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A two-stroke engine run with flexible fuel of biogas or methanol is not established yet. It is the objective of this work
to provide 2 stroke engine for an electric generator that can be run by using flexible fuels namely: methanol, biogas,
and mixed methanol-biogas. A small single cylinder 2 stroke engine of an electric generator was set to be able to be
fuelled by using 3 different types of fuel namely biogas (50% vol. CH4, 15% vol. CO2, 0 ppm H.S), methanol (CH3;OH)
with 97% vol. purity and mixed biogas-methanol. The electric generator that is used is for providing 750-watt
electricity. The compression pressure was around 10 Bar with cylinder volume around 63 cc. The engine was set
with an easy switch system of fuel. Since methanol is used as one type of fuel that is used, then special lubricant
should be prepared for this purpose. It is generally known that commercial synthetic lubricant that is usually used
and mixed with gasoline for 2-stroke engines is found not well mixed with methanol. The castor oil is selected to be
used as a lubricant to be mixed with methanol with a ratio of methanol to castor oil of 50:1. During using only biogas
as a fuel, the castor oil was dripped around 3 drops/minute in the biogas-air mixer chamber. The emission, as well
as fuel consumption, were investigated both in idle position and loaded at 200 watts. It is found that for only biogas
fuel, the fuel consumption is 18.83 L/minute and increases to become 15, 17 L/minute at a load of 200 watts. By
using only methanol as a fuel, the fuel consumption is found 0.009 L/minute and increases to become 0.011 during
loading at 200 watts. If mixed fuel is applied the biogas consumption becomes 2.06L/minute in idle position and 4.43
L/minute at a load of 200 watts. The lowest CO emission in idle position was found with biogas as fuel at 0.18 %
vol., followed by mixed fuel biogas+ methanol at 0.26% vol. and the highest is methanol fuel at 0.25%vol. for a load
of 200 watts, the lowest CO emission is found the same at biogas fuel at 0.18% vol., followed by mixed biogas +
methanol at 0.011 % volume, and the worst is found for methanol fuel with CO emission of 0.33 % vol.
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1 INTRODUCTION

Processing organic waste by using anaerobic digester technology become more popular because this technique can
be operated at a low cost and is simple technology. The outcome of anaerobic digester technology is useful products
such as fertilizer and biogas. The raw biogas composition mainly is methane (CHas), carbon dioxide (CO2), water
vapor (H20), and minor quantities of impurity gas of hydrogen sulfide (H2S) [1]. With biogas purification, the biogas
can be utilized as a fuel for the engine, especially for the engine of the electric generator. The result of electricity can
be used for any purpose, therefore the biogas availability becomes useful.

An attempt of using biogas as a fuel for the engine electric generator has already been initiated [2,3,4], especially for
4 stroke engine spark compression engine. It can be done by a simple method of injecting the biogas into the
carburetor, but this method was not proper because the air-fuel ratio is difficult to be arranged or because the quality
of biogas is not appropriate (low methane content). The use of biogas as a fuel for electric generators especially in
rural or isolated farms is promising. It can simultaneously process the farm waste as well as provide energy. The
biogas should be purified from H2S impurities as well as moisture so that the engine will be free from corrosion.

The two-stroke engine is a unique engine in which is the fuel is mixed with the lubricant. Not like 4 strokes engine
that makes it possible to provide oil in the crankcase and make it possible to operate the engine with separate fuel
and lubricant. The 2-stroke engine requires mixed fuel and lubricant so a special design of the engine should be
prepared if the fuel is in the form of gas, especially biogas. The detailed design of a small 2-stroke engine electric
generator that is fueled by biogas was already initiated and working well [5]. The designs consisted of biogas and a
lubricant mixer. The design also makes it possible for the engine to be run using gasoline. In this regard, there were
not so many problems that were found during the operation. The Methane and CO:z ratio in the biogas also already
become a concern during the operation of the 2-stroke engine fueled with biogas. The higher the ratio of methane
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and CO:z will make the fuel consumption decrease. It can be summarized that the use of 2 stroke engine is suitable
to be fueled with biogas for mitigation of greenhouse gas emissions [6].

The 2-stroke engine of an electric generator fueled with biogas or gasoline was already established [6]. The use of
gasoline in the previous publication addressed nonrenewable energy that will be replaced in this research by using
methanol. it is necessary to realize a small 2 stroke engine of electric generator that can run by using biogas, or
methanol individually, and in the case of low-quality biogas, the 2 stroke engine can also be operated by using mixed
of biogas and methanol. It is the purpose of this work to establish 2 stroke engine of an electric generator that can
be run by using 3 types of fuel, namely, biogas, methanol, and mixed biogas-methanol. The fuel consumption will be
investigated and the emission will be observed. The engine was operated in an idle position and loaded with a 200-
watts electric load.

2 MATERIALS AND METHOD

The two-stroke engine is a unique engine in which the fuel is mixed with the lubricant. Not like 4 stroke engine that
makes it possible to provide oil in the crankcase and make it possible to operate the engine with separate fuel and
lubricant.

In this work, the small single cylinder of 2 stroke engine of the electric generator (750 watts) was prepared to be able
to be fuelled with flexible fuel of Biogas or methanol individually with an easy switch system. The engine also is
provided to be able to be fueled with mixed biogas and methanol in case of low-quality biogas are available. The
emission and fuel consumption during operation with biogas, methanol, or mixed methanol and biogas is reported
and analyzed. In this work, the Engine was running in an idle position to be compared with loaded at 200 watts.

The modified 2-stroke engine that was used in this research was the same as the previous publication [5-6]. The
rated current of the coupled generator is 2.9. A, voltage result: 220-260 V/50 Hz/1Ph, maximum output is around 750
W. The engine type of electric generator is air cooling, single cylinder (63 cc), the compression pressure was set to
reach 10 bar (1000 kPa) in order possible to be operated with biogas, methanol, or mixed biogas-methanol.

The lubricant that was used for this research was castor oil. The castor oil was prepared from castor beans (Ricinus
communis L.) as can be seen in Fig 1. The use of a commercial 2-stroke lubricant engine is not possible for methanol.
The Methanol will not be well mixed with commercial lubricant oil of 2 stroke engine.

The biogas that was used in this work has come from the conventional fixed dome type of anaerobic digester with
cow dung as material that was filled inside the digester. The Biogas obtained was purified from H2S and moisture
with final composition was 52%CHa, 35% COz2, and 42 ppm H2S.

The setup for the fuel arrangement in the engine can be seen in Fig 2. The raw biogas should enter through
desulfurization to eliminate H2S impurities. The bag dehumidifier was prepared after the desulfurization process to
dry the biogas from moisture.

For the choice of using biogas as a fuel, the valve 1, 2, and 3 were opened, meanwhile, valve 4 was closed. The
engine also can be run by using only methanol as fuel. For this purpose, valve 1 was opened, valve 2 was closed
and valve 3 was closed and valve 4 was opened to let the mixed methanol and lubricant (50:1) enter the carburetor
of the engine. The unique feature of our design was the engine was possible to be fueled with mixed fuel of biogas
and methanol. For mixed biogas and methanol that will be operated, the valve 1, 2, and 3 were opened and then
valve 4 was closed and then the engine started running. After running for a short time valve 3 then was closed and
continued by opening valve 4. The fuel consumption, as well as emission of the engine of an electric generator, were
investigates

The two-stroke engine is a unigue engine in which the fuel is mixed with the lubricant. Not like 4 stroke engine that
makes it possible to provide oil in the crankcase and make it possible to operate the engine with separate fuel and
lubricant.

In this work, the small single cylinder of 2 stroke engine of the electric generator (750 watts) was prepared to be able
to be fuelled with flexible fuel of Biogas or methanol individually with an easy switch system. The engine also is
provided to be able to be fueled with mixed biogas and methanol in case of low-quality biogas are available. The
emission and fuel consumption during operation with biogas, methanol, or mixed methanol and biogas is reported
and analyzed. In this work, the Engine was running in an idle position to be compared with loaded at 200 watts.

The modified 2-stroke engine that was used in this research was the same as the previous publication [5-6]. The
rated current of the coupled generator is 2.9. A, voltage result: 220-260 V/50 Hz/1Ph, maximum output is around 750
W. The engine type of electric generator is air cooling, single cylinder (63 cc), the compression pressure was set to
reach 10 bar (1000 kPa) to be operated with multiple fuels of biogas, methanol, or mixed biogas-methanol.

The lubricant that was used for this research was castor oil because The use of a commercial 2-stroke lubricant
engine is not possible for methanol. The Methanol will not be well mixed with commercial lubricant oil of 2 stroke
engine. . The castor oil was prepared from castor beans (Ricinus communis L.) as can be seen in Fig 1(a) and the
route on obtaining the castor oil from castor beans is provided in Fig 1(b). The castor fruits were peeled to get the
castor beans. The castor beans were sundried and subsequently roasted at medium heat (110-1400C) and were
observed until a golden brown color appear on the surface of the beans. After the beans was cooled, the beans is
placed in a grinder to process to become a paste and mixed with water to dissolve the paste. The paste then was
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heated for about 2 hours to loosen the oil from the paste. The paste then was strained to the castor seed residue.
The liquid obtained from the straining process was put in the fitting lid and frozen for about 3 hours and the oil will
separate and float above the water. Take the oil and dry once again to remove the rest of the water. The final pale
yellow oil is castor oil which can be used as a lubricant.

The biogas that was used in this work has come from the conventional fixed dome type of anaerobic digester with

cow dung as material that was filled inside the digester. The Biogas obtained was purified from H2S and moisture
with final composition was 52%CHa, 35% COz2, and 42 ppm H2S.
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Fig. 1. The appearance of castor fruit. In raw and ripe condition (a). The schematic on the production of castor oil (b)

Mixed
Metanol+Castor
Oil (50:1)

Castor Oil

Bag

dehumidifier

Valve 3 Valve 4

To Intake
‘ " Manifold

Engine

=1

Mixer
biogas+air Carburetor

Speed
Governor

Desulfurizer Valve 1

T Air

Raw
Biogas

Fig. 2: The schematic design inlet of the multiple fuels (biogas, methanol, and mixed biogas-methanol) for the
single cylinder of 2 stroke engine electric generator
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The setup for the fuel arrangement in the engine can be seen in Fig 2. The raw biogas should enter through a
desulfurizer to eliminate H2S impurities. The bag dehumidifier was prepared after the desulfurization process to dry
the biogas from moisture.

For the choice of using biogas as a fuel, the valve 1, 2, and 3 were opened, meanwhile, valve 4 was closed.

The engine also can be run by using only methanol as fuel. For this purpose valve 1 was opened, valve 2 was closed
and valve 3 was closed and valve 4 was opened to let the mixed methanol and lubricant (50:1) enter the carburetor
of the engine. The unique feature of our design was the engine is possibly be fueled with mixed fuel of biogas and
methanol.

For mixed biogas and methanol that will be operated, the valve 1, 2, and 3 were opened and then valve 4 was closed
and then the engine started to run. After running for a short time valve 3 then was closed and continued by opening
valve 4.

The fuel consumption, as well as emission of the engine of the electric generator, were investigated.

3 RESULT AND DISCUSSION

In this work, the small 2-stroke engine of the electric generator is possible to be realized which is possible to be run
by using several fuels and one of the fuels is biogas. If biogas is not available the engine also can be run individually
by using methanol. And If the quality of biogas is low, the engine can be run by using mixed fuel of biogas and
methanol. Special lubricant should be used for this purpose and castor oil is prepared from castor beans.

The data on the fuel consumption is presented in Table 1. For both biogas and methanol the fuel consumption
increase if operated with a 200-watts electric load compared to an idle position. The fuel consumption for biogas is
13.83 in idle position and increases to become 15.17 L/minute if loaded at 200 watts.

Similarly, the methanol fuel consumption increased from 0.009 L/minute in idle position and increase to have come
0.011 L/minute with an electrical load of 200 watts. If mixed fuel of biogas-methanol is used, the biogas consumption
becomes very low (2.06 L/minute) compared if using full biogas (13.83 L/minute) in an idle position. But the methanol
consumption becomes increased to become 0.0482 L/minute compared to using full methanol (0.009 L/minute in an
idle position. If loaded with a 200-watt electrical load, a similar pattern is found, the biogas consumption becomes
low (4.43 L/minute) during loaded with 200 watts compared to using full biogas(15.15 L/minute), but the methanol
consumption increase from 0.011 L/minute if using full methanol to become 0.0599 L/minute if using mixed biogas-
methanol.

Table 1. Fuel Consumption of 2 Stroke engine of the electric generator. The engine was fueled with 3 different
fuels, namely: biogas, methanol, and mixed biogas-methanol. The lubricant is castor oil

Fuel Tvpes Fuel Consumption (L/minute)
yp Idle position Load 200 watt
Biogas 13.83 15.17
Methanol 0.009 0.011
. . Biogas 2.06 4.43
Mixed Biogas+ methanol Methanol 0.0482 0.0599

Table 2. The comparison of emissions by using 3 types of different fuels namely: biogas, methanol, mixed biogas-
methanol in the small 2 stroke engine of an electric generator

Emission
Fuel Type Idle position Load 200 watt
CcoO COz2 HC CO CO2 HC
(% vol.) (% vol.) (ppm) (% vol) | (% vol) | (ppm)
Biogas 0.18 8.2 1331 0.18 10.6 1098
Methanol 0.42 5.0 8323 0.33 8.4 4913
Mixed biogas+methanol 0.26 4.3 977 0.21 6.2 881

The result of the emission test is presented in Table 2. It is found that the lowest CO emission is found for the use of
full biogas (0.18%) and this value is the same if the engine is loaded with a 200-watt electric load. The 2nd position
for CO emission is found for the mixed fuel which is around 0.26% with idle position and becomes better in the loaded
condition which values around 0.21 %. The worst CO emission is found for the use of full methanol as a fuel which
is the value of around 0.42% and the condition is better if loaded with a 200-watt electric load (0.33%).

The higher the CO2 Emission means the better the combustion. In this regard, the biogas fuel provided the best CO2
(8.2%). The condition is better for biogas as fuel if loaded at 200 watts and provides CO2 emission of 10.6%.
Methanol is in the second-best position with CO2 emission of 5.0% in idle position and increases to become 8.4% at
loaded 200 watts. It should be noted that the lowest CO2 emission in this research is found for the uses of mixed fuel
of biogas-methanol (4.3%) and increased to become 6.2% in loaded 200 watts.
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The worst in HC emission is found for the use of methanol as a fuel, which is about 8323 ppm at an idle position and
interestingly decreases to become around 4913 ppm if loaded with a 200-watt electric load. It is important to report
here that biogas as a fuel resulting HC emissions lower compared to methanol. The HC emission for biogas is about
1331 ppm in idle position and around 1098 ppm at a 200-watt electric load.

Previous publications inform about consumption and emission of 4 stroke engine of electric generator that can
provide 1000 watt electricity [4]. The engine is fueled with biogas. At the idle position, the fuel consumption with
biogas is about 9.97 L/minute which is better compared to 2 stroke engine in this work. The 4-stroke engine also
provides a very low emission of biogas as a fuel which is in the range of 0.02 % comparing the 2-stroke engine
(0.18%) if fueled with biogas as in this work. The HC emission of 2 stroke engine if using biogas in an idle position is
very high (1331 ppm) compared with 4 stroke engine (19.60 ppm). This is due to the burning of castor oil that is used
in the 2-stroke engine as a lubricant.

In this work, the desulfurization process of biogas was using iron chips as informed in the previous publication [1].
Other methods that can provide better clean biogas from H2S impurities should be used to eliminate H2S from biogas
totally [7]. Hydrogen sulfide causes acidity in the lubricant [8] there is the effect of the H2S on the castor oil that is
used in this work as lubricant should be continued in future work.

The CO2 was not eliminated in this work. For better results, the CO2 should be removed. Various method has already
been established especially by using activated carbon [9-13].

Biogas that is used in this work is from the traditional type of digester of the fixed dome. This conventional biogas
digester is not provided high-quality biogas. Better design of small size biogas digester is available and should be
promoted to obtain high-quality biogas for perfect combustion in the engine [14-16]

4 CONCLUSION

The small single cylinder of 2 strokes engine of an electric generator with multiple fuels is provided in this work. The
engine can be run by using biogas or methanol or mixed biogas-methanol. The key feature that makes the system
work well is the utilization of castor oil as a lubricant. The system that is developed in this work with a very easy
switch from one type of fuel to other types that is available. The data of fuel consumption as well as emissions from
different types of fuel are provided in this work that can use as consideration for using 2 stroke engine of an electric
generator if fueled with biogas, methanol, or mixed biogas-methanol.
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