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1. Introduction

The complexity of the problems that occurin the field of transportation, where the majority of transportation both land,
sea, and air are highly dependent on fossil fuels. [n shipping transportation itself, this is the majority. The availability of fossil
fuels that continues to run out is not propertional to their increasing use. In addition to the growing gap in demand and
availability, another problem that ariscs is emissions that have local and global impacrs. Data shows that shipping contributes
2% of emissions and will continue to increase as the fleet grows [1]. Glohal warming and climate change are common
problems that must be minimized immediately.

In response to this, the regulations continue to e amended and enforced more and more strictly. Regulations are made
internationally through IMO Annexes [ - V1. Annex VI confains regulations related to the energy efficiency design index
(EEDI), energy cfficicney operational indicators, and ship cnergy cifficiency management plan (SEEMP). it was implemented
starting in 2011 and appliced to ships built-in 201 3. The impact of the emergence of these various regulations v

arious responses from the researchers to answer the challenges of energy availability for sea transportation as well as
the challenges of tackling the emissions that occur se that the ship can be licensed hecause it has met the required standards
[2].

A dual-fuel is one of the cngine modification innovations on the diesel engine. By making slight moditications to the
intake manifold with a conversion kit, natural gas can enter the combustion chamber along with the air. Forignition, it comes
from the compression of hiodicsel fuel that is sprayed into the combustion chamber. The use of gas fuel, in this case, is biogas
which is expected to reduce emissions hecause it is cleaner, while hicdiesel is expected to be the driving force for the use of
alternative encrgy that can replace the use of liquid fossil fuels for diesel engines [3-6|
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The term green shipping refers to the designarion of a ship as an environmentally {riendly vehicle. Environmentally
friendly on ships is currently defined as cfforts to reduce greenhouse gases in ship operations and building. One of the things
that are being strived for is the management of fuel efficiency in operations, including efforts to use alternative fuels | 7. The
decrecase in fossil fuels, the level of price increases and fluctuations, increasingly stringent cnvironmental pelicies and
regulations, as well as the increasing demand for energy conversion as a substitute for fossil fuels, make the discourse of
alternative fuels in internal combustion engines a necessity that attracts many partics [8,9]

Biogas is one of the potential renewable energies, has abundant potential availability and will be a sanitary solution for
the environment [10]. Biegas has a low cetance value and high auto ignition so it is difficult to burn with compression, it
requires good ignition with spark plugs on the spark engine as well as with pilot fuel on the dual fuel engine [11,12]. The
potential of biogas to replace fossil fuels is still being debated by many circles hecause the production produced is still very
minimal in terms of cnergy. Biogas consists of 50-80% methanc, 15-45% carbon dioxide, water, hydrogen sulfide, and
nitrogen. The part that is used as fucl is methane, se many processes are necded to purify biogas.

Biodicsel or vegetable oil ethyl cster is one of the strongest candidates as a substitute for diesel fuel,
Biodiesel is the name given to vegetable oil that has been transesterified and replaces diesel fuel |13]. [n addition to its
relatively abundant and renewable availability, it {s relatively cleaner than diesel fuel | 14]. Biediesel has advantages when
compared to diesel fuel in terms of sulfur content, flash point, aromatic content and hiodegradability [15]. However, it
produces slightly lower power, and consumes mere fuel for the same anit of power.

Various works related to biogas as fuel in diesel engines operated in dual fuel mede are explored in the literature. Cacua
ct al.investigated the effect of oxygen corichment on the performance of a diesel engine converted to dual mode using biogas
with a composition of 60% CH4 and 40% C02 [16]. The concentration of oxygen (02) was varied with the proportion of 21%
to 27% 02 in the intake air. A four stroke, double cylinder with a rated power of 20 kKW at a diesel engine speed of 3000 rpm
coupled to a generator was used to carry out the experiment. Verma et al. [17] carried out a CFD simulation of adding
hydrogen to biodiescl - biogas DF and getting results in the form of an increase in power and a decrease of up to 50% CO and
UHC at low load. From these results, the authors determined that with the application of oxygen enrichment thermal
cificiency increased and methane emissions, aswell asignition delay, decreased. Tippayaweng ct al. [18] analyzed the impact
of long-term operation on the performance and wear of a dual fuel engine using a small on-farm diesel engine with dual fuel
mode using hingas with a composition of methane concentration 65,6%. Kotenct al. [19] perform optimization using multiple
ohjectives and analyze numerically related to the difference between biogas - biodiesel DF and SF, which results in a decrease
in NOxin all variations and engine conditions. By observing these results, the authors conclude that complete diesel fuel can
be substituted using hiogas as fuel. Meanwhile, due to the implementation of the supercharger mixing system, pilot fuel
substitution, as well as the thermal efficiency of the brakes, has increased. Emissions of exhaust gases such as carbon
menoxide and methane were observed te decrease. From the literature survey abeve, various authers have expericnced
positive results from the use ef biogas as an alternative fuelin diesel engines with dual fuel mode and to reduce greenhouse
g3s emissions and to replace the depleting fossil fuels |20]. Based on the literature study that has been done, the potential
for research development related to biodiesel - biogas is still very wide open. The use of renewable fuels as a substitute for
fossil fuels with low emissions is certainly good news for industry and the envirenment.

In this research, a numerical test will be conducted regarding how the effect of variations in the percentage of hiodiesel-
biogas in a dual fuel engine on the performance, combustion, and emissions it produces. It is hoped that the results of this
study can provide input regarding the ideal cenditioning of the hiodiesel - hiogas ratio that produces good perfermance and
low emission levels.

2. Methods

The rescarch was carried out in the form of CFD simulations to test how the effect of variations in the percentage of
hiodiesel-biogas on the performance of a dual-fuel engine including power, torque, fuel consumption, and cembustion
performance in the form of cylinder pressure, heat release rate and emissions that arise. The numerical simulation that will
be carried out is used to see how the results of performance, combustion, and emissions when the engine uses 100% biodiesel
fuel, here in after referred to as single fuel (5F) and 50% Biodiesel + 50% Biogas and 25% Biodiesel + 75% Biogas which
hercinafter referred to as dual fuel {DF). The following are the steps involved in the simulation test precess in this research:

The follewing is the engine specification data used:

Table 1. Engine Spesification

Spesification Value
Cylinder 1
Combustion Syst DI

Bore X Stroke 85x87 mm
Displacement 493 cc
Compression Ratio 18:1

Max cngine speed 2200 Rpm
Continuous Power Qutput 7.5 kW
Spesific Fuel Consumption 171 grihp.h

Volume per [njection 0,07 ml
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In this process, the model is made using solid work. The image made is an existing picture of the condition of the piston
and combustion chamber. The next step is to input the main engine data and import images from solid work to Ansys forte
as well as setting the direction of the pilot fuel spray. The activity of meshing or forming into smaller cells for the next
calculation process with the Ansys forte solver becomes an advanced process. The simulation carried out using the parameter
variation of the percentage of biodiesel fuel to biogas has input in the form of boundary condition data, the percentage of
fuel used, the timing of main and pilot fuel injection, the direction of the piston and the gas mixture while the output of the
simularion is in the form of performance data, combustion and emission data. The simulatien control precess includes
determining the crank angle that you want to display, the running process produces graphic visualization, while the
rendering process will preduce contour output as we want such as displaying pressure, temperature and velocity
visualizations. While the final process is rendering the visual output on the forte monitor according to what we want to
display, it can be in the form of velocity, temperature, or pressurc Contours.

(b) T (c)

Figure 1. The process of Meshing {a), determining injection (1), initial conditions and gas mixture (¢

3. Results and Discussion

In Figure 2 it can be scen that the increase in the percentage of bingas causes an increase in engine perfermance. The
increase in gross indicated power by 23.4% while IMEP increased by 23.2% occurred with a change in the biogas percentage
setting from 0% to 50%. This is proof that biedicsel - biogas is werthy of being used as an alternative fuel. Increasing the
percentage of biogas has a good impact on the maximum eperating speed of the engine rotation. The lower level of fuel
consumption for higher power output causes the brake thermal efficiency (BTE) value of dual-fuel with a percentage of 50%
hiodiesel-biogas to be optimal for DF operations at 2200 RPM. The increase in BTE was 10.25% with a decrease in indicated
specific fuel consumption of 19%. The trend of increasing IMER on increasing hiogas injection in dual fuel engines was also
found in the research [21,22] which stated that there was a trend of increasing overall performance hy increasing biogas
injection on dual fuel engines. The same result was also reported by Ambarita which stated thar at the same load and speed,
the CI output power running in dual fuel mode was higher than in pure diesel mode [20]. Adding hydrogen to biodiesel -
hiogas DF and getting results in the form of an increase in power and a decrease of up to 50% CO and UHC at low load [4,17].
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Figure 3. Graph of combustion incylinder pressure, HRR {a) and Max temperature, CHR (D) in variation of percentage of
biodiesel - hiogas

The increase in-cylinder pressure and temperature make the encrgy release rate and the combustion process run better at
the 50% biedicsel - biogas percentage. The increase in temperature occurs by 13% in conditions of 0% hiogas to 50% biogas.
While the increase in-cylinder pressure occurs by 10%. This is in conditions of a maximum engine speed of 2200 rpm. The
increase in temperature has an impact on the increase in the total cumulative heat release {total CHR). A 13.3% increase in
temperature from 0% biogas to 50% causes a 23.9% increase in total CHR. Meanwhile, the combustien pressure decreases with
the addition of biogas fuel injection, as is the trend of the results obtained in the research of Park et al. [21]. The increasecin
cylinder pressure and temperature makes the energy release rate and the combustion process run better at the 50% biediesel
- biogas percentage.
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Figure 4. Graph of Emission NOx {a} and UHC (b) in variation percentage of biodiesel - biogas

An increase in biogas intake in a dual fuel engine operating system generally causes a decrease in cmissions, a better level of
combustion efficiency being one of the factors that underline that the use of dual-fuel can be used as an alternative. The
increase in the percentage of biogas causes the concentration of gas in the combustion chamber to become more so that it
reduces the portion of the oxygen space. This tends to cause an increase in unburned hydrecarbens at a higher percentage
of biogas. By increasing the percentage of hiogas to 50%, there {s an increase in UHC of 88% compared to 0% in 10 BTDC and
continues to decrease at TDC only increasing in the range of 20%. [ncrease in cylinder pressure and femperature causes the
gas to burn better. The same trend of results was stated in the reference |20-22]. Meanwhile, NOx decreased with the
increasing percentage of biogas in dual fuel, by increasing the percentage of bingas to 30%, thereis a decrease in NOX reaching
97% at TDC conditions in line with that obtained by Park et al. [21] and Jagadish & Gumtapure [22]. The presence of COz in
hiogas reduces the peak cylinder temperature hecause CO2 has a higher specific heat. The combination of these factors
promotes lower NOx emissions for mixed biogas. On the ether hand, NOx emission levels are found to be equivalent at higher
lnads due to increased and faster biogas combustion compared to lower loads after high temperatures and peak pressures
Dasetal [23].
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Figure 5. Contour of Temperature {a), Velocity (b} and contour of pressure (¢) from 0% to 0% hiogas

In Figure 5, respectively (a), (b), and {c) with variations in the percentage of hiodiesel - biogas from 0%, 25%, and 50%. it can
be secn that there are several changes in behavior from the temperature and pressure contours. The increase in hiogas intake
from 0% to 50% at the maximum rotational speed of the DF engine results in an increase in engine performance.

4. Conclusion

In general, there are several conclusions regarding the performance and emission characteristics of the variation in the
percentage of biodiescl - hiogas from 0%, 25%, and 50% biogas at 2200 RPM engine speed. The increase in engine performance
occurs along with the increase in the percentage of biogas from 0% to 50%. The increase in BTE, IMEP and power and a
decrcase in the level of ISFC indicate that hiodiese]l - biogas is worthy of consideration as an alternative solution for reducing
the use of fossil fuels. Meanwhile, the decreasing value of NOx wirh an increase in the percentage of biogas from 0% te 50%
is gnod news. The problem of increasing unburned hydrocarbons at a higher percentage of biogas can be tried to add oxygen
intake to the engine cither through a turbocharger or a supercharger.
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