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ABSTRAK

Kebutuhan energi yang terus meningkat mendorong pemanfaatan bahan bakar
alternatif yang ramah lingkungan, salah satunya biodiesel dari Crude Palm QOil
(CPO). Penelitian ini menganalisis pengaruh rasio udara-bahan bakar (A4ir-Fuel
Ratio) AFR terhadap performa dan emisi mesin diesel berbahan bakar B40 dan
CPO off-grade. Pengujian dilakukan secara eksperimental pada dua mesin diesel
Kubota RD 65 DI-NB dengan putaran konstan 2000 RPM dan variasi beban 1 kW
serta 4 kW. AFR diatur melalui pengendalian suplai udara menggunakan blower
dan dimmer. Hasil penelitian menunjukkan bahwa B40 menghasilkan performa
yang lebih baik dibandingkan CPO off-grade, dengan peningkatan daya, torsi, dan
efisiensi termal masing-masing sebesar 7%, 4%, dan 17,71% pada beban 1 kW,
serta 4%, 2%, dan 38,38% pada beban 4 kW. Sebaliknya, CPO off-grade
menunjukkan konsumsi bahan bakar spesifik (SFC) yang lebih tinggi serta emisi
gas buang yang lebih besar, terutama CO, HC, dan smoke opacity, akibat viskositas
tinggi dan kandungan asam lemak bebas yang menghambat proses pembakaran.
Namun, emisi CO: dari CPO off-grade tercatat 52% lebih rendah dibanding B40.
Peningkatan AFR hingga kisaran optimal (sekitar 40%) mampu memperbaiki
proses pembakaran dan menurunkan emisi pada kedua jenis bahan bakar. Hasil ini
menunjukkan pentingnya pengaturan AFR dalam mengoptimalkan performa dan
efisiensi emisi mesin diesel, terutama saat menggunakan bahan bakar non-standar

seperti CPO off-grade.

Kata kunci: crude palm oil, biodiesel B40, mesin diesel, airfuel ratio
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ABSTRACT

The increasing demand for energy encourages the use of environmentally friendly
alternative fuels, one of which is biodiesel derived from Crude Palm Oil (CPO).
This study analyzes the effect of the air-fuel ratio (AFR) on the performance and
emissions of diesel engines using B40 and off-grade CPO. Experimental testing
was conducted on two Kubota RD 65 DI-NB diesel engines operating at a constant
speed of 2000 RPM, with load variations of 1 kW and 4 kW. The AFR was
controlled by adjusting the air supply using a blower and dimmer. The results
showed that B40 delivered better performance than off-grade CPO, with increases
in power, torque, and thermal efficiency of 7%, 4%, and 17.71% at a 1 kW load,
and 4%, 2%, and 38.38% at a 4 kW load, respectively. In contrast, off-grade CPO
exhibited higher specific fuel consumption (SFC) and greater exhaust emissions—
particularly CO, HC, and smoke opacity—due to its high viscosity and free fatty
acid content, which hinder the combustion process. However, CO:z emissions from
off-grade CPO were recorded to be 52% lower than those from B40. Increasing the
AFR to an optimal range (around 40%) was effective in improving the combustion
process and reducing emissions for both fuel types. These findings highlight the
importance of AFR regulation in optimizing engine performance and emission

efficiency, especially when utilizing non-standard fuels such as off-grade CPO.

Keywords : crude palm oil, biodiesel B40, diesel engine, airfuel ratio
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