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Abstract. The elimination of the fossil fuel subsidy by the Indonesian government has caused 
an increase in fuel prices, and a solution to find a relatively cheap and environmentally friendly 
alternative energy is needed. Biogas is one of the sources of renewable energy that has a 
potential to be developed, especially in farming area where the abundant animal excrement is 
not yet optimally used and causes environmental problems. Addressing this issue, we have 
developed an innovation by making a biogas and air mixer instrument through venturi pipe, 
using the basic theory of fluid mechanism in order to increase the use of biogas as an electricity 
source. Usually, biogas-based electric generators use dual fuel system such as fossil fuel and 
biogas to perform combustion due to the low octane contained in the biogas. By replacing the 
readily available manufactured venturi with the modified venturi, optimal combustion can be 
reached with using only single fuel of biogas. The results of the experiments show that the 
biogas debit on carburetor increases from 13 to 439 watts consuming biogas fuel from 0.22 to 
4.96 liter/minute, respectively. The amount of combusted biogas depends on the value of the 
load power. Within the scope of our results, the maximum voltage reached is about 211.13 – 
211.76 volts which is feasible to use for 220 volts electrical appliances 

1 Introducton  
In the last couple of years, the use of renewable energy has been increasing in Indonesia. If it is well 
organized and properly used, it can be a supplement for the limited fossil energy. One of the 
renewable energy sources that can be used is biogas [1] which can be transformed into bioelectric. 
Bioelectric is an electricity that is obtained from biogas resulted by cow excrement, liquid and solid 
waste through anaerobic digestion [2]. The composition of biogas varies depending on the source of 
the biogas, for example cow excrement [3]. Biogas is one of the energy technology solutions to 
overcome society’s problem of electricity. This technology can be immediately applied to society in 
order to fulfil the national energy need. 

The use of purified biogas as machine fuel will decrease greenhouse gas emission and provide 
other natural benefits, because combustion of biogas releases smaller amount of nitrogen oxide, 
hydrocarbon and carbon monoxide compared to the combustion of benzene and diesel oil. Compared 
to natural gases, biogas combustion releases smaller amount of hydrocarbon, carbon monoxide and 
carbon dioxide, but bigger amount of nitrogen oxide [4]. Another benefit is that a machine that uses 
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biogas fuel sounds softer than machine with diesel oil. Biogas conversion is done by changing the fuel 
in generator that uses mixture of benzene and biogas by single fuel biogas generator. Because the 
octane of biogas if very low, the available commercial venturi is modified by  a new venturi having 
different sizes. The purpose of making this instrument is to increase the efficiency of biogas as an 
environmentally friendly electricity source [5, 6], and affordable by all citizen in Indonesia. 

2. Materials and Methods  

2.1 Research location and design of biogas mixer instrument 

This research is conducted at Pondok Pesantren Baituraahman, Bojong Dusun village, Cikoneng 
Ciparai sub-district, Bandung, which is the location of biogas digester. This research is carried out 
through several steps: mixing the biogas and air in the modified venturi, measurement of CH4 
emission by the self-made sensor after the biogas passing through 2 kW generator as shown in Fig.1 
[8]. To produce the biogas, we utilize six biogas reactors which are airless installation enabling the 
cow excrement to be decomposed optimally thus decreasing the methane emission.  

Figure 1. Scheme of biogas mixer instrument 

2.2 Generator modification 

Modification on the generator was done to increase the biogas generator performance. There are two 
modified components: carburetor and the venturi. The function of carburetor is to mix air and biogas 
with a certain ratio in the combustion room. The modification of carburater is done by replacing the 
original factory manufactured venturi made from lathed copper rod having 6 mm inlet and 3 mm 
outlet diameters  by the modified brass venturi having 5.0 mm inlet and 3.5 mm outlet diameters and 
150.0 mm long (Fig. 2 and Fig. 3). The venturi is then attached to the carburetor and serves as the air-
biogas mixer. 
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Figure 2. Modified carburater. 

Figure 3.   (Up) original factory manufactured venturi, (Down) modified venturi 

2.3 Formulation of output power using venture 

Fluid velocity in a tube can be measured by Bernoulli’s and continuity equations under assumptions 
that the fluid follows ideal fluid basic equations [9]. To calculate the pressure difference of biogas- air 
mixture at the inlet and outlet of the venturi, the continuity equation is used [10, 11, 12] yielding  

               . 1 1 2 2ideal
Q Av A v� �       (1) 

In its general form Bernoulli‘s equation can be expressed as [13, 14],
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whereas for two different diamaters the equation can be written as  [15] 
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If the flow is horizontal (z1 = z2), then 
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with p1: pressure at point 2 (Pa), p2: pressure at point 2 (Pa), v1: velocity at point 1 (m/s), v2:
velocity at point 2 (m/s), and: �:density (kg/m3). 

 The non-horizontal effect in the flow can be easily incorporated by inserting height difference (z1–
z2) into the equation. The combination of continuity equation (1) and Bernoulli‘s equation (4) results 
the theoretic flow velocity equation if A2 < A1: 
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where Q: flow velocity (m3/s), A1: area of part 1 (m2), A2: area of part 2 (m2), and p1–p2 = p: pressure 
difference (Pa). The flow velocity can be written as 
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where 4/)( 2
dA

T
��  is the area of venturi neck (m2), cν:  discharge venturi coefficient,  and = d/D: 

neck diameter ratio. 
 The result of theoretic flow velocity will be higher than the flow velocity in real measurement 

because of the difference of “real world” with assumptions that are used in Bernoulli equation. The 
difference can approximately be from 1 – 40% [14]. If the diameters of both pipes are known, the 
fluid flow velocity in venturi pipe can be measured by flow meter as well as the pressure. 

 Experimentally, the measurement of generator performance is expressed as 
   1 2 .....

n

measured
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The actual heat of biogas depends on CH4. Heat is very vital to determine the machine capability. 
To measure heat, the standard thermodynamics formula can be used 

     
4

4, , ,
CH

u actual CH actual u normal

tot

V

H H

V

��
    (kJ/m3)                                   (8) 

with 

  
4 4, ,standard

standard standard

,actual actual

CH actual CH

P T

P T

� ��   (kg/m3)                (9) 

 CH4,standard   = standard methane density (=0.72 kg/m3) 
 Pactual,standard = total pressure and standard pressure of biogas, (mbar) 
 Tactual,standard = standard temperature (273 K) and actual temperature from the  biogas fuel 

The flow velocity of biogas can be measured with the equation: 
      m

Q vA

Vol

� �  (kg/m3),                            (10) 

where � : density (kg/m3), m: mass (kg), and Vol: volume (m3), v: gas flow velocity (m/s), dan A: 
cross section (m2). The flow velocity [13] is written as:

    
t

m
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The biogas consumption is calculated by the equation: 
   

,u normal
E QH�     (kJ/kg),            (12) 

The output power can be measured as: 
                 P VI�       ,(watt)              (13) 

where V: output voltage (volt) and I: current (ampere).  

3. Results and Discussion 
The result is based on the experimental data obtained by direct observation in location. The data are 
taken by using different loads. The biogas combustion quality spreading out from the venturi 
exhibited straight splash pattern which is different from the original manufactured venturi, resulting a 
stable output current. 
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Figure 4. Graphics of biogas debit vs. time (with and without load) 

The plot between biogas debit vs. time (with and without load) is depicted in Figure 4. This figure 
shows that there is a significant relation between biogas debit and time that is changing linearly. The 
longer the time, the higher the biogas debit is and vice versa. This indicates that the modified venturi 
provides efficient injection of biogas resulting perfect combustion.  

Plot of the relation between the output power and the biogas debit is shown by Fig. 5 indicating 
the liniear relation between the load power and biogas debit. The plot between the actual power with 
biogas debit is also shown in the same figure indicating the improvement in combustion efficiency as
the result of venturi modification. The power generated by the generator increases with time inline 
with the icrease in biogas consumption.  The actual power outputted varies from minimum 21.12 
watts up to 658.73 watts with biogas fuel consumption from 0.22 liter/minute to 4.96 liter/minute. The 
differences between the load power and the measured power are approximately 33.36% - 38.43%. The 
application of modified venturi affects the generated power, energy, fuel consumption, heat, fuel mass 
and generator efficiency. The more biogas fuel is combusted, the more output power that is obtained. 
The electric voltage obtained by the generator reached value of 220 volts when applied without load 
and reached approximately 211.13 V – 211.76 volts when load is applied which is still a stable voltage 
range. 

Figure 5. Graphic of relation between fuel debit with output power 
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4. Conclusion  
The result shows that the increase in biogas debit is linearly related to the increase in output power.  
The actual power outputted varies from minimum 21.12 watts up to 658.73 watts with biogas fuel 
consumption from 0.22 liter/minute to 4.96 liter/minute. The electric voltage obtained by the 
generator reached value of 220 volts when applied without load and reached approximately 211.13 V 
– 211.76 volts when load is applied which is still a stable voltage range. 
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