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Abstract. The residues from the wood industry are the main contributors to biomass waste in Indonesia. The conventional
pyrolysis process, which needs a large energy as well as to produce various toxic chemical to the environment. Therefore, a
pyrolysis unit on the laboratory scale was designed that can be a good alternative to achieve zero-waste and low energy cost.
In this paper attempts to discuss design and system of pyrolysis reactor to produce bio-oil and bio-char simultaneously.

INTRODUCTION

The residues of agriculture are the main contributors to biomass waste in Indonesia. Recently, renewable energy
have been gaining increasing interest since the consumption of fossil energy resources leads to concerns the global
climate change, pollution, reduction of availability and security of the energy supply. Biomass is all organic matter
produced by plants or any conversion process involving life. The classification of biomass include forest residues,
agricultural residues, industrial waste, and energy crops. Biomass is also known as biofuels or bioenergy, is obtained
from or- ganic matter either directly from plants or indirectly from industrial, commercial, domestic or agricultural
products. Biomass is one of the renewable energy that is expected to play important role in the future, and other
renewable energy incorporate solar power, hydropower, wind turbines. To develop biomass as a renewable energy, the
biomass thermochemical conversion ways should be known well. A number of ways of thermo-chemical processes
convert biomass into higher-value depending on its source and the technology used, these processes include:
combustion, py- rolysis, gasification, liquefaction, anaerobic digestion or fermentation [1]. In the present study, we
used pyrolysis as the sustainable solution that economically profitable in large scales and minimise environmental
concerns especially in terms of waste minimization and energy or heat supply. Many researchers have been reported
some biomass waste were converted to bio-oil [2, 3, 1, 4]. The pyrolysis process is the thermochemical that is
commonly used to convert biomass into bio-char and bio oil at temperature ranges of 300-600°C [5, 6].

In common, a lower warming amount is more suitable for the manufacture of more char, while a higher warming
amount is valuable to the manufacture of more bio-oil [7, 8, 9]. Conventional pyrolysis may also be known as slowly
pyrolysis. Antal et al. improved the bio-char generate from biomass considerably by increasing the gaseous pressure
within the reactor pyrolysis [10, 11, 12]. Conventional slow pyrolysis has been used for centuries and has been mainly
used for the production of charcoal. For slow wood pyrolysis, biomass is heated up to 500 °C, and the vapor residence
time varies of 5 min to 30 min[ 13, 14, 15]. Thus, a reduced optimum heat range should be selected for generating bio-
char at a higher generate [3, 16]. For fast pyrolysis is a high-temperature process in which biomass is quickly
warmed without fresh air to produce more bio-o0il [17, 15, 14].

The classification of pyrolysis reactor for production bio-oil and bio-char that can be used include fixed bed
reactor, free fall reactor, fluidized bed reactor, Induction heating reactor, and fixed bed catalytic reactor [18]. Among of
these reactors, fixed bed reactor is easier to set up, inexpensive, and need less maintenance. In addition, material of
reactor used, diameter of reactor, heigh of reactor, feed material and particle size used, and insulation material should
be considered to design pyrolysis reactor. Bridgewater et al. released an outstanding evaluation that categorized the
reactors within some categories [19]: (1) fluidized-bed reactors [7] ;(2) transported and circulating fluidized-bed
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reactors; (3) ablative (vortex and rotating blade) reactors; (4) rotating cone reactors and vacuum reactors. The aim
of this study is to design and discuss system of pyrolysis reactor to produce bio-oil and bio-char simultaneously.

Bio-oils are dark, viscous liquid that is made up of highly oxygenated organic compound. Many synonyms of bio oil
include liquid smoke, wood distillates, pyrolysis oils, pyroligneous acid, pyrolysis liquids, bio-crude oil (BCO), wood
liquids, wood oil, and liquid wood [1, 4]. Throughout this study, we will be used bio-oil. It can be used as a
electricity generation or is purified to more efficient fuels and chemicals industry. Bio-char is another product of the
biomass waste pyrolysis, and can be obtained by modifying the pyrolysis system. Bio-char is suitable for use as
sorbent, a precursor of activated carbon, soil amendment, reductant in the metallurgical industry, and renewable fuel [2,
20, 21].

DESIGN AND CONSTRUCTION OF PYROLYSIS REACTOR
System Components

The Conceptual illustration of the pyrolysis system is shown in figure 1. Figure 2 illustrates the crucial
components of pyrolysis system have been recognised.

Biomass A 4

Volatile Condenser ) Bi0-0il

FIGURE 1. The Conceptual illustration of the pyrolysis system

A pyrolysis reactor was designed for production bio-oil and bio-char from biomass waste or agricultural wastes. The
shape of the reactor is a cylindrical, batch type, and fixed bed reactor. on the top side of reactor can be open for feeding
the raw material, at the end of the experimental run, bio-char can be removed easily. The temperature inside of the reactor
is measured by using thermocouple. During experimental run, the top side is kept closed by a cover plate tightly
secured to prevent atmospheric air into the reactor to achieve best pyrolysis conditions. The reactor weighs
approximately 20-30 kg, and to prevent the heat loss to the surrounding, the reactor is provided with jacket insulation on
the outside.

A pressurized gas stove that use liquefied petroleum gas as fuel is provided on the bottom of the reactor for
thermal degradation of biomass waste. The thermal degradation is regulated by setting the pressurized gas stove.Two
volatile condensors is provided for condensation of volatile gases which is then known as bio-oil or pyrolytic oil. Hot
gases passed through the inside tube of condensor and condensed with the help circulation of cold water surrounding
the tube.

EXPERIMENTS

The investigation will be performanced by keeping the pyrolysis reactor under various for slow pyrolysis
conditions. Pyrolysis process will be conducted by changing the parameters such as temperature, heating rate,
feedstock particle size, amount of feed material etc. Different temperature conditions and heating rate are required for
different feed and types of pyrolysis. For slow pyrolysis temperature requirement is 250 to 500 °C and heating rate is
about 10 - 20 °C/min. For fast pyrolysis temperature requirement is maximum and heating rate required is 100 °C/sec
andabove.
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FIGURE 2. The schematic diagram of the pyrolysis system

CONCLUSIONS

The pyrolysis reactor is easy to design and not need large maintenance. The reactor system does not require any
com- plicated components. Parameters such as temperature, heating rate, feedstock particle size, amount of feed
material will be studied to find out the maximum condition yield will be obtained.
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