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ABSTRACT 

Biogas is one of the fuels that can be used for generating small-scale electricity. This small-scale electricity 

generator technology, known as genset or generator-set, generally uses gasoline as fuel. The use of biogas as fuel in 

gensets has been examined making it now possible to produce electricity from a dual fuel system (gasoline and biogas). 

This study proposes the use of only biogas as single fuel to fully operate a small-scale electric generator by modifying the 

shape of the venturi nozzle. The venturi functions as a biogas feeder into the carburetor mixing chamber where the air is 

present. The consumption of air into the carburetor chamber is regulated by a valve system. The results show that the 

biogas single fuel system is capable of producing 473.00 to 807.40 watts of power with an efficiency of 4.02% to 5.46% 

indicating an improvement in power efficiency compared to the dual fuel system. To validate the experiment and 

comprehend the physics behind this, a scientific study was carried out using a computational fluid dynamics (CFD) 

analysis. Fluid dynamics simulations in two-dimensional (2D) space for turbulent flow with flat and truncated-shaped 

venturi nozzles were carried out to simulate the conditions related to original and modified venturi pipes.  The simulation 

succeeded to describe the conditions required by the biogas to flow effectively from the venturi nozzle in the carburetor 

chamber directly into the combustion cylinder. The simulation also revealed the related quantities of biogas dynamics such 

as velocity, pressure, and turbulent entities characterizing the biogas flow in the system. 

 
Keywords: biogas, venturi nozzle, CFD. 

 

1. INTRODUCTION 

In the last few years, the utilization of alternative 

energy has been improving in Indonesia including the 

usage of biogas as a bioelectric power source [5]. 

Bioelectric is electrical energy produced from biogas 

derived from cow dung, wastewater, and solid waste 

experiencing an anaerobic digestion process [4, 6, 8] and it 

is easily produced in a large-scale scheme. Small-scale 

electricity generation technology known as genset 

generally uses gasoline as its main fuel. This technology 

has been developed many years ago and gets its practical 

application widely. However, in countryside or rural areas 

where the availability of gasoline and other fossil-based 

fuels are limited, the need for the replacement of gasoline 

is high. In this perspective, biogas - a form of energy 

having low calorific value– plays an important role for it 

can be the needed substitute. The motivation is to provide 

an answer to the question of whether the biogas alone can 

be used to generate small-scale electricity via genset.  

Observations and experiments of using biogas 

directly as a replacement for gasoline yielded 

unsatisfactory results since the gensets could not operate 

properly. The flow of biogas was not able to ensure 

effective combustion. Addressing this problem and 

considering the behavior of biogas flow in the venturi, a 

modification to the shape of the venturi nozzle was 

performed. This modification was completed by cutting 

the flat or blunt end of the original venturi nozzle made by 

the manufacturer into a sharp end as shown in Figure-1.  

Observations and experiments of using biogas 

directly as a replacement to gasoline yielded unsatisfactory 

results since the gensets could not operate properly. The 

flow of biogas was not able to ensure effective 

combustion. Addressing this problem and considering the 

behavior of biogas flow in the venturi, a modification to 

the shape of the venturi nozzle was performed. This 

modification was completed by cutting the flat or blunt 

end of the original venturi nozzle made by the 

manufacturer into a sharp end as shown in Figure-1.  

 

2. METHOD 
The experiments of operating the biogas single 

fuel system were conducted at Bojong Cikoneng village, 

Ciparay District, Bandung, West Java, Indonesia. Whereas 

the computational modeling was conducted at Institut 

Teknologi Bandung Campus in Bandung, Indonesia. The 

main part of the experimental research was to make the 

single fuel system operate by modifying the right shape of 

the venturi nozzle as a biogas supplier in the venturi 

chamber. The modification was realized by cutting a 

cylinder edge making an angle from horizontal, turning the 

edge to be seemingly sharp. The modified venturi nozzle 

was then placed in the carburetor replacing the standard 

factory-manufactured venturi nozzle (Figure-2). The 

carburetor was then installed on the biogas generator set as 
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depicted in Figure-3. The length of the carburetor venturi 

is about 5.62 cm 

 

2.1 Calculation of Biogas Generator Output Power 

The useful part of the biogas is the calories of the 

biogas itself or CH4 content in biogas in addition to CO2, 

N2, O2, and other components [2, 7]. The components 

other than CH4 also have energy but they do not affect the 

biogas combustion process. The performance calculation 

of a 2000 watts generator-set is as follows [3]: 

 

 
 

Figure-1. The original factory manufactured venturi 

nozzle (a) and the modified venturi nozzle (b). 

 

 
 

Figure-2. Installation of the modified venturi nozzle on 

the carburetor. 

 

1 2 n

Calculation

Q Q Q
Q Q
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                     (1) 

 

where Q is the biogas measured volume flow rate 

(liters/minute). 

The actual density of biogas can be determined 

by using standard thermodynamic law, using the following 

equation: 

 

actual S

actual biogas S biogas

S actual

P T

P T
                      (2) 

 

and the actual calories of biogas is 
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,
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where 
actual biogas

  is the actual biogas density (kg/m
3
). 

S biogas
  is the density of the standard biogas material 

(kg/m
3
), 

biogas
V is the volume of biogas material (m

3
), ,b tot

V

is the volume of total biogas material (m
3
),

actual
P  and 

S
P  

are the actual and standard pressure of biogas fuel (N/m
2
). 

S
T  and 

actual
T are the standard temperature (K) and the 

actual temperature of biogas fuel, (K), ,u actual
H is the actual 

calorific value (kJ/m
3
), and ,u normal

H  is a normal calorific 

value (kJ/m
3
). 

 

 
 

Figure-3. Installation of a carburetor on a biogas 

generator set. 

 

The biogas mass flow rate is calculated using the 

following equation: 

 

m
M

t
                       (4) 

 

where m is the mass of biogas material (kg), t is the time 

of gas flow (hours), and M is the mass rate of material 

(kg/hour). M can also be calculated based on the results of 

Equation (1) and (2) which yields: 

 

actual biogas
M Q  .                    (5) 

 

The engine output power is the power produced 

by the engine where the amount is equal to the power 

produced by the generator divided by the efficiency of the 

generator. Output power can be calculated as follows: 

 

Out
P VI                      (6) 

 

where Pout = output power (watt), V = output voltage (volt) 

and I = current (ampere). If the biogas heat input is given 

by 
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,in u actual
Q MH  (kJ/s)                    (7) 

 

then the efficiency of the biogas generator set is expressed 

by: 

 

output

mg

in

P

Q
                       (8) 

 

where 
output

P = engine power (watts). To determine the 

mass of biogas we use the relation: 

 

m Qt                      (9) 

 

where m is the mass of biogas fuel, (kg) and Q is the 

volume flow rate (liters/minute). 

 

2.2 Formulation of Fluid Dynamics in the Carburetor  

      Venturi Chamber 

 

2.2.1 Turbulent mass conservation 

Modeling and simulation of fluid dynamics for a 

single phased fluid and constant density in the carburetor 

venturi chamber is based on the following differential 

equation for time-averaged velocity components: 

 

0.
yx z

uu u

x y z

 
  

  
                  (10) 

 

This equation is called the mass conservation 

equation (the continuity equation) for the turbulent flow. 

 

2.2.2 Equation for turbulent momentum conservation  

          in the x-axis direction 

The equation for turbulent momentum is 

generated from the decomposition of the laminar 

momentum equation and then averaged as follows: 
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  (11) 

 

The turbulent viscosity 
t

  represents the 

contribution of turbulent flow to momentum displacement 

as an addition to the laminar viscosity on the laminar 

momentum transfer coefficient  . 

 

2.2.3 𝒌 − 𝜺 Turbulent flow model 

In order for the mass conservation equation and 

turbulent momentum to be solved, we need the turbulent 

kinetic energy conservation equation k and the rate of 

turbulent kinetic energy dissipation ε which are defined 

by: 

 ' ' ' ' ' '1
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The above equations are needed to evaluate the 

values of quantities k and ε derived from manipulation of 

the momentum conversion equation so that the results 

provide conversion equations for quantities k and ε. For 

the standard turbulent k-ε model, the turbulent kinetic 

energy conversion equation k and the turbulent kinetic 

energy dissipation rate ε are generated as follows: 
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The rate of production of turbulent kinetic energy 

k
G  is formulated by the equation: 
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Whereas the rate of dissipation of the k entity is 

expressed by: 

 

k
Y                      (17) 
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whereas the turbulent viscosity µ t is obtained from the 

modeling equation derived from the Boussinesq 

hypothesis: 

 
2

t

C k


 .                   (18) 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Experiment 

The measured output parameters resulted from 

experiments using various diameter of the modified 

venturi nozzles are listed in Table-1. Q is the biogas 

volume flow rate (liter/minute, m
3
/s), V is the voltage 

(volts) and I is the current strength (ampere). P is the 

biogas output power (watts), u is the biogas outflow speed 

from the venturi nozzle (m/s), Re is the Reynold number 

and ρ is the biogas density (kg / m3). Lhv denotes the 

biogas energy consumption in kJ/m
3
, Qin is the biogas heat 

input (watts), mg is the biogas generator-set efficiency 

and m is the mass of biogas fuel. The experiment results 

confirm that by using the modified venturi nozzle, for a 

particular diameter of the nozzle, the biogas mass flow 

rate is always constant as can be seen in Fig. 4. This 

ensures the stability of the gas flow rate in the modified 

nozzles which is important for the analysis and practical 

purposes of this study. We observe also that the value of 

flow rate is higher for a larger diameter of the venturi 

nozzle as can be seen from Figure-5 which shows the 

straightforwardness of relation between the dimension of 

the flow rate. The increase of Q with respect to the 

increase of venturi nozzle’s diameter was observed. The 

minimum value of Q is 39.106 liter/minute at inner 

diameter D of 0.30 cm and the maximum value of Q is 

53.087 liter/minute at D equals 0.65 cm. between these 

two values of Q, the consumed biogas fuel started at 2.695 

kg and ended at 3.661 kg. 

There is a significant relationship between the 

output power and the current strength at 220 volts with 

respect to variation in the diameter of the venturi nozzles 

as we can see from Table-1. As the current strength 

increases, the power output increases linearly following 

changes in the diameter of the venturi nozzles. This shows 

that the engine which is connected with the modified 

venturi nozzle produced an excellent biogas injection so 

that the combustion results were quite perfect. This also 

shows that increasing output power requires increasing the 

biogas mass rate. The system with modified venturi 

nozzles resulted in a continuous and stable power supply. 

The output power is controlled by the amount of biogas 

fuel burned in the combustion chamber; the more biogas is 

burned at an appropriate fuel-air ratio, the better the power 

produced. 

 

Table-1. Measured output parameters. 
 

D 

(cm) 

Q 

(l/min) 

V 

(Volt) 

I 

(A) 
P (W) 

u 

(m/s) 
Re 

𝝆 

(kg/m
3
) 

Lhv 

(kJ/m
3
) 

Q 

(m
3
/sec) 

Qin (W) 
mg 

(%) 

m 

(Kg) 

0.30 39.24 220 2.15 473.00 92.522 15891.33 1,1450 17993.61 0.000654 11767.8 4.02 2.695 

0.35 41.16 220 2.46 541.20 71.301 14287.62 1,1450 17993.61 0.000686 12343.6 4.38 2.827 

0.40 43.16 220 2.56 563.20 57.243 13109.13 1,1450 17993.61 0.000719 12943.4 4.35 2.965 

0.45 45.24 220 2.74 602.40 47.450 12224.93 1,1450 17993.61 0.000755 13579.2 4.73 3.107 

0.50 47.26 220 3.31 728.20 40.115 11483.55 1,1450 17993.61 0.000788 14172.9 5.14 3.246 

0.55 49.20 220 3.66 805.20 34.514 10868.13 1,1450 17993.61 0.000820 14754.7 5.46 3.380 

0.60 51.30 220 3.68 809.60 30.239 10387.68 1,1450 17993.61 0.000855 15384.5 5.26 3.524 

0.65 53.30 220 3.67 807.40 26.770 9962.5 1,1450 17993.61 0.000888 15984.3 5.05 3.661 

 

 
 

Figure-4. Plots of biogas flow rate as a function of time. 

 
 

Figure-5. A Linear relationship between the biogas flow 

rate and the diameter of the venturi nozzle. 
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Figure-6. Biogas flow rate vs. biogas efficiency in %. 

 

3.2 Two-dimensional (2D) CFD Simulation of  

      Carburetor Venturi 

Due to limitations in the completeness of 

equipment for testing the performance of the system, some 

activities were difficult to conduct, such as measuring the 

pressure of the biogas outlet when it goes to the biogas 

generator engine. To overcome these difficulties 

computational simulation was carried out. The simulation 

results can provide information on the simulated outlet 

pressure carburetor venturi chamber with a two-

dimensional or three-dimensional approach for various 

forms of the modified nozzle using the computational fluid 

dynamic (CFD) method.  To understand the phenomena 

that occur in the venturi nozzle, CFD simulation was 

performed using the Reynolds Average Navier Stokes 

(RANS) equation [1] which is accurate and comprehensive 

in producing patterns turbulent flow. Completion of the 

RANS equation was done using the k-  turbulent model, 

which is already contained in the ANSYS-Fluent software 

[9]. 

Figure-7 depicts the sketch of the carburetor 

chamber with venturi whose one end is truncated as to 

provide a tilted cross-section. This geometry depicted in 

Figure-6 was implemented in the CFD simulation. The 

desired form of flow pattern is that biogas and air flow 

altogether towards the fuel cylinder (outlet). This 

condition is made possible in practice by adjusting the 

position of the air inlet valve. The unwanted flow pattern 

in the carburetor is the backflow pattern of the biogas 

supply out from the modified to the air inlet. This pattern 

occurs if the suction pressure on the outlet is lower than 

the inlet pressure for a certain condition. 

To investigate the possible flow patterns in the 

carburetor chamber, the two-dimensional (2D) simulation 

was carried out by varying the variable physical and 

geometrical parameters. The changeable variables were 

the venturi nozzle diameter (dn), the shape of nozzle tip 

(Sn), the angle of valve position in the air supply chamber 

(αa), the biogas velocity supplied at the nozzle inlet (ub), 

and the outlet carburetor pressure (Po). The inlet air 

pressure was set to 0 Pa. Therefore, the flow pattern Фs 

can be expressed by 

 

 0, , , ,
s n n a b

f d S u P                    (19) 

 

for a particular geometry of carburetor (Figure-7). 

 

 
 

Figure-7. Sketch of carburetor with modified-truncated venturi nozzle. 

 

Table-2 shows the combination of the 

geometrical and physical parameters used in the CFD 

simulation to model the fluid flow pattern in the venturi 

and carburetor chamber for the carburetor whose shape is 

depicted in Figure-7. The modified venturi inlet velocity 

values (third column) were taken from the experiments 

whereas the outlet pressure values (the sixth and seventh 

columns) were set during the running of CFD simulation. 

The values of outlet pressure listed on the sixth column of 

Table-2 were those that yielded the backflow pattern on 

the carburetor outlet. Whereas the values on the seventh 

column were pressure that produced the desired forward 

flow pattern. Example of the fluid flow patterns from four 

combinations of parameters, listed in Table-2, is shown in 

the following figures. 

Figure-8 A depicts the air-biogas flow pattern for 

a 3mm diameter of a flat venturi nozzle pressurized at 0 Pa 

on the inlet with valve slope of 30
0
 and outlet pressure of -

4600 Pa. It is clearly observed that for this combination, 

there are backflows toward the inlet chamber. This 

condition represents the unwanted flow pattern in our 

simulation and it cannot be used to explain the success of 

using the modified venturi nozzle in the real experiments.  

Figure-8B shows the flow pattern when the outlet pressure 

is lowered to -4700 Pa, and it turns out that most of the 

flows go to the burner because of the effective forward 

flow. Figure-9A depicts the flow pattern for a 3mm 
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diameter of a truncated venturi nozzle pressurized at 0 Pa 

on the inlet with valve slope of 30
0
 and outlet pressure of -

3600 Pa. The same backflow pattern towards the inlet 

chamber is also observed.  Effective forward flow into the 

burner is observed where the outlet pressure is lowered to 

-3700 Pa. These examples of CFD modeling results 

indicate that for the case of the truncated venturi nozzle, 

the effective forward flow patterns can be obtained for a 

relatively lower pressure than that of the flat venturi 

nozzles. 

 

 
 

Figure-8. Fluid flow pattern resulted by CFD modeling for the 3mm flat venturi nozzle with valve 

at 30
o
. (A) Backflow pattern is observed in the carburetor inlet chamber. (B) Forward 

flow towards carburetor outlet. 

 

 
 

Figure-9. Fluid flow pattern resulted by CFD modeling for the 3mm truncated venturi nozzle with 

valve at 30
o
. (A) Backflow pattern is observed in the carburetor inlet chamber. (B) Forward 

flow towards carburetor outlet. 
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4. CONCLUSIONS 
The experimental results showed that the biogas 

flow rate increases with increasing size of the inner 

diameter of the modified venturi nozzle. Varying the 

diameters of venturi nozzle 0.30 cm to 0.65 cm yielded 

output power of 473.00 watts to 807.40 watts with biogas 

fuel consumption increased from 39.106 liters/minute to 

53.087 liters/minute. The average combustion efficiency 

for the above range varied from to 4.02% to 5.46% 

respectively, which confirms the potential of biogas as fuel 

derived from organic waste. 

The CFD simulation results provide confidence 

confirmation on the realization of biogas fuel to be used 

solely to generate electric power by modification of the 

geometry of the venturi nozzle attached in the carburetor. 

Furthermore, they are able to provide models of fluid flow 

patterns in the carburetor chamber for combinations of the 

associated geometrical and physical parameters. This in 

return will lead to an optimum shape and dimension of the 

modified carburetor venturi that ensure high efficiency of 

electric generation from solely using biogas fuel.  
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