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RINGKASAN 

Produksi Biofuel Dari Cangkang Kelapa Sawit Melalui Proses Thermal 

Cracking Adsorbsi Dan Distilasi 
Karya Tulis Ilmiah berupa tesis, 18 Juli 2022 

Leila Utarina; Dibimbing oleh Prof. Dr. Ir. Rusdianasari, M.Si., IPM., Dr. Ir. Leila 

Kalsum, M.T. 

Biofuel Production from Palm Shell through Thermal Cracking Adsorbtion and 

Distillation 

xiii + 53 halaman, 19 tabel, 31 gambar, 4 lampiran (30 halaman) 

 

Intensitas penggunaan yang tidak terkendali serta kurangnya konservasi energi 

menimbulkan masalah pada ketersediaan bahan bakar fosil. Keterbatasan cadangan 

sumber energi ini dibutuhkan perhatian serius seperti mencari alternatif lain untuk 

mengoptimalkan penggunaan sumber energi terbarukan. Biomassa cangkang kelapa 

sawit memiliki potensi sebagai alternatif bahan baku pembuatan bahan bakar cair, 

dilihat berdasarkan kandungan yang dimiliki yaitu lignoselulosa (lignin 42,96 %; 

hemiselulosa 12,61 %; dan selulosa 26,27 %) serta analisa proksimat (kadar air, kadar 

abu, zat terbang, dan karbon tetap) dan ultimat (C, H, O, N, dan S). Salah satu jenis 

bahan bakar yang dapat diproduksi menggunakan bahan baku biomassa yakni biofuel. 

Pada penelitian ini, proses yang digunakan untuk mengkonversi cangkang kelapa sawit 

menjadi biofuel yaitu thermal cracking. Proses thermal cracking adalah 

pendekomposisian bahan dengan menggunakan panas yang menghasilkan minyak, 

dalam hal ini bio-oil. Penelitian ini dimulai dengan proses delignifikasi cangkang kelapa 

sawit. Delignifikasi bertujuan untuk menurunkan kadar lignin yang terdapat pada 

cangkang kelapa sawit. Kadar lignin perlu diturunkan karena kadar lignin yang terlalu 

tinggi dapat membuat proses thermal cracking terhambat karena terbentuknya coke. 

Proses delignifikasi dilakukan melalui metode klason menggunakan HCl 5% dan 10%. 

Cangkang kelapa sawit yang sudah didelignifikasi dimasukkan ke dalam thermal 

cracking reactor untuk selanjutnya dikonversi menjadi bio-oil. Suhu thermal cracking 

diatur mulai dari 300 oC, 350 oC, 400 oC, 450 oC untuk melihat perbedaan karakterisasi 

produk dari setiap suhu yang dipakai. Bio-oil yang sudah di haslikan selanjutnya di 

diamkan selama 2 hari dan diadsorbsi menggunakan adsorben zeolit alam teraktivasi. 

Adsorbsi bio-oil menggunakan 7 gr zeolit alam membuat minyak yang sebelumnya 

berwarna gelap menjadi lebih jernih serta menghilangkan endapan-endapan yang 

sebelumnya terdapat pada minyak. Bio-oil hasil adsorbsi kemudian didistilasi selama 60 

menit. Proses distilasi berfungsi untuk memisahkan minyak berdasarkan titik didihnya 

sehingga menghasilkan produk biofuel yang terbebas dari komponen yang tidak 

diinginkan seperti senyawa tar dan Hidrokarbon Polisiklik Aromatik (PAH). Produk 

hasil distilasi selanjutnya dapat disebut sebagai biofuel berdasarkan hasil analisa yang 

sudah dilakukan. Biofuel yang dihasilkan dihitung volumenya serta dianalisa sifat fisik 

dan sifat kimianya. Volume biofuel tertinggi yang didapatkan pada penelitian ini yaitu 

sebanyak 162 ml dengan penggunaan adsorben zeolit alam dan suhu thermal cracking 

450 oC. Sifat fisik biofuel yang diperoleh dari penelitian ini antara lain, densitas (897,41 
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– 1015,76 kg/m3),  viskositas kinematik (1,22 – 1,62 mm/s2), titik nyala (60 – 68,7 oC), 

dan kadar air (5432 – 6298 ppm) dimana nilai-nilai tersebut sudah sesuai dengan SNI 

8220-2017. Produk biofuel yang dihasilkan tergolong sebagai gasoline dengan fraksi 

C5-C15 paling dominan (80,93 %) menurut hasil analisa GC-MS. Keseluruhan proses 

produksi biofuel dianalisa lebih lanjut menggunakan Life Cycle Assessment (LCA) 

melalui aplikasi SimaPro V.9. Pendekatan Cradle to Gate digunakan untuk 

mengevaluasi setiap tahapan proses produksi biofuel (thermal cracking, adsorbsi, dan 

distilasi) sesuai dengan ISO 14044. Hasil evaluasi menunjukkan bahwa tahapan thermal 

cracking menghasilkan dampak pemanasan global paling tinggi dibandingkan proses 

lainnya, yaitu sebesar 118,374 kg CO2 eq. Untuk kategori lainnya yang dievaluasi 

antara lain human health, ecosystem quality, dan climate change masing-masing 

memiliki nilai sebesar 14,92 mPt; 1,14 mPt; dan 33,85 mPt dimana nilai tersebut 

merupakan total nilai single score dari keseluruhan proses produksi biofuel.  

 

Kata kunci:  Adsorbsi, Biofuel, Cangkang Kelapa Sawit, Thermal cracking.  

Kepustakaan: 51 (1971-2022) 
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SUMMARY 

Biofuel Production from Palm Shell through Thermal Cracking Adsorbtion 

and Distillation 
Scientific papers in the form of Thesis, 18 July 2022 

 

Leila Utarina; Supervised by Prof. Dr. Ir. Rusdianasari, M.Si., IPM., Dr. Ir. Leila 

Kalsum, M.T. 

Produksi Biofuel dari Cangkang Kelapa Sawit melalui Proses Thermal Cracking 

Adsrobsi dan Distilasi 

xiii + 53 pages, 19 tables, 31 figures, 4 attachments (30 pages) 

 

The intensity of uncontrolled use and lack of energy conservation pose a problem in the 

availability of fossil fuels. The limited reserves of this energy source require serious 

attention such as looking for another alternatives to optimize the use of renewable 

energy sources. Palm shell biomass has the potential as an alternative raw material for 

the manufacture of liquid fuel, based on its content, namely lignocellulose (lignin 

42.96%; hemicellulose 12.61%; and cellulose 26.27%) and proximate analysis 

(moisture, ash content, volatile matter, and fixed carbon) and ultimate analysis (C, H, O, 

N, and S). One type of fuel that can be produced using biomass as it raw materials is 

biofuel. In this study, the process used to convert palm shells into biofuel is thermal 

cracking. Thermal cracking process is the decomposition of materials using heat which 

produces oil, in this case bio-oil. This research begins with the process of 

delignification of oil palm shells. Delignification aims to reduce the levels of lignin 

contained in palm shells. The lignin level needs to be reduced because an excess 

number of lignin can hamper the thermal cracking process due to the formation of coke. 

The delignification process was carried out through klason method using 5% and 10% 

of HCl. Delignified palm shells are put into a thermal cracking reactor to be further 

converted into bio-oil. Thermal cracking temperature is set from 300 oC, 350 oC, 400 
oC, and 450 oC to see the difference in product characterization of each temperature 

used. The bio-oil that has been produced is then allowed to stand for 2 days and is 

adsorbed using an activated natural zeolite adsorbent. Bio-oil adsorption using 7 g of 

natural zeolite makes the previously dark oil clearer and removes the residues that were 

previously found in the oil. The adsorbed bio-oil was then distilled for 60 minutes. The 

distillation process aims to separate oil based on its boiling point so we can produce 

biofuel products that are free from unwanted components such as tar compounds and 

Polycyclic Aromatic Hydrocarbons (PAHs). The product from the distillation can then 

be referred to as biofuel based on the results of the analysis that has been done. The 

volume of the biofuel produced is calculated and its physical and chemical properties 

are analyzed. The highest volume of biofuel obtained in this study was 162 ml with the 

use of natural zeolite adsorbent and a thermal cracking temperature of 450 oC. The 

physical properties of biofuels obtained from this study include density (897.41 – 

1015.76 kg/m3), kinematic viscosity (1.22 – 1.62 mm/s2), flash point (60 – 68.7 oC). , 
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and water content (5432 – 6298 ppm) where these values are in accordance with SNI 

8220-2017. The resulting biofuel product is classified as gasoline with the most 

dominant C5-C15 fraction (80.93%) according to the results of GC-MS analysis. The 

entire biofuel production process is further analyzed using the Life Cycle Assessment 

(LCA) through the SimaPro V.9 application. Cradle to Gate approach is used to 

evaluate each stage of the biofuel production process (thermal cracking, adsorption, and 

distillation) according to ISO 14044. The evaluation results shows that the thermal 

cracking stage produces the highest global warming impact compared to other 

processes, which is 118,374 kg CO2 eq. For other categories that were evaluated, among 

others, human health, ecosystem quality, and global warming each had a value of 14.92 

mPt; 1.14 mPt; dan 33.85 mPt where this value is the total amount of the whole process 

of single score. 

Keywords:  Adsorbtion, Biofuel, Palm Shell, Thermal Cracking.  

Citation: 51 (1971-2022) 



MOTTO DAN PERSEMBAHAN 
 

“But perhaps you hate a thing and it is good for you, and perhaps you love a thing and 

it is bad for you. Allah knows, while you know not.” (Al- Baqarah : 216) 

 

“An expert in everythings is once a beginner” 

 

“For indeed, with hardship (will be) ease” (Al- Insyirah : 5)  

     Kupersembahkan untuk: 
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