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Abstract. Carbon Monoxide (CO) is an exhaust gas particle that has negative
impacts on humans or the environment if it exceeds a certain concentration
threshold. In efforts to control the emission concentration threshold, concrete
efforts need to be made, including the use of fuels that are more environmentally
friendly. However, every fuel combustion will produce exhaust gas. This research
aims to determine the emission levels of B30, B35, Dexlite, and Pertamina Dex
fuels. The test was conducted by applying the experimental method, by varying
the engine speed from 800 to 2000 rpm with an interval of 200 rpm. The engine
used is a Mitsubishi diesel engine type 4D56 with a capacity of 2500 L. Using
B30, B35, Dexlite, and Pertamina Dex fuels. Exhaust gas measurement using
Portable Multi Gas Detector model: BH-4A. Test results from various types of
fuel at the highest rotation of 2000 rpm, Pertamina Dex is the fuel with the lowest
CO content compared to other diesel fuels. The CO concentrations at 2000 rpm
of B30, B35, Dexlite, and Pertamina Dex are 279 ppm, 332 ppm, 218 ppm, and
196 ppm.
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1 Introduction

Low concentrations of FAME are currently used as a blending component in
commercial diesel fuel [1]. Indonesia is currently one of the world's largest palm oil
producers, and the government has made biodiesel blending in diesel fuel mandatory.
The program started with B5 (5% blend) in 2008, increased to B20 in 2016, and has
now reached B35. It also aims to reduce exhaust emissions using diesel fuel. At all
preheating the CPO fuel improved the quality of density, kinematic viscosity, moisture
content, and acid value compared to SVO biodiesel [2].

The results of [3] showed that palm oil preheated and blended with antioxidants
proved to have better performance and emission levels compared to diesel fuel. So,
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from an environmental point of view, blending palm oil with diesel fuel would be a more
promising alternative fuel.

When diesel fuel burns, it releases energy that is used to power the engine, but it also
produces various types of emissions referred to as exhaust gases. In an effort to reduce
air pollution, Pertamina Dex was created which is the diesel fuel with the lowest
emissions compared to other types such as B20, B30, B35, and Dexlite. Of the various
types of fuel after being tested at three speed variations of 1000, 1500, and 2000 rpm,
the lowest CO was obtained at 2000 rpm [4].

Implementation of biodiesel fuel from 30% to 35% starting February 1, 2023. The
B35 program in 2023 targets the distribution of more than 13.15 million KL of
biodiesel, which will save foreign exchange of around USD10.75 billion or equivalent
to IDR161 trillion. The B35 program is projected to absorb a workforce of around
1,653,974 people and reduce green-house gas (GHG) emissions by around 34.9
million tons of CO2 [5].

In the process of burning oil in a diesel engine, it cannot be separated from the
formation of exhaust gas. Exhaust emissions from diesel engines consist mainly of
nitrogen, oxygen, carbon dioxide, and water vapor, with small amounts of carbon
monoxide, oxides of sulfur, and nitrogen, partially reacted and unburned
hydrocarbons, and particulate matter [6].

Carbon monoxide is produced from incomplete combustion of carbon compounds, of
ten occurring in internal combustion engines. Carbon monoxide is formed when there
is a lack of oxygen in the combustion process [7]. Carbon monoxide (CO) is also
classified as another harmful emission. Its formation is associated with incomplete
combustion of the fuel and the temperature in the cylinder. These two parameters
control the speed of fuel decomposition and its oxidation[8]. In previous research [9],
various elements of exhaust gas content in diesel fuel have been tested. The exhaust
emission elements include Nitrogen Monoxide (NO), Nitrogen Dioxide (NO2),
Nitrogen Oxides (NOx), Carbon Dioxide (CO2), and Particulate matter (PM) which
shows that heating produces better gas emissions, but has not tested the CO content. In
terms of emissions, heated biodiesel blends produce a decrease in CO, the higher the
speed the lower the CO content [10].

Various emission parameters such as CO, unburned hydrocarbons, nitrogen oxides,
and smoke opacity were analyzed in this study, and the effect of biodiesel blends on
diesel was shown. The biodiesel blend tests showed a significant reduction in
environmental impact [11].

Previous research has also been conducted on biodiesel's effect on exhaust emissions
produced by diesel engines. The results prove that heated biodiesel can reduce exhaust
emissions (opacity) by 15%. However, the research is still orientated to the opacity
element, so research needs to be done to find out other elements [12].

There is a close relationship between the production of various variants of diesel oil
and the exhaust gases it produces, so it is interesting to analysis the differences and
their effects on four-cylinder four-stroke diesel engines. There is a rise in various
diesel oil types in Indonesia, including B30, B35, Dexlite, and Pertamina Dex.
Researchers are interested in analyzing the advantages and disadvantages of the four
fuel types, especially in exhaust emissions and CO concentration. CO must be
investigated because of its significant impact on the environment, human health, and
industrial processes.
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2 Materials and Methods

The experimental research method was used in this study to test the effect of speed on
the increase in carbon monoxide produced by several types of fuel. The engine used is
a Mitsubishi Diesel Engine, Type 4d56, Capacity 2500 L, 4 cylinders. Gas analyzer
specifications, Bosean Type BH- 4B, Range 0-1000 ppm. Tachometer, Prova type RM
1500, Range 10-99990 rpm, distance 50-300 mm. The fuels include B 30, B 35,
dexlite and Pertamina dex.
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Fig. 1 Diesel Engine Exhaust Gas Testing Schematic

The data collection technique is carried out by heating the engine first for 10
minutes and then testing the CO content starting from the lowest speed, on 800,
1000, 1200, 1300, 1600, 1800 and 2000. After completion, the engine is turned off
and fuel is emptied. After the side with another type of oil the engine is left on for
10 minutes with the intention that the rest of the previous oil has really been
replaced by the oil that will be tested next. Furthermore, exhaust gas testing from
the exhaust gas side and speed testing from the flywheel. For more details, please
see the scheme in Figure 1.
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2.1 Study Area

The research was conducted at the Engine Workshop of Marine and Fisheries
Polytechnic of Bitung, JI. Tandurusa, Aertembaga, Bitung, North Sulawesi.

2.2 Research Data

In the research activities, primary data is obtained directly from the source through the
collection method by conducting experiments or testing CO emissions, engine speed,
and fuel usage in diesel engines according to the research objectives. The data
obtained is collected, processed, and then analyzed. Besides primary data, researchers
also use secondary data, which is data obtained or collected from pre-existing or other
sources. Secondary data include engine specifications and previous research data on
CO combustion results from various fuel types. This data is used to support research,
analysis, or conclusion.

Fig. 2 Testing and Data Collection

CO exhaust emissions were measured from the tailpipe hole using a gas analyzer. To
obtain a precise measurement, the gas analyzer hole was connected to a copper pipe,
which was then inserted into the tailpipe with the same position in the repetition of the
test. Each test was recorded in the form of photographs and well-documented. The
collected data was then analyzed thoroughly.
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2.3 Research Stages
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During data collection, equipment and machinery, such as measuring instruments and
the machine itself, must be adequately prepared. In this step, equipment and machines
are calibrated to avoid errors. After calibration is carried out, fuel testing is conducted.
Testing one of the fuels begins with starting the engine for 10 minutes at the lowest
speed of 800 rpm. After the data is taken, the engine speed is increased to 1000, 1200,
1400, 1600, 1800, and 2000 rpm. Data was taken at each speed change and applied to
all fuel types following the same steps. Data collection was done carefully and
cautiously to avoid errors. The collected data were then carefully analyzed and
compared with related references to make the basis or strengthen scientific
conclusions.

Fig. 3 Research Stages
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3 Results and Discussion

Biodiesel is a form of diesel extracted from renewable feed stocks, including lingo
cellulosic biomass, consisting of long-chain fatty acid esters. Biofuels are chemically
produced by reacting a lipid, such as animal fat (lard), soya oil, or other vegetable
oils, with alcohol and producing methyl, ethyl, or propyl esters [13].

Fig. 4. Type of Fuel Tested

From various secondary data sources, supporting data on the characteristics or
specifications of several types of fuels studied were obtained, including B20, B35,
Dexlite, and Pertamina Dex. The data is grouped and tabulated as follows in the table
1.

Table 1 Fuels Specification

Specification B 30 B 35 Dexlite Perta Dex
Cetane Number Index 45 48 49 51 53
Viscosity at 40°C (cSt) 2,0-5,0 2,0-5,0 2,0-4,5 2,0-4,5
Density at 15°C (kg/m?) 815-880  815-880  820-860  820-860
Acid Number Max. (mg KOH/g) 0,6 0,6 0,3 0,3
Lubricity @60°C(micron) 460 460 460 460
Sulfur. Max (ppm) 2500 2500 1200 50

Various types of diesel fuel, B30, B35, Dexlite, and Pertamina Dex, have been
analyzed for their specifications according to multiple sources explaining that
increasing cetane number in diesel fuel decreases sulfur content. However, viscosity,
density, and acid number are relatively the same [14][15][16][17]. Diesel fuel with a
high cetane number has a lower sulfur content. This is because high cetane number
fuels are cleaner, burn more efficiently, and comply with modern emission standards.

The results of tests that have been carried out on four types of fuel at speed variations
ranging from the lowest 800 rpm to the highest 2000 rpm produce the phenomenon of
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changes in carbon dioxide content listed in Table 2.

Table 2. Speed Versus CO Content on Variations in Diesel Fuel

Engine Speed (RPM)

Type of
F%Ille)ls
kk 1000 1200 1400 1600 1800 2000

B 30 196 220 213 227 305 403 279 co

B35 372 474 459 271 236 230 332 C
on

Dexlite 491 643 600 260 241 228 218 te
nt
(p
p
m)

Perta Dex 279 403 305 227 213 220 196

Table 2 and Figure 5 explain that B 30, at a speed of 800 rpm, has the lowest CO
content of 196 ppm compared to other fuel types at more than 250 ppm. However, it
becomes the highest at 1800 rpm speed. There was a decrease in CO content at a
speed of 1200 rpm. Of the several tested fuels, the highest speed was 2000 rpm,
showing that Pertamina dex had the lowest CO content.

a0
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B 400 /_\ B0
= 3
o 300 # B3
~ i Diexlite
10 4 Perfamma Dex
1]

600 SO0 1000 1200 1400 1600 1800 2000
Speed (RPM)

Fig. 5. Graph of Carbon Monoxide change phenomenon of various fuels and speed

This is because Pertamina Dex has a very low sulfur content, which is less than 300. It
also has a high cetane number, around 53. The cetane number indicates how fast the
fuel burns in the engine. The higher the cetane number, the quicker the fuel burns
completely. This more complete combustion results in lower CO emissions, as more
oxygen is available to oxidize the carbon in the fuel into carbon dioxide (CO:) rather
than carbon monoxide (CO).

According to research [11], carbon monoxide (CO) emissions recorded in the exhaust
gas for B20 biodiesel fuel are lower than those for B20 biodiesel fuel. B20 biodiesel
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fuel is lower than diesel fuel due to the higher oxygen content in the diesel fuel. CO
emission of diesel fuel (13.32 g/kwhr) and B20 Blend (12.81 g/kwhr). There has been
a decrease of (0.51 g/kwhr) or 0.08%. This occurs due to the higher oxygen content in
the mixture and complete combustion of the fuel-air mixture. This proves that there is
an improvement in emission quality by using biodiesel compared to diesel. It further
explains that engine speed directly affects the amount and composition of exhaust gas
the engine produces. The relationship between engine speed and exhaust gas is highly
correlated. The combustion process may need to be more optimal at low engine
speeds. The airflow and fuel mixture do not mix well, causing incomplete combustion.
As a result, carbon monoxide (CO) and hydrocarbon (HC) emissions increase due to
incompletely burned fuel.

This further explains that engine speed directly affects the amount and composition of
exhaust gas the engine produces. The relationship between engine speed and exhaust
gas is highly correlated. The combustion process may need to be more optimal at low
engine speeds. The airflow and fuel mixture mix poorly, leading to incomplete
combustion. As a result, carbon monoxide (CO) and hydrocarbon (HC) emissions
increase due to incompletely burned fuel.

4 Conclusion

The highest speed from the several tested fuels is 2000 rpm, showing that Pertamina
dex has the lowest CO content. This condition follows the quality of Pertamina Dex, a
diesel fuel with the highest cetane number of 53 and a CO concentration of 196 ppm.
A higher cetane number of diesels reduces carbon monoxide (CO) emissions in the
exhaust gas due to faster and more complete fuel combustion. This phenomenon of
CO changes may be different in other engines even though the specifications are the
same. As a suggestion to add to the scientific repertoire, further research needs to be
carried out on different engines with the exact specifications.
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