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ABSTRAK 

 
MUHAMAD SHAUQIE DIVIA MALIK. Perancangan Proses Pirolisis untuk 

Produksi Biochar Tandan Kosong Kelapa Sawit (TKKS) sebagai Pembenah Tanah 

Multifungsi. Dibimbing oleh NASTITI SISWI INDRASTI dan ELISA 

ANGGRAENI. 

 

Industri kelapa sawit menghasilkan limbah biomassa tandan kosong kelapa 

sawit (TKKS) dalam jumlah besar yang berpotensi menimbulkan permasalahan 

lingkungan apabila tidak dimanfaatkan secara optimal. Salah satu alternatif 

pemanfaatan TKKS adalah melalui proses pirolisis untuk menghasilkan biochar 

yang dapat digunakan sebagai bioamelioran multifungsi. Penelitian ini bertujuan 

untuk merancang proses produksi biochar berbahan baku TKKS, melakukan 

simulasi proses pirolisis untuk menentukan kondisi operasi optimum, menghitung 

neraca massa dan neraca energi, serta menentukan spesifikasi alat dan mesin pada 

pabrik produksi biochar berkapasitas 164 ton/hari. Simulasi proses dilakukan 

menggunakan regresi polinomial orde dua berbasis Microsoft Excel dan divalidasi 

menggunakan perangkat lunak Design Expert. Hasil simulasi menunjukkan bahwa 

kondisi operasi optimum diperoleh pada suhu pirolisis 300 °C dengan residence 

time 60 menit, menghasilkan yield biochar sebesar 33,45%, bio-oil 35,33%, dan 

syngas 31,22%. Hasil karakterisasi menunjukkan bahwa biochar memiliki kadar air 

5,01%, kadar abu 14,41%, kadar zat menguap 3,44%, kadar karbon terikat 80,16%, 

dan C-organik 55,76%, sehingga memenuhi persyaratan mutu SNI 06-3730-1995. 

Berdasarkan neraca massa, sebanyak 8.200 kg/jam TKKS menghasilkan biochar 

akhir sebesar 1.135,70 kg/jam setelah melalui proses sortasi, pencacahan, 

pengeringan, pirolisis, pendinginan, dan pengayakan. Hasil neraca energi 

menunjukkan total kebutuhan energi proses sebesar 13.369.725,77 kJ/jam, 

sedangkan energi yang tersedia dari syngas mencapai 14.526.945,00 kJ/jam, 

sehingga diperoleh rasio pemenuhan energi sebesar 108,66%. Hasil perancangan 

menunjukkan bahwa proses produksi biochar TKKS berpotensi diterapkan sebagai 

sistem pengelolaan limbah biomassa yang berkelanjutan sekaligus mampu 

menghasilkan produk bernilai tambah dengan potensi operasi yang bersifat self-

sustaining secara energi. 

 

Kata kunci: biochar, tandan kosong kelapa sawit, pirolisis, neraca energi, 

bioamelioran. 

 

 

 

 

 

 

 

 

 

 

 

 



 

ABSTRACT 

 
MUHAMAD SHAUQIE DIVIA MALIK. Design of a Pyrolysis Process for the 

Production of Oil Palm Empty Fruit Bunch (EFB) Biochar as a Multifunctional 

Bioameliorant. Supervised by NASTITI SISWI INDRASTI and ELISA 

ANGGRAENI.  

 

The palm oil industry generates large quantities of Empty Fruit Bunch 

(EFB) biomass waste, which may cause environmental problems if not properly 

utilized. One promising alternative is pyrolysis technology to convert EFB into 

biochar that can be used as a multifunctional bioameliorant. This study aimed to 

design a biochar production process using EFB as feedstock, simulate the pyrolysis 

process to determine the optimum operating conditions, perform mass and energy 

balance calculations, and determine the specifications of equipment required for a 

biochar production plant with a capacity of 164 tons/day. The pyrolysis process was 

simulated using a second-order polynomial regression model developed in 

Microsoft Excel and validated using Design Expert software. The simulation 

indicated that the optimum operating condition was achieved at a pyrolysis 

temperature of 300 °C and a residence time of 60 minutes, producing yields of 

33.45% biochar, 35.33% bio-oil, and 31.22% syngas. The produced biochar 

contained 5.01% moisture content, 14.41% ash content, 3.44% volatile matter, 

80.16% fixed carbon, and 55.76% organic carbon, meeting the quality requirements 

of SNI 06-3730-1995. Based on the mass balance, 8,200 kg/h of EFB produced 

1,135.70 kg/h of final biochar after undergoing sorting, size reduction, drying, 

pyrolysis, cooling, and screening processes. The energy balance showed that the 

total process energy requirement was 13,369,725.77 kJ/h, while the energy 

available from syngas reached 14,526,945.00 kJ/h, resulting in an energy supply 

ratio of 108.66%. These results indicate that the proposed process has strong 

potential to operate under self-sustaining energy conditions, while providing a 

sustainable solution for EFB waste utilization and producing value-added biochar 

for agricultural applications. 

 

Keywords: biochar, empty fruit bunches, pyrolysis, energy balance, bioameliorant.  
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