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ABSTRACT

Energy consumption and environmental pollutants have to become present issues. So, the reduced of energy fossil in
the community is to overcome the highly prices of oil and gas. Therefore, an alternative energy innovation from biomass
is needed. Gasification is to energy produces from solid material to convert into gases such as sawdust, leaves, rice
husks and more gases. In this study, we made a small-scale design of biomass gasification. It will give more several
advantages such as simple design, especially for rural area. In this research, we used methods consists of five stages.
First is literature study; secondly to design and material process; thirdly is manufacturing and assembly; next stages is
measurement and data collection; and the last stages is testing, which is evaluating the performance of gasification as
possible modifying tools if needed. In this design, we used a fan-blower to supply fresh air as limited oxygen into the
fuel column. The results of test, we obtained an average boiling time, the pot stove of 60 minutes which the temperature
rises from 47.24°C to 66°C. It showed the temperature pot stove have to highest reached to 79.5°C as the temperature
available to water boiling. The performance test given the results as the hot start as the flame-fire temperature on top
the stove. We obtained the highest temperature is to 146°C and the average temperature is reached to 104.9°C. Based
on that we estimated energy is to 5.314 kJ/hr, is required cooking for one family in Indonesia, the coned downdraft
gasification was design and assembly; the total height and diameter of 0.752m and of 0.158m. We found the thermal
temperature reaches during the operation time varying between 45.8% - 64.4% it’s lowest to the highest value test using
thermocouple data. As a conclusion of this study, we obtained the temperature of pot-stove is slowly reaches from 59.5%
to 71.6% of boiling water.
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gasification stove technology. The other studies were [4]
showed the performance of a continuous downdraft
gasification furnace for rice husk fuel, where the
gasification air flows in the same direction as the methane
gas produced and the fuel is fed continuously during the

1. INTRODUCTION

Energy consumption and environmental
pollutants have to become present issues. So, the reduced
of energy fossil in the community is to overcome the

highly prices of oil and gas. Therefore, an alternative
energy innovation from biomass is needed. As an
alternative solution [1] showed that biomass is a complex
organic compound consisting of carbohydrates, fats,
protein and a few other minerals such as sodium,
phosphorus, calcium and iron. In this case study, one of
the processes that can convert biomass into energy is
namely the gasification system.

Gasification is to energy produces from solid
material to convert into gases such as sawdust, leaves,
rice husks and more gases. According to [2] they fund the
use of rice husks as an alternative energy using a
gasification stove can be more effective and efficient,
also they [3,4,5,6,7] were deeply developed on biomass

methane gas formation process. His study showed the
temperature result is 573°C and the ignition time is 6
minutes. It’s slightly faster and the effective flame is
taken by 62 minutes with the calorific value is 4369.21
kJ.

The results study of [6] was designed a biomass
stove with a batch system and have an efficiency of stove
is 23.8%, also this batch system of biomass stove is more
efficient that the previous stove design. In 2019 [7]
obtained the optimization of gasification of oil palm
empty fruit bunches using powder a type of gasifier
cyclone. He obtained that the larger the particle size and
the lower air-fuel ration can produce the optimum
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temperature in the gasification process using a cyclone
type of gasifier.

1.1. Related Work

According to the generation type of studies, we divided
the existed work into two stages:

1.1.1 Gasification theory

The gasification process is a chemical process that
converts biomass into gas fuel [8]. The gas produced is
called as the Syngas in the form of CO, CO,, H,, CH4 and
H20 [9], also the gasifying form can be Oxygen, air and
steam [10].

Biomuass

A: Drying zone

B: Pyrolysis zone

C: Combustion zone
D: Gasification zone

LUl

— Gas
= outlet

Figure 1. The downdraft gasifier furnace design [11]

Fig 1 illustrates the type of Throatless open top downdraft
gasifier shows the high flexibility and efficiency in
operating with solid fuels high during the operation
process air and biomass pass through four zones inside
the furnace such as drying, pyrolysis, reduction and
oxidation.

1.1.2 Gasifier furnace Performance

The combustion zone is an Oxidation process is formed
as the rate of oxygen level. The reaction with this form is
highly exothermic and results is a sharp rise in
temperature reached from 700°C to 1500°C. According to
[12] showed the combustion zone serves to convert and
oxidize to almost all condensed products from the
pyrolysis zone (see Figure 1) is operation present of the
design gasifier as the combustion reaction.

C+0,-CO, (1)

2H, + 0, —» 2H,0 (2)
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For this reaction process showed the reduction zone
involves as the series of endothermic reactions that was
supported by heat produced from the combustion
reaction. The products in the process are gas fuels such
as H.0, CO and CHj,. Also the carbon dioxide (CO,) and
water vapor (HO) are reduced to CO

The carbon dioxide (C0O,) and water vapor (H,0) are
reduced to CO, H; and CHs, in the following reactions
are describes as the reaction zone.

C+C0, - 2C0 ©)
C + H,0 > CO + H, (4)
CO + H,0 - CO, + H, (5)
C +2H, - CH, (6)

1.2. Our Contribution

This paper presents some improvements based on the
related our framework by Fajri Vidian et al [16]. The
Models of CFD Simulation study showed that the
increase of equivalence ratio tend to decrease of CO, Ha,
CH, and tar followed by increasing of temperature at the
inside of the gasifier.

2. METHOD AND MATERIALS

2.1. Methods

In this research the methods that will be used include
observations, study literature, design and material
section, assembly process, collect the data and testing of
the prototype also evaluating the performance of
temperature reaches. The order of research can be
explained by the flow chart in Fig 2. The main designed
steps were as follows:

2.1.1. Energy needed (Q), According to [13] described
more 12.7 million households are still dependent
on traditional biomass fuels for cooking with the
consequent health damages and costs in
Indonesian women’s time. The total energy
consumption threshold at the level the extreme
need is 580 kWh [14].

2.1.2. According to [15] described the Fuel
Consumption Rate (FCR) as the amount of
heating value of rice husk is 3537 kcal/kg and high
heating value is 4350 kJ/Nm® and FCR
determined using Equation 7, n taken as 17% as
report by Ismail et al [17].

— Q
FCR = T )

2.1.3. For time to consume rice husk (T) is time to
completely burn all rice husks in the furnace and
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it was calculated using Equation 8. However,
depend on the volume of the furnace (m®), the
density of rice husk (pm) and FCR.

prhxVr
PR ®

T=

2.2. Materials

Our research was conducted in the design and testing the
performance of a small-scale downdraft biomass
gasification using Rice Husks is a solid fuel. This study,
we make simulating the hot gases flow used the Autodesk
to know the air inlet flow to combustion chamber. In the
design we used insulation material to reduce heat loss and
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the material will give the effectiveness and availability.
On this design, we used the stove from burning due to
direct contact with the hot surface of the gasifier and the
main body of cook-stove was shielded used galvanized
mesh. For the inlet and outlet cylinder was made from
galvanized sheet respectively (see table 1). The frame of
char grate we used the handle for the burner assembly as
body support and the lever are also made of galvanized
material. For the air supply to the furnace, we used the
20W, 220V (AC) blower fan with the flow rate of 5.6
m3/h. The last component is a switch to connect the
electrical wiring for the fan and the thermocouple to
regulate the amount of air delivered and air temperature
during the performance test.

Start

modifying requires

a. Interview and Study literature
b. Gasification concepts

.
v

Design and Material process
a. Design evaluated using Autodesk Drawing
b. Material section (ME component)
c. Making of piping diagram

'

Assembly process
Main body Downdraft Gasification
Making air filter, ash grate, burner, and furnaces
Assembly air blower and data acquisition
Completely a prototype downdraft gasifier

[ 0T R

'

| Collect the data

'

Results and Conclusion

¢

Finish |

o

-

saanbas Fudppow

Table 1. The parameters design and the properties of the gasification

Figure 2. Design of Research flowchart

The energy design (kJ/hr) 5.314
FCR (kg/hr) 1.250

Outlet diameter Furnace (m) 0.217
Inlet diameter Furnace (m) 0.158
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Furnace height (m)

0.752

Cross section Area (m?)

0.009

Insulation type

Refractory cement SK-34

Inlet cylinder type

Galvanized steel sheet no.22

Outlet cylinder type

Galvanized iron sheet no.18

Blower fan type

AC, 20 W, 220V

Thermocouple type

Type j (<760°C)

3. RESULTS AND DISCUSSION

The final result of this design is obtained for the
configuration of the gasification furnace. We used a
downdraft gasifier and biomass fuel from the rice husks.

3.1. Assembly Process

This research was conducted in a small-scale downdraft
biomass gasification. The average energy required test
was estimated 691.92 kCal/hr. On this study, we made a
small gasification furnace with inlet diameter and height
was calculated to be 0.158m and 0.752m respectively
with fuel consumption rate of 1.25 kg/hr. Table 1.
Illustrated the parameters design and the properties of the
gasification.

3.2. Operation Process

During the gasification process, we used equation 1 to 6
present balanced chemical reaction equations during the
gasification processes. Figure 3 is illustrated the unit
design of gasification furnace, we used main
configuration 1 to 7 presented as (1) blower-fan, (2)
Hole-cover on top the furnace, (3) first burner, (4) Hole-
cover on middle the stove, (5) stove, (6) air supply valve
control, (7) pipeline gases product.

For first operation is the rice husk was ignited on first
burner of furnace using pieces of paper or drying leaves.
Due to the heat of the burning fuel layer at the bottom,
the layer just upper the burning to release the pyrolysis
gases. The gas burn using the air down from the side
bottom of the furnace by the blower-fan.

Next, the burning zone have to continuously move
downward and to utilise the available unburnt fuel.
Primary air drawn from the bottom of the furnace passes
through the bed of burning rice husk and carries the
volatiles, leaving the charred husk.

For the resulting gas then passes through the char
available in the bottom zone and is reduced to a low-
energy fuel gas and it rises pipeline gases to stove. We
used the Holes introduced in the burner at the top of the
stove during ignition help distributes the flame evenly all
around the cooking pan.

For the performance test, the bottom layer contains
charred husk; the intermediate layer is the flaming
pyrolysis zone and the top layer contains unburnt fuel.

Figure 4 presents operation of the downdraft gasifier
designed.

Figure 4. Operation of the gasifier

3.3. The performance test

On the design, we used assuming the developed rice husk
gasifier is utilized three times a day in a case study. The
average cooking power of this cook-stove was also
established to be 1,589.04 Watt. Figure 5 illustrate the
performance of temperature rises during the water
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boiling test likely hot start and pot stove. The boiling
time of the stove is a measure of its cooking time. We
used at ambient pressure of 101.33 kPa, than the test is
taken to 5 hours operation and fuel consumption rate of
1.25 kg/hr. As results test, an average boiling time for
improved pot stove of 60 minutes which the temperature
rises from 47.24°C to 66°C also it showed for
temperature pot stove have highest reached to 79.5°C it’s
show the temperature available to boiling the water. The
performance parameter also shows that the Hot start as
flame temperature on top the stove. We obtained the
highest temperature is to 146°C and the average
temperature is reached to 104.9°C. Even though, in the

gasifier design we not make the emission analysis of the
developed small-scale downdraft gasifier. In future
study, the findings of the design conform to previous
findings stated that solid fuel cook-stoves without
effective chimneys and adequate ventilation are unable
to reduce indoor air pollution to levels set by Indonesian

policy.
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Figure 5 Performance test of Temperature rises

4. CONCLUSION

In this research; we have been design, assembly and
thermal performance test for a small-scale downdraft
biomass gasification. We used the estimated energy
(5.314 kJ/hr) for cooking required for a family in
Indonesia. We made design and assembly with total
height of 0.752m and the diameter of 0.158m. As the
results of the performance test showed the thermal
temperature reaches during the operation time varying
between 45.8% - 64.4% that the lowest to the highest
value test using thermocouple data. As a conclusion of
performance test, we found the temperature of pot-stove
is slowly reaches from 59.5% to 71.6% of boiling water.
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