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ABSTRAK

UHANTO (2023910002). Studi Penggunaan Biodiesel pada Mesin Alat Berat
Pertambangan dalam Mendukung Transisi Energi Terbarukan dengan Integrasi
Teknologi dan Asesmen Maintenance. Dibawah bimbingan Dr. Andy Tirta, M.Sc,
Dr. Muhammad Syukri Nur, M.Si, Ir. Erkata Yandri, M.Sc.rer.nat.

Beberapa tahun terakhir, penggunaan biodiesel sebagai bahan bakar alternatif telah
berkembang pesat di Indonesia, terutama di sektor transportasi, pertambangan, dan
konstruksi. Namun, dampaknya terhadap daya tahan engine dan strategi perawatan
masih memerlukan perhatian khusus. Penggunaan biodiesel sebagai bahan bakar
alternatif dalam sektor alat berat telah menjadi perhatian utama untuk mendukung
keberlanjutan energi dan pengurangan emisi. Penelitian ini bertujuan untuk
mengevaluasi dampak penggunaan campuran biodiesel (B5, B15, dan B35)
terhadap performa, daya tahan engine, dan strategi pemeliharaan pada unit dump
truck HD785-7. Pengujian dilakukan melalui dua pendekatan, yaitu pengujian pada
test bench engine dan pengujian langsung pada unit di lapangan dengan kondisi
operasional standar. Pengujian biodiesel di operasianal tambang dilakukan pada
tiga unit HD785-7 untuk mengevaluasi dampaknya terhadap ketahanan engine.
Unit A dimonitor hingga 27.000 jam, Unit B hingga 36.000 jam, dan Unit C hingga
40.000 jam, dengan masing-masing engine akan dilakukan disassy untuk analisis
dampak biodiesel terhadap komponen engine. Hasil pengujian pada test bench
menunjukkan adanya penurunan torsi dan daya maksimum saat menggunakan
biodiesel dibandingkan dengan bahan bakar diesel fosil (B0). Penurunan torsi
tercatat berkisar antara 1,4% untuk B5, 1,6% untuk B15, hingga 11,1% untuk B35,
sedangkan penurunan daya (horsepower) berkisar antara 4,85% untuk B5, 2,2%
untuk B15, dan 11,2% untuk B35. Meskipun demikian, pengujian lapangan pada
unit HD785-7 memperlihatkan bahwa perbedaan performa tersebut tidak
memberikan dampak signifikan terhadap kinerja operasional dan masih berada
dalam batas standar operasional fabricator. Penelitian ini menunjukkan bahwa
penggunaan biodiesel B5, B15, dan B35 pada engine HD785-7 menurunkan emisi
CO2 hingga 17% dengan total jam operasi sebesar 104.715 jam, penggunaan
biodiesel menghasilkan emisi sebesar 14.356,57 ton CO., dibandingkan estimasi
emisi bahan bakar fosil sebesar 17.399,44 ton CO,. Hasil uji laboratorium terhadap
sampel biodiesel memenuhi standar operasional. Nilai TAN sampel di bawah batas
maksimum 0,6 mgKOH/g, menandakan stabilitas kimia yang baik terhadap
oksidasi. Viskositas kinematik berkisar antara 3,051-3,935 cSt, sesuai spesifikasi
optimal untuk sistem injeksi bahan bakar. Kadar air memenuhi standar (<400
mg/kg), namun beberapa sampel dari area pit mining menunjukkan kadar air lebih
tinggi, yang dapat meningkatkan risiko korosi dan kontaminasi mikroba. Selain itu,
analisis 1ISO Code partikel memenuhi atau mendekati standar kebersihan 18/16/13,
ada beberapa nilai cleanliness pada sampel dengan nilai hingga 21/19/15, sehingga
perlu peningkatan pengendalian kontaminasi partikel padat, khususnya di area pit



mining. Secara keseluruhan, mutu biodiesel masih dalam spesifikasi operasional,
namun perhatian khusus perlu diberikan terhadap kontrol kadar air dan kebersihan
partikulat untuk menjaga keandalan engine di lapangan. Melalui asesmen
maintenance dan integrasi teknologi, penerapan predictive maintenance berbasis
machine learning dengan sistem management kerangka kerja PDCA terbukti
meningkatkan usia pakai engine HD785-7 berbahan bakar biodiesel. Pendekatan
manajemen berbasis data dan siklus perbaikan berkelanjutan menjadi kunci dalam
mendukung adopsi biodiesel berkelanjutan di sektor pertambangan. Hasil ini
memberikan dasar strategis untuk pengembangan maintenance yang lebih proaktif
dan kebijakan kebijakan biodiesel ramah lingkungan di masa depan.

Kata kunci: Biodiesel, Clean;iness, HD785-7, Emisi CO., Performa Engine,
Maintenance Predictive, Energi Berkelanjutan



ABSTRACT

UHANTO (2023910002). The Study of Biodiesel Use in Heavy Mining Equipment
Engines to Support the Transition to Renewable Energy with Technology
Integration and Maintenance Assessment. Under direction of Dr. Andy Tirta, M.Sc,
Dr. Muhammad Syukri Nur, M.Si, Ir. Erkata Yandri, M.Sc.rer.nat.

In recent years, the use of biodiesel as an alternative fuel has grown rapidly in
Indonesia, particularly in the transportation, mining, and construction sectors.
However, its impact on engine durability and maintenance strategies still requires
special attention. The use of biodiesel in heavy equipment has become a key focus
to support energy sustainability and emission reductions. This study aims to
evaluate the impact of biodiesel blends (B5, B15, and B35) on the performance,
engine durability, and maintenance strategies of the HD785-7 dump truck units.
Testing was conducted through two approaches: test bench experiments and field
testing under standard operational conditions. We tested biodiesel on three HD785-
7 units in the mining operation to assess its impact on engine durability. Unit A was
monitored up to 27,000 hours, Unit B up to 36,000 hours, and Unit C up to 40,000
hours, with each engine disassembled for component analysis to assess biodiesel
impact. Test bench results indicated a reduction in torque and maximum power
output when using biodiesel compared to fossil diesel (BO). Torque reductions
ranged from 1.4% for B5 and 1.6% for B15 to 11.1% for B35, while horsepower
reductions ranged from 4.85% for B5 and 2.2% for B15 to 11.2% for B35.
Nevertheless, field testing on HD785-7 units showed that these performance
differences did not significantly impact operational performance and remained
within the manufacturer's operational standards. This study demonstrated that the
use of B5, B15, and B35 biodiesel blends on HD785-7 engines reduced CO-
emissions by up to 17%. Over a total operating time of 104,715 hours, biodiesel use
generated an estimated 14,356.57 tons of CO:2 emissions, compared to 17,399.44
tons estimated for fossil diesel. Laboratory testing of biodiesel samples confirmed
compliance with operational standards. TAN values were below the maximum limit
of 0.6 mgKOH/g, indicating good chemical stability against oxidation. Kinematic
viscosity ranged from 3.051 to 3.935 cSt, meeting optimal specifications for fuel
injection systems. Water content was within the standard limit (<400 mg/kg),
although several samples from pit mining areas showed higher levels, potentially
increasing the risk of corrosion and microbial contamination. Furthermore, 1SO
particle code analysis indicated that most samples met or approached the cleanliness
standard of 18/16/13, with some deviations up to 21/19/15, indicating the need for
improved solid particle contamination control, especially in pit mining areas.
Overall, the quality of biodiesel remains within operational specifications, but
special attention must be given to controlling water content and particulate
cleanliness to maintain engine reliability in the field. Through maintenance
assessment and technology integration, the implementation of predictive
maintenance based on machine learning and a PDCA framework-based



management system has proven effective in extending the service life of biodiesel-
fueled HD785-7 engines. A data-driven management approach and continuous
improvement cycle are key to supporting sustainable biodiesel adoption in the
mining sector. These findings provide a strategic basis for the development of more
proactive maintenance and environmentally friendly biodiesel policies in the future.

Keywords: Biodiesel, Cleanliness, HD785-7, CO- Emissions, Engine Performance,
Predictive Maintenance, Sustainable Energy
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