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Abstract. Currently, biogas as an alternative fuel has been widely used in the community, including
in lamps and biogas stoves. There has been a surplus of biogas in some production regions due to a
relatively small need for biogas fuel. So that most biogas users utilize the surplus to become
generator fuel. Yet, in the application there is a drawback, namely the instability of the electric
power generated per unit time. This is caused by not achieving the optimal water-fuel ratio because
the volume of biogas production from the reactor is fluctuating based on the volume of raw material,
such as processed cow dung. Therefore, a control method using a PID Controller is constructed to
determine the best value of the AFR on a dual fuel generator. The objective is to generate an optimal
output of electric power. The generator set is a tool used to generate energy or electrical power. The
electric power generated by the generator set used to supply the electrical loads in this research are
lamps. Power produced by a generator set ranges from 100 to 1200 watts. The power generated by
the generator set is affected by a mixture of air and fuel. The generator set is dual fuel. From the
results of this study, a stable response with an overshoot value is below 0% and its error is 2%. In
addition, the best-obtained value of the AFR is 15.06. Furthermore, the stability of the power
generated by the generator set is also influenced by the flow rate mass of the fuel injected into the
combustion chamber. From the simulation results, when given a power set point at 1200 watts, the
obtained value of the air mass flow rate is 0.03754 kg/s, the mass flow rate of biogas is 0.002367
kg/s, and the gasoline constant mass flow rate is 0.000125 kg/s. Meanwhile, when given a set point
of 100 watts and a value of 0.009928 kg/s air mass flow rate is injected into the chamber, the mass
flow rate of biogas is 0.0005341 kg/s, and the mass flow rate of gasoline is 0.000125 kg/s. In this
research, the value of AFR for complete combustion on a dual fuel system is 15.06. The results have
shown that the PID Controller has been successfully implemented to regulate AFR, and the
generator output of power can be constant.
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Introduction
Surges in world oil prices are caused by the rising costs of fossil fuels. On the
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other hand, global environmental issues that demand high levels of environmental quality
encourage various energy experts to develop more environmentally friendly energy and
support sustainable energy supply security. Currently, fossil fuel energy reserves are nearly
depleted and it is difficult to research new sources. Moreover, in 2030, Indonesia will truly
become a net importer of energy because a balance between production and domestic
energy consumption will occur. Starting this year, the production of domestic energy (fossil
fuel and renewable energy) is no longer able to meet domestic consumption, and Indonesia
has changed its status to a net importer of energy (BPPT, 2015).
This means renewable energy development is growing. Indonesia, especially, has huge
potential for it. Fossil fuels fulfill a major part of the world's energy demand. Higher demand
for energy, depletion of fossil fuels, and environmental impacts are the key motivational
factors for exploring alternative energy sources (Khatri and Khatri, 2020). Based on the
geographic state, Indonesia is abundant with a high amount of energy resources, ranging
from hydro, geothermal, biomass, solar, wind, and oceanic sources. Unfortunately, such
property has not been widely used as energy sources that could replace the fossil fuel-based
energy sources that are nearly depleted. Renewable energy resources are increasingly
being used to cover the electricty grid demands in many countries. A current theoretical
question that is interesting in terms of introducing a long-term perspective, pertains to
what an energy supply from exclusively renewable energy resources could look like.
Amounts of fuel from bioenergy are assumed to be annually available. This amount is
derived from a study on bioenergy from agricultural waste conducted by GIZ (Günther,
2018). The development of biogas in Indonesia is still relatively slow due to various factors,
ranging from people who are still not comfortable with dirt as an energy source to biogas
purification problems and the implementation of the generator set (Abdurrakhman &
Soehartanto, 2014). Nowadays, in many industrialized countries, the conversion of
municipal organic or solid waste to biogas has become popular in recent years as a
sustainable technology that can produce green energy and electricity (Tetteh et al., 2018).
In Indonesia, biomass generally has the potential to be used for long-term balancing of
society’s demand. The biomass itself can be stored for a certain amount of time and place,
and the secondary energy carrier (e.g., biogas) can be stored for a very long time (Günther,
2018). Currently, the Indonesian government has been anticipating the development of
Distributed Renewable Energy Generation (DREG) using environmentally friendly energy
sources for local electrical energy supplies and has developed local sources of renewable
energy (Nazir et al., 2016).
Based on data from the Directorate General of Livestock and Animal Health, the number
of beef cattle in 2015 reached 15 million. One cow is able to produce manure 23.6 kg of solid
waste a day and 9.1 kg or liquid waste a day (Setiawan, 2002). One kg of cow or buffalo
manure can produce 0.023 to 0.040 m 3 of biogas (Stewart et al., 2007). The process of
biogas production depends many factors in environment (Abdurrakhman et al., 2018).
Therefore, the maximum potential value of biogas produced by manure is as high as 14.16
million m3/day. The methane amount is 9,912 million m 3/day and CO2 is 4,248 million
m3/day. In other words, within a year, Indonesia will contribute 1.55 billion m 3 CO2 or the
equivalent of 2.77 million tons per year. Indonesia will also contribute the amount of 3.617
billion m3 methane, equivalent to 6,466 million tons per year. The effect of methane gas is
equivalent to 21 times the CO2 of greenhouse gases. The contribution of methane gas will
be equivalent to 135.8 million tons of CO 2 per year. It means that by the addition of these
gasses in the atmosphere, methane gas is equivalent to 135.8 million tons worth of CO 2
gasses a year. Levels of H2S contained in the biogas can be harmful to users because at levels
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of more than 500 ppm, biogas can cause lung damage and even lead to death (Noyola et al.,
2006).
Currently, several biogas purification methods have been developed. The methods are
absorption, adsorption, cryogenic, membrane, and carbon mineralization technology
(O’Brien, 1991). Literally, the gas-liquid absorption method with a water scrubber system
is a priority among biogas purification applications because its main ingredient is water,
which can be relatively cheap, available, and environmentally friendly (Budzianowski et al.,
2017). If water temperature is between 1020°C, CO2 gas solubility level is between 2.5 to
1.6 g per kg of liquid gas. Meanwhile, within the same temperature range, it will be able to
dissolve the H2S gas at 5.5 to 3.9 g per kg of liquid gas (Medard, 1976).
A dual fuel generator set is a standard gasoline engine with biogas fuel added in its
combustion chamber. The engine’s ignition is powered by a gas spray called pilot fuel. In
other words, liquid or gaseous fuels can be injected into the engine by making a hole in the
intake manifold of the engine itself. When the type of added fuel typs is liquid, such as
ethanol or methanol, carburetor is added to the system. This makes the fuel pump at a
certain pressure and become atomized as the fuel is injected into the air intake. As for the
fuel gas, it is not needed anymore since the gas fuel carburetor already has its own pressure
(Setiawan, 2002). Hotta et al. (2019) explored the potential of raw biogas as an alternative
and standalone fuel for gasoline-fueled spark ignition (SI) engines. A single cylinder spark
ignition engine is operated with both gasoline and raw biogas at a compression ratio of 10
under wide open and part-throttle conditions. The baseline test is performed with gasoline,
and subsequent experiments are carried out with raw biogas. The engine performance,
combustion, and emission parameters are measured over a range of speed variations
(1450–1700 rpm). A comparative analysis of the result showed 18% of reduction in brake
power, 66% increase in brake specific fuel consumption, and 12% reduction in brake
thermal efficiency when the engine is fueled with raw biogas. Ambarita et al. (2017)
concluded that the output power and specific fuel consumption of the Compression Ignition
(CI) engine ran in dual-fuel mode are higher than the CI engine ran in pure diesel mode. The
brake thermal efficiency of the CI engine ran in dual-fuel mode was strongly affected by the
biogas flow rate and methane concentration. An optimum biogas flow rate for a maximum
brake thermal efficiency exists. The biogas can reduce the diesel fuel consumption
significantly.
A dual fuel system’s advantages include conserving the use of gasoline as fuel,
production costs that can be minimized, and generator set modification costs are relatively
cheaper than converting to a whole gas engine. Furthermore, the application of biogas with
a dual fuel system on the generator set can improve the performance and efficiency of the
engine (Bastida et al., 2017). The utilization of a biogas generator set will not change the
composition of machine tools and only add to the system equipment, such as a mixer
venturi on the suction channel. The use of dual fuel intended to reduce the use of gasoline
in the combustion process would entail a partial substitution of gasoline by biogas. Verma
et al. (2019) performed an experimental investigation on a diesel-biogas dual fuel (DF)
engine based on energy and exergy analyses. The analyses included the effects of change in
the compression ratio (CR), exhaust gas recirculation (EGR), and EGR temperature on the
performance and emission characteristics of a DF engine. The results showed that the
highest efficiencies at both low and high loads were obtained with hot EGR cases. At the
same time, exhaust emissions could also be kept in check. Mixing biogas as engine fuel was
studied by Verma et al. (2017) to determine the effect of variations in the composition of
biogas on the performance of diesel engines for dual fuels using exergy analysis. The
variation of biogas composition was 93% (BG93), 84% (BG84), and 75% (BG75). The AFR
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produced is 22.47 for BG 93, 16.77 for BG84, and 13.49 for BG75. In another study, de Faria
et al. (2017) conducted a thermodynamic model to predict the performance of a spark
ignition engine using biogas fuel. Moreover, it was concluded that the increased load results
in a higher engine airflow that increases power output at a constant engine speed, which is
greater than fuel consumption, resulting in a smaller overall specific fuel consumption (sfc).
In addition, the simulation states that spark timing has opposite effects at NOx and sfc
levels.
A generator set using a dual fuel system still needs a lot of work in the development
phase. One of the items is the generator set’s output power controls. The generator set’s
output power control needs to be designed so that the generator set is able to produce a
maximum and stable output of power in accordance with daily electricity needs. In order to
make the generator produce a stable output of power for demand, the mass flow rate of fuel
and air in the combustion chamber of the engine should be consistent with the required
power demand. If more power from the generator’s output is required, then the mass flow
rate of air and fuel (petrol and biogas) entering the combustion chamber will also be getting
bigger. Additionally, the mixture of fuel and air must be in accordance with combustion
reaction rules. Therefore, to obtain optimum combustion, the calculation of the AFR is
performed by stoichiometric equation.
The main objective of this study is the determination of flow rate values from air,
biogas, and gasoline based on the standard AFR value. The results of this study are expected
to be utilized by biogas users who will use it as a mixed fuel in the engine to produce
electricity. This needs to be analyzed so that the use of biogas can be optimal, especially in
certain production areas that leverage livestock manure. In some of these areas, biogas
production is usually only used for biogas lamps and stoves, while the rest of the production
is not utilized properly, even though electricity demand is relatively high.
The desired design in this system is the value of a stable output of power in accordance
with a given load. In this system, there is a non-linear function that is connected between
pressure input and output on the throttle valve. For a non-linear system, there are many
methods used to control disturbance, feedback stabilization, and performance
enhancements, such as research by Humaidi et al. (2019) that uses an extended state
observer (ESO). It produced smaller peaking and had immunity against measurement noise
and parameter variations. A non-linear controller has also been used to control the angle of
the roll channel for delta wing aircraft with the presence of wing rock phenomenon using
the Lyapunov method and the zero-convergence with a MATLAB simulation (Humaidi et al.,
2019). In some more complex plants, an active disturbance rejection control (IADRC) is
needed to overcome disturbances and uncertainties and outperform systems (Najm and
Ibraheem, 2020).
Non-linear systems can also use non-linear PID (NPID). The NPID control has been
found in two categories of applications: (1) Non-linear systems, where NPID control is used
to accommodate the non-linearity, usually to achieve consistent responses across a range
of conditions for the system; (2) Linear systems, where NPID control is used to achieve
performance not achievable by a linear PID control system, such as increased damping,
reduced rise time for step or rapid inputs, and improved tracking accuracy (Su et al., 2005).
Non-linear PID controllers are divided into two categories: first, the controller gain is
directly related to the magnitude of the state. Second, it uses phases, such as a parameter to
modify this controller gain (Abdul-Adheem et al., 2017). In this paper, the PID controller is
used to maintain the stability of the power generated by the generator set, and the
performance of the control system is analyzed.
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2. Methods
The application of biogas in dual fuel mode is an attractive way to promote the efficient
utilization of biogas (Qian et al., 2017). This research uses a dual fuel generator set as a
research object. The engine is a spark ignition engine with four strokes. Gasoline and biogas
are fuel that are used for combustion on the engine’s cylinder, while the use of dual fuel is
to reduce the use of gasoline in the combustion process. In addition, the injected air into the
cylinder chamber aims to achieve complete combustion and optimum power. To inject
gasoline, biogas, and air into the combustion chamber, a ratio control algorithm and
proportional-integral (PI) controller is used. Ratio control is an algorithm that worked
based on a value that was determined by using a dual fuel AFR calculation. A PI controller
presents the advantage of integral action, leading to the elimination of the deviation
between the asymptotic state and the set point. The response was faster when the gain
increased and could become oscillatory. For larger gain values, the behavior may even
become unstable. The decreasing integral time constant increases the integral gain and
makes the response faster. Because of the integral term, the PI controller may present a
windup effect if the control variable u becomes saturated. In this case, the integral term
becomes preponderant and needs time to be compensated. It is preferable to use a antiwindup system. The PID controller presents the same interest as the PI with respect to an
asymptotic state. Furthermore, the derivative action allows a faster response without
needing to choose too high of a gain for the PI controller. This derivative action thus has a
stabilizing effect (Marlin, 2000). The best parameters of a fractional-order PID controller
consist of proportional gain (KP), integral gain (KI), derivative gain (KD), fractional order
of differentiator α, and fractional-order of integrator λ (Ibraheem and Ibraheem, 2016). PID
controllers have been the most commonly used industrial controllers. The classical PID
controllers have many advantages like simple design, and gains are easy to adjust with very
good robustness (Khatoon et al., 2017). A linear PID controller is usually adequate for a
nominal process. However, it often behaves poorly for a process with changes or
uncertainties in operating conditions or environmental parameters (Tian et al., 1999). For
a non-linear system that ignores heat radiation, the operator theory-based non-linear
control method is confirmed to be effective in ensuring robust stability of the controlled
system (Jiang et al., 2012). The non-linear PID controllers are classified into two broad
classes according to how the state is affecting the gain. In the first class, the controller’s gain
is directly related to the magnitude of the state. The second class uses the phase of the state
as the parameter to modify the gain of these controllers (Abdul-Adheem et al., 2017).
The calculation of the value of AFR is used to determine the ratio between the mass air
flow rate and mass flow rate of fuel (petrol and biogas). To obtain the dual fuel AFR value,
the following equation is used (Stewart et al., 2007):
𝐴𝐹𝑅𝑠𝑡𝑜 = 𝛼(𝑥

𝑦𝑔
𝑦
[𝛼(𝑥𝑑 + 𝑑 )+𝛽(𝑥𝑔 + )]𝑀𝑊𝑎𝑖𝑟
4

4

𝑑 .𝑀𝑊𝑐 +𝑦𝑑 .𝑀𝑊𝐻 )+𝛽(𝑥𝑔 .𝑀𝑊𝑐 +𝑦𝑔 .𝑀𝑊𝐻 )

(1)

The term MWC in Equation 1 is the molecular weight of atom C; MW H is the molecular
weight of atom H; MW air is the molecular weight of air; α is the mass of gasoline to the total
mass of fuel; β is the mass of biogas to the total mass of fuel; X d is number of atom C in the
gas compound; Yd is the amount of atom H in the compound of gasoline, and xg is the
amount of atom carbon in the biogas compound.
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Figure 1 Block diagram of output power control system on a dual fuel generator set

Based on Figure 1, throttle valve is an actuator which regulates the amount of air mass
flow in the engine’s combustion chamber. To calculate the amount of mass air flow (ideal
gas) that passes through the throttle valve, the Bernoulli equate can be used as follows:
𝜋

𝑞𝑖 (𝑡) = 𝐶𝑑 [1 −𝑐𝑜𝑠 𝑐𝑜𝑠 (𝑢) ] 4 𝐷2

𝑃𝑖𝑛
√𝑅𝑇𝑖𝑛

𝑓(𝑃𝑖𝑛, 𝑃𝑜𝑢𝑡 )

(2)

Based on the Equation 2 above, the airflow can be adjusted via the throttle valve
opening (u) from 00 to 900. The non-linear function that connects the input pressure and
output pressure is as follows.
𝑘+1

√𝑘 [ 2 ]𝑘−1
𝑘+1

(𝑃𝑖𝑛 , 𝑃𝑜𝑢𝑡 ) =

[

{

1
𝑃𝑜𝑢𝑡 𝑘

𝑃𝑖𝑛

𝑃𝑜𝑢𝑡 < 𝑃𝑐𝑟

2𝑘

𝑃

] √
[1 − ( 𝑜𝑢𝑡 )
𝑘−1
𝑃
𝑖𝑛

𝑘−1
𝑘

]

(3)

𝑃𝑜𝑢𝑡 > 𝑃𝑐𝑟

Pin is pressure in the intake manifold (Pa); Pcr is supersonic flow in the intake manifold (Pa)
and Pout is pressure out from the intake manifold (Pa).
A mathematical modeling of the intake manifold’s subsystems can be approximated
using the ideal gas equation as follows:
𝑑
𝑑𝑡

𝑚(𝑡) = 𝑚̇𝑖𝑛 (𝑡) − 𝑚̇𝑜𝑢𝑡 (𝑡)

(4)

𝑈(𝑡) = 𝐻̇𝑖𝑛 (𝑡) − 𝐻̇𝑜𝑢𝑡 (𝑡)

(5)

𝑑
𝑑𝑡

It is assumed that the fluid flow is modeled using the ideal gas equation as follows:
𝑝(𝑡) . 𝑉 = 𝑚(𝑡) . 𝑅 . 𝜗(𝑡)

(6)

When connected with a caloric value:
𝑈(𝑡) = 𝑐𝑣 . 𝜗(𝑡). 𝑚(𝑡)
𝐻̇𝑖𝑛 (𝑡) = 𝑐𝑝 . 𝜗𝑖𝑛 (𝑡). 𝑚̇𝑖𝑛 (𝑡)
𝐻̇𝑜𝑢𝑡 (𝑡) = 𝑐𝑝 . 𝜗(𝑡). 𝑚̇𝑜𝑢𝑡 (𝑡)

(7)
(8)
(9)

Substitution into equation:
𝑑
𝑑𝑡

𝑝(𝑡) =

𝑘.𝑅
𝑉

[𝑚̇𝑖𝑛 (𝑡) . 𝜗𝑖𝑛 (𝑡) − 𝑚̇𝑜𝑢𝑡 (𝑡). 𝜗(𝑡)]

(10)
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𝑑
𝑑𝑡

𝜗 .𝑅

𝜗 = 𝑝 .𝑉 .𝑐 [𝑐𝑝 . 𝑚̇𝑖𝑛 . 𝜗𝑖𝑛 − 𝑐𝑝 . 𝑚̇𝑜𝑢𝑡 . 𝜗 − 𝑐𝑣 (𝑚̇𝑖𝑛 − 𝑚̇𝑜𝑢𝑡 ). 𝜗]
𝑣

𝑑
𝑑𝑡
𝑑
𝑃
𝑑𝑡 𝑚

𝑝(𝑡) =

𝑅 .𝜗(𝑡)
𝑉

. [𝑚̇𝑖𝑛 (𝑡) − 𝑚̇𝑜𝑢𝑡 (𝑡)

= 𝐾𝑚 (𝑚̇𝑎𝑖 − 𝑚̇𝑎𝑜 )(T) =

𝑅.𝑇𝑚 (𝑡)
𝑉𝑚

(𝑚̇𝑎𝑖 − 𝑚̇𝑎𝑜 )(𝑡)

(11)
(12)
(13)

where Pm is the rate of change of manifold pressure (bar/s); 𝑚̇𝑎𝑖 is the mass flow rate of air
entering the manifold (kg/s); 𝑚̇𝑎𝑜 is mass flow rate of air out through manifold (kg/s) and
Vm is manifold volume (m3).
After a through intake manifold, air will enter to the combustion chamber or cylinder.
Engine mass flow is the air mass flow that is injected into the combustion chamber with the
calculation’s air pressure in a part of the intake manifold. Based on the air system, the
engine characteristics can be assumed to be a volumetric pump. Additionally, the amount
of mass air flow needed for combustion in the cylinder can be defined based on the speeddensity equation (Bastida et al., 2017).
𝑞𝑐𝑦𝑙 =

𝜂𝑣 𝑃𝑜𝑢𝑡 𝑉𝑑 𝜔

(14)

2𝜋𝑁𝑅𝑇

The term qcyl in Equation 15 is the air flow rate that becomes the mass flow rate injected
into the engine cylinder (kg/s) and is always changing the appropriate load of the
generator.
A modern fuel injection system is set up so that the comparison mass air flow rate and
fuel mass flow rate is kept constant to achieve volumetric efficiency without changes. The
density and mass air flow measurement are used to control the injected fuel. The power
the engine generates is obtained with the following equation (Bastida et al., 2017):
𝑃=

𝐹
𝐴

𝜂𝑐 𝜂𝑣 𝑃𝑜𝑢𝑡 𝑉𝑑𝜔𝐻( )
2𝜋𝑁𝑅𝑇𝑖𝑛

(15)

In Equation 16, ηc is the efficiency of combustion (%); ηc is volumetric efficiency in the
cylinder (%); Tin is temperature input of air (K) and Vd is displacement of the piston in the
cylinder (m3).
In a spark-ignited engine, the combustion process occurs because there is a mixture of
fuel. In this case, the mixture is gas and biogas with air in the cylinder engine and ignited by
a spark plug, causing sparks and combustion as described in the previous chapter. The
combustion process will drive the piston and crankshaft so that it will turn a generator to
the torque produced by the engine speed and can produce power. This is the torque
equation generated from the combustion of the AFR, according to the stoichiometric
equation (Bastida et al., 2017):
1
𝜔̇ = [(𝑇𝑚 − 𝑇𝑒 ) − 𝑏𝜔]
𝐽

3.

𝐹
𝐴

1

𝜂𝑐 𝜂𝑣 𝜂𝑒 𝑃𝑜𝑢𝑡 𝑉𝑑𝐻( )

𝐽

2𝜋𝑁𝑅𝑇𝑖𝑛

= [(

− 𝑇𝑒 ) − 𝑏𝑤]

(16)

Results and Discussion

3.1. Relation between Power and Mass Flow Rate
The relation between power and the mass flow rate is shown in Figure 4 and Figure 5. Air
and fuel mass flow rate will increase relative to increases in power requirements. The
engine requires a greater supply of energy to produce a greater output of power. The most
substantial change of air mass flow rate and biogas is with the change of 100 watts to 200
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watts, producing a value of 0.259 kg/s and 0.018 kg/s, respectively. The slightest changes
from in the mass flow rate of air and biogas is when 1100 watts changes to 1200 watts with
a value of 0.093 kg/s and 0.007 kg/s, respectively.

Figure 2 Relation graph between power and air mass flow rate

Figure 3 Relation graph between power and biogas mass flow rate

3.2. Tracking with Increase 10% of Set Point
Tracking to specify a frequency-domain tracking requirement between specified inputs
and outputs. This tuning goal specifies the maximum relative error (gain from reference
input to tracking error) as a function of frequency. In this case, tracking is raising 10% of
the set point. The change of set point values is obtained for a settling time (Ts) is 1.45 sec,
a rise time (Tr) is 1.45 seconds, delay time (Td) is 0.01 seconds, maximum overshoot (Mp)
is 0%, and an error steady state (Ess) is 0%. The combined value of the rise time and settling
time, for the first time, reached a direct set point of system stability. This test indicates that
a change of set points is possible, followed by process variables. The results of tracking
increase 10% of the set point is shown in Figure 6.

Figure 4 Graph of output power response with tracking with increase 10% of the set point

582

Design of Output Power Control Systems based on Mass Flow Rate Comparison of
Air-Fuel Ratio (AFR) on Dual Fuel Generator Set by using the PID Control Method

3.3. Tracking with Decrease 10% of Set Point
In the testing of the set point, tracking also lowers it by 10%. The changes in set point
values are obtained for a settling time (Ts) is 0.7 seconds, a rise time (Tr) is 0.7 seconds,
delay time (Td) is 0.005 seconds, a maximum overshoot (Mp) is 0%, and an error steady
state (Ess) is 0%. The combined value of the rise and settling time, for the first time, reached
a direct set point of system stability. This test indicates that a change of the set point is
possible, followed by process variables. The results of tracking decrease 10% of the set
point is shown in Figure 7.

Figure 5 Graph of Output Power Response with Tracking with Decrease 10% of the Set Point

3.4. Results of System Modeling
The results of modeling in Simulink MATLAB R2013b must be tested by input the value
of set points that require power ranges between 1001200 watts. If more power is
required, the mass air flow rate and biogas will be increased as well, but the mass flow rate
of gas in this study is constant.
Table 1 Relation between the power and mass flow rate of air and fuel
Power (Watt)
100
200
300
400
500
600
700
800
900
1000
1100
1200

Mass Flow rate of
Gasoline (kg/s)
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Mass Flow rate of
Biogas (kg/s)
0.029
0.047
0.060
0.071
0.081
0.090
0.098
0.106
0.113
0.120
0.126
0.133

Mass Flow rate of
Air (kg/s)
0.560
0.819
1.022
1.192
1.341
1.476
1.601
1.716
1.825
1.928
2.025
2.118

Table 1 depicts the relation between the power and mass flow rate. The more power
that is required, the more air and fuel will need to increase. This is because the engine
requires a greater supply of energy to produce a greater output power. The most
substantial change of air mass flow rate and biogas occurs when the set point changes from
100 watts to 200 watts with a value of 0.259 kg/s and 0,018 kg/s, respectively. The slightest
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changes from the air mass flow rate and biogas occur when the power set point changes
from 1100 watts to 1200 watts with a value of 0.093 kg/s and 0.007 kg/s, respectively.
Table 2 Validation of the mass flow rate of biogas
Power (Watt)
100
200
300
400
500
600
700
800
900
1000
1100
1200

Mass Flow rate of Biogas (Simulation)
kg/s
0.029
0.047
0.060
0.071
0.081
0.090
0.098
0.106
0.113
0.120
0.126
0.133

Mass Flow rate of Biogas
(Real Plan) kg/s
0.032
0.049
0.064
0.075
0.086
0.095
0.103
0.111
0.117
0.125
0.133
0.142

Table 3 Validation of mass flow rate of air
Power (Watt)

Air Mass Flow rate (Simulation) kg/s

100
200
300
400
500
600
700
800
900
1000
1100
1200

0.560
0.819
1.022
1.192
1.341
1.476
1.601
1.716
1.825
1.928
2.025
2.118

Air Mass Flow rate
(Real Plan) kg/s
0.601
0.871
1.092
1.255
1.419
1.571
1.682
1.789
1.896
1.995
2.099
2.224

Table 2 represents the relation of the mass flow rate of fuel in simulated and real plant
results with certain power values. Table 3 depicts the relation of the mass air flow rate in
simulated and real plant results during certain power values. From these data, it appears
that when greater outputs of power are required, then the mass flow rate of fuel and air will
also increase. The relation between power, mass flow rate of fuel, and mass flow rate of air
are comparable. However, there are differences between the mass flow rate of fuel and air
in simulated and real scenarios. This is due to the results of the simulation including several
engine parameters under ideal conditions, such as pressure on the intake manifold.
In some of the above tables, the PID Controller that is applied to this system can be used
as a reference in determining the values of air, biogas, and gasoline flow rate needed to
reach the standard AFR value. When the AFR value has reached the standard, the stability
of the output power generated by an engine with a dual fuel system (gasoline-biogas) will
be even higher.
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5. Conclusions
Based on the results of this research, a stable output power response occurs with an
overshoot maximum value that average below 20% and an error value below 2% in each of
the set point values between 100-1200 watts. In addition, the PID parameter values are Kp
= 120, Ki = 0.1, and Kd = 15.2. The PID parameter values for the flow rate control of biogas
are Kp = 5, Ki = 3, and Kd = 1. In addition, there is a difference between the simulated and
real scenario mass flow rates, with the average biogas mass flow rate of 6.94% and the mass
air flow rate at 7.36%. The amount of power generated by generator set and the mass flow
rate of air and fuel will increase. For the maximum power of 1200 watts, the obtained air
mass flow rate amounted to 2.118 kg/s, the mass flow rate of biogas amounted to 0.133
kg/s, and the gasoline mass flow rate amounted to 0.01 kg/s. For the minimum power, the
obtained air mass flow rate amounted to 0.560 kg/s, the mass flow rate of biogas amounted
to 0.029 kg/s, and the gas mass flow rate amounted to 0.01 kg/s. In this research, the value
of the AFR for complete combustion on a dual fuel system is 15.06. The results have shown
that the PID Controller can be successfully implemented to regulate AFR, and the
generator’s output power can be constant.
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