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Abstract: The usage of palm oil empty fruit bunches (EFBs) in the gasification process adds value
to the empty bunches as a renewable energy source. In this study, we design and manufacture a
new updraft type of gasifier reactor without a blower so that it does not require electric power in its
operation, but uses power from engine suction. Our test results compare the use of biomass waste
in conjunction with diesel fuel to run a diesel power plant for 20 min at a load of 10,000 W: diesel
with coconut shell charcoal (350 mL), diesel with acacia wood charcoal (380 mL), and diesel with
EFB charcoal (400 mL). The test shows that the highest efficient and the most optimal biomass in the
gasification process is coconut shell charcoal, because coconut shell charcoal has a dense structure
and, at the time of the experiment, the coconut shell charcoal was filled 15 cm below the gas outlet
pipe hole. From the standpoint of the economic value of the gasifier reactor that is proposed in this
study, the result with the lowest cost is that of diesel with EFB charcoal, because, in this experiment,
EFBs were the biomass that was not purchased. The additional use of empty fruit bunches of charcoal
is able to save 50% diesel usage.

Keywords: updraft gasifier; reactor without a blower; palm oil empty fruit bunches; biomass waste

1. Introduction

The issue of global warming that is marked by an increase in temperature and sea
levels as well as various natural disasters has become the concern of most countries in the
world, and, to curb the rate of global warming, many countries are committed to relinquish
the use of fossil energy. In addition, the depletion of fossil fuel supplies, including oil,
gas, and coal, has encouraged countries in the world, including Indonesia, to diversify
their energy supply, from fossil fuels to renewable energy that is more environmentally
friendly [1].

Both in terms of land and the ocean, Indonesia is considered as a big country. It has
the second longest coastline in the world after Canada, with a sea area of three quarters of
its entire territory area [2]. To provide adequate, equitable, and affordable electrical energy
services in Indonesia, it will take a significant amount of and a relatively high technological
sophistication as well as a significant development time, owing to the nation’s geographical
features [3,4]. Based on data from the Ministry of Energy and Mineral Resources, in recent
years, the increase in Indonesia’s energy consumption has reached 7% per year [5]. To
meet the needs of electricity supply, it is not enough just to rely on fossil energy as the
main source. Systematic efforts are needed to develop the potential for new and renewable
energy, which is very abundant in Indonesia. The great potential of resources includes
geothermal, biomass, coal bed methane (CBM), waterpower, sun, and wind. Electrical
energy is a primary concern for the improvement of welfare and national economic growth.
Energy sources, such as coal and petroleum, which are used to produce power in Indonesia
and whose supply is dwindling, are estimated to run out in the next 30 years [6]. Planned
power system designs must consider a variety of factors, including the contamination of the
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environment. An interest in the environment is also essential, because the power sector’s
dependence on fossil fuels will produce greenhouse gas emissions, and thus renewable
energy must be used to reduce greenhouse gas emissions [7]. Ensuring that Indonesians
have access to inexpensive, reliable, and high-quality energy is a critical issue for the
country’s economic development [8]. Promoting the use of biomass resources in producing
electricity, especially for rural areas or remote areas that have not yet been electrified, is
a real effort to reduce dependence on fossil energy [9]. There are great opportunities for
Indonesia to use the potential of renewable energy [10].

One type of plantation commodity that can be used as a source of renewable energy is
palm oil waste. Palm oil is an edible oil that is derived from the fleshy mesocarp of the fruit
of the oil palm [11]. It plays an essential part in Indonesia’s economic activity in terms of its
ability to produce a vegetable oil that is much needed by the industrial sector [12]. Oil palm
plantations cover 8,774,226 ha in Indonesia, and crude palm oil (CPO) production reached
33,500,691 t in 2016 [13]. Indonesia has 26 provinces where oil palm farms are located.
After the fresh fruit is processed into palm oil, approximately 45 percent is discarded as
litter, powder, fibers, shells, and empty bunches [14]. The remaining 15 percent is recycled.
Approximately 50 percent of the solid waste is comprised of empty bunches [15]. To date,
the usage of empty bunches as fuel has been quite limited. From now on, the gasification
process will add value to the empty bunches as a renewable energy source.

Fuels, such as biomass and coal, can be converted into combustible gases through
gasification, which is a thermal conversion process. These solid carbon fuels are converted
to carbon monoxide (CO), hydrogen (H2), methane (CH4), and carbon dioxide (CO2),
as well as a small amount of hydrocarbons, such as ethane and propylene (known as
syngas) [16,17]. In general, the gasification process involves the reaction of carbon with air,
oxygen, steam, carbon dioxide, or a mixture of these gases at temperatures of 1300 ◦F or
more, to produce a gaseous product that can be used for electric power, as a heat source,
or feedstock for the synthesis of chemicals, liquid fuels, or other gaseous fuels (such as
hydrogen) [18,19]. Furthermore, recent research has shown that the temperature conditions
in the gasification process are also influenced by biomass particle size and gas-carrying
capacity [20].

During the gasification process, four different thermal and chemical events, including
combustion, oxidation, pyrolysis, and drying, take place in a gasifier. Tar, nitrogen, and
sulfur are among the contaminants in the gasification process’s output (H2S, COS) [17,21].
The choice of reactor type is one way to limit the amount of tar in the gasification pro-
cess [15]. By adopting this populist-based palm oil biomass gasifier reactor model, not only
major businesses, but also ordinary people, would gain from the benefits of the electricity.

Many studies have been conducted to create palm oil waste gasifier reactors and power
plants. Using the same specifications as the intermediate design, Pratoto (2010) developed
a gasifier furnace for updraft-type empty bunches, taking into account the heating value of
biomass fuel, the energy required for various uses, and the furnace’s operating time [22].
Using a modified updraft gasification system, Rinovianto (2012) intended to lower the tar
content of the combustible gas by separating its output into two zones, one above and one
below the gasifier [23]. Using empty bunches as an energy source, Sanjaya (2018) proposed
a downdraft-type gasification process with a gasification output power of 50.96 kWh [24].

Several investigations have shown that a gasifier without a blower that relies on engine
suction force to operate has not yet been designed and built. To achieve an energy-efficient
power plant unit by utilizing local biomass (palm oil residues/solid waste) and electrical
circumstances in Indonesia, we design a gasifier without a blower using palm oil waste.
Fuel oil as a fuel source for power plants will be substituted for syngas produced from
solid waste using a gasifier. Using a gasifier reactor technology that does not require a
blower to perform, the gasifier reactor does not require electric power.
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2. Reactor Prototype Design

The construction of the gasifier reactor prototype is a relatively crucial research stage
and can be completed in a well-equipped workshop using assembly techniques for metallic
materials and basic welding. The purpose of making this prototype is to test the perfor-
mance of a gasifier without a blower, which is implemented in a biomass power plant
using empty fruit bunches as fuel to produce syngas.

Prototyping a gasifier has as its goal the creation of a real solution model for the prob-
lem that has been defined and discussed during the concept/idea stage of the project [25].
It is an updraft gasifier, which is one of the oldest and simplest gasifiers designs available
to date (Figure 1). As the gasification medium (air, oxygen, or steam) moves upwards, the
fuel layer moves downwards, and the gases and solid products move in opposite directions
because of this arrangement.

Figure 1. A 3D design of the gasifier reactor without a blower.

Keeping the gasification system’s pressure drop as small as possible is critical when
building a gasifier prototype. Gasifiers, cyclone separators, and gas repair systems have a
pressure drop that cannot be avoided, so large pipes are required (Figure 2). Pressure drop
is depicted in many handbooks as a result of standard pipelines, and pipe fittings, such as
elbows and couplings, also lower the pressure in the system. However, the pipeline’s gas
flow rate must be sufficient to transport the dissolved solids to the proper discharge point,
as shown in the figure below, rather than storing them in the pipeline as previously stated.

Figure 2. A 3D design of the power plant with palm oil empty fruit bunch as fuel to produce syngas.
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2.1. Rate of Fuel Consumption

According to the stages of the research plan, a gasifier without a blower produces an
output power (P0) of 5 kW. In Sanjaya’s study (2018), the High Heating Value (HHV) is
15.22 MJ/kg and the gasification efficiency (η) is 48.22%. Based on these values, we can
obtain the value of the supply of energy needs by using the equation:

Fuel Consumption Rate =
P0 × 3.6

HHV × η
(1)

2.2. Reactor Dimension

The main dimension of the updraft type gasifier furnace is the gasification reactor
tube. The technical specifications presented in the previous section are used to determine
the dimensions and height of the updraft-type gasification reactor. The cross-section of the
reactor can be obtained with various geometries. In general, a cylindrical cross section is
widely used, but, in this study, we tried to make a gasifier with a rectangular cross section.
The larger the diameter (D), the greater the power output. The cross-sectional dimensions
of the furnace reactor are determined using the following equation:

D =

√
1.27 × FCR

Specific Gasification Rate
(2)

In this study, the specific gasification rate (SGR) used was 80 kg per m2/h. So, we can
find the cross-sectional area of the reactor with the following equation:

A = πr2 (3)

In addition to the cross-sectional area, it is also necessary to find the height of the
reactor (h), fuel density (ρ), and gasifier operating time (t) using the following equation:

h =
t × SGR

ρ
(4)

2.3. Reactor Materials

Gasifiers are manufactured using commercially available materials, such as steel
pipes, sheets, and plates. During the material selection process, one should (if possible)
select materials that are readily available and use the tools available in large quantities.
Prototyping gasifiers should avoid exotic alloys, complex special shapes, and special
fabrication techniques that require large initial setup and tooling costs, unless the reasons
for their use are justifiable. The tools and materials used in the literature to make a set of
gasifier reactor without a blower include refractory cement, fire cement needle, refractory
brick, an angle iron of 6 × 6 cm2, a 4 × 4 elbow iron, a 1 mm thick stainless-steel plate, a
stainless steel seamless pipe of 14 mm and thickness of 1 mm, a stainless steel seamless
pipe of 25 mm and thickness of 2 mm, a pipe ss od 50 mm, a brass stopper of 2 inches, and
glass wool of 2.5 cm of thickness.

2.4. Prototype Performance Test

There is no design process without testing and verification. The gasifier prototype
testing phase is carried out to see if the design parameters are suitable for the built product
and to pay attention to the gasifier reactor’s performance in a biomass power plant. Differ-
ent kinds of biomass were examined in the process of identifying the basic biomass fuel
for gasifier design tools, including woody biomass (acacia wood), and coconut shell is one
type of biomass that has the tendency to create energy. Coconut shell charcoal can be made
by pyrolyzing coconuts into heat. Waste from oil palm plantations in Indonesia is called oil
palm fruit empty bunches (FEBs). Many studies have been conducted to turn this waste
into a significant economic product, one of which is attempting to turn it into charcoal for
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use in gasifiers. Experiments used buckets filled with water up to the water heater’s level
and then added ten units of 1 kW water heater loads to see how long it would take to reach
the boiling point.

3. Test Results and Discussion

Each side of the reactor is 15 cm thick, and the reactor’s height is 110 cm. The
goal of this design is to help electrify low- and moderate-income neighborhoods that are
particularly vulnerable to natural disasters. The prototype is a stainless steel part in the
form of rectangles and squares that are later mixed into one tool; the reactor serves as a
place to convert solid fuel into gas while also keeping the gas free of hazardous substances.
Gasifiers are devices or reactors that use gasification technics or the operation of using
heat to produce solid biomass or other carbonaceous solids into gas. The reactor can be
used for as much as 15 kg of charcoal. In the first stage of testing, we tried to use 12 kg of
charcoal and we operated it for 3 h by connecting 20 units of incandescent lamps, each
with a capacity of 50 W (Figures 3 and 4).

Figure 3. The experiment setup of biomass power plant with the generator set used in the testing
process is the Yamakoyo GFH 4500.

Figure 4. The test is carried out directly by utilizing syngas to operate a generator that is loaded with
20 incandescent light bulbs with a capacity of 50 W each.

However, a tool to measure power output was not used during testing because the
focus at this stage of development was on the design of the gasifier reactor for palm oil
waste biomass. In order to determine the specific values of the power generated, systematic
measurements must be performed at an advanced stage. Nevertheless, the test results
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demonstrated, even visually, that the gasifier and generator combination can operate with
a load of 20 incandescent lamps.

The gasifier reactor operates by introducing filling material in the form of biomass,
such as wood charcoal, coconut shell charcoal, and EFBs, up to 20 cm below the gas pipe
hole connected to the cooler. Biomass is first charred until it is ready to join the gasifier
reactor for the gasification process. The charcoal is heated first through manual combustion
and incrementally inserting it through the top half hole; after the charcoal burning process
takes place, adequate biomass is used to maintain adequate combustion.

According to the experiment’s findings, the most efficient way to use biomass is to
combine solar biomass with coconut shell charcoal. The calorific value of the coconut
shell charcoal itself is a determining factor, as the more energy is produced, the higher
the calorific value. Table 1 compares the efficiency of all fuels, while Table 2 and Figure 5
show the comparison of calorific value and temperature profile for all fuel types used in
the gasification process. The coconut shell takes about 5–6 h in the pyrolysis process to
convert biomass into fuel for this gasification process, while EFB takes about 6–8 h longer
than the coconut shell pyrolysis process because the weather during the drying process of
the oil palm reservoir is not optimal, so there is still water content. Tests are conducted on
the diesel engine without a load to ensure gasifier reactor performance, and the efficiency
of using diesel fuel is seen. Coconut shell charcoal proved to be more cost-effective in
experiments lasting 20 min.

Table 1. Comparison of various biomass waste fuel efficiency.

Fuel Type
Testing without Load Testing with Load

Fuel Consumption
(mL)

Biomass Used
(kg)

Fuel Consumption
(mL)

Biomass Used
(kg)

Diesel 350 0 800 0

Diesel + acacia wood charcoal 220 2.8 380 2.8

Diesel + coconut shell charcoal 200 3 350 3

Diesel + EFB charcoal 280 2 400 2

Table 2. Comparison of calorific value and temperature.

Type of Fuel and Biomass Calorific Value
(kcal/kg)

Temperature
(◦C)

Diesel 8591 -

Acacia wood charcoal 4800 754.2

Coconut shell charcoal 5700 1206

EFB charcoal 3353 1166

Before opening the valve to the diesel engine, the temperature of the combustion
chamber was measured to see how well it performed. Because the charcoal is not completely
dry when it goes into the reactor, the structure of the charcoal varies from bunch to bunch,
resulting in a wide range of temperatures. Because coconut shell charcoal has a dense
structure and was filled 15 cm below the gas outlet pipe hole during the experiment,
coconut shell charcoal was found to be the most efficient combustion process for burning
coconut shell oil. Table 1 shows the most efficient combinations of densities and amounts
of incoming charcoal that combust 15 cm below the outlet pipe hole. The Castable TNC
17 type fire cement material can withstand temperatures of up to 1206 ◦C, according to this
heat measurement.
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Figure 5. Temperature profile for all tests.

Table 3 shows the comparison of the value of fuel consumption cost with the use
of diesel and a mixture of diesel and biomass. The current condition is that people in
the project location still use diesel fuel generators to obtain electricity. The calculation of
the costs required when operating with and without the load results in the composition
of diesel and EFB being the cheapest alternative compared to other types of biomass
composition and also cheaper than the use of solar fuel. This is because empty fruit
bunches can be obtained directly, without having to be bought, from community-owned oil
palm plantations during the harvest period. Thus, the gasifier reactor developed is suitable
for use in remote rural areas that have oil palm plantations. The types of acacia wood and
coconut shell biomass are not directly available at the project site, so it requires a high cost
to obtain them. In other areas where there are various types of biomasses available, the
fuel consumption costs may have different values.

Table 3. Comparison of fuel consumption cost.

Fuel Type
Testing without Load Testing with Load

Cost of Consumption (Rp) Cost of Consumption (Rp)

Diesel 3290 7520

Diesel + acacia wood 16,068 17,572

Diesel + coconut shell 22,880 24,290

Diesel + EFB 2632 3760

4. Conclusions

A gasifier reactor was designed, developed, and tested with the goal of achieving a
simple biomass gasifier in the producer gas. The experiment results show that the use of
solar biomass combined with coconut shell charcoal has the highest efficiency of biomass
use. Coconut shell charcoal has the best combustion characteristics because of its dense
structure, and towards the stage of the experiment, coconut shell charcoal was filled 15 cm
below the gas outlet pipe hole. The cheapest possible finding from the economic value
of the gasifier reactor that has been produced is diesel with EFB charcoal, because, in this
experiment, EFB is the biomass that can be obtained directly without having to buy. The
additional use of empty bunches of charcoal can save up to 50% on diesel consumption. This
study can answer various energy and environmental problems faced today by collecting
and utilizing various simple and inexpensive technologies that are feasible to be managed
by the public. In order to produce lower tar levels in the future, the performance of the
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gasifier must be tested. Some recommendations for testing the next stage include using a
larger capacity generator and the avoidance, at a later stage, of the moisture in the filter
component from wet charcoal entering the channel
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Nomenclature

FCR Fuel Consumption Rate (kg/h)
HHV High Heating Value (MJ/kg)
SGR Specific Gasification Rate (kg/m2/h)
P0 Output (kWh)
η Efficiency (%)
D Reactor Diameter (m)
A Cross-sectional area (cm2)
r Radius (cm)
h Reactor height (m)
t Operational time (h)
ρ Fuel density (kg/m3)
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