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ABSTRAK 

Ekoran bahan api organik telah mendapat perhatian dunia sebagai salah satu bahan api 
alternatif berpotensi, ia juga telah menjurus ke arah perdebatan hangat yang disebabkan 
oleh kaedah semasa penghasilannya, seperti kesan jangka panjang terhadap harga 
makanan, kos yang tinggi, keperluan tanah pertanian, dan kebergantungan kepada 
bahan api berasaskan sayuran. Oleh yang demikian, sumber bahan mentah dengan kos 
rendah boleh digunakan untuk menghasilan bahan api organik telah dikaji. Kitaran 
hidup yang belum matang bagi sesetengah serangga berkebolehan untuk mengkonsumsi 
pelbagai jenis bahan buangan organik untuk pembentukan lemak. Jumlah lemak yang 
dihasilkan adalah berbeza antara kumpulan serangga dan spesis. Ia dijangkakan 
menghasilkan 1.5 ke 77.0% kandungan lemak daripada bahan keringnya. Ini 
menunjukkan setiap 100 g bahan kering serangga mengandungi kira-kira 1.5 ke 77.0 g 
lemak. Oleh yang demikian, serangga yang mempunyai kandungan lemak tinggi ini 
berpotensi sebagai bahan mentah kepada bahan api organik. Dalam kajian ini, bahan api 
berasaskan larva yang dihasilkan dari spesis Hermetia illucens (“black soldier fly”) 
berpotensi untuk menghasilkan kandungan lemak dengan anggaran 15.5 ke 34.8% 
daripada bahan keringnya (anggaran 15.5 ke 34.8 g kandungan lemak daripada 100 g 
bahan keringnya) telah dikaji dengan melihat potensinya sebagai gantian minyak 
sayuran dan mengurangkan kebergantungan kepada sumber petroleum. Kajian ini 
diinspirasikan oleh keperluan kritikal untuk menyiasat kesan bahan api berasaskan larva 
Hermetia illucens yang dicampur dengan minyak diesel ke atas karakteristik 
pembakaran enjin, prestasi, dan pelepasan asap pada enjin penyalaan mampatan satu 
silinder suntikan langsung. Ekperimen telah dijalankan menggunakan enjin satu silinder 
tanpa modifikasi Yanmar TF120M penyalaan mampatan pada halaju malar 1500 rpm di 
bawah pelbagai bebanan enjin. Bahan api mentah berasaskan larva Hermetia illucens 
dan campurannya (B25, B50, B75, and B100) telah digunapakai di dalam enjin tersebut, 
bagi tujuan mengenalpasti karateristiknya dalam pembakaran, prestasi, dan pelepasan 
asap. Model regresi telah dibina menggunakan metodologi permukaan tindak balas 
untuk meramalkan kepentingan parameter prestasi enjin dan pelepasan asap dengan 
perubahan trend sifat bahan api. Hasil kajian mendapati bahawa tekanan dalam silinder, 
kadar pelepasan haba, dan kelewatan pembakaran masing-masing telah berkurangan 
secara purata sebanyak 2.27%, 12.89%, dan 12.36%. Brek penggunaan bahan api 
tertentu dan suhu gas ekzos telah meningkat masing-masing 32.92% dan 4.70% 
berbanding dengan minyak diesel. Brek kecekapan haba telah didapati menurun 
sebanyak 30.0% berbanding minyak diesel. Kajian turut mendapati bahawa pelepasan 
karbon monoksida, karbon dioksida, dan hidrokarbon tidak terbakar telah meningkat 
pada 86.68%, 15.04%, and 950.00% tiap satu, dengan penambahan bahan api larva 
Hermetia illucens. Pencemaran nitrogen oksida menunjukkan trend yang baik dengan 
penurunan 14.67% berbanding dengan minyak diesel pada semua bebanan enjin. 
Analisis varians eksperimen menghasilkan tahap keyakinan pada 95% menunjukkan 
bahawa model yang dibina adalah signifikasi. Perbandingan hasil eksperimen dengan 
yang diramalkan oleh model yang dibina menunjukkan hubungan rapat yang 
mempunyai pekali kolerasi R2 tinggi untuk pelbagai pemboleh-ubah tindak balas. 
Secara keseluruhan, kajian ini telah menyimpulkan bahawa bahan api larva Hermetia 
illucens mempunyai potensi yang tinggi untuk digunakan sebagai bahan api alternatif 
untuk kegunaan enjin pembakaran mampatan pada masa hadapan. 
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ABSTRACT 

As biofuel grabbed the world’s attention as one of the potential alternative fuels, it’s 
also has promoted a drastic debate due to its present production status, such as the long-
term impact on food prices, high cost, arable land requirement, and vegetable oil 
dependency. Therefore, lower cost feedstock can be used for biofuel production has 
been investigated. The immature life stage of certain insects is capable to consume 
numerous organic wastes for fat accumulation. The amount of fat produced is different 
among various insects order and species. It expected to produce about 1.5 to 77.0% fat 
content from its dry matter. This indicates that every 100 g dried matters of the insect 
comprise approximately fat about 1.5 to 77.0 g. Therefore, this high fat containing 
insect has the potential to serve as a biofuel feedstock. In this study, the insect larval 
grease extracted from Hermetia illucens (the black soldier fly) with the potential to 
produce fat content approximately 15.5 to 34.8% of its dry matters (about 15.5 to 34.8 g 
of fat content from 100 g of its dried matters) was investigated by looking at its 
potential as a substitute for vegetable oil and to reduce dependency on petroleum 
resources. The research is motivated by the need to critically examine the effect of 
Hermetia illucens larvae oil mixed with diesel fuel on engine combustion, performance, 
and emission characteristics of a single-cylinder direct injection compression ignition 
engine. The experiment was performed using a single cylinder unmodified Yanmar 
TF120M compression ignition engine at a constant speed of 1500 rpm under various 
engine loads. The neat of Hermetia illucens larvae oil and its blends (B25, B50, B75, 
and B100) were utilized in the engine in order to identify its combustion, performance, 
and emission characteristics. Regression models were developed using the response 
surface methodology to predict the significant of engine performance and emission 
parameters with fuel property’s changing trend. The results revealed that in-cylinder 
pressure, heat release rate, and the ignition delay were reduced by an average of 2.27%, 
12.89%, and 12.36%, respectively. The brake specific fuel consumption and exhaust 
gas temperature increased 32.92% and 4.70%, respectively than that of diesel fuel. The 
brake thermal efficiency was discovered to be lower by 30.0% compared to diesel fuel. 
The finding also shows that carbon monoxide, carbon dioxide, and unburned 
hydrocarbon emissions increased by 86.68%, 15.04%, and 950.00%, respectively with 
the addition of Hermetia illucens larvae oil. The nitrogen oxides emissions indicates 
good improvement trend by 14.67% reduction as compared to diesel fuel at all the 
engine loads. Analysis of variance (ANOVA) of the experimental results at 95% 
confidence level exposed that the developed models are significant. Comparison of 
experimental output with those predicted by the developed models indicated close 
proximity having high correlation coefficients R2 for the various response variables. 
Overall, this study concluded that the Hermetia illucens larvae oil possesses a high 
potential to be utilized as a promising alternative fuel for compression ignition engines 
in the future. 
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S Sulphur content 

SOC Start of combustion 

SOCH Single overhead camshaft 

SOI Start of injection 

SOIC2 Start of injection command for the 2nd injection 

SOP Standard operating procedure 

SSRes Sum square of residual (error) 

SST Total sum of squares 

t Measured flow time, s 

Tb Engine brake torque 

TBHQ Tert-butylhydroxyquinone 

TCD Thermal conductivity detector 

TD Taguchi design 

TDC Top dead center 

Tint Intake air temperature 

UDD User-defined design 

UHC Unburned hydrocarbon 

V Volume at any crank position 

VCR Variable compression ratio 

VM Volatile matter 

W Water content 
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