is released in the form of water vapor. 
The drying process is followed by the thermal decomposition 
of volatile matter that produces gases and leaves carbon 
residue, a process commonly referred to as pyrolysis. 

 Pyrolysis is an exothermic process which releases heat at a 
temperature interval of 300-900°C. The resulting charcoal will 
then undergo partial oxidation, and in this exothermic process, 
heat at temperatures above 900°C will be released. Heat is 
removed from the partial oxidation process and to provide the 
heat requirements of the endothermic reduction reaction and to 
break down the hydrocarbons that have been formed during 
the pyrolysis process. The reduction process occurs at a 
temperature interval of 400-900°C. In the reduction, the 
products from the pyrolysis stage—charcoal, tar, methane, and 
other gases—are reduced to fuel gases such as CO, H2 and 
CH4. Among the types of gasification, the most simple one and 
the one most capable of producing gas with fairly good quality 
is downdraft gasification [6]. Downdraft gasification reactors 
produce lower amounts of tar than the updraft-type reactors. 
This is because the tar resulting from the pyrolysis stage is 
carried away with the gas and then moved into the partial 
oxidation process so that the tar is broken down into lighter 
compounds [5]. 

 In a downflow fixed-bed gasifier (downdraft gasifier) 
system, combustion air is inserted from the top or side and the 
combustion gases are expelled from the bottom of the reactor. 
In the reactor, there is an established area in the combustion 
zone called the throat. The purpose of the throat is to localize a 
combustion area with temperatures above 1000°C. Gasification 
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gases are passed through this downsized high temperature 
region before exiting the reactor. Within a very small area, the 
expected content of tar in the gas can be a littlerupture. Gases 
that do not contain tar are very necessary for combustion in the 
engine, because practically clean and do not damage the 
engine. 

This study was conducted to observe the characteristics of a 
downdraft gasification process with coconut husks as the bio 
feed, the gas composition produced (O2 and CO2), the 
temperature distribution during the gasification process, and 
the volume of tar that is produced. 

II. RESEARCH METHODS 
A. Location and Duration 

This research was conducted in the Agricultural Engineering 
Laboratory of the Faculty of Agriculture, and trials were 
completed in the village of Pinilih, a sub-district of Dimembe 
and in the North Minahasa Regency. The study was conducted 
over a period of two months. 

 

B. Equipment and Materials 
The major piece of equipment used was a reactor of a 

downdraft gasifier that was designed for the use of coconut 
husks as the fuel. The other tools utilized were: compressors, a 
thermocouple, a digital thermometer, scales, a Cosmotector, 
fiber cutting tools, and stationery. The biomass materials used 
were coconut husks (water content around 12℅-18% and 
enumerated at 3-5 cm in size). Figure 1 shows the coconut 
husk. Figure 2 shows the reactor of the downdraft-type 
gasifier. 

 
Fig. 1. Coconut Husk 

 

C. Research Procedure  
 Research procedure was performed as follows: (using 

reactor on Fig.2) 
1.  The newly harvested coconut fiber was separated into 3 

sections, cut finely, and then dried until the moisture 
content reached 18%. 

2.  Slowly fed back the coconut fiber as tinder/flame anglers 
and waited for about 10 minutes until the fire spread. 

3.  Turned on the blower. 
4. Slowly put in the coconut fiber that had been cut finely. 
5.  Temperatures were maintained between 800-1000°C. 
6.  The gas produced was measured for O2 and CO2 

composition, temperature, and tar formation. 
 

 
 

Fig. 2 Reactor Scheme [1]. 

III. RESEARCH AND DISCUSSIONS 
The results showed that coconut husks that are 4-5 cm in 

size and that have a water content of 18% gave off gas yields 
of 3.2% O2 and 7.5% CO2. Fig. 2 illustrates the gas formed 
from the reactor.  

 

 
Fig. 3 Gas yields from the reactor. 

 

The size of the coconut husk plays an important role in the 
gasification process; the smaller-sized husks provide little 
space for air and pack in the coconut husk particles more 
tightly. This affects the chemical reactions that form 
flammable gas (combustible gas) products. The gasification 
process requires a limited air supply, so the amount of 
flammable gas produced tends to increase if the supply of air 
on the bio mass and its flow rate is correctly controlled [3].  

The husk is the outer portion of the coconut. The thickness 
of coconuts range 5-6 cm in size and consist of the outermost 
layer (exocarp) and the inner layer (endocarp). There are about 
40% parts of a coconut is coconut husk, containing 30% fibers 
and the other is coco peat. The chemical composition of 
coconut fiber consists of cellulose, lignin, pyroligneous acid, 
gas, charcoal, tar, tannin, and potassium ([7]. 

In this study, temperatures reached 552oC in the gasification 
chamber and 733oC in the combustion chamber. Preheating the 
air before adding the bio mass into the gasifier made an impact 
on a variety of factors, including the temperature of 
combustion, the gas energy produced (low heating value, 
LHV), and the composition of the combustion gases. At the 
beginning of the operation, the air temperature conditions 
increased and the fuel gas composition changed. The amounts 
of CO and H2 increased while the amounts of CH4 and CO2 
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decreased. This occurred because of the initial preheating of 
the air, which accelerated the pyrolysis process and the release 
of flammable matter (CH4) and moisture content regardless of 
the fuel. Furthermore, the most flammable matter formed from 
the gasification process was CO. 

A gasifier is a tool or instrument that can convert a variety 
of solid and liquid materials, such as biomass, into fuel gases. 
It is a reactor in which various chemical and physical 
processes can occur such as drying, heating, pyrolysis, partial 
oxidation, and reduction. Through gasification, solid carbonate 
materials  are broken down into raw materials such as CO, H2, 
CO2, H2O, and CH4. The gases produced can then be used 
directly for combustion and stored in gas cylinders. The fuel 
gas produced in the gasification process is mainly the result of 
pyrolysis and combustion. Thus, the effectiveness of the 
gasifier will be largely determined by the design section, or the 
zone of the pyrolysis and combustion. The design of a gasifier 
is strongly influenced by the type of raw materials used [4]. A 
gasifier fueled by rice husk for example, has a different design 
than a cane litter-fueled gasifier [2].   

The results of this study showed that the amount of tar 
produced was 180 cc. Compared to an updraft-type reactor, the 
downdraft gasification process produced relatively low tar 
content. This is because the tar formed during pyrolysis was 
carried away with the gas and underwent partial oxidation so 
that the tar was degraded into lighter compounds. 

IV. CONCLUSIONS 
The results showed that the technical study of the reactor 

used in the gasification process and the water content of the 
raw material, i.e., coconut husk, strongly influence gas 
production. Coconut husk waste has better potential to be used 
as gasification feedstock if the water content were to be 
decreased somehow; husk size reduction and a leaching of the 
water content to about 10℅ are suggested. For convenience in 
the field, these factors need to be considered to provide a way 
to facilitate the use of coconut bio waste as alternative energy. 
Addtionally, there is a need to look for a gas filtration system 
equipped to purge tar from gas before it is used as fuel 
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